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MPO®ECCOP CUBIMY BNEPBbIE B POCCUA
BOLUJIA B COCTAB PEAKOJUIEIrNA
3APYBEXHOIO XKYPHAJIA
«PLOS NEGLECTED TROPICAL DISEASES»

3aBeaytowwmii Kabeapoi GpakynbTETCKON NeanaTpUm ¢ KYPcom AETCKMX BonesHeln nevebHoro
bakynbTeTa, geKkaH nevebHoro dpakynbteta CM6IMY, AOKTOP MEAULIMHCKUX HayK, npodeccop Onbra
®epopoBa cTana Y1eHOM peaaKLMOHHON Konnernm 3apybexHoro BbICOKOPEMTUHIOBOFO KypHaia
«PLoS Neglected Tropical Diseases» (Q1).

MpurnalweHne NpucoeamHUTLEA K KomaHge PLoS Community Journals 66110 HanpasaeHo Onbre
CepreeBHe /IMYHO OT [NaBHbIX PEAAKTOPOB XKypHana — MNona bpuHgav u WagsHa Kamxasu. Ha
CerogHALWHNIA feHb, npodpeccop CO6IMY ABAAETCA ANMHCTBEHHBIM POCCUIMCKMM YYEHbBIM B COCTABE
NOCTOAHHOMN pPefaKLLMOHHOM KOMNIEMUM XKypHana.

UccnepoBatenbckuin konnektns Onbrv PefopoBOK, KOTOPbIN U3Y4AET SMUAEMUONOMUIO
OMMCTOPX03Q, a TaKHKe ero B3aMMoCBA3b C XPOHUYECKMMM HEMHEKLIMOHHBIMU 3aboneBaHNAMM,
COTPYZAHMUYAET C Hay4YHbIM XXypHasiom «PLoS NTD» Ha MPOTAMXEHWUM HECKONBbKUX /IET. 3a 3TO Bpems
yyeHble CM6IMY HeofHOKPATHO Ny6/IMKOBaAM B AAaHHOM KypHase pe3ynbTaTbl CBOMX
MCCNEA0BAHMUM, BbINONHEHHbBIX COBMECTHO C 3apybeXHbIMKU NapTHepamu.

«BxoaeHue yueHoro Cu6rMY B coctaB pefKoANErM aBTOPUTETHOTO 3apyHeXkHOro
BbICOKOPEWTMHIOBOTO XXYpPHana — eLLe OAMH Liar Ha NYTK K YCNEeLHOMY NO3MLIMOHUPOBaHMIO
YHUBEPCUTETA KaK MeXAYHApPOLHOIO Hay4YHO-UCCAeA0BaTENbCKOTO LIEHTPA M K MOBbILEHWIO
Y3HaBaeMOCTM BY3a Ha MEXAYHAPOAHOM aKageMUUYEeCKo apeHey, - OTMeTUAA pekTop CnbrMy
Onbra Kobskosa.

Hayu4HbI MeXaUCLUMNAMHAPHBIN XypHan «PLoS ONE» ABnAeTCA aBTOPUTETHBIM 3apybeHbIM
KypHasom nepsoro kBaptuas (Q1). ypHan BKAOYEH B MeXAYHAPOAHYI0 pedepaTnBHyto basy
[AaHHbIX U CUCTEMY LUUTUPOBaHMA «Scopusy. Mo gaHHbIM Ha 2019 roa, nokasaTtenb xypHana SIR
paBeH 2.148, h-index ypHana — 121. }ypHan usgaetcs HEKOMMepYecKoi opraHusaumeit Public
Library of Science. CtpaHa nsgatenbctea — CLLUA. Cpeamn 0CHOBHbIX NPeaAMETHbIX 0biacTei
nyb6NMKYEMbIX CTaTel: MeAMLIMHA, CENIbCKOXO3ANCTBEHHbIE U BMONOTNYECKMNE HAaYKK, BUOXMMKA,
TEHETUKa M MOIEKYNAPHaA buonorua.

OduumanbHbIi caiT )KypHana «PLoS Neglected Tropical Diseases».
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experimental diabetes mellitus
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ABSTRACT

Aim. To compare the number of insulin® cells in the liver and exocrine part of the pancreas with the type of exper-
imental diabetes, blood glycose and glycated hemoglobin (HbA ) level and with the number of Pdx 1" cells.

Materials and methods. The experiment was carried out on 25 male Wistar rats (weighting (303.0 &+ 25.3) g) that
were divided into 3 groups: the first group consisted of intact animals, the second had animals with experimental
diabetes type 1, and the third with animals with experimental diabetes type 2. Biochemical, immunohistochemical,
ELISA methods and statistical analysis were used.

Results. Insulin* and Pdx1* cells of rats with experimental diabetes were found in the liver and exocrine part of
pancreas. The highest number of insulin* cells in the liver was detected in type 2 diabetes (T2D). A strong positive
correlation between the number of insulin* cells in the liver and level of glycosylated hemoglobin in theblood was
revealed in both type 1 and type 2 diabetes.

Conclusion. Insulin* cells are detected in the liver and acinar part of pancreas of both intact rats and rats with
experimental diabetes. Group with T2D is characterized by the highest number of insulin® cells in the liver
compared with type 1 diabetes (T1D). The localization of insulin® cells in the liver changes depending on the type
of diabetes. In T2D insulin® cells are located in all parts of liver acini, meanwhile in animals with T1D such cells are
mainly detected in the periportal area. The expression of Pdx1* in acinar cells of pancreas and liver cells is likely a
mechanism for their reprogramming into insulin® cells in experimental diabetes mellitus.

Key words: diabetes mellitus, pancreas, liver, insulin®cells, Pdx1* cells.
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MHCY/IMH-HOSMTMBHbIe K/I€TKU Ne4YeHNn u 3K30KpVIHHOﬁ 4actn I'IOA)KEIIyAO‘-IHOﬁ
Xe/z1e3bl Y }KUBOTHbIX C SKCNEPUMEHTA/IbHbIM CaXapPHbIM AVIa6eTOM

BbankeHoBa M.b."?, YepewHes B.A.", CokonoBa K.B."? letre U.D.', EmMenbaHoB B.B.%,
Danunosa WU.I'.!

! Hnemumym ummynonoeuu u Qusuonozuu Ypanwcxozo omoenenust Poccuiickoii akademuu nayx (MU® YpO PAH)
Poccus, 620049, 2. Examepunbype, ya. Ilepsomaiickas, 106

2 Vpanvckuii pedepanvuviii ynusepcumem (YY) umenu nepsozo Ipesudenma Poccuu B.H. Exvyuna
Poccus, 620002, 2. Examepunbype, yi. Mupa, 19

PE3IOME

Henp uccjeq0BaHUSA: CONOCTABUTh KOJIHMYECTBO MHCYIMH-MONOKHUTEIBHBIX (MHCYIHH') KIETOK IEYEHH M K30-
KPUHHOM YaCTH MOJDKEITY/IOYHOM XKeNe3bl ¢ KOHIEHTPAIMEN TIIFOKO3BI U TIMKHPOBaHHOTO remornobuna (HbA )
B KPOBH, a TaKkxke ¢ koaundecTBoM Pdx1-momoxkurensueix (Pdx1") kieTok B 3THX OpraHax MpH pa3IHdIHBIX THIAX
caxapHOro Jradera B SKCIIEPUMEHTE.

Martepuajibl M MeTOABI. DKCIIEPUMEHT IPOoBOAMIICS Ha 25 cammax kpelc (uaus Wistar, macca (303,0 = 25,3) 1),
KOTOpBIE OBLIN Pa3/ieNIeHbl Ha TPU IPYIIIB: | -5l — MHTAKTHBIE )KUBOTHBIE, 2-51 — )KUBOTHBIE C SKCIIEPHUMEHTAILHBIM
caxapHbIM AuadeToM 1-ro Tuma, 3-s — KUBOTHBIE C SKCIIEPUMEHTAILHBIM CaxapHbIM 1uabeTom 2-ro Tuna. B paborte
OCYILECTBIISIIN OMOXUMHUYECKHH, IMMYHO(EPMEHTHbIH, IMMYHOTUCTOXUMHYECKHI U CTATUCTHYECKUH aHaIH3BI.

Pe3yabTaThl. B neyenu u 3K30KpHMHHON 4acTH HOXKEIY JOYHOH XKeJle3bl KPbIC C SKCIIEPUMEHTAIbHBIM CaXapHbIM
nrabeToM 1-ro u 2-ro TUIIOB 0O0Hapy keHbI HHCYIUH U Pdx1*-knetku. Hanbosnbiee KOIMueCcTBO MHCYIIMH -KIIETOK
B [ICYCHU OTMEYAETCsI MIPH CaxapHOM JuadeTe 2-ro THma. YCTaHOBJIEHA KOPPEIISIKS MEeXy KOJIHYECTBOM MHCY-
JIMH'-KJIETOK B MIEYeHH U KoHLeHTparuei HbA B kpoBu nmpu caxapHowm jiuabete 1-ro v 2-ro THIIOB.

3akiroueHue. I/IHCyJ’II/IHJr-KJ'IeTKI/I OIIPEACIAAOTC B IEYECHU U 3K30KpHHHOﬁ HacTu HOII)KGJ'Iy,IIO‘IHOﬁ JKEJIE3bI UH-
TAKTHBIX KUBOTHBIX U KPBIC, ¥ KOTOPBIX BOCIIPOU3BEIACHA MOJACIL CaXapHOIro III/Ia6eTa 1-ro u 2-ro tumos. XXu-
BOTHBIE C SKCIICPUMEHTAJIbHBIM CaXapHbIM I[I/Ia6eTOM 2-ro THTA XapaKTEpU3yroTcCsa OOJIBIIIMM KOJIMYECTBOM HH-
CyJIPIH+-KHCTOK NEYCHU MO CPaBHEHUIO C KPbICAMHU C SKCIICPUMCEHTAJIbHBIM CaXapHbIM III/Ia6CTOM 1-ro Tuma. B
3aBUCUMOCTH OT THIIa CaxapHOTo III/Ia6eTa B IICYCHHU MCHACTCA JIOKAJIU3alus PIHCyJIPIH+-KJIeTOK. HpI/I OKCIIepu-
MEHTAJIbHOM CaXapHOM III/Ia6eTe 2-ro THTA PIHCyJII/IH+-KHeTKI/I NIEYCHU PACIIOJIOKEHBI BO BCEX HACTAX TIEYCHOYHOU
JOJIbKH, TOr'ZIa KaK y )KUBOTHBIX C OKCOEPUMEHTAJILHBIM CaXapHbIM Z[I/Ia6eTOM 1-ro THITa 3TH KIETKH 06Hapy)KI/IBa-
IOTCA MPEUMYIICCTBEHHO IIEPUTIOPTATIBHO. BepOﬂTHO, OKCIIpeccus Pdx1* B AllMHApHBIX KJIETKaxX HOI[)KeHyZ[O‘{HOfI
JKEJIE3BI U KJIIETKAaX NE€YCHU NMPECACTABIACT c000# MEXaHU3M HX nepenporpaMmMmupoBaHus B I/IHCyHHH+-KIIeTKPI pu
IKCEPUMEHTAJIBHOM CaXxapHOM ,I[I/Ia6eTe.

KawueBble cjioBa: caxapHblil 1rabeT, Mo KeIy0uHas xKele3a, eUeHb, MHCYIINH -KiIeTkH, Pdx 1*-kineTku.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEH CTaThH.

Hcrounuk puHancupoBanus. Pabota BeimonHeHa npu noanepxkke rpanta PH® (N2 16-1500039-11) u Gromxet-
Holt Tembl U® YpO PAH (Ne AAAA-A18-118020590108-7).

CooTBeTcTBHE NPHHIMNAM 3THKH. VccnenoBanue 000peHO STHIECKHMM KOMHTETOM MIHCTHTyTa NMMYHOJIOTHH
u ¢usuonorun YpO PAH (mporokon No-d-TM-2016-20).

Jast uutupoBanus: baiikenosa M.b., Uepemnes B.A., CokonoBa K.B., I'erre N1.®., Emenssnos B.B., Jlanuiosa
N.I'. UHCYNMH-TIO3UTHBHBIC KJICTKU MECYCHH M 3K30KPHHHON YaCTH MOKEIYI0UHON JKeIe3bl y )KUBOTHBIX C IKC-
MIEPUMCHTAIILHBIM CaXapHbIM 1uabeToM. broiemens cubupckoi meduyunst. 2020; 19 (4): 6-13. https://doi.org/
10.20538/1682-0363-2020-4-6-13.
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Baykenova M.B., Chereshnev V.A., Sokolova K.V. et al.

Insulin-positive cells in liver and exocrine part

INTRODUCTION

The relevance of the study of diabetes mellitus
(DM) is due to its prevalence, high level of disability
in patients and their high mortality rate. Currently,
more than 422 million people worldwide have di-
abetes [1]. The exponential increase in the number
of patients with diabetes requires new therapeutic
strategies to reduce the socio-economic burden of
this disease [2]. Diabetes is a chronic disease cha-
racterized by hyperglycemia, which is the result of
absolute or relative insulin deficiency. Both classic
forms of diabetes are characterized by the inability
of pancreatic beta () cells to satisfy the body’s need
for insulin secretion due to either an almost complete
loss in type 1 diabetes (T1D) or a deficit of B-cells
as a result of insulin resistance in type 2 diabetes
(T2D). The deficit in B-cell mass, which is up to
90% in long-standing T1D and approximately 65%
in long-standing T2D is considered to be a conse-
quence of B-cell destruction [3].

Insulin synthesis is specific for pancreatic islets’
B-cells and is tightly controlled at the transcription
level. The transcription factor Pdx1 determines the
transcription rate and stability of insulin m-RNA.
Pdx1 is both a factor of B-cell differentiation during
embryogenesis and a regulator of the insulin-produc-
ing function of islet cells in mature islets of Langer-
hans [4]. In the differentiation process of pancreatic
cells, the expression of the Pdx1 gene is enhanced
in B-cells, while in exocrine and duct cells, the ex-
pression of this gene, on the contrary, is gradually re-
duced. It is believed that the activity of the Pdx1 gene
is preserved in a differentiated state only in B-cells
[5]- However, currently insulin® cells have been de-
tected in exocrine part of the pancreas, in the brain,
bone marrow, spleen, liver and adipose tissue of an-
imals [6, 7].

Since the liver and pancreas are of endodermal
origin in ontogenesis, there is an assumption that
both tissues include the same precursor cells that can
differentiate both into hepatocytes and pancreatic
B-cells. Moreover, hepatocytes and pancreatic B-cells
express a large group of specific transcription factors
and also use the same type of glucose transporter
into the cell (GLUT?2) including it in the metabolism
through phosphorylation with glucokinase [8].

Based on the preceding, the aim of our research
was to compare the number of insulin® cells in the
liver and exocrine part of pancreas with the blood
glucose and glycated hemoglobin (HbA ) levels and

with the number of Pdx1* cells in these organs in dif-
ferent types of diabetes mellitus in the experiment.

MATERIALS AND METHODS

Experiment was carried out on 25 male Wistar
rats weighting 303.0 + 25.3 g that were divided into
3 groups: the first of intact animals (n = 10), the sec-
ond of experimental diabetes type 1 (T1D) (n = 8),
the third of experimental diabetes type 2 (T2D)
(n = 7). T1D was modeled by intraperitoneal (i.p.)
injection of alloxan, diluted in 0.85% sodium chlo-
ride solution in a total dose 170 mg/kg of animal’s
body mass, according to the modified author’s
method [9]. T2D was induced by i.p. injection of
streptozotocin diluted in citrate buffer in a dose 65
mg/kg with preventive (15 minutes before) i.p. in-
jection of nicotinamide dissolved in water in a dose
110 mg/kg [10]. The animals were sacrificed by
ether overdose on the 30" day from the beginning of
the experiment after taking blood from the tail vein.
After median laparotomy pancreases and livers
were removed and fixed in 10% neutral formalin for
24 hours. After being washed for 8 hours, tissue was
subjected to standard histological protocol using Au-
tomatic Tissue Processor Leica TP 1020 (Leica Mi-
crosystems, Germany) and Tissue Embedding Sta-
tion Leica EG1160 (Leica Microsystems, Germany).
Tissue slides 3—4 pum thick were made using Leica
SM2000 K Sliding microtome (Leica Microsystems,
Germany).

To confirm experimental diabetes, plasma glu-
cose, glycated hemoglobin (HbA, ) and insulin con-
centrations were determined in the blood. To detect
glucose and glycated hemoglobin (HbA | ) concentra-
tion, standard kits for biochemical analysis were used
(VectorBest, Russia; GLIKOGEMTEST, Russia). To
measure blood insulin, Rat/Mouse Insulin ELISA kit
(Millipore, USA) and Automatic immunofermental
analyzer LAZURITE (Dynex Technologies, USA)
were used.

Immunohistochemical examination of the pan-
creas and liver was performed using mouse an-
ti-proinsulin and insulin (clone INS04+INSO05, In-
vitrogen, USA) and anti-Pdx1 antibodies (Abcam,
USA) according to standard protocols. Tissue sec-
tions were incubated with primary antibodies in
1: 200 dilution for 16 hours at 4 °C. Detection of
insulin was performed, using the avidin—biotin—pe-
roxidase complex. To detect Pdx, Goat anti-Mouse
IgG (H + L) conjugated with fluorescent dye Texas
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Red (ThermoFisher, USA) was used. Negative and
positive tissue controls were used to check the pro-
tocol and exclude non-specific binding. As positive
control for immunohistochemical determination of
insulin and Pdx1, pancreatic tissue sections of in-
tact rats were taken [11, 12]. Negative control was
carried out on the similar tissue sections and using
the same protocols, excluding primary antibodies
[12, 13].

Analysis of tissue slides and calculation of insu-
lin*cells were performed using light microscope Lei-
ca DM 2500 (Leica, Germany) and Video TesT-Mor-
phology 5.0 software (Video TesT Ltd., Russia),
calculation of Pdx1" cells was carried out with the
help of a confocal laser scanning microscope LSM
710 (CarlZeiss, Germany) and ZEN 2.0 (CarlZeiss,
Germany) software.

The number of insulin® cells and Pdx1" cells in
exocrine part of pancreas per 1 mm? of a pancreat-
ic slide was calculated. In the liver, the number of
insulin® cells and Pdx1* cells in hepatic plates in all
zones of hepatic lobule was determined. In sinusoidal
capillaries, the following parameters were calculated:
the total number of sinusoidal cells throughout the
entire hepatic lobule and the total number of insulin®
sinusoidal cells, located in all parts of hepatic lobule
per 1 mm?of a hepatic tissue slide. Functional activi-
ty of insulin” cells was evaluated based on the optical
density (OD) of their cytoplasm.

Statistical analysis was performed using Statistica
6.0 (DELL, USA) and Microsoft Excel 2003 (Micro-
soft, USA). To test the hypothesis of homogeneity of
two independent samples, the nonparametric Mann —
Whitney U-test and Kruskal — Wallis test were used.
The results were considered significant at p < 0.05.
The data were presented as the mean and the standard
error of the mean (M £ m). To reveal the relationship
between the number of insulin® cells, Pdx1* cells and
the concentration of glucose and glycated hemoglo-
bin (HbA ) in blood, the Pearson pairwise linear cor-
relation coefficient () was calculated.

RESULTS

Blood glucose and glycated hemoglobin (HbA )
levels in experimental T1D and T2D rats are signifi-
cantly higher in comparison with intact rats, while
blood insulin concentration decreases only in T1D.
In T2D rats the level of blood insulin is significant-
ly higher than in the T1D group, which is typical of
T2D (Table 1).

Table 1

Concentration of glucose, HbAlc and insulin in the blood
of rats in all experimental groups, M £ m

Group 1 Group 2 Group 3
Parameter (intact ani- (animals with | (animals with
mals) T1D) T2D)
Glucose, 500030 | 10.88+0.46* | 10.90 = 0.50*
mmol/L
HbA , % 4.40 +0.30 6.73 £0.78%* 6.58 £0.97*
Insulin, mkg/L 1.28+0.19 0.50 £ 0.09* 1.00+0.13 #

*difference as compared with intact animals (p < 0.05); #difference as
compared with T1D group (p < 0.05) (here and in Tables 2—4).

Immunohistochemical analysis showed the pres-
ence of insulin+ and Pdx1+ cells in the exocrine part
of pancreas and in all zones of the hepatic lobule of
experimental animals (Figure).

The number of insulin®and Pdx 1" cells in the exo-
crine pancreas in T1DM and T2DM does not differ
from their number in intact animals. The number of
insulin® cells in the liver of animals with T1DM and
T2DM is higher than in intact animals. In T1D in-
sulin® cells in the liver are primary localized in the
periphery of the hepatic lobule, while in T2D such
cells are in all zones of the hepatic lobule. The to-
tal amount of insulin® and Pdx1* cells was counted
throughout the hepatic lobule. Additionally, the data
on the number of insulin* cells in the peripheral zone
of the hepatic lobule are shown separately. The num-
ber of Pdx1* cells in the liver of rats with experimen-
tal diabetes is bigger than in intact rats. This parame-
ter in T1D rats is higher than the similar parameter in
intact animals (Table 2).

Optical density (OD) of cytoplasm in insulin® cells
of the liver and pancreas in T1D is less than in the
intact group (Table 3). In animals with experimental
T1D, contrary to rats with experimental T2D, insulin
production in insulin* sinusoidal cells increases, since
the optical density of cytoplasm in these cells is higher
in comparison with the similar parameter in intact an-
imals and animals with experimental T2D (Table 3).

The number of insulin® sinusoidal cells increases
in different types of diabetes in comparison with the
similar parameter in intact animals. This parameter
reaches the highest value in rats with experimental
T2D, while these cells are localized in all zones of the
hepatic lobule (Table 4).

To determine the relationship between the number
of hepatic insulin® cells and Pdx1* cells and the level
of glucose in rat blood, a pairwise linear correlation
coefficient was used (Table 5).
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Figure. Pancreas (a, ¢) and liver (b, d) of intact animals, animals with experimental T1D and animals with experimental T2D;
immunohistochemical staining for insulin (¢, b) and immunofluorescent staining for Pdx1* (¢, d). Insulin® and Pdx1* cells are shown

by arrows, x400

Table 2
Number of insulin” and Pdx1" cells in the liver and exocrine part of pancreas (N/mm?’ of the organ tissue), M £+ m
Parameter Group 1 Group 2 Group 3
(intact animals) (animals with T1D) (animals with T2D)
- P~ - - 5
Number of insulin* cells in exocrine pancreas, N/mm’ 350+ 0.54 3674073 3154034
of pancreas
+ M M 2
Number of Pdx1* cells in exocrine pancreas, N/mm’ 27344492 B 21544322
of pancreas
Number of insulin* cells in liver, N/mm? of liver 14.26 £ 0.84 24.86 £2.36* 151.50 £ 7.34*#
Nu@ber of insulin™ cells in hepatic plates in the 0 13.58 + 3.08* 4110 £ 4.93* #
peripheral zone, N/mm?
Number of Pdx 17 cells in liver, N/mm? of liver 32.11+2.14 42.72 £1.59* 34.09 +2.46
Table 3
Optical density (OD) of cytoplasm in insulin® cells of the liver and exocrine part of the pancreas (in conventional units), M + m
Parameter Group 1 Group 2 Group 3
(intact animals) (animals with T1D) (animals with T2D)

OD of cytoplasm in insulin® cells in the exocrine pancreas 0.44 +0.02 0.37£0.02* 0.42+0.02
OD of cytoplasm in insulin® cells in hepatic plates 0.20 £ 0.01 0.17+0.012* 0.19+£0.01
OD of cytoplasm in insulin” sinusoidal cells 0.29 +0.24 0.35+0.01* 0.30 £ 0.01#
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Table 4
Number of sinusoidal and insulin”* sinusoidal cells in the liver of experimental animals, M = m
Parameter Group 1 Group 2 Group 3
(intact animals (animals with T1D) (animals with T2D)

Total number of sinusoidal cells, N/mm? of liver 387.11 + 14.19 645.22 +33.95* 713.15 £ 33.47*#
Total number of insulin® sinusoidal cells, N/mm? 13.82 £ 0.63 19.19 + 0.89* 37.80 + 3.39*#

> + 0, + 0/ )% + 0/ )%k
parenchyma, N/mm?/ (%) (4.6 £0.02%) (29.7 £2.80%) (48.1 = 7.70%)*#

Table 5

Coefficients of pairwise linear correlation between the number
of insulin* cells and Pdx1* cells and concentration of glucose
and HbA  in the ratblood. Coefficients of pairwise linear
correlation between the number of insulin* cells and Pdx1+
cells in the rat liver

Pdx1™*
Type of cell Glucose | HbA cells
Insulin* cells in liver in T1D 0.13 0.84 -0.49
Insulin® cells in liver in T2D 0.58 0.98 -0.25
Pdx1* cells in liver T1D 0.84 0.47 -
Pdx1* cells in liver in T1D 0.26 0.41 -

The obtained data indicate a strong positive cor-
relation between the number of insulin+ liver cells
and the level of glycated hemoglobin in blood, which
is evidence of strong hyperglycemia during a month,
both in TID and T2D. At the same time, positive
correlation between the number of hepatic insulin®
cells and concentration of glucose, measured in rat
blood on the 30" day of the experimental diabetes
is weak in T1D and of moderate strength in T2D. It
was established that there is a weak inverse correla-
tion between the number of insulin* cells and Pdx1*
cells in liver (Table 5). Thus, the number of insulin®
cells in T1D is less than in T2D, however, the num-
ber of Pdx1* cells increases as compared with T2D.
Interrelation between the HbAlc concentration and
the number of Pdx1* cells in T1D and T2D is weak.
The coefficient of pairwise linear correlation between
concentration of glucose and Pdx1* cells in T1D is
relatively high, while T2D is characterized by a low-
er interrelation between these parameters.

DISCUSSION

Insufficient quantity and dysfunction of insu-
lin-producing B-cells in pancreatic islets are the main
causes of hyperglycemia and the associated compli-
cations arising in TIDM and T2DM [14]. The search
for methods, aimed at increasing the number and
functional activity of preserved PB-cells in diabetes,
is a promising strategy for treatment of both dia-
betes types. Insulin® cells, found in various organs,

are attracting more and more researchers’ attention
because they can partially compensate for the da-
mage of B-cells of pancreatic islets in diabetes mel-
litus [15]. The quantity and localization of insulin®
cells in the liver and exocrine pancreas, depending on
the type of the experimental diabetes mellitus, were
studied in this work.

Insulin® cells are found in the parenchyma of the
liver and pancreas (outside the pancreatic islets) in
small quantity in intact animals. In the rat pancreas,
the number of these cells remains constant in T1D
and T2D. The optical density of the cytoplasm of
these cells also does not differ under the conditions
of TID and T2D models.

Depending on the type of diabetes, there are dif-
ferences not only in the number of insulin® cells (in
T2D their number is almost 5 times greater than in
the liver of animals with T1D), but also in the loca-
lization of these cells. In T2D, insulin* cells are loca-
ted in all parts of the hepatic lobule, while in animals
of the T1D group these cells are found mainly in the
peripheral zone. The structure, size and location of
insulin® cells in the liver correspond to hepatocytes.

Liver sinusoidal cells (LSC) are located along the
hepatic sinusoids and make up about 33% of liver
parenchyma cells. Endothelial cells, stellate macro-
phages (Kupffer cells), perisinusoidal lipocytes (Ito
cells), pit cells, and dendritic cells are referred to as
LSC. LSC are capable of phagocytosis and pinocyto-
sis and are involved in a wide range of immunologi-
cal reactions [17].

When analyzing the number of LSC, it was de-
termined that their number increases in both types of
DM, but to a greater extent in DM2. According to the
results of the study, in T2D the number of insulin”
sinusoidal cells is higher than in T1D. Counting the
number of insulin® sinusoidal cells in the peripheral
zone of the hepatic lobule is necessary to compare
this parameter with the number of insulin® cells in
hepatic plates (presumably hepatocytes), located in
the similar zone. Since there is evidence [6] that
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insulin* hepatocytes are localized mainly in the first
(peripheral) zone of the hepatic lobule, the number of
insulin® sinusoidal cells, located in the intermediate
(second) zone, is not indicated. As compared with
pancreatic B-cells, insulin® hepatocytes are general-
ly characterized by a lower optical density of cyto-
plasm, which indicates a relatively low concentration
of insulin in these cells and reflects their low func-
tional activity. An increase in the number of this type
of cells can be both the result of insulin synthesis in
the cells themselves and their ability for endocytosis
of extracellular insulin [18].

Pancreatic and duodenal Pdx1 is a key factor in
development, proliferation, and functioning of B-cells
in pancreatic islets [19]. The protein is able to bind
to the insulin gene promoter, GLUT2, glucokinase
and other, regulating gene expression of these pro-
teins [20]. It is believed that Pdx1 can reprogram any
cells by stimulating insulin synthesis in them [21].
We observed differences in change in the number
of Pdx1* liver cells in experimental models of dia-
betes mellitus: in TIDM their number significantly
increases, in T2DM their number does not change.
The pairwise linear correlation coefficient indicates a
strong relationship between the number of Pdx 17 liver
cells and the HbAlc concentration in blood, which
reflects the severity of hyperglycemia during the ex-
periment. Likely, in the model of T1DM, insulin-pro-
ducing cells in liver do not compensate for the lack
of insulin, therefore, additional production of Pdx1 is
required. On the contrary, in animals with T2D, the
normalization of blood insulin concentration does not
require further reprogramming of hepatocytes into in-
sulin-producing cells. It also cannot be ruled out that
the reason of the revealed differences between ani-
mals with TIDM and T2DM may be explained by the
involvement of other transcription factors, Nkx 6.1 in
the differentiation of insulin-producing cells in parti-
cular [5]. The obtained data allow us to put forward a
hypothesis about the existence of an inverse relation-
ship between the insulin concentration in blood and
the production of Pdx1 in hepatocytes as a mechanism
for compensating for hypoinsulinemia in diabetes.

Thus, the lack of insulin in experimental DM1 and
DM2 can be compensated for by increasing the num-
ber of insulin-producing cells in liver and exocrine
pancreas. Reprogramming of differentiated cells such
as hepatocytes into insulin® cells can be considered
a mechanism for obtaining more insulin-producing
cells. New approaches in the treatment of diabetes,

aimed at increasing the expression of Pdx1 and the
number of insulin” cells in various organs, appear to
be extremely promising.

CONCLUSION

It has been shown for the first time that in expe-
rimental TIDM and T2DM there is an increase in the
number of insulin® and Pdx1* cells in the rat liver. In
animals with experimental T1DM, insulin* liver cells
are found mainly in the peripheral zone of the hepa-
tic lobule. In experimental T2DM, insulin® cells are
located in all parts of the hepatic lobule, and the num-
ber of Pdx1* cells does not differ from that in intact
animals. A strong positive correlation between the
number of insulin” cells in the liver and the HbA
concentration in blood was found in both T1IDM and
T2DM. The correlation between the number of insu-
lin* cells in liver and the glucose concentration in rat
blood on the 30™ day of the experiment is weak in
T1DM and moderate in T2DM.
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ABSTRACT

Aim. The study is focused on development of high-fat, high-carbohydrate diet-induced experimental model of
metabolic syndrome (MS) in rats.

Materials and methods. The 6-week old Wistar rats (n = 20) were used for study. Rats were separated into control
and experimental groups. The rats from the control group were fed standard rat chow. The rats from the experi-
mental group had a high-fat, high-carbohydrate diet rich in lard (17%) and fructose (17%) and drank 20% fructose
solution. At the end of the study, body weight and blood pressure (BP) were assessed. After 12 weeks of a diet load,
an oral glucose tolerance test (GTT) and insulin tolerance test (ITT) were carried out. Lipid and protein biochemical
parameters in plasma were analyzed. Adipose tissue and liver were measured at the end of the study. The levels of
triacylglycerol (TAG) and cholesterol (Ch) in the liver were determined by enzymatic methods.

Results. High-fat, high-carbohydrate diet feeding in rats for 12 weeks led to BP elevation and increase in the ad-
ipose tissue/body weight ratio. Hyperglycemia, impaired glucose tolerance and insulin resistance were found in
rats with MS by means of GTT and ITT. Elevation of plasma TAG level was observed in the experimental group,
although plasma total Ch and HDL-Ch did not differ from those of controls. Liver/body weight ratio and the level
of TAG and Ch in the liver were elevated in rats with MS.

Conclusion. Experimental rat model of diet-induced MS reproduces many aspects of MS in humans. This model
may be useful for studying the pathophysiology of MS and methods for its prevention and treatment.

Key words: metabolic syndrome, high-fat, high-carbohydrate diet, obesity, dyslipidemia, hyperglycemia, insulin
resistance.
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JKcnepMmMeHTa/ibHaA MoAe/Ib MeTab0/IMYeCcKkoro CMHAPOMA Y KpbIC
Ha OCHOBE BbICOKOXXUPOBOI U BbICOKOYI/1€BOAHOM AUETDI
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PE3IOME

Hean. Pa3paboTaTh 3KCIEPUMEHTAFHYIO MOJelb Merabomudeckoro cuaiapoma (MC) y Kpbeic Ha OCHOBE
BBICOKOKHPOBOM M BHICOKOYTJIEBOJHOM JIUETHI.

Marepuajbl u Meroabl. MccnenoBanue BbinmoiaHeHo Ha 20 caMIiax Kpbic JIMHHM Bucrap, KoTopble ObUIH
pacrpeiesieHbl Ha KOHTPOJIBHYIO U OIBITHYIO Ipynibl. KppIChl KOHTPOJIBHOI IPYIITBI HAXOAMINCH HA CTaHAAPTHOI
nuere. KppIChl ONBITHON TPyIIbl B TeyeHHE 12 Hex Mojydain BHICOKOXKHPOBYIO M BBICOKOYIJICBOIHYIO AUETY,
ComepXKaIlyo KHBOTHBIA Xup (17%), dpykrosy (17%) u 20%-# pacTBOp (HpyKTO3BI BMECTO NMUTHEBOI BOABI.
B KoOHIE HCCleOBaHMS Yy JKMBOTHBIX HM3MEpsUIM Maccy Tena, apTepuanbHoe nasienue (AJl), mpoBoamiu
rmoko3oronepantHblil (I'TT) u uncynunotonepantHeiid (UTT) TecTsl. B mia3Me KpoBH ompenessuid OTASIbHbIE
MOKa3aTeNu TUMAAHOTO 0OMEHA, B IeYeH! — coeprkanue Tpuarriannepoios (TAD) u xonecrepuna (XC).

PesynbTathl. CozmepkaHue >XKUBOTHBIX Ha BBICOKOXKHMPOBOH M BBICOKOYITIEBOJHOW nueTe B TeueHue 12 Hex
MIPUBOJMIIO K MOBBIIEHHIO AJl, yBEIHUCHUIO YAEIbHOW MacChl BHCLEPAIBLHON XHPOBOHW TKaHU. BrimonHeHne
I'TT u UTT no3Bonmio BbIIBUTH Y Kpbic ¢ MC THUIEpIiIMKEeMHUIO, HapyLIEeHHEe TOJIEPAaHTHOCTH K TJIIOKO3€ U
HMHCYJIMHOPE3UCTEHTHOCTh. bhIIo 00HapykeHo yBennueHne KoHueHTpauun TAI' B ria3me KpoBH KPBIC OIBITHOM
IPYyMNIbl, IPH 3TOM YpoBeHb obmero XC He oTanyancs oT KoHTpous. Y kpeic ¢ MC HaGuoanoch yBenmu4eHue
yAENbHOU Macchl IeYeHH, a Takxke cogepkanus B Heid TAI' u XC.

3akiroueHue. HonyquHaﬂ OKCIICpUMEHTaJIbHAsA MOJCIIb JUET-UHAYIIUPOBAHHOTO MeTab0IMYECKOT0 cuHapomMma
BOCIIPOU3BOJAUT OOJIBIIMHCTBO THITHYHBIX IIPU3HAKOB MC Y 4YCJIOBEKa U MOXKET ObITH TIOJIE3HA B HU3y4YCHUUN
l'[aTO(I)I/I?,I/IOJ'IOFI/I‘IeCKI/IX OCHOB pa3BUTHA MC u meTo10B ero HpO(bI/IJ'IaKTI/IKI/I " JICUCHUS.

KiroueBble ciioBa: MeTabOJNMYECKUI CHHIPOM, BBICOKOJKMPOBAs M BBICOKOYIJICBOJHAS JIMETa, OXXHUPCHHUE,
JUCIUNUAECMUS], THIIEPIIIMKEMUS, HHCYJIMHOPE3UCTEHTHOCTb.

KOHQ).]IHKT HHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
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INTRODUCTION

The prevalence of metabolic syndrome (MS) in
modern society has been increasing rapidly over the
last few years, which has caused an increase in morbid-
ity and mortality. According to the International Dia-
betes Federation (IDF), 25-68% of people worldwide
suffer from MS [1, 2]. Significant factors in the devel-
opment of MS are abdominal obesity and insulin resis-
tance [3, 4]. IDF defines MS as a condition of visceral
obesity and at least two of the following parameters:
high levels of triacylglycerols (TAG), low levels of
high-density lipoproteins (HDL), high blood pressure
(BP) and hyperglycemia [1]. Thus, MS is a complex of
metabolic, hormonal and hemodynamic disorders that
increases the risk of type 2 diabetes, non-alcoholic fat-
ty liver disease and cardiovascular diseases [3, 5, 6].

To study the pathophysiological mechanisms of
the MS development and methods for its prevention
and therapy, it is necessary to develop accessible ex-
perimental models [7, 8, 9]. One of these approaches
is focused on the use of animals with a genetic de-
fect causing the development of various MS-typical
pathological changes. Additionally, there is another
approach to induce these disorders using special di-
ets [7]. In recent years, the combination of a high-fat
diet with a high content of carbohydrates (also re-
ferred to as the “Western diet”, “the cafeteria diet”)
has become widespread [10, 11, 12]. It was shown
that animal fats (lard or beef fat) are more effective
for MS modeling compared with vegetable fats [11].
Glucose [12], fructose [13, 14] or sucrose [15] can
be used as carbohydrates added to the diet. Such a
diet is similar to the nutrition of a modern person and
is considered as the most adequate for MS modeling
and reproducing of the pathogenetic factors and the
phenomenology of metabolic disorders in MS.

In this regard, the aim purpose of the study was to
develop an experimental model of MS in rats based
on a high-fat, high-carbohydrate diet.

MATERIALS AND METHODS

The MS model was performed using male Wistar
rats (20 animals with weight of 200-250 g, 6 weeks-
old). The studies were carried out in compliance with
the principles of the European Community Directives
(86/609/EEC) and the Declaration of Helsinki. Ani-
mals were fed ad libitum and housed in a 12-h light/
dark cycle. Rats were separated into control (n = 8)
and experimental (n = 12) groups. The rats from the
control group were fed with standard chow for labo-

ratory rats (“Delta Feeds”, Biopro, Russia, total ca-
lories 3000 kcal/kg). The rats from the experimental
group were fed with a high-fat, high-carbohydrate
diet rich in lard (17%), fructose (17%) and drinking
water was replaced with a 20% fructose solution (to-
tal calories 4,400 kcal/kg, 54% energy from fat).

Before and at the end of the study body weight and
BP (“Systola”, Neurobotics, Russia) were assessed.
In the last week of the experiment, glucose tolerance
(GTT) and insulin tolerance (ITT) tests were carried
out[11, 16]. Fasted animals (12 h of food deprivation)
were injected intragastrically with a glucose solu-
tion at a dose of 2 g/kg (D-glucose, Sigma-Aldrich,
USA) or subcutaneously injected with short-acting
insulin at a dose of 0.75 IU/kg (“NovoRapid Penfil”,
Denmark). The glucose concentration in the blood
obtained from the rat’s tail vein was determined
after 0, 15, 30, 60, 90, and 120 min by spectropho-
tometric enzymatic method using a commercial kit
(“Glucose-Novo V-8054”, Vector-Best, Russia). The
glucose utilization rates (K, % glucose/min) were
calculated as K, . = (0.693/t, ) x 100, t, ,— the time of
the reduction of plasma glucose concentration by half
after insulin administration [17]. Blood plasma was
obtained by centrifugation (4 °C, 8,000 g, 6 min) and
stored at —20 °C for subsequent analysis. The TAG,
total cholesterol (Ch), and HDL-Ch plasma concen-
trations were measured with a biochemical analyzer
(RX Imola, Randox, Japan).

At the end of the experiment the rats were eutha-
nized by CO, asphyxiation. Visceral adipose tissue
and liver were obtained and weighed using analytical
balance, the ratios of their weight regarding to the
body weight were calculated. The concentrations of
TAG and Ch in the liver (mg/g of tissue) were deter-
mined after the extraction of the lipid fraction from
the liver samples (50 mg) with chloroform-metha-
nol (2:1) by the method of J. Folch [18]. The TAG
and Ch levels in extracted lipids were determined by
enzymatic methods using commercial kits (Chrono-
lab, Spain). Before the analysis, a 20% chloroform
solution of Thesit detergent (Sigma-Aldrich, USA)
was added to the chloroform phase. Chloroform was
removed by a stream of nitrogen; emulsified lipids
were dissolved in distilled water. Reagents from the
kits for the TAG and Ch determination were added
directly to the aqueous emulsion. The Atherogenic
Index of Plasma (AIP) was calculated [19].

Data were presented as mean and standard devi-
ation (M + SD). The correspondence of the obtained
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quantitative indicators to the normality was deter-
mined using the Shapiro-Wilk W-test. For statistical
significance measuring between two groups the Stu-
dent t-test was performed using the IBM SPSS Sta-
tistics 21 software. The alpha level of significance for
all experiments was set at p < 0.05.

RESULTS

Experimental models of MS reproduce most of
the specific signs of the human metabolic syndrome
such as excess weight, visceral obesity, insulin resis-
tance, impaired glucose tolerance, dyslipidemia, and
arterial hypertension [8, 9].

High-fat, high-carbohydrate diet feeding of rats
for 12 weeks led to systolic blood pressure (SBP)
and diastolic blood pressure (DBP) elevation and
increase in the adipose tissue/body weight ratio and
liver/body weight ratio (Table 1).

One of the typical features of MS is central obesi-
ty. However, feeding the animals with a special diet
does not always lead to a significant increase in the
body weight [11, 12, 20]. In our experiment the fi-
nal body weight did not differ between control and
experimental groups. A possible explanation of this
finding is the fact that animals of the experimental
groups consumed less of the food enriched in fat and
fructose, probably due to the higher caloric intake
with this diet.

Table 1
Effect of high-fat and high-carbohydrate diet on the

physiological parameters of rats from the control and
experimental group (Metabolic syndrome model), M + .SD

Group

Parameter Control Metabolic syndrome

(n=23) (n=12)
425.8 +25.6| 463.1 £22.4 (p =0.101)

Body weight, g

SBP, mm Hg 124.1+£9.2 | 136.2+ 8.3 (p=0.007)
DBP, mm Hg 87.4+10.2 | 100.3 £ 13.6 (p=0.036)
Adipose tissue/body B

weight ratio, g 24+03 49+ 1.3 (p=0.001)
Liver/body weight ratio, g 27+04 3.5+0.3 (p=0.002)
Food intake, g/day/group 130.2+£8.4 | 101.7+9.8 (p =0.005)

Fluid intake, ml/day/group |249.5+11.9| 347.5+12.6 (p =0.011)

Note. Here and in the Table 2: p — the level of statistical significance
of differences in comparison with control.

At the same time, the adipose tissue/body weight
ratio of the experimental rats, including mesente-
ric, epididymal and retroperitoneal fat, increased
for more than 2 times, which is also an important
symptom of MS. Obtained experimental data indi-

cates the presence of obesity in rats of the experi-
mental group (Table 1). This information is consis-
tent with data from other diet-induced models of MS
[12, 14, 21].

Feeding of experimental rats with high-fat,
high-carbohydrate diet for 12 weeks led to hypergly-
cemia. It can be evidenced by an increased fasting
plasma glucose level (Table 2). According to GTT,
at 30 min after glucose administration, the blood glu-
cose level in rats of the experimental group exceeded
the level in the control group by 25.2% (p = 0.005).
After 60 min, the blood glucose level in rats of the
control and experimental groups began to gradually
decrease, remaining high in the group of rats with MS
model: the difference was 32.4% (p = 0.003). After 2
hours, the glucose level in the control group almost
returned to the initial level, while in the experimen-
tal group it remained increased by 10% (p = 0.093)
(Fig. 1, a). The area under the curve of glucose con-
centration — time (AUC_ ) in the experimental
group was 809.9 + 81.9 mmol/l x 120 min and excee-
ded the control group value (585.5 £ 53.1 mmol/l x
120 min, p = 0.001) (Fig. 1, b).

It is known that ITT can detect a change in the
target cells response to insulin, which may be caused
by a decrease in the sensitivity or number of insu-
lin receptors [5, 22]. A gradual decrease of the glu-
cose concentration in the blood of animals of the
control and experimental groups was observed af-
ter subcutaneous injection of insulin. However, its
level remained higher in the experimental group at
the point of 30 min after the injection of insulin (the
difference after 30 min was 30.1% (p = 0.002), after
60 min — 32.5% (p = 0.001), after 2 hours — 25.7%
(» = 0.011) (Fig. 2, a)). The area under the curve
“glucose concentration — time” (AUC,, ) in the ex-
perimental group was 440.9 &+ 57.4 mmol/l X 120 min
and exceeded the same parameter in the control group
(307.1 £ 31.1 mmol/l x 120 min, p = 0.004).

The progression of insulin resistance in the group
of animals with MS model was confirmed by the
study of K, ... It was found that K in rats fed a high-
fat and high-carbohydrate diet was 1.3 = 0.7% glu-
cose/min, which is 36.5% lower than that parameter
in the control group (2.1 + 0.7 % glucose/min, p =
0.001) (Fig. 2, b). Thus, hyperglycemia, along with
glucose tolerance and insulin resistance, indicates the
development of MS in animals.

Dyslipidemia as the characteristic of MS demon-
strates both quantitative and qualitative changes in the
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blood lipoproteins composition. The most important
signs of dyslipidemia are: an increased level of TAG
in very low-density lipoproteins (VLDL-Ch), which
are the main transporters of endogenous fat synthe-
sized in the liver. At the same time, the level of Ch in
low-density lipoproteins (LDL-Ch) increases, and also
decreases in high-density lipoproteins (HDL-Ch) [4].
In this study, rats of the experimental group had
shown an increase in plasma TAG concentration by

121
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2.1 times compared with the control group. This phe-
nomenon may occur due to the excessive consump-
tion of fructose with the diet that leads to the activa-
tion of lipogenesis in the liver [13, 23]. The total Ch
level in animals fed with high-fat, high-carbohydrate
diet did not significantly increase. At the same time,
the level of atherogenic LDL-Ch increased in rats of
the experimental group, while the level of HDL-Ch
did not change (Table 2).
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Fig. 1. Dynamics of the blood glucose concentration in rats (a) and the area under the curve “glucose concentration-time” (b) in
the oral glucose tolerance test. Here and in Fig. 2: the control group (solid line) and experimental group (dashed line). *p <0.05 in
comparison with the control group
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Fig. 2. Dynamics of insulin-stimulated decrease in blood glucose concentration in rats (a) and glucose disposal rate () in the insulin
tolerance test

Table 2

Effect of high-fat and high-carbohydrate diet on the biochemical parameters of plasma in rats from the control and experimental
groups (Metabolic syndrome), M + SD

Parameter
Group )
Fasting glucose, mmol/l TAG, mmol/l Total Ch, mmol/l HDL-Ch, mmol/l LDL-Ch, mmol/l
Control (1 = 8) 40+0.5 1.8+0.8 24405 09+03 13403
. ~ 53+0.6 37409 28+07 08=0.1 19+0.5
Metabolic syndrome (n = 12) (»=0.021) (» = 0.001) (» = 0.062) (» = 0.201) (p = 0.044)
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The literary data on changes in the Ch levels and
HDL-Ch, LDL-Ch levels in the blood of animals
with diet-induced MS differ significantly. Some re-
searchers have noted an increase in the total Ch con-
tent in plasma, for example, in experiments with diets
rich in fructose or fats and fructose [10, 24]. Others
noticed an absence of any changes in the level of Ch
[12]. Data on the content of HDL-Ch in plasma also
vary, with a predominance of facts on its reduction
[15]. AIP of rats fed with a high-fat and high-carbo-
hydrates diet had increased threefold (0.2 £ 0.1 in the
control group versus 0.6 £ 0.2 in the experimental
group, p = 0.001). This indicator is widely used in
clinical medicine in case to assess cardiovascular risk
in patients. This parameter is considered as a poten-
tial biomarker for early cardiovascular diseases diag-
nosis [25].

It is known that feeding of animals with high-fat
[14] or high-fat and high-carbohydrate [21, 26] diets
leads to the significant metabolic changes in the liver,
as it can be noticed during a non-alcoholic steatohep-
atosis. In our experiment, there was an increase in the
liver/body weight ratio in animals with the MS mod-
el, as well as an increase in the liver TAG level by
1.8 times (4.3 = 1.5 mg/g in the control group versus
7.8 £ 3.4 mg/g in the experimental group, p = 0.005).
Ch liver level had increased by 2.4 times (1.1 £
+ 0.4 mg/g in the control group versus 2.6 £ 0.6 mg/g
in the experimental group, p = 0.020). Thus, the re-
sults of the study demonstrate that a high-fat and
high-carbohydrate diet can contribute to the develop-
ment of fatty liver disease.

CONCLUSION

It has been established that the use of the pro-
posed high-fat and high-carbohydrate diet in rats re-
produces most of the typical MS features: obesity,
increased blood pressure, hyperglycemia, decreased
glucose tolerance, insulin resistance, and dyslip-
idemia with triglyceridemia. This diet is similar to
the high-calorie diet of a modern man. This model
of diet-induced MS may be useful in studying the
causes of the metabolic and hemodynamic disorders
development and progression in the state of MS, as
well as in exploring the potential approaches to its
prevention and treatment.
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Donor - recipient selection using epitope mismatches in kidney
transplantation
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ABSTRACT

Aim. To evaluate the potential option of selecting donor —recipient pairs by using the number of epitope mismatches.

Materials and methods. An observational cohort study was carried out, which included 824 adult recipients of
ABO compatible deceased donor kidneys. The end point was a transplant loss. If a recipient with a functioning
graft died, the observation was censored. The number of epitope mismatches (EpMM) was calculated using open
source information on the population frequency of haplotypes and the repertoire of epitopes with confirmed
immunogenicity. All possible combinations of the donor and recipient genotypes were compiled, and the probability
of each combination was calculated. After that, the number of donor epitopes absent in the recipient was calculated
for each combination with a non-zero probability, whereupon the weighted mean EpMM was calculated, where the
weight coefficient was the normalized probability of occurrence of each combination.

Results. All of the donor — recipient pairs had HLA-mismatches (HLA MM): 1.9% of recipients had 1 HLA
MM, 6.7% had 2 HLA MM, 29.9% had 3 HLA MM, 38.5% had 4 HLA MM, 18.1% had 5 HLA MM, and 4.9%
had 6 HLA MM. The HLA MM impacted graft survival was determined: log-rank test p < 0.0001, Breslow test
p <0.0001. The median values and the interquartile ranges of EpMM were 6 [4; 7], 12 [7.74; 17.25], 18 [14; 22],
24 120; 30], 30.5 [25; 37] and 36 [26.5; 44.5] for the cases of 1, 2, 3, 4, 5 and 6 HLA MMs, respectively. An in-
crease in HLA MM resulted in a higher risk of developing donor-specific anti-HLA antibodies (DSA). Hazard ratio
(HR) = 1.21 [95% confidence interval (CI): 0.7; 1.9], 1.71 [95% CI: 1.22; 2.36], 2.04 [95% CI: 1.42; 2.73], 2.25
[95% CI: 1.63; 2.96], 2.59 [95% CI: 2.03; 3.29] for 2, 3, 4, 5, and 6 HLA MM, respectively, versus HLA MM = 1.
An increase in EpMM also resulted in a higher risk of developing DSA. HR =1.66 [95% CI: 1.09; 2.47], 2.1 [95%
CI: 1.46;2.91], 2.41 [95% CI: 1.86; 3.03], 2.61 [95% CI: 2.12; 3.12], 2.77 [95% CI: 2.26; 3.33] for 10-19, 20-29,
30-39, 4049 and >50 EpMM, respectively, versus EpMM < 10. An increase in HLA MM was associated with an
increased risk of transplant loss. HR = 1.24 [95% CI 0.7; 2.15], 1.48 [95% CI1 0.86; 2.33], 1.88 [95% CI 1.32; 2.52],
2.41 [95% C12;2.93], 2,98 [95% CI 2.59; 3.46] at 2, 3, 4, 5, and 6 HLA MM, respectively, versus HLA MM = 1.
An increase in EpMM also was associated with an increased risk of transplant loss. HR = 1.71 [95% CI 1.1; 2.49],
2.11 [95% CI 1.59; 2.68], 2.4 [95% CI 1.96; 2.86], 2.59 [95% CI 2.17; 3.04], 2.71 [95% CI 2.31; 3.15] at 10-19,
20-29, 30-39, 40-49 and >50 EpMM, respectively, versus EpMM < 10. In order to demonstrate the effectiveness
of EpMM accounting, we analyzed graft survival among the patients with 4 HLA MM. With the number of EpMM
in the range from 10 to 24 and from 25 to 43 the difference in survival rates was statistically significant, but only at
the late stages of the post-transplant period: log-rank test p = 0.0067, Breslow test p = 0.0982. The median survival
for EpMM 10-24 was 10.33 [95% CI 9.05; 11.61] years, for EpMM 2243 — 8.67 [95% CI 7.68; 9.66] years, HR
1.537 [95% CI 1.114; 2.12]. At the same time, it was not the median of survival that increased, but the proportion
of patients with a functioning graft: at 10-24 EpMM after 15 years, 18.28% [95% CI 8.2; 31.67] grafts functioned,
while at 25-43 EpMM only 4.75% [95% CI 0.94; 13.64] functioned.

Conclusion. In the routine practice of a transplantation center with a short waiting list of its own, it might be
possible to improve the kidney transplant survival as a result of considering epitope mismatches, thus reducing the
risk of developing donor-specific anti-HLA antibodies and ensuring a higher graft survival rate. This method can
be used for additional ranking of transplantation candidates depending on the number of epitope mismatches within
the fixed number of HLA-mismatches and thus select the optimal one. Besides, it is theoretically possible to use
this method as an alternative to the traditional donor/recipient histocompatibility evaluation. Additional research
is required.

D4 Zulkarnaev Alexey B., e-mail: 7059899@gmail.com.
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CE/IeKU,Mﬂ napbl «4OHOP — PEUUNUEHT» C YHETOM SMUTOMHbIX HEeCOOTBETCTBUM
Npvu TpPAHCN/IAHTAU U MOYKH

BatasuH A.B., 3ynbkapHaeB A.b., CtenaHoB B.A.

Mockogckuti 061aCmMHOU HAYYHO-UCCAEO08aMENbCKULL KIuHUeckull uncmumym um. M.®. Bradumupckozo
(MOHUKH um. M.®. Bradumupckoeo)
Poccusa, 129110, Mockea, ya. Llenkuna, 61/2, k. 6

PE3IOME

Heab. OLCHAUTH OTEHIMAT CENEKINU Maphl «IOHOP — PEHUIHEHT» C YIETOM KOJIMYECTBA SIMUTOIHBIX HECOBIIA-
JECHUM.

Marepuajbl u MeTobl. [IpoBeneHO 0OCepBaIIOHHOE PETPOCHIEKTHBHOE KOTOPTHOE UCCIEAOBAHHIE, B KOTOPOE
BKIIIOUYEHO 824 COBEpIICHHOJIICTHUX PEIMITUECHTA TPYMHOH MOYKH, COBMECTHMBIX IO Tpymme kpoBu. KoHeuHoit
TOYKOH CUMTaIM yTpaTy TpaHCIUIaHTaTa. B ciayuae cmepT penunuenta ¢ QyHKIMOHHPYIOIMM TPAHCIIIIAHTaTOM
HaOJIroIeHne MOABEpralin IeH3ypupoBaHuio. [lofacuer komuuecTBa anuTONHBIX HecoBmaaeHuit (EpMM) mpoBo-
JIVIIH C UCTIONB30BaHHEM MH(OPMAIMU U3 OOLIEIOCTYTHBIX PECYPCOB O MOIMYIIAIOHHON 9acTOTE TalIoTUIIOB U
pernepTyape SMUTOIOB C MOATBEPKIEHHOH HMMYHOTEHHOCTI0. COCTAaBISIINCH BCE BO3MOXHBIE COUETAaHHs T€HO-
THUIIOB JJOHOPA M PEIMITHEHTA, TOINTHIBAIIN BEPOATHOCTh KAX/OT0 COYETaHUs. 3aTeM JUIsl KayKI0TO COUETAHMUS C
HEHYJIEBOH BEPOSITHOCTHIO ONPEAEIISUIN KOJMYECTBO SIHTOIOB JIOHOPA, OTCYTCTBYIOIINX y penunuenta. [locie
3TOTO BBIYUCISIIN B3BelleHHOe cpenHee EpMM, rae BecoBbM Kod(duimentom Obl1a HOPMHUPOBAHHAST BEPOST-
HOCTB TIOSIBTICHHS KaXKI0TO COYETaHUS.

PesyabTathl. Bee nmapsl «goHOp — penunuent» uMmend HLA necoBmectumoctu (HLA MM): 1,9% — 1 HLA
MM, 6,7% — 2 HLA MM, 29,9% — 3 HLA MM, 38,5% — 4 HLA MM, 18,1% — 5 HLA MM, 4,9% — 6 HLA
MM. Paznuunst 8 HLA MM BiusiiM Ha BBDKHBAGMOCTh TPaHCIIaHTAaTOB: log-rank test p < 0,0001, Breslow test
p <0,0001. Menuana (Me) n unrepkBapTHibHbIi pasmax [Q,; O,] EpMM cocraunu 6 [4; 7], 12 [7,74; 17,25], 18
[14; 22], 24 [20; 301, 30,5 [25; 371 u 36 [26,5; 44,5] i 1, 2, 3,4, 5 u 6 HLA MM cooTBeTcTBEHHO. YBEJIMYCHUE
HLA MM O0bUTO CBSI3aHO C POCTOM pHCKa MOsBICHMST HOHOp-crienuduueckux antu-HLA antuten (ICA).
Ortnomenue puckoB (HR) = 1,21 [95%-1i noBepurenbublii untepsan (95%-i JIN) 0,7; 1,9], 1,71 [95%-it AU 1,22;
2,36], 2,04 [95%-u1 U 1,42; 2,73], 2,25 [95%-i1 AN 1,63; 2,96], 2,59 [95%-it JU 2,03; 3,29] npu 2, 3, 4, 5
u 6 HLA MM cootBercTBeHHO Mo oTHomieHHi0 K HLA MM = 1. YVeenunuenne EpMM Taxoke ObLIO CBSI3aHO C
poctom pucka nosisierus JCA. HR = 1,66 [95%-it I 1,09; 2,47], 2,1 [95%-i1 IU 1,46; 2,91], 2,41 [95%-i
U 1,86; 3,03], 2,61 [95%-i1 AU 2,12; 3,12], 2,77 [95%-i1 AU 2,26; 3,33] npu 10-19, 20-29, 30-39, 4049
1 >50 EpMM cootBercTBeHHO 10 oTHOMIeHH0 K EpMM < 10. YBenuuenne HLA MM 0b110 CBsI3aHO ¢ pOCTOM
pucka ytpatsl TpaHciulantata. HR = 1,24 [95%-i1 IU 0,7; 2,15], 1,48 [95%-i1 /11 0,86; 2,33], 1,88 [95%-i1 JJU
1,32; 2,52], 2,41 [95%-it AN 2; 2,93], 2,98 [95%-it AU 2,59; 3,46] npu 2, 3,4, 5 u 6 HLA MM cooTBeTCTBEHHO
no orHomenuro Kk HLA MM = 1. [lns nemoncTpauuu s dektuBHocTH yyera EpMM MBI npoaHanu3upoBain
BBDKMBAEMOCTb TpaHCIUIaHTaToB y manueHToB ¢ HLA MM = 4. Bepkuaemocts npu 1024 u 25-43 EpMM
pa3nuyanzach CTaTUCTHYECKH 3HAYUMO, HO TOJIBKO Ha MO3HUX JTarax MOCTTPAHCIUIAHTAMOHHOrO reproja: log-
rank test p = 0,0067, Breslow test p = 0,0982. Menuana BepkuBaeMocTr it EpMM 10-24 cocrasuia 10,33
[95%-i1 AN 9,05; 11,61] set, s EpMM 2243 — 8,67 [95%-i1 U 7,68; 9,66] ner, HR = 1,537 [95%-ii
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JU 1,114; 2,12]. IIpu 3TOM I7IaBHEIM 00pa3oM yBEIMYMBANIacCh HE MeAHaHa BBDKMBAEMOCTH, a IO OOJBbHBIX
¢ GyHKIHOHUpYOUM TpaHcanTatoM: mpu 10-24 EpMM ugepes 15 net 18,28% [95%-ii AU 8,2; 31,67] Tpanc-
IJIAHTAaTOB (pyHKIHMOHNUPOBaIO, Toraa Kak npu 25-43 EpMM — tonbko 4,75% [95%-it 1N 0,94; 13,64].

3akiwouenue. B pyTHHHOfI IMPAaKTUKE TPAHCIIJIAHTALlMOHHOI'O HEHTpa C HCGOJ'II;H_II/IM, 000COOJIEHHBIM JTUCTOM
OXUJaHUA YUCT SITUTOIMHBIX HECOOTBETCTBUN MOXKET YAy4lInuThb pE3yJIbTaThbl TPAHCIIJIAHTAUY ITOYKWU: CHU3UTH PUCK
TOSABJICHUSA ,Z[OHOp-CHeHI/I(i)I/I‘IHLIX antu-HLA aHTHTEN M TOBBICUTH BEIKMBAEMOCTh TPpaHCIUIAaHTATOB. HpI/IMeHeHI/Ie
9TOro METOoJa IMO3BOJIACT AOMNOJHUTEIBHO PAHXXUPOBATh KaHAUAATOB Ha TPAHCIUIAHTAIIUIO B 3aBUCUMOCTHU OT
KOJIMYECTBA SIUTOMHBIX HECOBIAICHUN B paMKax (bHKCHpOBaHHOFO konmmyectBa HLA HecoBnaaenwii u BBI6paTI)
ontuMaibHOro. Bmecte ¢ Tem CyHIECTBYET TEOPETUYECCKass BO3MOKHOCTHL HCIIOJB30BaHHA 3TOT0O METOAAa B
Ka4€CTBC aJIbTEPHATHUBbL TpaZ[PIHPIOHHOﬁ OIIEHKE TKAHEBOW COBMECTUMOCTH JOHOpa U peUUIHNCHTA. HeO6XOL[I/IMI)I
JIOITOJTHUTEJIBHBIC UCCIICTOBAHUS.

KiroueBsble ciioBa: TpaHcIuiaHTanms nouku, HLA, smuror, sruiet, TkaHeBasi COBMECTHMOCTB, BEIOOP PELIUITUEHTA,
JIOHOp-criennduuHble anTuTena, antu-HLA anturena.

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHQOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

Hcrounuk ¢unancupoBaHus. PaGoTel ObUIM BBINONHEHB! C HCIIONB30BaHMEM CpeAcTB rpaHTta Ilpesmienta
Poccuiickoit @eneparun 11 ToCy1apCTBEHHOM IMOIEPIKKU MOJIOJIBIX POCCHHCKHX yueHbIX (Ne MJ1-2253.2018.7).
JlaHHBIH HCTOYHNK (UHAHCHPOBAHMS HE YYaCTBOBAI B ONPE/ICNICHNH CTPYKTYPHI HCCIIEIOBAHMS, cOOpe, aHATN3E ’
HHTEPIpETalny JaHHBIX, a TAKXKE IIPUHIATHH PEIIeHUs OITyOJIMKOBATh NONyYEeHHbIE Pe3YIIbTATHI.

CooTBeTcTBMEe MpUHIHMNAM 3THKHU. VccnenoBanne omoOpeHo JTOKadbHBIM dTHYeCKHM KomutetoM MOHUWKU
M. M.®. Bragumupckoro (mpotokos Ne 9 ot 12.10.2017).

Jast umtupoBanusi: Batasun A.B., 3ynbkapuaeB A.b., Crenanos B.A. Cenexius napsl «10HOp — PELUITUEHT» C
YYETOM SMHUTOIHBIX HECOOTBETCTBHHI MPH TPAHCIUIAHTAIMU TTOYKU. Brosiemens cubupckoi meouyunst. 2020; 19

(4): 21-29. https://doi.org/10.20538/1682-0363-2020-4-21-29.

INTRODUCTION

Over the history of clinical transplantology, the
histocompatibility between the donor and the recipi-
ent has always been one of the key factors on which
kidney allograft survival depended. As is known that
the smaller the number of HLA-mismatches (HLA-
MM), the better the survival rate of the graft. This
has been proven both in the case of deceased donor
kidney transplantation [1] and in the case of living
donor kidney transplantation [2].

Despite the fact that the effect of this factor
gradually decreases over the years, it still remains
important in the current era of immunosuppression
therapy.

Each HLA-antigen comprises a unique reper-
toire of epitopes. At that, some of them are total-
ly unique and peculiar only to the specific allelic
variant of a molecule (private epitopes), and some
can be common for several HLA-molecules (public
epitopes) [3].

Existence of public epitopes determines the pos-
sibility of selecting the donor/recipient pair based on
this information.

The aim of the study was to evaluate the poten-
tial option of selecting donor/recipient pairs using the
number of epitope mismatches.

MATERIALS AND METHODS

Study design and patients. An observational retro-
spective cohort study was conducted which included
824 adult recipients. All of the patients underwent
transplantation of a deceased donor kidney compati-
ble by ABO blood group. The end point was a trans-
plant loss. If a recipient with a functioning graft died,
the observation was censored.

In all cases, HLA-typing was performed (HLA A,
B and DR loci). Before 2003, the serological HLA-typ-
ing was used (the split antigen level), while later, low
resolution HLA-genotyping by means of SSO or SSP
methods (allelic group level) was utilized. The cross-
match test (complement dependent lymphocytotoxic
test) was negative in all cases. The anti-HLA antibody
screenings were performed using multiplex technolo-
gy on Luminex platform with LIFECODES Lifescreen
Deluxe (Immucor) reagents, while identification of an-
tibodies were done with the sets of LIFECODES LSA.

Patient data are presented in Table 1.
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Table 1
Patient data

Parameter Value
Recipient sex M/F, % 58/42
Age of recipients, years, Me [Q; O,] 43 (27; 50)
r"l;ll(l)x;llt:hosr’l f}:lﬁgf Ig;]fore transplantation, 34 (14: 42)
Repeated transplantation, % 9
Preexisting antibodies (PRA"> 10%) 12.8
Age of donors, years, Me [Q; O] 38.1 (31.2;51.8)
Brain death donor/asystolic donor, % 46/54
Preservation time, h, Me [Q; O,] 8.4 (6; 14)
Follow up observation period, years, 8.1 (4.8: 10.4)

Me[Q,; O]

* panel-reactive antibody

RESULTS

The recipients demonstrated different levels of
compatibility with the donor kidney (Fig. 1).

At that, HLA-incompatibility remains an import-
ant parameter that determines long term graft surviv-
al (Fig. 2).

Generally, differences in HLA-A locus compa-
tibility significantly affected graft survival: log-rank
test p = 0.0005, Breslow test p = 0.0049. The median
survival for the 0, 1 and 2 HLA-A MM were 9.5 [95%
CI8.77;10.23], 8.42 [95% CI 8; 8.87] and 8.33 [95%
CI: 7.71; 8.96] years, respectively. Pair-wise com-
parisons: 0—1 HLA-A MM - log-rank p = 0.0092,

HLA locus

HLA M

Breslow p =0.0107, HR 1.32 [95% CI 1.079; 1.615];
1-2 HLA-A MM - log-rank p = 0.2157, Breslow
p = 0.3156, HR 1.114 [95% CI 0.936; 1.326];
0-2 HLA-A MM log-rank p = 0.0003, Breslow
p=0.0012, HR 1.485[95% CI 1.204; 1.831].

Differences in HLA-B locus compatibility sig-
nificantly affected graft survival: log-rank test
p =0.0034, Breslow test p = 0.0008. The median sur-
vival for the 0, 1 and 2 HLA-B MM were 9.99 [95%
CI8.38;11.6],8.67[95% CI 8.1;9.26] and 8.25[95%
CI 7.81; 8.69] years, respectively. Pair-wise com-
parisons: 0—1 HLA-B MM — log-rank p = 0.0656,
Breslow p=0.0632, HR 1.353[95% CI10.997; 1.836];
1-2 HLA-B MM - log-rank p = 0.0424, Breslow
p = 0.1363, HR 1.19 [95% CI 1.009; 1.404];
0-2 HLA-B MM log-rank p = 0.0031, Breslow
p=0.0076, HR 1.582 [95% CI 1.213; 2.062].

Differences in HLA-DRBI1 locus compatibili-
ty significantly affected graft survival: log-rank test
p <0.0001, Breslow test p <0.0001. The median sur-
vival for the 0, 1 and 2 HLA-DR1 MM were 10.08
[95% CI 9.15; 11.02], 9 [95% CI 8.47; 9.53] and
8.25 [95% CI 7.58; 8.92] years, respectively. Pair-
wise comparison: 0—1 HLA-DR1 MM - log-rank
p = 0.0021, Breslow p = 0.0152, HR 1.472 [95%
CI 1.166; 1.858]; 1-2 HLA-DR1 MM - log-rank
p = 0.0038, Breslow p = 0.0146, HR 1.283 [95%
CI 1.084; 1.52]; 0-2 HLA-DR1 MM log-rank
p <0.0001, Breslow p < 0.0001, HR 1.888 [95% CI
1.532;2.237].

1007 e ;o 6HLAMM |
23%
18,1 5 HLA MM
80~ -
< 60~ 38,5 4 HLA MM
& 4p- 68.4%
N e 3 HLA MM
6,7
2 HLA MM T
0 19 1 HLA MM ]B-E%
All loci

Fig. 1. HLA incompatibility distribution: HLA MM — the number of donor antigens absent in the recipient
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Fig. 2. Death-censored graft survival. The graphs depict the results of assessment of differences according to the log-rank criterion
for three curves

Altogether, the differences in compatibility
across all loci significantly affected graft survival:
log-rank test p < 0.0001, Breslow test p < 0.0001.
The median survival for 1-2 HLA MM, 3-4 HLA-
MM and 5-6 HLA-MM were 11.85 [95% CI 9.93;
13.78], 10 [95% CI 9.4; 10.6] and 8.42 [95% CI
7.82; 9.02] years, respectively. Pair-wise compari-
sons: 1-2 HLA MM and 3-4 HLA MM — log-rank p =
0.001, Breslow p = 0.041, HR 1.617 [95% CI 1.233;
2.121]; 3-4 HLA MM and 5-6 HLA MM — log-rank
p <0.0001, Breslow p <0.0001, HR 1.531 [95% CI
1.286; 1.824]; 1-2 HLA MM and 5-6 HLA MM log-
rank p <0.0001, Breslow p <0.0001, HR 2.365 [95%
CI 1.863; 3.002].

We calculated the average number of epitope mis-
matches for each HLA-MM quantity (Fig. 3).

An increase in numbers of HLA-mismatches and
epitope mismatches significantly heightens the risk
of anti-donor anti-HLA antibodies development and
of graft loss (Fig. 4).

In order to demonstrate that it is possible to apply
the method of donor/recipient pair selection based on
epitope mismatches in practice, we analyzed graft
survival in case of 4 HLA-mismatches (the most

common variant at our center) (Fig. 5). The patients
were divided into two groups: the ones with EpMM
less or equaling the median (the average number) and
the ones with higher values.

The difference in graft survival rates for the 10-
24 EpMM and 25-43 EpMM was statistically sig-
nificant, but only at late stages of the post-transplant
period: log-rank test p = 0.0067, Breslow test p =
0.0982. The median survival for the 10-24 EpMM
was 10.33 [95% CI 9.05; 11.61] years, for the 25-43
EpMM — 8.67 [95% CI 7.68; 9.66] years, HR 1.537
[95% CI1.114; 2.12].

DISCUSSION

At present (data date: August 2019), the modern
HLA nomenclature includes 28 serologically identi-
fiable antigens of HLA A locus, 62 antigens of HLA
B locus, 24 antigens of HLA DRBI locus [7]. Con-
sidering the enormous amount of potential combina-
tions, it becomes evident that in order to select the
optimal recipient, the waiting list must be comprised
of thousands of transplant candidates. Unified wait-
ing lists of this kind exist in Europe (Eurotransplant)
and in the USA (United Network for Organ Sharing).
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Figure 5. Death-censored graft survival in patients with 4 HLA mismatches: EpMM — the number of donor epitopes absent in the
recipient, The median of EpMM in patients with HLA MM = 4 was 24

In Russia, each transplantation center keeps a wai-
ting list of its own, which substantially hinders se-
lection of the optimal recipient in terms of histo-
compatibility. Most of the recipients (68.4% accord-
ing to the data of our center) receive a graft carrying
3 to 4 mismatched antigens, as waiting for a bet-
ter match would mean substantially longer waiting
times. As we have shown before [8], extended wai-
ting for transplantation while on dialysis worsens
the comorbid background, which, in turn, reduces
transplantation probability and leads to a higher risk
of death.

At the same time, the question of relative signi-
ficance of such factors as the comorbid background
and histocompatibility at various stages of waiting
remains unresolved. At that, the importance of histo-
compatibility remains high. As we have demonstrat-
ed, the lower the number of HLA-mismatches, the
better the graft survival rate, and this dependence is
statistically significant.

However, it is remarkable that even with the total
number of mismatches in terms of three loci consid-
ered, the median survival increases, though mode-
rately (11.85 [95%CI 9.93; 13.78] years in case of
1-2 mismatches and 8.42 [95%CI 7.82; 9.02] years
in case of 5-6 mismatches). Clinical interpretations
of this fact can differ. On the one hand, it may be
regarded as a confirmation of immunosuppression
effectiveness, thus, histocompatibility becomes less
significant. On the other hand, it indicates its insuffi-
cient effectiveness at the late stages of the post-trans-
plantation period. Good histocompatibility generally
leads to a substantial increase in the number of pa-

tients with a functioning graft in the late period rather
than to the extension of the mean time of the graft
functioning (median survival). Thus, in 15 years
33.8% [95% CI 20.6; 47.41] of patients with 1 or
2 HLA MM had their graft still functioning. In cases
of 3 or 4 mismatches the graft remained functioning
with 12.8% [95% CI 7.76; 19.2] of patients, and in
cases of 5 or 6 mismatches with 3.6% [95% CI 1.84;
6.21] of patients only.

Most recipients get grafts with 4 HLA-mismatch-
es (with consideration to HLA-A, HLA-B and HLA-
DRBI loci only). At that, each of them is deemed a
totally equal candidate for the transplant in terms of
histocompatibility. We believe it would be a promis-
ing possibility to be able to additionally rank candi-
dates within the fixed HLA value taking into account
EpMM. The expediency of application of such an ap-
proach to selecting the donor/recipient pair remains
one of the main questions.

A major cause of graft loss at later periods is an-
tibody-mediated rejection, which accounts for ap-
proximately 50% of cases [9]. At that, it is already
known that an increase in HLA-mismatches leads
to a higher risk of occurrence of de novo DSA [10].
We have convincing evidence to support this fact
(Fig. 4a). An increase in HLA MM and an increase
in EpMM both significantly heightened the risk of
de novo DSA occurrence. At that, the rate of risk
increase was somewhat different: the risk increase
in line with the increase of HLA MMs is linear
(# = 0.9873). At the same time, the relation be-
tween the risk and EpMM is described quite well
by the logarithmic approximation (7°= 0.9991). In
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other words, an increase in the number of HLA MMs
proportionally increases the “antigen load” and the
risk of antibodies occurrence, while to EpMM this
risk seems to relate in a more complex manner. We
did not notice a significant increase in risk with two
HLA MM compared with one HLA MM. In view of
that, pursuance of accounting epitope mismatches
within the fixed amount of HLA MMs (in addition
to the traditional approach to selecting the donor/
recipient pair) seems to be promising when it comes
to the reduction of the “antigen load”. When the
number of EpMM increases from > 10 to the range
of 10 to 19, the risk of DSAs gets substantially high-
er. It is an important aspect in the context of this
research, for, as is shown in Figure 3, the EpMM
quantity of 10 to 19 can correspond both to 2 and
to 6 HLA MMs. This, in its turn, defines whether it
is potentially possible to select donor/recipient pairs
using epitope mismatches not in addition, but as an
alternative to the traditional approach. In order to
evaluate the validity of this hypothesis, additional
research is required.

Four and more HLA MMs entailed a substantial
risk of losing the graft function. Considering this
fact, one is to admit that most of our recipients ini-
tially have an unfavorable “immunological profile”
due to poor histocompatibility of donors and recipi-
ents. Considering the current state of affairs in trans-
plantology assistance, one can presume that this will
be applicable to the vast majority of transplantology
centers in Russia.

The form of relation between the risk of graft
loss and HLA-MMs can be well described using
the exponential approximation (> = 0.9978). At
that, if the number of EpMM exceeds 10, it sub-
stantially increases the risk of the graft loss; this
relation is also well described by means of loga-
rithmic approximation (r*= 0.9976). At the same
time, the benefits of its use in selection of donor/
recipient pairs become evident only after a long-
term follow-up: we have noticed substantial differ-
ences over a long-term period only. Even though
it leads only to a moderate increase in the median
survival (from 8.67 to 10.33 years Fig. 5), it makes
it possible to increase substantially the share of re-
cipients who have the graft still functioning in the
long-term period: with 10 to 24 EpMM 18.28% [95
CI 8.2%; 31.67] of grafts were still functioning 15
years later, while only 4.75% with 25 to 43 EpMM
[95 CI 0.94; 13.64].

Research limitations. Firstly, the study was retro-
spective. Secondly, the study was based on a large
amount of clinical material collected over a long pe-
riod of time (around 30 years). In our analysis we
did not consider factors such as immunosuppressive
therapy. At the same time, it is evident that the immu-
nosuppression approaches have substantially evolved
over this period of time [1, 2]. Thirdly, knowledge of
antigenicity and immunogenicity consistently grows;
we used the base [10] that was up-to-date in August
2019. It is entirely possible that the results might dif-
fer if we repeat our calculations using a more recent
and updated base.

CONCLUSION

Summarizing all of the above, we come to a con-
clusion that in a routine practice of a transplantation
center with a short individual waiting list, consider-
ation of epitope mismatches will make it possible to
improve kidney transplantation results, reducing the
risk of developing donor specific anti-HLA antibod-
ies and increasing graft survival. Using this meth-
od, it will be possible to perform additional ranking
of transplant candidates, depending on the number
of epitope mismatches within the fixed number of
HLA-mismatches, and thus select the optimal one.
Besides, theoretically it might be possible to use this
method as an alternative to the traditional evaluation
of histocompatibility between the donor and the re-
cipient. Additional research is required.
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ABSTRACT

Background. The identification of predictive molecular markers of luminal breast cancer will help to assess the
risk of developing distant metastases and determine a personalized approach to predicting the outcome of the
disease during hormone therapy.

The aim of the study was to investigate the relationship between the transcription factors GATA3, FOXA1, and
ELFS5 in the tumor and the occurrence of distant metastases in patients with luminal subtype of breast cancer during
adjuvant hormone therapy.

Materials and methods. The study included 101 patients with breast cancer (aged from 30 years to 81 years,
average age (54.8 = 10.3) years), with stages T —,N, M, of the disease. The follow-up period was at least 5 years.
The inclusion criteria for the study were luminal molecular genetic subtype of the tumor and lack of preoperative
treatment. The exclusion criterion was stage IV disease. The study of transcription factors was carried out by
the immunohistochemical method using polyclonal antibodies to GATA3, FOXA1, and ELFS, manufactured by

Flarebio (Austria).

Results. Low expression of FOXA1 and ELF5 in the tumor was associated with the development of distant
metastases (p = 0.000015 and p = 0.000002, respectively). In addition, it was found that high incidence of
hematogenous metastases was associated with heterogeneous expression of FOXA1 (x2 = 6.42; p = 0.01) and
ELFS5 (y2 = 14.46; p = 0.0001) in the tumor. No similar differences were found in the study of GATA3 expression.

Conclusion. The level of expression of transcription factors FOXA1 and ELF5 and their distribution in the primary
tumor can be considered as potential molecular markers in assessing the risk of hematogenous metastasis in patients
with luminal breast cancer.

Key words: luminal breast cancer, transcription factors GATA3, FOXA1, ELFS5, prognosis, distant metastases.
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UccnegoBanue daktopoB TpaHckpunuuu GATA3, FOXAT, ELF5
B OLL€HKe NPOrHo3a y 60/1bHbIX IIOMWHA/IbHbIM PAKOM MO/IOYHOM Ke/e3bl

BropywuH C.B."?, Bacunbyenko [1.B." 2, 3aBbanosa M.B." %, Kpaxmanb H.B.', MaTtanak C.B.?2

! Cubupckuii 2ocydapcmeennviii meouyunckuil yuusepcumem (Cu6l’ MY)
Poccus, 634050, 2. Tomck, Mockogckuti mpakm, 2

2 Hayuno-uccaedosamenvckuii uncmumym (HUU) onxonocuu,
Tomcxuil HayuonanvHwvlll ucciedosamenvekull meouyunckutl yenmp (HUMI]) Poccutickoti akademuu HayK
Poccus, 634050, 2. Tomck, nep. Koonepamugnvtii, 5

PE3IOME

AKTYyalbHOCTb. BrIsIBIeHHE IpeicKa3aTeIbHBIX MOJEKYIISIPHBIX MapKepOB JIIOMUHATBHOTO paka MOJIOYHOH Ke-
ne3sl (PMIK) mo3BOJHT OLIEHUTH PUCK PAa3BUTHUS OTAAICHHBIX METACTA30B U ONPENEIUTh MEPCOHATN3UPOBAHHBIN
MOAXOJ K TPOTHO3MPOBAHUIO TeIEHHS 3a00I€BaHUs P MPOBEACHUH TOPMOHOTEPAITHHL.

Henw. M3yunts B3auMoCBs3b TpaHCcKpunuuoHHBIX (akTopoB GATA3, FOXAI, ELF5 B omyxonu ¢ BO3HHUKHO-
BEHHEM OTAAJICHHBIX METACTa30B y OOJIbHBIX JIIOMHHAIbHBIM noaTunioM PMIK npu npoBeneHHH ajblOBaHTHOI
TOPMOHOTEpAIHH.

Marepuansl U MeToabl. B nccienoBanue BkimtodeHa 101 6onpHas PMK (Bospact ot 30 ner mo 81 rona, cpen-
Hui Bospact (54,8 £ 10,3) rona), cramuu T, N, M. Cpok HabironeHus cocTaui He MeHee S nieT. Kpurepusamu
BKJIIOYEHHS B HCCIICIOBAHUE SIBHJINCh: JIIOMUHAIBHBII MOJIEKYJIIPHO-TC€HETUUECKUIT TIOITHII OITYyXOJIH, OTCYTCTBHE
npenonepanronHoro geuenus. Kputepuit nckimouenus — IV cranus 3aboneBanus. MccnenoBanue TpaHCKPHUITLI-
OHHBIX (PaKTOPOB HPOBOMIOCH MMMYHOTUCTOXHUMHYECKHM METO/IOM C MCIOJIB30BaHUEM MOIUKIOHABHBIX aHTH-
ten ¢upmsl Flarebio (ABctpus) kK GATA3, FOXA1 u ELFS.

PesyabTarthl. BeisiBaeHo 3HaunMoe cHubkeHue npoueHTa sxkcnpeccud FOXAL u ELF5 B onyxonu npu pa3sBuTuu
oTmaneHHbIX MeractasoB (p = 0,000015 u p = 0,000002 coorBercTBeHHO). Kpome Toro, moxaszaHo, 4T0 0O0IB-
11asi 4acTOTa Pa3BUTHsA FeMaTOICHHBIX METACTa30B CONPSIKEHA ¢ FeTepOreHHOU sKkenpeccuei B omyxonu FOXAL
(*=6,42; p=0,01) u ELF5 (*= 14,46, p = 0,0001). TTogoGHbIX OTaH4mii B oTHOLIEHHH dKcnpeccunt GATA3 He
0OHapyKEHO.

3akiil0ueHne. YPOBEHb M XapaKTep dKCIPecCHuy TpaHCKpUNIHOHHBIX (akTopoB FOXA1 u ELF5 B nepBuuHOi
OITyXOJIM MOTYT PacCMaTpUBATHCS B KAYECTBE MOTCHIIMAIBHBIX MOJIEKYJIIPHBIX MapKEPOB B OLIEHKE PHCKa reMaro-
TeHHOTO0 METACTa3MPOBaHHUs Y OOJIbHBIX JIOMHHAJIBHBIM MTOATHIOM KapIIHHOMBI MOJIOYHOMN JKeNe3bl.

KawueBble ci10Ba: TIOMHHAIBHBINA paKk MOJOYHOH skenesbl, ¢aktopbl Tpanckpunmmu GATA3, FOXAI1, ELFS,
MIPOTHO3, OT/IaJICHHBIE METAaCTas3kl.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[PIKaIlPIeI>i HaCTOS[U.[efI CTaTbu.

Hcrounnk ¢unancupoBanus. Pabora BemonHeHa npu ¢uHAHCOBOI momnepxkke rpanta [Ipesmmenra HIII-
2701.2020.7 «Pa3paboTKa HOBBIX IIOIX0OB K IPOTHO3HPOBAHUIO TEUEHHNS KAPIIMHOM MOJIOYHOH KEJIe3bI U JIETKIX
C Y4ETOM MOP(OIIOTHIECKOI U MOJEKYIISIPHO-TEHETHIECKON TeTepOr€HHOCTH OITYXOJIM.

CooTBeTCTBHE NPUHIUNAM ITHKH. Bce nmanueHTs! noanucany “HGOPMHUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
cnenoBaHuy. PaboTa npoBe/ieHa COracHoO NPUHIUIAM JOOPOBOIBHOCTH U KOH(UICHIINATBHOCTH B COOTBETCTBUH
¢ «OcHoBamu 3akoHOAaTenscTBa P 00 oxpaHe 3m0poBbs rpakman» (Yka3 Ilpesunenta PD ot 24.12.1993 Ne
2288) Ha OCHOBAaHHMH Pa3peLICHHUS JIOKATBHOTO KOMUTETA 1Mo OrnomeanuuHckoi atuke HUM onkomorun Tomckoro
HUML (mpotoxon Ne 4994 ot 27.10.2016).

Jas uuruposanus: Bropymmn C.B., Bacunsuenko JI.B., 3aBesioBa M.B., Kpaxmans H.B., [Tatansk C.B. Uc-
cienoBanne paxropos tpanckpunimu GATA3, FOXAI1, ELF5 B onenke mpor€osa y OONBHBIX JTFOMHHAIBHBIM
PaKoM MOJIOYHOI Jkele3bl. broanemens cubupckoi meouyunslt. 2020; 19 (4): 30-37. https://doi.org/10.20538/1682-
0363-2020-4-30-37.
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INTRODUCTION

In recent decades, the overall incidence of breast
cancer (BC) in women has remained consistently
high, with a slight increase in overall five-year sur-
vival rate. In Russia, breast cancer is the leading
oncological pathology in the female population and
accounts for 20.9%, occupying the largest share in
the age group 30-59 years [1, 2].

Recently, transcription factors (TFs) have attrac-
ted the greatest interest as significant predictors of
the course of primary breast cancer.

GATA binding protein 3 (GATA3) is a tran-
scription factor of the zinc finger family, which
normally regulates the proliferation and differen-
tiation of breast luminal cells [3]. Mutation of this
transcription factor plays an important role in breast
cancer carcinogenesis, ranking third after TP53 and
PIK3CA mutations [4]. A group of researchers (ME-
TABRIC Group) analyzed 2,433 and 2,000 breast
carcinoma tissue samples for significant mutations
and found that mutant GATA3 tumors in a subgroup
of patients with ER + breast cancer had a low grade
of malignancy and, therefore, a favorable prognosis
and better overall 10-year survival rat [5]. Positive
expression of GATAS3 in breast carcinoma in the im-
munohistochemical study is also associated with a
better prognosis and survival, and loss of expression
is characterized by opposite effects [6].

The data on the relationship of this transcription
factor with the development of metastases available
in the literature are also contradictory and ambigu-
ous. In one of the studies, a discrepancy between the
expression level of the described transcription factor
in the primary tumor and in the lymph nodes affected
by metastases was found. The authors of the work
showed that in some cases positive expression of
GATA3 was observed in the affected lymph nodes
with negative expression of the marker in the prima-
ry breast tumor and vice versa [7]. In a number of
other studies, the authors evaluated the expression
characteristics of GATA3 in hematogenous metas-
tases of breast carcinoma of various localization and
found that during the development of metastatic foci
in the lungs, the expression of the TF under study
was significantly lower in comparison with the pa-
rameters of its expression in metastases of other or-
gans and tissues. The data obtained may indicate the
possible involvement of GATA3 in the mechanisms
that prevent metastasis [8, 9].

Forkhead box A1 (FOXA1), or hepatic nuclear
factor 3o (HNF3a), like GATAS3, is a transcription
factor that not only plays a key role in the embryonic
development of various organs and tissues, but also
participates in breast tumorigenesis [10]. The data
available in the literature suggest a possible signifi-
cant potential of GATA3 in assessing the prognosis
and response to hormone therapy [11, 12]. Accor-
ding to a number of authors, breast cancer patients in
whom primary tumors were characterized by posi-
tive FOXA1 expression in ER +/PR+ status had lon-
ger overall and disease-free survival [13, 14]. The
prognosis of the disease in patients was primarily
determined by the fact that FOXA1 was involved
in the epithelial-mesenchymal transition (EMT),
interacting with the key transcription factors
Twistl and Slug, which led to a decrease in overall
survival [15].

E74-like factor 5 (ELF5), a transcription fac-
tor of the E26 family (ETS), is involved in the de-
velopment of breast tissue, while its primary role
consists in formation of alveoli and transformation
of progenitor cells into mature acinar cells [16]. This
TF plays an essential role in EMT; in particular, the
inhibitory effect of ELF5 on EMT in breast cancer
was shown [17]. It was demonstrated in MCF-7
mouse models that the expression of this marker in
the tumor can be associated with resistance to hor-
mone therapy [18].

Thus, the data available in the literature remain
controversial, which suggests the need to study the
transcription factors ELF5, FOXA1, and GATA3
in patients with breast cancer in order to clarify the
mechanisms of tumor progression and consider the
studied markers in relation to possible assessment
of prognosis for creating a personalized approach to
treatment of the disease.

The aim of the study was to investigate the rela-
tionship between the expression of the transcription
factors GATA3, FOXA1, and ELFS5 in the tumor and
the occurrence of distant metastases in patients with
luminal subtype of breast cancer during adjuvant
hormone therapy.

MATERIALS AND METHODS

The study included 101 patients with breast can-
cer (aged from 30 to 81 years, mean age 54.8 £ 10.3
years), stage T, N M All patients were treated
at the Cancer Research Institute, Tomsk National

Research Medical Center. The diagnosis of breast
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cancer was established on the basis of core biopsy
of the tumor in accordance with the WHO classi-
fication (2012). The molecular biological subtype
of the neoplasm was assessed by immunohistoche-
mistry (IHC). Antibodies to ER (clone 1D5, Dako),
PR (clone PgR636, Dako), Ki-67 (clone MIB-1,
Dako), and Her2 / neu (polyclonal, c-erB-2, Dako)
were used. The patients did not receive preoperative
treatment. In terms of surgical treatment, all wom-
en underwent surgery in form of radical mastectomy
or sectoral resection (breast-conserving treatment).
In 33% of patients at the time of diagnosis, men-
strual function was preserved, and 68% of patients
were menopausal. After the surgical stage, all pa-
tients received hormone therapy with tamoxifen or
aromatase inhibitors. The observation period was
at least 5 years. The primary documents were ana-
lyzed, such as medical histories and outpatient re-
cords, the presence of local recurrence of the disease
and the presence and localization of distant tumor
metastases were assessed. The inclusion criteria for
the study were luminal molecular tumor subtype and
absence of preoperative treatment. The exclusion
criterion was stage IV of the disease.

When examining the surgical material, the size
of the tumor node, breast tissue outside the forma-
tion, the state of the resection margins, as well as
all removed axillary lymph nodes were assessed for
the presence of metastatic lesions. The tumor grade
was determined according to the Nottingham His-
tologic Grade (Elston modification of the Bloom—
Richardson grading system). In the tumor stroma,
the severity of infiltration by immune cells was as-
sessed in points (1 point — no infiltration or weakly
pronounced, 2 points — moderately pronounced, 3
points — strongly pronounced).

IHC of transcription factors was carried out ac-
cording to the standard technique. We used poly-
clonal rabbit antibodies to GATA3 (dilution 1 :
200), FOXAT1 (dilution 1 : 200), and ELF5 (dilution
1:150) produced by Flarebio (Austria). The interpre-
tation of the staining results included the following
features: the presence of marker expression (positive
or negative expression) and the intensity of expres-
sion of the marker under study (on a scale from 1
to 3 points). The percentage of tumor cells with po-
sitive immunostaining was counted (the count was
performed per 1,000 cells in 10 fields of view at
x40). In addition, the type of the distribution of the
expression of the studied transcription factors in the

tumor was assessed. In case of uniform staining in
the tumor cells, regardless of the intensity of the
marker expression, the expression was considered
homogeneous. The presence of foci with positive
and negative expression in the tumor section, as
well as foci with varying degrees of staining inten-
sity, the distribution pattern was considered hetero-
geneous.

Statistical analysis of the data was carried out
using the Statistica v.10 package using analysis of
variance, y* test, and nonparametric Mann—Whitney
U-test. Thee data were presented as the median and
interquartile range Me (Q,+Q,). Results with signi-
ficant differences at p < 0.05 were discussed.

RESULTS AND DISCUSSION

At the first stage, we analyzed the frequency of
expression of the studied transcription factors in the
tumor and possible combinations of these markers
in patients with luminal BC. The frequency of oc-
currence of positive staining was as follows: in 96
(95.1%) patients, positive nuclear staining of the
GATA3 marker was noted, in 5 cases (4.9%), the
expression of the marker was negative. Positive ex-
pression of FOXA1 was detected in 91 (90.1%) pa-
tients, negative — in 10 (9.9%) patients; at the same
time, positive expression of the ELF5 factor was
noted in 89 (88.1%) cases, in 12 (11.9%) cases, this
factor was not detected in the tumor.

Analysis of the combination of the expression
of all three studied transcription factors showed
fairly high variability of their co-expression. The
phenotype GATA3 + FOXA1 + ELF5 + was do-
minant in the study group of patients and amounted
to 78.2% (79 / 101). In 8 cases, the tumor showed
positive staining only with antibodies to GATA3 and
FOXA1 (GATA3 + FOXA + ELF5). In 4 cases, the
tumor cells had the GATA3-FOXAT1 + ELF5 + phe-
notype. In 3 cases, the neoplasm had the GATA3 +
FOXA1-ELFS5- phenotype, and in 5 patients the neo-
plasm had GATA3 + FOXA1-ELF5 +. It should be
emphasized that 1 case in the study group was cha-
racterized by the presence of only positive expres-
sion of ELF5 (GATA3-FOXAI1-) and 1 case had
negative expression of all three studied markers in
the primary tumor (GATA3-FOXA1-ELF5-).

Our analysis showed that the frequency of po-
sitive expression and the variant of the co-expres-
sion of all three studied transcription factors did
not have any significant differences in the follow-
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ing clinical and morphological signs: the age of
the patients, menstrual status, the luminal subtype
(A, B1, B2), the stage of cancer. It was also shown
that the percentage of positively stained tumor cells
for GATA3, FOXA1, and ELFS5 did not statistically
differ depending on the above mentioned clinical and
morphological parameters.

We have previously shown that there is a rela-
tionship between the expression of markers ELF5
and FOXAI1 and such an important parameter as the
size of the primary tumor. In addition, it was found
that the character of GATA3 and ELF5 expression
was associated with the rate of lymph node metas-
tases [19].

At the follow-up stages, local tumor recurrence
was diagnosed in 9 out of 101 (8.9%) patients. In 8
(88.9%) cases, local tumor recurrence developed in
the area of the postoperative scar, and in 1 (11.1%)
case in the remaining breast tissue after organ-pre-
serving treatment. In 7 (77.8%) cases, tumor recur-
rence was represented by a single node, while in 2
(22.2%) cases, multiple tumor lesions were noted.
Assessment of the expression of transcription factors
in the tumor did not reveal significant dependence of
the expression on the rate of recurrence in the stud-
ied group of patients.

Distant metastases were diagnosed in 15 out of
101 (14.8%) patients. The site of metastatic foci
and the time of their occurrence after surgery were
assessed. Isolated bone metastases were found in 9
out of 15 cases (60%). In 6 cases (40%), multiple
metastatic lesions of the bones and visceral organs
were observed. It was of interest to study the clinical,
morphological, and molecular characteristics of the
tumor in patients with luminal BC depending on the
development of hematogenous spread. The incidence
of distant metastases was associated with the size of
the primary tumor (p = 0.002) and regional lymph
node metastases (x> = 10,9, p = 0.00095). There was
a clear tendency towards a higher rate of hematoge-
nous dissemination with an increase in the grade of
tumor (x> = 4.9, p = 0.08). However, the develop-
ment of distant metastases was not associated with
the Ki67 proliferative activity index of tumor cells
(p = 0.8) and the luminal subtype of the neoplasm (p
=0.6). At the same time, significant differences were
revealed in the expression of estrogen and proges-
terone receptors. Thus, in the group of patients with
distant metastases, the expression (%) of both types
of receptors was significantly lower (Table 1).

Table 1

Indicators of expression of sex hormone receptors in the tumor
depending on the presence of distant metastases in patients
with luminal breast cancer

Expression in the tumor, %,
M =+
Hormone ¢ 070,
receptors Absence Presence
of hematogenous of hematogenous
metastases metastases
o 69.3 (51.5+93)
ER 94.7 (70+100) = 0.02
N 49 (32+74.4)
PR 83 (59.5+98) .= 0.038

Analysis of the relationship between the expres-
sion of the studied transcription factors in the tumor
in groups of patients and the presence or absence
of hematogenous metastases revealed significant
differences in the percentage of FOXA1 and ELF5
expression. It was found that with the development
of distant metastases, the percentage of FOXA1 and
ELF5 expression in the cells of the primary tumor
is significantly lower than in patients with no signs
of disease progression. No such differences in the
expression of the GATA3 marker were recorded
(Table 2).

Table 2

Indicators of expression of transcription factors in the tumor
depending on the presence of distant metastases in patients
with luminal breast cancer

Expression in the tumor, % (Me O ~0.)
Ti ipti
ranscription Absence Presence of hematoge-
factors of hematogenous
nous metastases
metastases
GATA3 100 (98 + 100) 100 (100 + 100)
N 70 (42 +76)
FOXA1 100 (90.3 = 100) p.,—0.000015
N 76 (65 + 100)
ELF5 100 (100 + 100) p,,=0.000002

The study showed a relationship between the na-
ture of the distribution of the studied marker expres-
sion and the frequency of hematogenous metastases.

Most often, hematogenous metastases were ob-
served with heterogeneous expression of factors
FOXAI (Fig. 1) (*=6.42, p=0.01) and ELF5 (3> =
14.46, p = 0.0001) in the tumor (Table 3).

When studying the distribution pattern of GATA3
expression in the tumor (Fig. 2) and the rate of dis-
tant metastases, no significant differences were re-
vealed. Infiltration of a tumor by immune cells is an
important component of the microenvironment that
affects the processes of proliferation, angiogenesis,
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Table 3

Rate of distant metastasis depending on the distribution
of FOXA1 and ELFS expression in patients with luminal
breast cancer

Distant metastases,
N abs. number (%)
Distribution of the marker
. . Absence of Presence of
expression in the primary
hematogenous | hematogenous
tumor
metastases metastases
FOXA1
Homogeneous (n = 45) 44 (97%) 1(3%)
Heterogeneous (n = 46) 36 (78.2%) 10 (21.8%)
ELF5
Homogeneous (n = 56) 54 (96.4%) 2 (3.6%)
Heterogeneous (n = 33) 21 (63.6%) 12 (36.4%)
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Fig. 1. Moderately pronounced heterogeneous nuclear
expression of FOXAL in tumor cells of invasive breast
carcinoma, x100. The lower right corner shows the presence of
tumor cells with positive and negative expression, x400. ICH

Fig. 2. Positive homogeneous nuclear expression of GATA3 in
tumor cells of invasive breast carcinoma, x100. ICH

and invasion and can determine the characteristics of
tumor progression, since it is involved in the mech-
anisms of the metastatic cascade. The expression of
the studied transcription factors in the tumor was an-
alyzed depending on the degree of inflammatory in-
filtration in the neoplasm stroma. The study showed
that the expression of GATA3, FOXA1, and ELF5
did not differ in tumors with different degree of infil-
tration with immune cells. The expression of the lat-
ter had no significant association with the incidence
of distant metastases (p = 0.57).

The study of GATA3, FOXAI, and ELF5 in the
primary tumor in patients with the luminal subtype
of breast cancer showed a clear relationship between
their expression and the development of hematoge-
nous metastasis. The identified relationship between
the low expression of ELF5 and FOXAT1 and the rate
of hematogenous metastasis can be explained in dif-
ferent ways. On the one hand, the revealed patterns
can be caused by the pathogenetic influence of these
factors on proliferation of tumor cells and angiogen-
esis, being a manifestation of EMT activation as a
key mechanism in the development of hematoge-
nous progression. It is known that the transcription
factors ELF5 and FOXA1 have a suppressive effect
on EMT. Therefore, a decrease in the level of their
expression in the tumor may promote the activa-
tion of important factors Twist]l and Slug. Howev-
er, these aspects require further study. On the other
hand, hematogenous progression in the group of pa-
tients with low expression of FOXAT1 and ELF5 with
their heterogeneous distribution in the tumor along
with low expression of ER and PR can determine the
development of resistance to hormonal therapy and,
therefore, become the pathogenetic basis of treat-
ment inefficiency and disease progression.

CONCLUSION

The results of this study demonstrate the clinical
significance of the transcription factors FOXA1 and
ELFS in assessing the risk of distant metastasis in
patients with luminal BC subtype and can be used
to predict the course of the disease when choosing
the management tactics for this category of patients.
Analysis of these transcription factors in the tumor
can be performed at the preoperative stage during a
standard immunomorphological study and consid-
ered as additional tumor parameters when planning
the patient’s treatment strategy.
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ABSTRACT

Aim. To study neurophysiological correlates of inhibitory control to determine the features of inhibition processes
in alcohol dependence.

Materials and methods. 77 patients with alcohol dependence were examined (42 men and 35 women) (F10.
2 according to ICD-10). Patients were examined using a test to assess inhibitory control — Go / No — Go. According
to the task performance, patients were divided into two groups: group 1 — without inhibitory control impairments,
group 2 — with impaired inhibitory control. During execution of test, electroencephalogram recordings were
made according to the “10-20” system. The values of spectral power and coherence of 0-, a- and B-rhythms were
analyzed. Statistical processing was carried out using nonparametric Mann — Whitney U-test and Wilcoxon W-test.

Results. In patients with impaired inhibitory control, there was a decrease in the spectral power of the a-rhythm
in the frontal cortex (p = 0.003), whereas in patients without inhibitory control disorders — in the Central cortex
(p = 0.036). Patients with impaired inhibitory control responded by increasing -power to cognitive stimulus in
the occipital (p = 0.014), left temporal (»p = 0.009) and right temporal (p = 0.008) cortex, while patients without
inhibitory control disorders showed an increase in B-power only in the occipital (p = 0.007) and left temporal
(»=0.002) cortex. According to coherence data, patients with impaired inhibitory control have greater involvement
of brain structures during the “Go/No—go” test in all frequency ranges.

Conclusion. Patients with and without impaired inhibitory control have regional differences in changes in brain
bioelectric activity during the “Go/No—go” test.

Key words: alcohol dependence, inhibitory control, electroencephalography, diagnostics.
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Oco6eHHOCTU MO3roBOM aKTUBHOCTU NMPU a/IKOr0/IbHOM 3aBUCUMOCTH
B 3a/,a4€ Ha UHFTMBUTOPHBII KOHTPO/Ib

Fankunu C.A.", MewkoBckana A.l'.", PowuHa O.B.', Kuceno H..', UBaHoBa C.A."2,
boxaxn H.A."2

I Hayuno-uccredosamenvcxutl uncmumym (HHH) ncuxuuecko2o 300pogvs, TomcKkuil HAYyuoHa bHblil
uccredosamenvcxul meouyurckul yenmp (HUML]) Poccutickoil akademuu HayK
Poccus, 634014, Tomck, yn. Aneymckas, 4

2 Cubupcruil 2ocyoapcmeennwlit meouyurnckutl ynugepcumem (Cubl MY)
Poccus, 634050, Tomck, Mockosckuti mpakm, 2

PE3IOME

Henb: m3yanTs HEHPODU3HOIOTHIECKHE KOPPEIATH HHTHONTOPHOTO KOHTPOIIS IS ONpeeTIeH s 0COOeHHOCTEeH
MPOIECCOB TOPMOKEHUSI IIPH ATKOTOJIFHOH 3aBHCHMOCTH.

Marepuajbl 1 MeTobl. O0cinenoBanbl 77 nauueHToB (42 My)X4HHBI M 35 )KSHIIUH) C aJIKOrOJbHON 3aBHCHUMO-
ctpio (F10.2 mo MKB-10). IMTauuenTsr 00ciie1oBaHbl ¢ IOMOLIBIO TECTa AJIsl OLEHKH HHTHOMTOPHOTO KOHTPOJIS —
Go / No — go. ITo pe3ynbTaTaM 3TOro TecTa IHalMeHThl ObUIN pa3zielieHbl Ha ABE IPyNIbl: rpymnna | — 6e3 Hapyuie-
HMSl HHTHOUTOPHOTO KOHTPOJIS, TPyMNa 2 — ¢ HAPyLIEHUEM HHIMOUTOPHOTO KOHTpOIIs. Bo Bpems BbINOJIHEHNUS Te-
CTa NPOBOJMJIACH 3aIKCh dIeKTpodHLedanorpammsl 1o cucteme 10-20. AHaNN3UPOBAIKCh 3HAYCHHS CIIEKTPalIb-
HOM MOIIHOCTH M KOTepPEeHTHOCTH 6- a- u B-purmoB. CTaTncTHYecKas 00paboTKa IMPOBOJUIACE C IPHMEHEHHEM
HenapameTpudeckoro U-kpurepus Manna — Yutau u W-kpurepus Bunkokcona.

Pe3yabTaThl. Y manyeHToB ¢ HapyNIEHHBIM HHI'MOUTOPHBIM KOHTPOJIEM IPOUCXOUIIO CHIDKEHHUE CIIEKTPaIbHON
MOIITHOCTH O-pUTMa BO (PpOHTAIBHOI Kope rosioBHOro mosra (p = 0,003), Torna kak y malideHToB 0e3 Hapylie-
HHUI MHTUOUTOPHOTO KOHTPOJIS — B HEHTpalbHOH Kope (p = 0,036). [TarmeHTs! ¢ HapyImEeHHBIM HHIHOUTOPHBIM
KOHTPOJIEM pearnpoBay IOBBIIIEHHEM 3-MOIIHOCTH HAa KOTHUTUBHBIA CTUMYJI B 3aThU104HOH (p = 0,014), neBoit
BucouHoi (p = 0,009) u mpasoit BucouHoii (p = 0,008) kope, IpK 3TOM y MANNEHTOB Oe3 HApyIIEHUI HHIUOUTOP-
HOT'0 KOHTPOJII HaOJI0/IaNIOCh MOBBINICHHE -MOIIHOCTH TOJNBLKO B 3aThuioqHOM (p = 0,007) u neBOil BUCOYHOM
(» = 0,002) xope. [To TaHHBEIM KOT€PEHTHOCTHU Yy MAI[EHTOB C HAPYIIEHHEM HHIHOUTOPHOTO KOHTPOIIS HaOIro1a-
eTcst O0JIbIIast BOBJICUSHHOCTH MO3TOBBIX CTPYKTYP BO BpeMs BeIotHeHUsI TecTa Go / No — go Bo BceX YaCTOTHBIX
Jiana3oHax.

3akaouyenne. IlanueHTs! ¢ HapymeHneM W 0e3 HapyHIEHHWs WHTHOMTOPHOTO KOHTPOJIST UMEIOT PETHOHAIIBHEIC
pa3nu4Ms B M3MCHEHUSIX OMO3JIEKTPHYECKON aKTHBHOCTH TOJOBHOTO MO3ra B IIpoliecce BhIMoiTHeHus Tecta Go /
No — go.

KutroueBble €J10Ba: aJIKOTOJIBHASI 3aBUCUMOCTb, I/IHFI/I6I/ITOpHLIfI KOHTPOJIb, 3neKTp03Hue(ban0rpa¢)Hﬂ, JAUarHocTu-
Ka.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIMIEH CTaThH.

Hcrounuk ¢punaHcupoBanms. VccnenoBanue BHIIONIHEHO MpU NOAEpKKe AIMUHUCTpanul ToMcKoi obmactu
u rpanta POOU 19-413-703007.

CooTBeTcTBHE NMPUHIOMNAM 3THKH. Bce y4acTHUKM HCCIEIOBaHUS IOJIHCATIM MHGOPMHUPOBAHHOE COTJIACHE.
HccnenoBanue 000peHO JOKaIbHBIM dTHYecKM komutetoM HUU ncuxuueckoro 3mopoBbst Tomckoro HUMIT
(mpotoxkou Ne 114 ot 22.10.2018).

[ nurupoBanus: [ankun C.A., [Temkosckas A.I'., Pomuna O.B., Kucens H.U., ViBanoBa C.A., boxan H.A.
OCOOEHHOCTH MO3TOBOI AKTUBHOCTH IIPU AJIKOTOJIbHOM 3aBUCHMOCTH B 33J[a4e Ha MHTMOUTOPHBIN KOHTPOIIb. b0~
nemens cubupckoti meduyunslt. 2020; 19 (4): 38-45. https://doi.org/10.20538/1682-0363-2020-4-38-45.
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INTRODUCTION

Understanding the psychological and neural pro-
cesses that lead to alcohol-related disorders is an
urgent task in both health care and neuroscience [1,
2].Current research has linked the inability to abstain
from alcohol consumption, as well as maintain long-
term remission, with impaired cognitive functions that
regulate behavior, in particular, weakened executive
control [1, 3]. Inhibitory processes are important com-
ponents in controlling behavior [3]. Adaptive inhibi-
tory functioning reflects the ability to stop a potential
behavioral response to an external stimulus [4].

The Go/No-Go method is widely used for evaluat-
ing the processes of inhibition in higher-order execu-
tive functioning [5]. A number of studies have shown
a decrease in response inhibition in patients with alco-
hol use dependence (AUD) to the No-go signal [1, 6,
7]. It is believed that alcohol consumption affects both
the suppression of the response to the stimulus and its
processing, which leads to the actualization of an erro-
neous response (response error) to the No—go signal [6,
7]. However, some researchers found no differences in
the Go/No-Go task between patients with AUD and
moderate drinkers in healthy people [6, 8]. A number
of authors are inclined to believe that there is not al-
ways a deficit of inhibitory control in alcohol depen-
dence [3]. Thus, the question of violation of inhibitory
control in people with alcohol dependence is still open.

Recording and analyzing the bioelectric activi-
ty of the brain is one of the most accessible tools for
studying the neurophysiological foundations of men-
tal disorders [9, 10]. Spectral and coherent analysis of
the main rhythms of the electroencephalogram (EEG)
are the most widely used in research. It is believed
that changes in the spectral characteristics (amplitude,
power) of the EEG are associated with the neurotrans-
mitter systems restructuring in the CNS [11]. Coher-
ence of electrical signals is a quantitative indicator of
the synchronicity of involvement of various cortical
departments in any process [9].

The use of the method of assessing the bioelectric
activity of the brain in psychiatry and drug therapy
can expand the available data on the neurophysiolog-
ical profile of patients with alcohol use dependence.
However, despite the high availability and informa-
tive nature of EEG, studies of neurophysiological
correlates of inhibitory control disorders in AUD are
insufficient. Thus, the aim of our work was to study
the neurophysiological correlates of inhibitory control
to determine the features of inhibition processes in al-
cohol dependence.

MATERIALS AND METHODS

Materials. The study was conducted on the basis of
the Department of the clinic of the Mental Health Re-
search Institute (Department of addictive conditions)
Tomsk national research medical center of the Rus-
sian Academy of Sciences, according to the Protocol
approved by the local ethics Committee at the Mental
Health Research Institute (Protocol No. 114 of Octo-
ber 22, 2018).

We examined 77 patients (42 men, 35 women,
age 45 [38; 51] years) with a diagnosis of: mental
disorders and behavioral disorders associated with
substance use, alcohol dependence syndrome (F10. 2
according to ICD-10), after detoxification. Based on
the literature data on various profiles of electrophys-
iological indicators in right-handed and left-hand-
ed people, right-handers were selected for the study
group using a questionnaire of lateral characteristics.
Diagnostic evaluation and clinical qualification of the
disorder were performed using ICD-10 diagnostic cri-
teria, patient anamnestic data, and a set of standard-
ized psychometric tools. The inclusion criteria were
verified diagnosis of an addictive disorder (alcohol de-
pendence) according to ICD-10, voluntary consent to
participate in the study, normal or adjusted to normal
vision, and age 18-55 years. The exclusion criteria
were the presence of chronic somatic diseases in the
acute stage, epilepsy, severe organic brain damage,
traumatic brain injuries of any severity, mental retar-
dation, and refusal to participate in the study.

Methods. The Hamilton Anxiety Scale (HAM-A)
and the Clinical Global Impression Scale (CGI-S)
were used as psychometric tools. Data on the age of
AUD disease, education, the number of hospitaliza-
tions and the amount of alcohol consumption were
taken from the patient’s medical history.

The inhibitor control was evaluated using a com-
puterized Go/ No — go test (Fig. 1). Patients had to
press the button when a green signal appeared on the
computer screen (the Go signal) and not press the but-
ton when a red signal appeared (the No-go signal).
The signals were presented in random order. The time
of presentation of the signal was 500 ms, and the inter-
val between signals was 800 ms.

Recording and evaluation of bioelectric activi-
ty of the brain was performed on a 16-channel Neu-
ropoligraph EEG wusing the international system
“10-20” (Fig. 2). The cutoff frequencies of upper and
lower frequency filters were 30 and 1.5 Hz. The study
procedure included recording the background EEG at
rest with open eyes (1 min), after which the patients
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performed a “Go/No — Go” test with simultaneous
EEG registration. Artefact fragments were deleted
from the EEG recordings. The signals were processed
using fast Fourier transform, and the values of abso-
lute spectral power (mV?) and coherence for 6- (4—7
Hz), a- (8-13 Hz) and B- (14-30 Hz) rhythms were
analyzed.

Statistical analysis. Statistical data processing was
performed using the Statistica 10.0 program. Sta-
tistical data is presented in the form of Me [Q,; O.].

Verification of agreement with the normal distribution
law was performed using the Shapiro — Wilk test. The
obtained data did not follow the normal distribution
law. The nonparametric Mann — Whitney test was
used to evaluate differences between two independent
samples (group 1 vs. group 2) and the Wilcoxon test
to evaluate differences between two related samples
(rest EEG vs. EEG test). The differences were consid-
ered statistically significant at a significance level of
p<0.05.

Go
Gao
No - go
Go
BOD ms
BOD ms
£50 ms BOD m%
500 ms
— 500 ms
Z00 ms

—p

Fig. 1. “Go/No-Go” tes

Fig. 2. Scheme of EEG

RESULTS

According to the obtained data of the Go/No-Go
test, patients were divided into two groups: patients
who did not make mistakes on the No-go signal (group
1) and patients with errors on the No-go signal (group
2) (Table 1).

Table 1
Answers to the “Go/No — Go” test

Characteristic Group 1,n=30 | Group2,n=30| p
Number of errors per 10 [7; 13] 8 [3; 13] 0.092
Go signal

Number of errors per

No-go signal B 41371 B

Reaction time (ms) 461 [455; 498] | 489 [466; 500] | 0.015

Median [Q; Q.]; p — the level of statistical significance when
comparing groups using the Mann — Whitney criterion.

Patients from group 2 have fewer errors on the Go
signal compared to patients from group 1, but no sta-
tistically significant differences were found (p > 0.05).
However, patients in group 2 had statistically signifi-
cantly higher response times (p < 0.05).

Demographic and clinical characteristics of the
studied groups of patients are presented in Table 2.
There were no statistically significant differences in
gender, age, level of education, duration of the disease,
CGI-S scales (the average assessment of general health
after detoxification corresponds to the indicator “mo-
derate disorder”’) and HAM-A (symptoms of anxiety in
both groups) (p > 0.05). Compared with patients from
group 1 (without violation of inhibitory control), pa-
tients from group 2 showed a statistically significantly
higher number of hospitalizations over the entire me-
dical history (p = 0.024) and alcohol consumption
(days per week) over the past 6 months (p = 0.032).

Table 2
Demographic and clinical characteristics of patients
Characteristic Group 1 Group 2 p
Composition 18 men; 24 men; | 0.43;
12 women | 23 women. | 0.35
Age (years) 44 [39; 50] | 44 [36; 51] | 0.915

Education (years) 13[11;14] | 13[11;15] | 0.501

Duration of the disease (years) 10 [4; 13] 9[5;12] |0.119
Number of hospitalizations 1[1;2] 3[2;4] |0.024
Amount of alcohol consumption

in the last 6 months. (day per 2[1; 4] 4[2;4] 10.032
week)

CGI-S 414; 5] 414;5] |0.522
HAM-A 19 [10;25] | 19 [12; 23] | 0.702

Median [Q;; Q.,]; p — the level of statistical significance when
comparing groups using the Mann — Whitney criterion.
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According to the background values of spectral
power and coherence of a-, B- and 6-EEG rhythms,
patients with errors for the No-go inhibitor signal did
not differ significantly from patients without errors
(p>0.05). We were able to divide patients qualitative-
ly only by changes in the EEG during the “Go/No —
Go” test. Thus, an intragroup analysis of brain bio-
electric activity rearrangements in group 2 patients
revealed a statistically significant decrease in the spec-
tral power of the a-rhythm in the frontal cortex (p =
0.003) and a decrease in a-coherence in Fp1-Fp2 (p =
0.021), T3-T4 (p=0.003), Fp1-T3 (p=0.003), T3-O1
(p = 0.002) and C3-O1 (p = 0.034) during the
Go/No-Go test. Whereas in group 1 patients, there was
a statistically significant decrease in the spectral pow-
er of the a-rhythm in the Central cortex (p = 0.036)
and a decrease in a-coherence in Fpl1-Fp2 (p =0.014),
C3-C4 (p = 0.018), T3-T4 (p = 0.004) and T3-Ol1
(p = 0.012) during the “Go/No — Go” test (Fig. 3).

Group 2 patients responded to a cognitive stim-
ulus in the occipital (p = 0.014), left temporal (p =
0.009), and right temporal (p = 0.008) cortex with in-
creased B-power. And with decreased B-coherence in

Fpl-Fp2 (p = 0.001), F3—-F4 (p = 0.001), F7-F8 (p =
0.006), C3—C4 (p =0.001), P3—P4 (p =0.001), T3-T4
(p =0.001), T5-T6 (p = 0.004), FP1-T3 (p = 0.045),
FP2-T4 (p = 0.037), T3-O1 (p = 0.004), T4-02 (p
= 0.001), and C3-0O1 (v0.005). Patients from group
1 showed an increase in B-power only in the occipi-
tal (p = 0.007) and left temporal (p = 0.002) cortex,
as well as a decrease in B-coherence in Fpl-Fp2 (p =
0.001), F3-F4 (p = 0.002), F7-F8 (p = 0.009), C3—-C4
(p = 0.003), P3-P4 (p = 0.04), T3-T4 (p = 0.002),
T3-0O1 (p = 0.02), T4-02 (p = 0.02) and C3-Ol1
(p = 0.03) (Fig. 4).

Changes in the slow-wave rhythm (8-rhythm) in the
studied groups of patients with AUD during the “Go/
No — Go” test are shown in Fig. 5. Patients in group
2 had a statistically significant decrease in 0-rhythm
coherence in Fp1-Fp2 (p =0.018), F7-F8 (p = 0.009),
T3-T4 (p = 0.043), Fp1-T3 (p = 0.001), Fp1-C3
(p = 0.021), T3-O1 (p = 0.001), T4-02 (p = 0.001),
C3-01 (p=0.009), and C4-02 (p = 0.004) during the
test. At the same time patients from group 1 showed
a decrease in O-rhythm coherence only in F7-F8
(p =0.026), O1-02 (p = 0.007) and T3-T4 (p = 0.04).

A. Spectral power of the alpha rhythm
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Fig. 3. Dynamics of EEG alpha rhythm during the “Go/No — G0 test,

Median [Q,; Q,]: * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05
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A. Spectral power of the beta rhythm
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Fig. 4. Dynamics of EEG beta rhythm during the “Go/No — Go” test,

Median [Q,; Q,]; * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05

DISCUSSION

In this study, behavioral characteristics of inhibito-
ry control and its neural correlates were studied using
the “Go/No — Go” method to determine the features of
inhibition processes in AUD. The data obtained are
consistent with the results of some studies using the
cognitive “Go/No — Go” task in patients with AUD [4,
6, 12]. It was found that patients with impaired inhib-
itory control (group 2) had a more severe course of
AUD than patients from group 1: more hospitaliza-
tions and alcohol consumption per week. Moreover,
there is evidence that impaired inhibitory control
complicates the symptoms of AUD and increases re-
sistance to therapy [12].

The results of the electrophysiological study re-
vealed a number of important differences. First, in
patients with impaired inhibitory control during the

“Go/No — Go” test, there was a decrease in the spectral
power of the a-rhythm in the frontal cortex, while in
patients without impaired inhibitory control this oc-
curred in the central cortex. As a rule, the weaken-
ing of inhibitory control is reflected in the form of a
decrease in the prefrontal cortex activity [1, 13, 14].
Consequently, the observed decrease in a-activity
during the Go/No-Go task in the frontal cortex may
objectively reflect a lack of brain resources in sup-
pressing the response to a stimulus. A decrease in the
spectral power of the a-rhythm in the central cortex
in patients without inhibitory control violations may
reflect the processes of triggering behavior (suppres-
sion of the response to a stimulus) [13]. Secondly, we
found an unusual increase in B-activity in the occipi-
tal-temporal cortex during the “Go/No — Go” task, and
in patients with impaired inhibitory control, changes
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A. Spectral power of the theta rhythm
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Fig. 5. Dynamics of EEG theta rhythm during the “Go/No — Go” test,

Median [Q; O,]; * level of statistical significance when comparing groups using Wilcoxon criterion at p < 0.05

were observed in both hemispheres. These changes
may be due to the fact that when inhibitory control is
violated, there is an increased need to activate addi-
tional parts of the brain to perform cognitive function.
Third, in terms of coherence parameters, we observed
significant brain structures involvement in patients
with impaired inhibitory control during the Go/No-Go
test, and in all frequency ranges. This also confirms
the conclusion that the functional activity of the cor-
tex is deficient in patients with AUD with impaired
inhibitory control.

CONCLUSION

In general, the results of this study allow us to
supplement and improve the understanding of neu-
ral functioning in cognitive processes, especially
inhibitory control in patients with AUD. Our study
showed the ability of the EEG method to detect differ-
ences in the electrical activity of the brain during the
Go/No-Go task among patients with AUD with or
without impaired inhibitory control. A better under-

standing of the various correlates of alcohol-related
behavior and neural effects on regulatory processes
can help in the diagnosis of AUD, as well as in the
creation of predictive criteria for pathological attrac-
tion to alcohol.
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ABSTRACT

The aim was to study the molecular mechanisms of the violation of the structural and functional integrity of
the blood-brain barrier in chronic neurodegeneration of the Alzheimer’s type associated with the development of
cerebral angiopathy.

Materials and methods. The transgenic model of Alzheimer’s disease is the B6SLJ-Tg line mice (APPSwF1Lon,
PSEN1*M146L*L286V) 6799Vas group which includes 9 months aged males. The control group included
C57BL/6xSJL mice, males aged 9 months.

Results. The total length of the vessels in the area of the dentate gyrus is 2.5 times greater in transgenic animal
models of Alzheimer’s disease than in animals of the control group (p < 0.01). The average diameter of blood
vessels in all areas of the hippocampus is smaller compared with the control (p < 0.05). Transgenic modeling
of neurodegeneration in the CA2 zone of the hippocampus increases the relative area of tissue with increased
permeability of blood-brain barrier (BBB) (17.80 [9.15; 36.75]) compared to control (1.38 [0.04; 7.60]) at p < 0.05.
A similar difference (p < 0.05) is also observed in the hippocampal area CA1. A tendency (p > 0.05) to decrease
the number of CD31+ endothelial cells in the dentate gyrus of the hippocampus (21.52 [17.56; 24.50]) in animals
of the experimental group compared with the control group (23.08[21.18; 29.84]) was detected. A similar situation
is observed in the CA2 and CA3 areas of the hippocampus.

Conclusion. Neurodegenerative changes in the hippocampus of animals with a transgenic AD model are associated
with impaired microcirculation in the brain tissue as a result of a reduction in the diameter and branching of blood
vessels, and damage and increased permeability of BBB.

Key words: angiogenesis, blood-brain barrier, CD31, Alzheimer’s disease.
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AbeppaHTHbIM aHrMoreHes B TKaHM ro/IOBHOIO MO3ra
Npu 3KCNepuMeHTa/ibHOM 60/1e3HM A/byrelimepa

Fopuna A.B., Ocunosa E.[l., MopryH A.B., ManuHoBckasa H.A., Komnesa 10.K.,

JlonaTtuHa O.J1., CanmuHa A.B.

Kpacnospckuii 2ocyoapcmeenuwiti meduyunckutl ynusepcumem (Kpacl’' MY) umenu npogheccopa

B.®. Boiino-Aceneykoeo

Poccus, 660022, 2. Kpacnospck, ya. Ilapmusana Kenesnsxa, 1

PE3IOME

Llenp — n3ydyeHne MOJISKYJISIPHBIX MEXaHH3MOB HapYILIEHUs CTPYKTYPHO-(DYHKIIHOHAIBHOM [IEIOCTHOCTH FeMaTo-
sHIedannueckoro 6apsepa (I'DB) npu xpoHnUeckoil HelipoereHepauy aabUreiiMepoOBCKOr0 THIIA, ACCOLMHPO-
BaHHOH C pa3BUTHEM LiepeOpabHON aHTUIIONIATHH.

MarepuaJjbl 1 MeToabl. ONBITHAS TPyIIa — TeHeTHYecKast Moens Oone3nu Ansnreiimepa (BA) — MbImm muHIK
B6SLJ -Tg(APPSwWFILon,PSEN1*M146L*L286V)6799Vas, camusl B Bo3pacte 9 mMec. KonTponbsnas rpymnmna —
M JinaA C57BL/6 x SJL, camiiel B Bo3pacte 9 mec.

Pe3yabTaThl. Y )KHBOTHBIX C TEHETHYECKOH Mozenbio BA B 3yO4aToll M3BMIMHE THIITIOKAaMIIa 00IIas IHHA CO-
CyzoB B 2,5 pa3za Oomnble, 4eM y KOHTpOJIbHOH rpynmsl (p < 0,01), mpu 5TOM cpeiHUi [uaMeTp COCYIO0B BO BCEX
001acTSIX TUIIIOKAMITa MEHBIIIE TI0 CPaBHEHUIO ¢ KOHTpoJeM (p < 0,05). BvIABIE€HO, YTO MPH TeHETHYECKOM MO-
JenupoBaHun HelipoaereHepanun B CA2 30He rumnmoxamia HabIrogaeTcs yBEIMUCHNEe OTHOCHTEIBHOHN TIIOIIA 1
TKaHU C MOBBILEHHOH poHuaemoctsio ['Db (17,80 [9,15;36,75]) mo cpaBHenuto ¢ konTpoiaem (1,38 [0,04;7,60])
mpu p < 0,05. [Togo6Hoe pasmuuue (p < 0,05) HaGmrogaercs u B 30He CAl runmnokammna. Y KHBOTHBIX OIBITHOH
TpymIisl BeIsIBIeHa TeHaeHuus (p > 0,05) x camxenuto konmuectsa CD3 1+ sHIOTENMaIbHBIX KIETOK B 3y0UaTOi
n3BMWIKHE runmokamma (21,52 [17,56; 24,50]) mo cpaBHeHuto ¢ konTposuem (23,08 [21,18; 29,84]). Ananornunas
curyanus Habmogaetcs B 30Hax CA2 u CA3 runmokamria.

3axiouenne. HeliponerenepaTuBHble H3MEHEHHS B TUIIOKaMIIE >KUBOTHBIX C TeHETHUECKOH Mozenbio bA acco-
LMMPOBAHbI C HAPYLIEHUEM MUKPOLMPKYJISILIMYA B TKAHU TOJIOBHOTO MO3Ta B PE3yJIbTaTe COKPALICHUs JUaMeTpa U
Pa3BETBICHHOCTH COCY/IOB, IOBPEXCHUS U NOBBILIEHUS TpoHuLaeMoctu I'0b.

KiroueBsble cjioBa: aHrHoreHes, reMaTodHIehannueckuii 6apbep, CD31, Oone3np Anbireiimepa.

KOHq).]'IﬂKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(1)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nm<aune171 HaCTOS[H.[eﬁ CTaTbHu.

Hcrounnk punancupoBanus. Pabora BrimonHeHa npu noaaepskke rpanra [pesunenra PO ans rocynapcTBeH-
HOU MOANEP>KKH BeLyImHX HaydHbIX mKoi PO (RSh-6240.2018.7).

CooTBeTCTBHE NPUHIMIAM 3THKH. VcciaenoBanue 0100peHO JTOKAIBHBIM 3THYECKUM KomuTeToM KpacI'MY
(nportoxos Ne 3 ot 08.10.2018).

s uurupoBanus: [opuna S1.B., Ocunosa E.Jl., Mopryn A.B., Manunosckas H.A., Komnesa 10.K., Jlonatu-
Ha O.JI., Canvuna A.b. AGeppaHTHBII aHTHOTeHE3 B TKAHU TOJIOBHOTO MO3Ta MPHU AKCIIEPUMEHTANBHON O0Ie3HU
Anbureiimepa. broniemens cudbupckoti meduyunst. 2020; 19 (4): 46-52. https://doi.org/10.20538/1682-0363-2020-
4-46-52.

INTRODUCTION

Alzheimer’s disease (AD) is a common neurode-
generative disease among older people, characterized
by the accumulation of beta-amyloid plaques, neuro-
fibrillary tangles, and death of neuronal cells [1]. Ex-
perimental data established using magnetic resonance
imaging indicate that AD without concomitant patho-
logical disorders is much less common than dementia,

accompanied by pronounced vascular changes [2].
This confirms the significant contribution of vascular
disorders to the development of cognitive dysfunction
and, as a consequence, neurodegeneration.

It is believed that beta-amyloid (AB) contributes to
the damage to microvessels, the development of cere-
bral amyloid angiopathy (CAA), rupture of the vas-
cular wall, and impaired cerebral perfusion [3]. Thus,
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as a result of a study of the brain of patients with AD
with multiple cerebral microbleeds, low levels of AP
in the cerebrospinal fluid were revealed. This is prob-
ably the result of an increased cerebral intravascular
deposition of AP, which leads to a violation of the
integrity of the vascular wall, causing microbleeding
[4]. In addition, studies on two models of transgen-
ic lines of mice with stroke (APPswe / PS1dE9 and
tg2576) showed that cerebrovascular disorders affect
the clearance of AP and, therefore, contribute to its
deposition in the brain area with pronounced damaged
blood vessels [5]. Also, brain damage caused by im-
paired cerebral circulation increases the expression of
amyloid beta precursor protein (APP) and, therefore,
AP cleavage. Thus, against the background of A
deposition, which causes cerebrovascular dysfunc-
tion, subsequent ischemia can enhance the expression
of APP and AP cleavage, forming positive feedback
and leading to a violation of the structural and func-
tional integrity of the neurovascular unit (an integrat-
ed unit that consists of microvascular endothelial cells
functionally associated with neurons, astrocytes, peri-
cytes, and extracellular matrix components) [6].

It is important to note that with age, the permea-
bility of the blood-brain barrier increases in patients
with vascular dementia, namely, in sections of brain
tissue (hippocampus and cortex), and an accumulation
of neurotoxic blood proteins (thrombin, albumin, and
immunoglobulins) is observed [7]. In addition, a vio-
lation of the BBB integrity in the hippocampus, espe-
cially the CA1 area and the dentate gyrus, correlates
with the development of cognitive dysfunction and the
destruction of pericytes [8].

Thus, a violation of the BBB integrity may contri-
bute to the progression of AD associated with the devel-
opment of CAA. However, the molecular mechanisms
underlying the pathogenesis are not completely clear.
The purpose of this study is to study the mechanisms
of violation of the structural and functional integrity of
the BBB in chronic Alzheimer’s type neurodegenera-
tion associated with the development of CAA.

MATERIALS AND METHODS

The experimental group consisted of transge-
nic mice models of AD (a model of the formed neu-
rodegenerative changes) mice of the B6SLJ-Tg line
(APPSwF1Lon,PSEN1*M146L*L286V)6799Vas,
males aged 9 months (n = 5). The control group con-
sisted of C57BL/6xSJL mice, males aged 9 months
(n = 5). These mouse lines were obtained from The
Jackson Laboratory.

In vivo study of BBB permeability was performed
by evaluating the permeability of the Evans blue dye
in sections of the brain 4-5 hours after its intraperi-
toneal injection (2% solution in 0.9% NaCl solution,
in a volume of 4 ml/kg of animal weight) according
to the protocol described [9]. Transcardial perfusion
of the brain with 10% formalin was performed to the
animals. The Evans blue dye fluorescence area per-
cent of the total area of the vessels in the field of view
in the coronal sections of the brain (thickness 50 um)
was calculated using confocal microscopy. Evalua-
tion of the CD31 expression (Abcam, ab28364, rab-
bit polyclonal, 1: 1000) on free-floating sections was
carried out using the standard method of simultaneous
combined staining of the drug (free-floating sections
staining protocol from Abcam, USA) [10]. The per-
centage of cells expressing CD31 was calculated (of
the total cell number in the vascular region in the field
of view, calculated from the nuclei of DAPI-positive
cells localized in the vascular region) in three fields
of view. Confocal microscopy was performed using
an Olympus FV10i-W microscope (Japan). When
analyzing photographs, Olympus FLUOVIEW View-
er 4.0 (Japan) was used.

The study of the features of the formation of the
vascular network (angiogenesis) was conducted by
the microscopic method using a ZOE microscope
with photofixation and subsequent processing of the
obtained photographs in ImageJ v1.43 (USA). The
total length of the vasculature, the number of visible
vessels, the number of branch points of the vessels,
and the average diameter of the vessels in 1 mm? of
the hippocampal tissue in the areas CA1l, CA2, CA3,
dentate gyrus (DG) were calculated.

Statistical analysis of the results was carried out
using the Statplus Professional program, assembly
5.9.8.5/Core v.5.9.3.33 using nonparametric statis-
tical methods in GraphPad6.0 program. To compare
the performance in independent samples, the Mann —
Whitney test was used. Differences were considered
significant at p < 0.05. The results are presented in the
form Me [Q,; Q,], where Me is the median, Q, is the
lower quartile, Q, is the upper quartile, and p is the
significance level.

RESULTS

It was revealed that the total length of the vessels
in the dentate gyrus region in transgenic animals is
2.5 times greater than in animals of the control group
(p = 0.006) (Fig. 1,a). Moreover, the total number of
vessels in the CA1 area and the dentate gyrus exceed-
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ed the values of the control animals 2.5 and 3 times,
respectively (p = 0.008) (Fig. 1b). However, the num-
ber of branch points of blood vessels was significantly
higher (1.5-2 times) in the CA1, CA2, CA3 regions in
the control animals compared with the animals of the
experimental group (Fig. 1,¢). The mean vessel diam-
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eter was statistically significantly smaller in animals
with a transgenic model of AD than in animals of the
control group in all studied areas of the hippocampus
(Fig. 1d). Thus, the formation of CAA is accompanied
by remodeling of the vascular network of the hippo-
campus.
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Fig. 1. Features of the vascular network (angiogenesis) in certain areas of the hippocampus in the experimental groups: a — total
length of blood vessels, mm?, b — number of blood vessels, mm?, ¢ — number of branch points, mm?, d — average diameter of blood
vessels; experimental group — animals with a transgenic model of Alzheimer’s disease, control group — wild-type animals

We evaluated BBB permeability using Evans blue
as a marker for BBB damage. We found that the rela-
tive area of brain tissue containing Evans blue dye in
the CA2 zone of the hippocampus of transgenic an-
imals is statistically significantly (p = 0.025) greater
(17.80 [9.15; 36.75]) compared to the control group
(1.38 [0.04; 7.60]) (Fig. 2,a). A similar statistically
significant difference (p = 0.033) is also observed in
the CA1 zone of the hippocampus (Fig. 2,a). The ten-
dency (p = 0.149) to increase the relative area con-
taining the dye in the dentate gyrus of the hippocam-
pus is observed in animals of the experimental group
(7.37 [1.25; 27.83]) compared with the control group
(1.11 [0.05]; 6.35]) (Fig. 2,a). A similar situation
(p = 0.157) was also detected in the CA3 zone of the
hippocampus (Fig. 2,a).
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The results above formed our interest in assess-
ing the expression pattern of one of the endothelial
cell markers, namely, CD31, in various hippocampal
subregions in animals with a transgenic model of AD.
We revealed a tendency (p = 0.223) to decrease the
number of CD31+ endothelial cells in the dentate gy-
rus of the hippocampus in animals of the experimental
group (21.52 [17.56; 24.50]) compared with the con-
trol group (23.08 [21.18; 29.84]) (Fig. 2,b). A similar
situation is observed in the CA2 and CA3 zones of the
hippocampus (Fig. 2,b). However, a statistically sig-
nificant (p = 0.028) increase in the number of CD31+
cells in the CA 1 hippocampal subregion is observed in
animals with a transgenic model of AD (30.41 [20.50;
31.82]) compared with the control group (22.56 [15,
70; 25.34]) (Fig. 2,b).
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Fig. 2. Permeability of BBB in vivo and an expression of CD31: a — the amount dye of Evans blue in certain areas of the hippocampus
(%) in the experimental groups; b — the number of cells expressing CD31 in certain areas of the hippocampus (%) in the experimental
groups; experimental group — animals with a transgenic model of Alzheimer’s disease, control group — wild-type animals

DISCUSSION

CAA has been shown to play a key role in the
pathogenesis of dementia. CAA is most common
with the development of a sporadic form of AD,
which indicates the presence of a pronounced rela-
tionship between AD and cerebral angiopathy. In ad-
dition, various microvascular disorders, in particular,
decreased capillary density, vascular atrophy, and en-
dothelial dysfunction are observed in the brain with
AD progression [11]. It is known that the action of
angiogenic growth factors and cytokines in brain tis-
sue leads to the activation of endothelial cells. This
promotes the formation of a microvascular network,
which increases local microcirculation, inducing the
flow of oxygen and nutrients into the affected tissue.
The endothelium also has a direct local effect, pro-
ducing at least 20 paracrine factors that affect neigh-
boring cells. Although many of these factors are an-
ti-apoptotic, toxic substances, including neurotoxins
and AP precursors, are also released in microvessels
of affected tissues [12].

Our study showed significant changes in the mi-
crovascular bed of the hippocampus in animals with
formed manifestations of chronic neurodegeneration.
At the same time, the CA1 subregion of the hippo-
campus is the most affected area (an increase in the
total number of vessels, a decrease in the number of
branches of the vasculature, and a decrease in the ave-
rage diameter of microvessels). Since we found that
high levels of CD31 cells remained in precisely this

hippocampal subregion, it is logical to assume that the
CA1 zone and the dentate gyrus of the hippocampus
dominate in the process of the microvascular network
remodeling during Alzheimer’s type neurodegene-
ration. Thus, the processes of the microvascular bed
remodeling are multidirectional in the hippocampal
subregions in animals with experimental AD: neoan-
giogenesis is typical for the CAl zone of the hippo-
campus and the dentate gyrus, and local microcircu-
lation disorders due to the reduction in the diameter
and branching of the vessels is typical for the CA2 and
CA3 subregions.

These results are consistent with the data on the
intensification of the brain neoangiogenesis in experi-
mental animals during Alzheimer’s neurodegeneration
[13]. This may be accompanied by the development
of pathological BBB permeability due to the impaired
expression of tight junction proteins of cerebral en-
dothelial cells. At the microvascular level, endothelial
cell and BBB dysfunction may be associated with de-
creased cerebral blood flow and hypoxia. In addition,
AP concentration in microvessels can contribute to
further damage to endothelial cells, which may be one
of the links in the AD pathogenesis [14]. An impaired,
due to endothelial dysfunction, AP drainage can lead
to the accumulation of amyloid plaques in the brain
parenchyma. Experimental data show [15] that the
action of AP on proteins of tight and adhesive junc-
tions can change the BBB permeability. Damage to
the BBB leads to the death of neuronal cells, glia acti-
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vation, and immune infiltration into the parenchyma.
This has negative consequences for the affected areas
of the brain: hormonal dysregulation in hypothalamic
lesions [16], cognitive impairment in hippocampal le-
sions [17], which contribute to the progression of AD.

Thus, our results indicate that an increase in BBB
permeability is most characteristic of the CA2 subre-
gion of the hippocampus, to a lesser extent, the CA1
sub-region, and, most likely, the dentate gyrus of the
hippocampus. A significant increase in BBB permea-
bility may be associated with intensive neoangiogene-
sis, microvessel remodeling (decreased branching of
vessels and a reduction in mean vessel diameter, and
an increased expression of CD31 in the CA1 hippo-
campal subregion) against the background of the de-
velopment of CAA.

CONCLUSION

It was found that neurodegenerative changes in the
hippocampus of transgenic mice related to the AP ac-
cumulation are associated with the local disturbance
of microcirculation. This is a consequence of a reduc-
tion in the diameter and branching of blood vessels,
an increase in BBB permeability, and suppression of
neoangiogenesis (except the CA1 subregion) as the
disease progresses. These observations emphasize the
importance of future research for a clear understan-
ding of the molecular mechanisms of cerebral micro-
circulatory disorders and a violation of the structural
and functional integrity of the BBB in chronic Alzhei-
mer’s disease neurodegeneration.
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Redox forms of glutathione in malignant lesions of the stomach with varying
aggressiveness degrees
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Medvedeva D.E., Maslov A.A.

National Medical Research Centre for Oncology
63, 14 Liniya Str., Rostov-on-Don, 344037, Russian Federation

ABSRACT

Aim. To study the levels of reduced and oxidized glutathione (GSH and GSSG, respectively), as well as the thiol
status in gastric cancer (GC) tumors of various histological types and grades.

Materials and methods. The indicators were determined by ELISA methods in tumor, peritumoral and visually
intact tissues obtained during surgery from 52 patients with GC: 18 patients had a G1-2 adenocarcinoma (AC), 8
with G3 AC, 6 with signet ring cell cancer (SRCC), 14 with combined gastric lesions (CGL) — AC with signet ring
cell fragments, 6 with patients with a component of undifferentiated cancer, G4.

Results. In the groups of patients with low-differentiated and undifferentiated tumors, the GSH content in the tumor
tissue and the peritumoral zone was higher than in the group of patients with well- and moderately-differentiated
tumors. Tumor GSH levels in G3 AC and SRCC exceeded the values in visually intact tissues. Moreover, in the
visually intact tissue of patients with SRCC, GSH level was reduced relative to G1-2 AC and CGL. GSH in all
tissues of patients with CGL was higher than in patients with G1-2 AC. The lowest level of GSSG in the tumor
tissue was registered in SRCC: 27.5% lower than in G1-2 AC and 30.3% lower than in G3 AC. Patients with
undifferentiated tumors (G4 AC) had the highest GSH content in all studied tissues: by 29.9% in tumor; by 40.7%
in peritumoral zone; and in visually intact tissue not only GSH, but also GSSG was increased by 22.5-25.5% in
comparison with AC G1-2. G4 AC was also characterized by a sharp increase in the thiol status in tumor tissues
by 80.2 and 89.9% higher than in visually intact and peritumoral tissues, and it was statistically higher than in AC
G1-2, AC G3, SRCC and CGL. The ratio of GSH and GSSG was the most informative.

Conclusion. Poor AC differentiation (in the row G1-2, G3, G4) and a change of histological tumor type (AC, SPL
and SRCC), i.e. an increase in tumor aggressiveness, were accompanied by the enhancement of reductive processes
in tumor tissue, as evidenced by the statistically significant increase in the GSH/GSSG coefficient and a sharp
increase in the thiol status in G4 AC.

Key words: stomach cancer, various tumor histotypes, tumor tissue, peritumoral and visually intact zones, reduced
glutathione, oxidized glutathione, thiol status.
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PEAOKC (l)Oprl r1yTaTUOHA NPU 3/1I0KA4YE€CTBEHHOM NOPa*KE€HNU XKe/lyaKa
pasHoﬁ CT€neHn arpeCcCMBHOCTU

FopownHckasa U.A., Cypukosa E.U., ®Dpanunany E.M., Hecky6una U.B.,
HemawkanosBa JI1.A., MeaBeaeBa [.E., Macnos A.A.

Hayuonanvnoiii meouyunckuil ucciedosamenvcxuil yenmp (HMHL]) onxonocuu
Poccus, 344037, o. Pocmoe-na-/{ony, yn. 14-a aunus, 63

PE3IOME

Iles1b: U3y4YUTh YPOBEHb BOCCTAHOBICHHOrO U okucieHHoro riayrationa (GSH u GSSG cooTBeTCTBEHHO), a Tak-
’Ke THOJIOBBIM cTaTyc B ONMyXoJsax paka skenynaka (PXX) pasmmuHBIX I'MCTONOTMYECKUX THUIIOB M Pa3HOM CTENEHU
G depeHIIPOBKL.

Marepuaiabl m Metoabl. [lokaszaTenu ompenesleHbl METOJAMH HMMYHO(EPMEHTHOTO aHaiu3a B oOpasmax
OITyXOJIH, TIEPUTYMOPAJIGHON 30HBI M BU3YAJIbHO MHTAaKTHOM TKaHU. OOpa3ibl HOITy4YeHB! BO BpeMsI oliepann y 52
6ospHbIX PXK, B ToM uncne y 18 — ¢ anenokaprmHomoii (AK) G1-2, 8 — ¢ AK G3, 6 — ¢ nepcTHEBUTHOKICTOUHBIM
paxom (ITKP), 14 — ¢ couetannbM nopaxkenueM xenyaka (CIDK) u 6 — ¢ komnonenToM HeiddepeHIIPOBAaHHOTO
paxa G4.

Pe3yabTathl. B rpynmax OoJbHBIX ¢ HU3KOAU(DGEPESHINPOBAHHBIMU H HeAU(PHEpESHINPOBAHHBIME OIYXOJISIMHI
conepxanne GSH B TkaHM OmyXoJH U MepUPOKATBHON 30HBI OBUIO BHIIIE, YeM B TPYIe OONBHBIX C BBICOKO- H
yMmepenHo nudpepernnpoBanabiME omyxomsaMu. [Ipun AK G3 u [TKP yposers GSH B onmyxosieBoii TKaHH 3HAYUMO
MIPEBHINIATl YPOBEHb B BH3YaJIbHO MHTAKTHOH TKaHU. [Ipw 5TOM B BH3yaJbHO MHTAKTHOW TKaHH OoibHBEIX [TKP
conepxxanne GSH Oput0 Himke, yeM npu AK G1-2 u CIDK. [Tpu CITXK ypoens GSH Bo Bcex TkaHSX ObLT BBIIIE,
gem nipu AK G1-2.

HaunGonee nuskuii ypoBenb GSSG B Tkanu omyxomu otMeueH npu IIKP: Ha 27,5% Hmxe, yem npu AK Gl1-
2, n Ha 30,3% otnocurensHo AK G3. Ilpu AK G4 nabmronanock camoe Bbicokoe coiepxkanue GSH Bo Bcex
UCCIICNOBAHHBIX TKAHAX: B OIyXouid — Ha 29,9%, B nepudoxanpHoii 30He — Ha 40,7%, a B BU3yallbHO MHTAKTHOI1
TkaHK He Tonbko GSH, Ho 1 GSSG na 22,5-25,5% no cpaBHeHHI0 co 3HadeHUAMH y 60imbHBIX AK G1-2. [lna G4
TaKKe XapaKTepeH BBICOKUI yPOBEHb THOJIOBOTO CTaTyca B TKaHU omyxoiu — Ha 80,2 u 89,9% Belie, ueM B Bu-
3yaJbHO MHTAKTHOM TKaHH M MEPUTYMOPAIILHON 30HE, U OH OBLT 3HAYMMO BhImIe (Ha 68—96%), uem npu AK G1-2,
AK G3, IIKP u CIDK. Hau6onee nHpopMaTHBHBIM OKa3aJI0Ch COOTHOLIEHHE BOCCTAHOBJICHHOH M OKHMCIEHHOH
(dopMm riayTaTuoHa.

3akaouenne. [Ipu cawkennn muddepennuporku AK (B psaxy G1-2, G3, G4) 1 U3MEHEHHH TUCTOJIOTHYECKOTO
tuna omyxomu (AK, CIDK u IIKP), T.e. npu yBelMYeHNUH arpecCHMBHOCTH HEOILIa3Mbl, IIPOMCXOJHUT yCHUIICHUE
BOCCT@HOBHTEIIBHBIX IIPOLIECCOB B OIyXOJEBOW TKaHW, O YeM CBHJETEIBCTBYET CTaTHCTHYECKH 3HaYMMO Ooiee
Bbicokuii k03 durmenT GSH/GSSG u ypoBeHb THONOBOTO cTaryca B ciydae AK G4.

KnroueBble ciioBa: pak >kelylKa, pa3lduHbIe T'MCTOTHUIIBI ONYXOJH, TKaHU OIYXOJH, MepeTymopaibHas U
BU3YallbHO MHTAKTHAsl 30HA, BOCCTAHOBJIEHHBIN TITyTaTHOH, OKUCIIEHHBIN TITyTaTHOH, THOJOBBIH cTaTycC.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKaIKeil HACTOSIIEH CTaThH.

Hcrounuk punancupoBanus. ViccienoBanue BRIOIHAIOCH B paMKax roc3aganus HMULL onkonorun va 2018—
2020 rr. No AAAA-A18-118072790016-2 «Pa3paboTka NPOrHOCTUYECKUX AJITOPUTMOB HA OCHOBE BBISBICHUS
HOBBIX J1a00paTOPHBIX (PAKTOPOB MPOTHO3a TEUEHMS 3J0KAYECTBEHHBIX OITyXOJIei».

CooTBeTcTBHE NPHHLIMNAM 3THKH. Bce manueHTs! noxnucanu mHGpopMUpoBaHHOE cornacue. MccnenoBanue
0J00peHO COBETOM MO 3THKE POCTOBCKOro Hay4HO-HCCIIE0BATENBLCKOIO OHKOJIOTHUECKOT0 HHCTHTYTA (IIPOTOKOI
Ne 11/1 o1 03.11.2016).

Jas mutupoBanus: [opoummHckas ML.A., Cypukosa E.M., ®panuusnn E.M., Hecky6ouna W.B., Hemamkaino-
Ba JLLA., Mengenesa /I.E., Macnos A.A. Pefokc Gopmbl ITyTaTHOHA MPHU 370KAaYECTBEHHOM TMOPAXKEHHU Ke-
JIy/IKa pa3HOW CTEMEeHHU arpecCUBHOCTH. Bromiemens cubupckoi meduyunst. 2020; 19 (4): 53-60. https://doi.org/
10.20538/1682-0363-2020-4-53-60.

54 Bulletin of Siberian Medicine. 2020; 19 (4): 53-60



Original articles

INTODUCTION

Gastric cancer (GC), which is a malignant tumor
originating from the epithelium of the gastric muco-
sa, remains one of the most common diseases in the
world. According to world statistics, GC is the fifth
leading cause of cancer death and affects about 1 mil-
lion people every year [1-3].

The main histological type of GC is adenocarci-
noma, divided by the degree of differentiation into
well-differentiated G1, moderately-differentiated G2
and low-differentiated adenocarcinoma G3. Accor-
ding to US statistics, the incidence of adenocarcinoma
approaches 90% of all stomach tumors [4].

Another histological type of GC is signet ring cell
cancer (SRCC), the frequency of which is increasing,
according to some authors [5]. Gastric SRCC is usu-
ally associated with poor survival and low treatment
efficacy in comparison with gastric adenocarcinoma.
However, a meta-analysis showed no differences in
survival between patients with SRCC and non-SRCC
in the general population. The authors found that the
early stages of SRCC were associated with a better
prognosis, while advanced SRCC was associated with
a worse prognosis [6].

Undifferentiated carcinoma is a relatively rare
disease of the stomach, the incidence in Europe is
about 1400 cases per year with mortality reaching
1250 cases per year [7]. This is the most aggressive
form of stomach disease with absolutely atypical cells
that are unable to differentiate. Its characteristic fea-
tures are rapid predominantly infiltrative growth and
metastasis in the early stages. In 75% of patients, un-
differentiated gastric cancer metastasizes at the begin-
ning of treatment.

The ability to produce a large number of reactive
oxygen species (ROS) is one of the characteristic fea-
tures of cancer cells that distinguish them from normal
cells. This leads to an increased dependence of tumor
cells on the antioxidant defense system [8]. Under-
standing the biology of redox processes that underlie
the development of oncological pathology, and the
mechanisms of their functioning, is of great importance
for the development of new therapeutic approaches
targeting resistant tumors based on changes in the re-
dox status of a neoplasm and its surrounding tissues
[9, 10]. This determines the relevance of studying
the redox characteristics of a particular tumor and its
environment, especially in tumors of the stomach.

Glutathione plays a central role in protecting cells
from oxidative damage, which makes it one of the
main active components of cancer pathophysiology

[11]. Reduced glutathione and glutathione-dependent
enzymes are of great importance for the normal func-
tioning of the intestinal epithelium of the stomach,
which refers to tissues that are characterized by
continuous cell renewal, and the constancy of the
epithelial structure is ensured only by coordinating the
proliferation, differentiation, and apoptosis phases. If
the balance of redox processes is disturbed, the initia-
tion of malignant transformation and the progression
of neoplasia are possible [12, 13].

In the human body, glutathione is present in seve-
ral redox forms, among which the most important are
reduced glutathione (GSH) and oxidized glutathione
(GSSG). Reduced glutathione accounts for up to 98%
of the total pool of glutathione under normal condi-
tions [14]. The concentration and role of GSH are dif-
ferentiated and depend on the type of cells. GSH is a
soluble antioxidant that is present in high cellular con-
centrations (1-10 mM) in the cytoplasm, mitochon-
dria, and nucleus. Mitochondria contain 10% of the
cellular glutathione [15]. Red blood cells are rich in
glutathione and contain 99% of the GSH content ver-
sus 1% present in plasma [16]. Plasma contains only
about 20 uM glutathione with the dominant form of
GSSG [17].

Earlier, we showed the features of redox systems in
tumor tissue and surrounding tissues of gastric adeno-
carcinoma [18], as well as changes in the antioxidant
status of the blood in patients with gastric cancer [19].

The aim of this study was to compare the levels
of reduced and oxidized glutathione, as well as the
thiol status in various histological types of stomach
tumors. The indicators were studied in tumor tissue,
peritumoral zone and conditionally healthy tissue in
patients with gastric adenocarcinoma of different dif-
ferentiation degrees, signet ring cell cancer and com-
bined gastric lesions.

MATERIALS AND METHODS

This study included tissues obtained during the
operation of 52 patients with gastric cancer (28 men
and 24 women), divided into 5 groups according to the
tumor histotype: adenocarcinoma G1-2 — 18 patients
(T2-4N0-2M0); G3 adenocarcinoma — 8 patients (T2—
4N0-3M0); adenocarcinoma with the presence of un-
differentiated cells (G3 + G4) — 6 patients (T2—4N1-
3MO0-1); combined gastric lesion (adenocarcinoma
G2 or G3 with the presence of signet ring cell frag-
ments) — 14 patients (T3—4 NO0-3MO0-1); signet ring
cell cancer — 6 patients (T1-4N1-3MO0-1). The groups
were comparable by gender and age (50-84 years).
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Histological control was performed in all cases. All
patients gave voluntary informed consent for the use
of biological material. The content of reduced and oxi-
dized glutathione (redox forms of glutathione), as well
as the thiol status were studied by ELISA methods in
the tissues of the tumor, peritumoral zone, and condi-
tionally healthy tissues (visually intact) obtained on
the resection line.

Statistical processing of the results was carried out
using the Statistika 6.0 software package according
to the Student’s #-test for two independent samples,
as well as using the non-parametric Mann — Whitney
criterion. The samples were preliminarily checked for
compliance with the normal distribution according to
the Shapiro—Wilk W-test for small samples. Correc-
tion for comparison multiplicity was performed us-
ing the FDR control (False Discovery Rate control:
Benjamini, Hochberg, 1995) [20]. The differences
were considered statistically significant at p < 0.05,

and the level of the statistical trend towards signifi-
cance was observed at 0.1 > p > 0.05. In the tables, the
data were presented in the form M + m, where M is the
sample mean; m is the error of the mean.

RESULTS

The predominance of patients with well- and mo-
derately-differentiated adenocarcinoma in the study
is consistent with the data presented in other studies
[21].

As can be seen in Table 1, the content of GSH in
the tumor tissue was higher than in the conditionally
healthy tissue of the stomach in all groups of patients
with gastric cancer; however, significant differences
were detected only in SRCC. The GSSG content in
SRCC and in patients with T4 status and at IV stage of
the process, on the contrary, was significantly lower in
the tumor tissue compared with conditionally healthy
tissue.

Table 1

The content of reduced (pg/g tissue) and oxidized (ng/g tissue) glutathione in the tumor tissue and adjacent areas in patients with
gastric cancer with different histology and stages of the malignant process, M £+ m

Histology Tumor

Peritumoral zone Conditionally healthy tissue

Adenocarcinoma G1-2, n =18

GSH
GSSG

871.04 £ 40.07
499.14 +£22.54

790.79 £+ 39.64
513.73 £23.17

837.51£21.27
473.97 £ 14.71

Adenocarcinoma (AC) G3, n=28
GSH
GSSG

968.46 +39.8
519.02 +£28.61

942.99 +47.87
554.12 £27.39

808.05 £ 66.76
456.04 +£45.91

Combined tumor (AC + SRCC), n = 14
GSH

983.02+29.9

943.79 £32.87

958.51 +56.21

GSSG 460.48 + 25.04 p<0.025 502.49 £19.58
464.5+13.71
SRCC,n=6
GSH 810.95 +40.6 718.21 +16.45 693.01 +17.86
p,=0.095 p,=0.01 £ <0.002
p,<0.02 p,<0.002 p,<0.03
p, <005
GSSG 361.69 +26.46 440.18 £37.28 504.72 + 15.51
p=002 P, <0.002
p,=0.01

SRCC and combined tumor, n =20
GSH

925.66 +30.57

876.11 + 33.18

878.86 £48.14

GSSG 430.84 +21.53 457.2 +14.36 503.16 £ 14.24
p,= 0.075 Py < 0.02
p,,<0.03
Undifferentiated tumor (G3+G4),n =6 1,131.16 £ 111.22 1,112.53 £ 113.2 1,026.22 + 29.04
GSH p<0.075 p<0.02 p <0.0006
p,<0.07 p,=0.095 £,<0.00001
GSSG 527.52 +34.13. p= 0.018 594.65+11.3
D= 0.01 512.63 £59.58 »<0.001
56 Bulletin of Siberian Medicine. 2020; 19 (4): 53-60
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Table 1 (continued)

Histology Tumor Peritumoral zone Conditionally healthy tissue
T4orIVst,n=10
GSH 905.48 +56.31 800.98 +46.2 812.67 +£32.93
p,<0.035 P,<0.03
p,=0.010 p,=0.0006
GSSG 436.2 +26.66 459.8 £27.5 515.77 +15.51
D, < 0.04

Note. Statistical significance of differences with FDR multiplicity correction: p — relative to AC G1-2, p, — relative to AC G3, p, — relative to
combined lesion, p, —relative to SRCC, p, —relative to AC G4, p, ~ relative to tumor tissue, Poer™ relative to peritumoral tissue.

In the groups of patients with low-differentiat-
ed and undifferentiated tumors, the GSH content
in the tumor tissue and the peritumoral zone was
higher than in the group of patients with well- and
moderately-differentiated tumors. In SRCC, the lev-
el of GSSG in the tumor tissue was lower by 27.5%
relative to AC G1-2 and by 30.3% relative to AC G3
(p = 0.01-002). Moreover, in conditionally healthy
tissue of patients with SRCC, the GSH content was
reduced by 17.3% relative to AC G1-2 (p < 0.002).

Patients with undifferentiated cancer (AC G4) were
characterized by an increase in the GSH content in
all the tissues examined: by 29.9% in the tumor, by
40.7% in the peritumoral zone, while healthy tissues
showed an increase in both GSH (by 22.5%) and
GSSG (by 25.5%) compared with values in patients
with AC G1-2.

The most informative was the ratio of the reduced
and oxidized forms of glutathione (GSH/GSSG % 107),
presented in Table 2.

Table 2

The ratio of the reduced and oxidized forms of glutathione in the tumor tissue and adjacent areas in patients with gastric cancer with
different histology and stages of the malignant process

Histology Tumor Peritumoral zone Conditionally healthy tissue
Adenocarcinoma G1-2, n =18 1.656 = 0.081 1.611 £0.102 1.815+0.087
Adenocarcinoma (AC) G3,n =8 1.89 +£0.094 1.701 £+ 0.004 1.83+£0.115
Combined tumor (AC + SRCC), n= 14 2228 £0.153 2.058 £0.098 1.947+£0.136
p <0.005 p<0.015
p,<0.05
SRCC,n=6 2.29+0.161 1.689 £0.137 1.383+£0.073
»<0.005 D= 0-018 p<0.05
p,=0.05
p,=0.075
Py < 0.001
SRCC and combined tumor, n = 20 2.249+0.113 1.947 £ 0.087 1.778 £ 0.113
p <0.005 p<0.05 P < 0.015
Dy = 0.039
Undifferentiated tumor (G3 + G4), 2.246 £ 0.357 2.205 £ 0.09 1.728 + 0.052
n==6 p<0.05 »<0.02 p,<0.01
p,<0.001 P < 0.005
p,<0.05
T4 orIVst,n=10 2.146 = 0.093 1.755 £ 0.066 1.596 £ 0.09
p <0.005 p,=0.001 Py < 0.005
D= 0.003

Note. Statistical significance of differences with FDR multiplicity correction: p — relative to AC G1-2, p, — relative to AC G3, p, — relative to

combined lesion, p, —relative to SRCC, p, — relative to AC G4, p,

tum

In patients with undifferentiated cells (G3 + G4),
this coefficient was higher than in patients with G1-2
by 35.6% (p <0.05) in the tumor tissue and by 36.9% in
the peritumoral zone (p < 0.02). In patients with tumor

— relative to tumor tissue, p,_ — relative to peritumoral tissue.

germination in the serous membrane and spreading to
neighboring structures (T4), as well as at stage IV of
the process, this indicator was higher than in patients
with G1-2 by 30% (p < 0.005). The highest ratio of the
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reduced and oxidized forms of glutathione was found
in the tumors of patients with SRCC, which was higher
than in patients with G1-2 by 38.3% (p < 0.005). The
value in the tumors of patients with combined gastric
lesions exceeded the value at G1-2 by 34.5%.

The data on the thiol status are presented in Table 3.
As can be seen in the table, 4 out of 16 patients with

well- and moderately-differentiated adenocarcino-
ma had high values of this indicator in tumor tissue,
and in the whole group it was higher than in patients
with low-differentiated adenocarcinoma by 70.4%
(» <0.005). The level of the indicator in patients with
SRCC and patients with combined lesions of the stom-
ach occupied an intermediate position.

Table 3

The thiol status pg/g tissue in the tumor tissue and adjacent areas in patients with gastric cancer with different histology and stages of
the malignant process, M £ m

Histology Tumor Peritumoral zone Conditionally healthy tissue
Adenocarcinoma G1-2, n =16 156.62 +9.93 132.94 + 10.04 124.16 + 11.97
n=4 218.74 +5.84
n=12 12591 +7.41
Adenocarcinoma (AC) G3,n =28 91.91 +10.75 115.1+£9.8 110.88 + 15.94
p <0.005
Combined tumor (AC+SRCC), 128.76 + 14.78 104.43 +£5.54 115.76 + 14.39

n=14

SRCC, n=6

129.0 £ 19.58

122.26 + 15.49

130.69 £ 10.52

SRCC and combined tumor, 7 = 20 128.83 + 11.61 109.78 = 6.09 120.24 + 1051
Undifferentiated tumor (G3+Gd4), 21726+ 15.71 114.39 + 1691 120.58 +20.43
n=6 p<0.02 Do < 0.005 D= 0.004
p, <0.0001
p,=0.09
p,<0.02
T4orIVst, n=10 114.17 +20.76 119.23 +5.81 115.85=10.13
p=0.09

Note. Statistical significance of differences with FDR multiplicity correction: p —relative to AC G1-2, p, —relative to AC G3, p, —relative to

combined lesion, p, — relative to SRCC, p, -~ relative to tumor tissue.

The high level of the thiol status in the tumor tis-
sue of adenocarcinoma with the presence of undiffe-
rentiated cells (G4) was of interest: 80.2% and 89.9%
higher than in the visually intact tissue and peritumor-
al zone (p < 0.005). It was 38.7% higher (p < 0.02)
than in the tumor tissue of AC G1-2, 136.4% higher
(p < 0.0001) than in AC G3, and 68.6% higher
(p <0.02) than in SRCC and combined lesions.

DISCUSSION

A study of the levels of glutathione redox forms
showed that the GSH content in the tumor tissue was
higher than in the conditionally healthy stomach tissue
in all groups of patients with gastric adenocarcinoma,
but the degree of difference depended on the histolo-
gical type and differentiation of the tumor. The redox
status of glutathione, i.e. the ratio of reduced and oxi-
dized glutathione, was most disturbed in the tumor
tissue in SRCC. It should be noted that the reduced /
oxidized glutathione ratio within the cell is considered
to be one of the most important parameters that cha-
racterizes the level of oxidative stress [22].

A high level of GSH in patients with low-differen-
tiated adenocarcinoma, and especially in patients with
undifferentiated cells in the tumor, as well as a signifi-
cantly higher ratio of reduced and oxidized forms of
glutathione in patients with SRCC, combined gastric
lesions and undifferentiated gastric carcinoma indi-
cate the role of reduced glutathione in maintaining the
ability of the tumor to grow and progress.

Apart from being a powerful antioxidant, reduced
glutathione has a number of functions that are not re-
lated to ROS protection. It is involved in the detoxi-
fication of electrophilic compounds (xenobiotics), as
well as in the metabolism of the prostaglandins and
leukotrienes, in the transport of amino acids and in the
absorption of trace elements from the intestine, main-
ly iron and selenium. However, the dominant role of
GSH is undoubtedly as an antioxidant. It is not only
a trap of free radicals, but it also deals with the res-
toration of damaged cells. Due to the presence of a
thiol group (-SH) in a molecule, GSH has the ability
to protect other thiol groups in proteins from oxidative
damage [14]. In this regard, the almost twice as high
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thiol status detected only in tumor tissue in undiffer-
entiated tumors of the stomach is of interest for further
research and analysis. The most important functions
of SH groups in biological systems include the forma-
tion of complexes with metal ions, participation in the
oxidation reactions and the formation of thiol radicals
and disulfides [17]. As an antioxidant, GSH lowers
ROS levels during enzymatic and non-enzymatic re-
actions. It regenerates other oxidized low molecular
weight antioxidants, for example, vitamin C and vi-
tamin E. Moreover, it is involved in the restoration of
protein molecules, nucleic acids and lipids damaged
in peroxidation processes, and in maintaining the sul-
fhydryl groups of proteins in a reduced state, which
is necessary for DNA repair and expression [23-25].
The oxidized form, glutathione disulfide (GSSG), can
be reduced to GSH. Consequently, the GSH / GSSG
ratio is considered an important indicator of the redox
balance in cells, and a higher ratio means less oxida-
tive stress [26].

The latest in vitro studies are of undoubted interest,
showing that both reduced and oxidized glutathione
inhibit the formation of superoxide (O,) by inhibiting
the quinoid oxidation of adrenaline [27]. This enhanc-
es the importance of further studies of the glutathione
redox forms in pathological conditions and may lead
to a change in the prevailing ideas about the exclu-
sive role of reduced glutathione as an antioxidant and
require some adjustment of the alleged participation
mechanisms of the glutathione system in carcinogene-
sis and antitumor effects.

CONCLUSION

An analysis of our data and the above information
on the characteristics of the antioxidant role of gluta-
thione contributes to the understanding of its involve-
ment in malignant progression in various histotypes
of gastric tumors. Poor differentiation of adenocarci-
noma (in the row G1-2, G3, G4) and a change in the
histological type of the tumor (adenocarcinoma, com-
bined lesion of the stomach, SRCC), i.e. an increase
in the aggressiveness of the tumor, was accompanied
by an increase in the reductive processes of the tu-
mor tissue, as evidenced by the statistically significant
increase in the GSH/GSSG coefficient and a sharp
increase in the thiol status in undifferentiated tumors
(G4). An increase in GSH with poor differentiation of
adenocarcinoma, as well as a higher ratio of the re-
duced and oxidized forms of glutathione in patients
with SRCC, combined lesions and undifferentiated
adenocarcinoma of the stomach, indicate the probable

participation of reduced glutathione in maintaining
the tumor’s ability to grow and progress.
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Changes in the ventilation function of the lungs during the formation
of chronic obstructive pulmonary disease and its combination with lung
cancer

Dobner S.Yu.', Dubakov A.V.?, Porovskiy Ya.V.?, Tuzikov S.A."?, Miller S.V.’,
Rodionov E.O."?2

I Cancer Research Institute, Tomsk National Research Medical Center (NRMC) of Russian Academy of Sciences
5, Kooperativny Str., Tomsk, 634009, Russian Federation

2 Siberian State Medical University
2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

Aim. To study the ventilation function of the lungs in patients with varying degrees of severity of chronic obstructive
pulmonary disease (COPD) and in patients with COPD combined with lung cancer (LC), as well as to establish the
features of its disorders using spirography and body plethysmography.

Materials and methods. A clinical and functional study of 57 individuals was carried out with 10 healthy patients
(control group), 30 patients with COPD and 17 patients in whom LC was combined with COPD using the Masterlab
Pro diagnostic complex (Erich Jaeger, Germany).

Results. In patients with early COPD, a decrease in MEF_; (a ventilation parameter characterizing small airway
patency) is the most informative. With the progression of bronchial obstruction, both restrictive and obstructive
disorders, characterized by a decrease in FEV |, VC, a change in the structure of the total lung capacity in the
form of an increase in the RV/TLC ratio such as an increase in the RV/TLC ratio and an increase in bronchial
resistance were recorded. In patients with LC and mild COPD, pulmonary volumes, capacities, flow-volume loop
and bronchial resistance parameters did not differ from patients with COPD with a similar bronchial obstruction.
In patients with LC and more severe COPD, in contrast to patients suffering from a similar severity of COPD, a
decrease in the patency of large, medium and small diameter bronchi (PEF, MEF,,, MEF, , MEF. ) was detected,
which indicated development of generalized bronchial obstruction.

50°

Conclusion. Modern diagnostics of pulmonary ventilation disorders in patients with LC and COPD should be
aimed at identifying the disease, and drug therapy should target maximum leveling of reversible components of
bronchial obstruction in order to increase the functional reserve of the respiratory system and reduce the risk of
postoperative complications caused by COPD.

Key words: chronic obstructive pulmonary disease, lung cancer, pulmonary ventilation function, spirography,
bodyplethysmography.
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N3meHeHue BeHTUAALMOHHOM PYHKLMUM /IerKUX B Npouecce ¢popmMUpOBaHUA
XPOHUYECKOM O6CTPYKTUBHOM 60/1€3HM /1IerKUX U NPU ee coYeTaHUU C PaKom
/1erkoro

[o6Hep C.10.', iy6akos A.B.?, Moposckui A.B.%, Tysukos C.A."2, Munnep C.B.,
Poaunonos E.O."?

! Hayuno-uccrneoosamenvcrutl uncmumym (HUH) onxonozuu, Tomckuti HayuoHambHbLI UCCIe008amMenbCKull
meouyunckuii yenmp (HUML]) Poccutickoi akademuu Hayk
Poccus, 634009, 2. Tomck, nep. Koonepamugnuwiii, 5

2 Cubupcruil 2ocyoapcmeennwlit meouyunckutl ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Henw. M3yyenne BEHTUIALMOHHON (QYHKIUH JIETKUX y MAIIMEHTOB C Pa3INYHON CTETIEHBIO TSHDKECTH XPOHUUECKOM
obcTpykTuBHOH Oone3nu jnerkux (XOBJI) u npu ee couetanun ¢ pakom jerkoro (PJI), a Takxke ycraHOBiIeHHE
0COOCHHOCTEH pecITUpaTOPHBIX HAPYLICHHUI C TOMOIIbIO ciuporpaduu U 6oaumieTu3Morpadu.

MarepuaJsbl 1 MeToABI. [IpoBeIeHO KIIMHNKO-(QYHKIMOHANEHOE ccienoBanue 57 i (10 310poBbIX (rpyrina KoH-
Tposist), 30 6onbHbIX ¢ XOBJI 1 17 6onbHbIX, Y KoTopbiX PJI couetancs ¢ XOBJI) npu moMoIu AHarHoCTHYECKOTO
komriutekca Masterlab Pro (Erich Jaeger, I'epmanus).

PesyasTatsl. [Ipn HagansHo#t cramum XOBJI Hambonee MHPOPMATHBHO CHIKEHHE MAKCHMAJIBHOTO 00beMa
CKOPOCTH Ha YpOBHe 75% OT (OpCHpOBaHHOW XW3HEHHOH emkocTh nerkux (MOC,,) — BEHTUIAIMOHHOTO
[OKa3aTellsd, XapaKTepU3YIOIEro IpPOXOJMMOCTh MENKHMX JbIxaTelbHbIX IyTed. Ilpu mnporpeccupoBaHun
OpOHXMANBHOI OOCTPYKIMM OTMEYaldHCh KaK OOCTPYKTHBHBIE, TaK W PECTPUKTHBHBIE HapyIICHUS,
XapaKTepH3yoInecs CHIDKCHHEM 00beMa (popcHpOBaHHOTO BBIIOXA 3a MEPBYIO CEKYHY, )KU3HEHHOH €MKOCTH
JIETKUX, U3MCHEHUEM CTPYKTYpPBI OOIIel eMKOCTH JIETKUX B BHJIE YBEINYCHUSI OTHOIICHUS OCTATOYHOTO 00beMa
JIETKUX K OOIIel eMKOCTH JIETKUX M HMOBBIICHUS OpPOHXHAJIBHOTO CONPOTHUBICHUS. Y IAI[MEHTOB, CTPAJAIONINX
PJI B coueranmn ¢ Herspkenod XOBJI, mokasarenu BEHTIIIIUH JITKUX M OpPOHXHAJIbHOE CONPOTHUBICHUE HE
ommyanuck oT nanueHToB ¢ XOBJI, nMeromux aHaTOrHYHyIO0 CTeleHb OpoHXHanbHOH oboctpykuun. [Ipu PJI B
couerannu ¢ Oosee Tspkenod XOBJI, B omnyme OT MAlMEHTOB, CTPAAAIONINX aHAIOTUYHON TshkecThio XOBJI,
YCTaHOBJICHO CHM)KEHHE NTPOXOAUMOCTH OPOHXOB KPYITHOTO, CPEIHETO M MEJIKOTO TUaMeTpa (ITHKoBas 00beMHast
ckopocth, MOC,;, MOC,, MOC_,), CBHIETENECTBYIONIEE O Pa3BUTHH T€HEPAH30BAHHOH OpOHXHMANBHON 00-
CTPYKLIHU.

25° 50°
3aximouenne. CoBpeMeHHasl IMArHOCTHKA HAPYIICHUH BEHTWIISALIH JIETKUX y 001bHBIX PJI B couetannu ¢ XOBJI
JIOJDKHA OBITh HANpaBlIeHA Ha BBISBICHUE, a MEIUKAMEHTO3Has Tepanus — Ha MaKCHMalbHOE HHUBEIHMPOBAHHUE
00paTUMBIX KOMIIOHEHTOB OpPOHXHAIEHON OOCTPYKILIUH C IEBIO MOBBIIEHHUS (PYHKIIMOHAIBHOTO Pe3epBa CHCTEMBI
IIBIXaHUS U CHIDKEHUS PHCKa TOCIICONePAIMOHHBIX OCTIOKHEHHH, BeI3BaHHBIX XOBJI.

KuroueBble ci10Ba: XpoHHUecKas 0OCTPYyKTHBHASI OOJE3HB JIETKUX, PaK JIETKOr0, BEeHTUIISIMOHHAS ()yHKIIUS JIer-
KHX, criuporpadusi, 00uImieTH3Morpadusl.

KOHq)JIPlKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/ICﬁ HaCTOHU.Ieﬁ CTaTbHu.

Hcrounuk punancupoBaHus. ABTOPHI 3asBIISIOT 00 OTCYTCTBHY (PUHAHCHPOBAHHSI.

CooTBeTcTBHE NPUHIMNAM 3THKH. Bece manuenTs! moanucanu MHGOPMHUPOBAHHOE COTJIACHE Ha NPOBEICHHE
nccnenoBanus. MccnenoBanue og00peHo JTOKaTbHBIM dTHYecKuM komuteTroM HUM onkonorun, Tomckuit HUMIL
(mportoxon Ne 10 ot 26.09.2016).

Jas uurupoBanusi: JJoouep C.10., [lybakos A.B., [Toposckwuii 51.B., Ty3ukos C.A., Mumiep C.B., Poxnonos E.O.
V3MeHeHHE BEHTHIISIIMOHHON (DYHKIIUH JIETKUX B IpoIiecce (GOpMUPOBAHUSI XPOHUUECKOM 0OCTPYKTHBHOM (013~
HU JIETKUX U TIPU €€ COYCTAHUU C PAKOM JIETKOTO. brosnemens cubupckoi meduyunst. 2020; 19 (4)/61-66. https://
doi.org: 10.20538/1682-0363-2020-4-61-66.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
and lung cancer (LC) usually coexist and represent
a row of clinical problems [1-3]. At the same time,
COPD more often leads to a decrease in the external
respiration function and is a factor determining the
frequency of complications and the risk of death in
some patients with LC [4, 5].

The diagnosis of COPD is largely functional.
Characteristics of the pulmonary ventilation function
(PVF), namely, the forced expiratory volume during
the first second of the test (FEV), vital capacity (VC),
and the Tiffno index are the “gold standard” for diag-
nosing COPD [1]. However, often at the onset of the
disease, obstructive disorders developing in the distal
parts of the bronchial tree are more effectively diag-
nosed using parameters of maximal expiratory flow
(MEF) of the forced expiratory flow and body plethys-
mography [6, 8]. Body plethysmography additionally
allows to determine bronchial resistance (Raw), to di-
agnose manifestations of lung hyperinflation, which
are used in pulmonology as reliable signs of bronchial
obstruction and changes in the lung tissue elastance
[7, 8]. Identification of abnormality of these parame-
ters helps early diagnosis of COPD and more effective
treatment of this common lung pathology [8].

Annually, 63-65 thousand people fall ill with LC
in Russia, and 1.04 million people in the world, which
makes up 12.8% of all recorded neoplasm cases [9].
A characteristic feature of everyday clinical practice
is an increase in the number of patients operated on in
older age groups and a high percentage of postopera-
tive complications [2, 4]. Soon, a further increase in
demographic aging of the population and an increase
in the number of patients with comorbid pathology are
expected [10, 11].

In this regard, the increased interest in assessing
COPD as a factor that can lead to complications in
the perioperative period in patients with LC is under-
standable [4, 5]. The use of existing effective methods
for diagnosing PVF disorders in this group of patients
is an important task for modern scientific research.

The purpose of the study was to study PVF in pa-
tients with varying COPD severity and in patients
with LC and COPD, as well as to identify the charac-
teristics of PVF disorders using spirography and body
plethysmography.

MATERIALS AND METHODS

To meet the aim of the research, clinical and
functional study of 57 patients was carried out with

10 healthy patients (control group), 30 patients with
COPD and 17 patients with LC and COPD. The sam-
ple of subjects included in the study was formed from
patients being treated at the therapeutic clinic of Si-
berian State Medical University and the Department
of Thoracic Oncology of Cancer Research Institute,
Tomsk NRMC.

According to the PVF study, 8 patients with COPD
had clinical signs of bronchitis and small bronchi
obstruction, but FEV, was normal (group 0). The re-
maining 22 patients were diagnosed with COPD ac-
cording to the COPD diagnostic criteria [1]: in group
1 (10 subjects) — FEV, > 80% of the proper values;
in group 2 (12 subjects) FEV, < 80% of the proper
values — 7 patients had 50% < FEV < 80%, and 5
patients — 30% < FEV, < 50% of the proper values. In
6 patients with LC + COPD, FEV was > 80% of the
proper values (group 3), in the remaining 11 patients
(group 4), FEV was < 80% of the proper values, in 9
of them — 50% < FEV <80%, and in 2 — 30% < FEV,
< 50% of the proper values.

PVF was evaluated on a Masterlab Pro diagnos-
tic complex (Erich Jaeger, Germany). The test was
conducted in the morning on an empty stomach in
conditions of relative rest in the orthostatic position
of a patient. None of the patients in study groups
received any bronchoactive agents for COPD. Spi-
rography and pneumotachography methods analyzed
respiratory minute volume (RMYV), vital capaci-
ty (VC), forced expiratory volume during the first
second of the test (FEV)), Tiffno index (FEV /VC),
flow-volume loop parameters (FVL) — peak expira-
tory flow (PEF), maximum expiratory flow occurring
at the point that is 25% of FVC from the beginning
of the exhalation (MEF,), maximum expiratory flow
occurring at the point that is 50% of FVC from the
beginning of the exhalation (MEF, ), maximum ex-
piratory flow occurring at the point that is 75% of
FVC from the beginning of the exhalation (MEF ).
Body plethysmography determined the structure
of total lung capacity (TLC): residual lung volume
(RV), residual lung volume to total lung capaci-
ty ratio (RV/TLC), as well as bronchial resistance
(Raw).

The average age of patients with COPD (group 2)
was 59.7 + 3.0 years, they were older than the subjects
in the control group, patients of group 0 and group
1(52.6+2.7;48.2+3.0;49.0 £ 2.2, respectively). The
average age of patients with LC and COPD (group 3)
was 56.7 = 2.0, while of patients in group 4 is was
60.8 +2.0. Patients of group 3 were older than patients
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of group 1. There were no statistical differences in age
between patients of groups 2 and 4.

COPD confirmation was carried out by collecting
complaints, medical history, physical examination
and the questionnaire for the COPD diagnosis (CAT
and mMRC scales) [1, 12]. Groups of patients with
LC and COPD (groups 3 and 4) included patients with
ITA — n I1IB stages of LC. Group 3 included 6 patients,
3 patients of them had stage II, another 3 patients had
stage IIIA. Group 4 included 3 patients with [IA-B
stage of non-small cell lung cancer, 7 patients with
IITA stage and 1 patient with IIIB stage. Central LC
was diagnosed in 12 (70.6%) patients and peripheral
LC in 5 patients (29.4%).

The study inclusion criteria were the following:
smoking; absence of other lung and severe somatic pa-
thology, which could affect the parameters of external
respiratory function at the moment of inclusion in the
study; absence of regular baseline and symptomatic
COPD therapy, and consent to participate in the study.

Statistical analysis of the obtained data was car-
ried out on a personal computer using the statistical
software package Statistica 10. The normal distribu-
tion was checked by the Shapiro — Wilk method. Due
to the lack of normal distribution, when comparing
group averages for quantitative characters, the Mann
— Whitney test was used. Quantitative data are pre-
sented as the median Me, the 25th and 75th percentiles
(LQ; UQ). The differences were considered statistical-
ly significant at p < 0.05.

RESULTS AND DISCUSSION

When analyzing the PVF parameters presented in
the Table, it was found that in patients with COPD
(group 0), bronchial patency at the level of MEF,,
was on average lower than in healthy subjects in the
absence of differences in FEV , as well as other flow
and volume ventilation characteristics. In group 1,
there was a decrease in the average values of FEV ,
Tiffno index, VC, and FVL (MEF,,, MEF, , MEF.,)
compared with the average values of the control group
and a decrease in FEV,, MEF,, MEF, , MEF_, with
an increase in RV, RV/TLC in comparison with group
0. In addition, with an increase in obstruction, the pa-
tients of group 2 demonstrated an additional decrease
in VC, an increase in RV, RV/TLC compared with the
healthy subjects of group 0, as well as a pronounced
tendency (85.2%) to increase RV/TLC compared with
group 1.

The restructuring in the TLC structure, detected
in patients with COPD in the form of an increase in

RV/TLC with a progressive decrease in FEV , indi-
cated the development of pulmonary hyperinflation
(PHI), the formation of “air trapping”, an increase in
lung volumes at the end of spontaneous expiration
by the valve obstruction mechanism at the level of
small airways [7, 13, 14] Studies show that PHI leads
to unfavorable functional effects: respiratory muscle
weakness, limited respiratory volume increase during
exercise stress, positive end-expiratory pressure, and
alveolar hypoventilation [8, 14].

Raw in patients with COPD in group 0 and group
1 was in the reference range and did not differ from
the control group (Table). In contrast, Raw in group
2 averaged 153.6%, and was significantly higher than
in the control group and in patients of group 0 and
group 1.

When analyzing the PVF parameters of patients
with LC and COPD presented in the table below, it
was found that in patients with degree 1 of obstruc-
tion (group 3), the average bronchial patency was
reduced in comparison with control subjects and
patients of group 0, in the absence of differences in
parameters with COPD patients of group 1, who had
a similar degree of reduction in FEV,. When compa-
ring the PVF of patients with LC and COPD of group
4 and patients with COPD with a similar reduction
in FEV, (group 2), the studied pulmonary volumes
and capacities did not differ, however, in patients of
group 4, PEF, MEF ,, MEF, , MEF__ were decreased,
which testified to widespread, generalized obstruc-
tion. Moreover, between the analyzed groups there
were no differences in the magnitude of bronchial re-
sistance (Raw).

It can be assumed that in this case, local stenosis
or complete obturation of the bronchial lumen (dys-
telectasis, atelectasis) by a neoplasm, limited in length,
leads to impaired ventilation of the lung tissue. At the
same time, the Euler — Liliestrand mechanism restricts
blood flow through the hypoventilated area, thereby
preventing venous blood bypass, and the unaffected
areas of the lungs can compensate for the loss of ven-
tilation.

Despite the positive results achieved in the tech-
nique of surgical treatment for LC combined with
COPD, the final effects of the treatment remain not
entirely satisfactory, primarily due to the significant
number of postoperative complications caused by
COPD [15].

Studies have shown that tobacco smoking, and in
a lesser extent exposure to other pathogenic particles
or gases, is a major risk factor for developing COPD.
These factors cause an inflammatory process in the
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lungs, progression of which leads to typical patho-
physiological disorders: mucus hypersecretion and
ciliary dysfunction, airflow limitation and hyperin-
flation, pulmonary hypertension and systemic effects,
forming reversible and irreversible components of

bronchial obstruction [6]. It can be expected that mod-
ern functional diagnostics and effective drug therapy
of the reversible component of bronchial obstruction
will open prospects for improving the perioperative
results in patients with LC and COPD.

Table

Results of comparison (p) of PVF parameters in the control group, in patients with COPD and in patients with LC combined with
COPD, Me (LQ; UQ)

COPD COPD + LC »
Para- Healthy 2-c 3¢
meter | (c) (n=10) 0 1 2 3 4 o | M| 20 | 30 | *?
(n=28) (n=10) (n=12) (n=6) (n=11) O e I I
ve 117.6 106.4 104.2 933 106.9 I8 | o6y | 0023 <00603071 g'gzg 0.406
(107.7; 129.6)| (98.5; 112.5) | (97.05 108.7) | (87.6;100.3) | (106.2; 108.7) | (85.7:93.1) | 07 | 0.824 | 7000 | (e | 0.001
_— 109.1 107.8 94.5 44.4 91.5 73.9 Lo |00 zg‘ggi 8'883 0.056
U [(102.0; 117.0)| (104.3; 117.7) | (85.7; 104.0) | (38.0;65.3) | (86.9;98.2) | (65.9;80.9) | 'V |0.037 | > V98 0.001
<0.001 | 0.745
0001 | 0:057
PEF 127.3 127.4 105.1 44.6 106.7 784 | esg | 0028 | S50y | 0175 | 0.023
(113.7; 145.2)[ (106.2; 145.7) | (94.1; 116.8) | (40.6;743) | (975 115.0) |(55.5:101.8) " | 0.051 | S "o, | 0828 | 0.087
MEF (1(2)3'(1)_ 1233 77.6 154 60.4 376 | sy | 0003 zg‘ggi 8'88; 0.031
. 0; : / : : . . . .
1l |(10121422) | (652:867) | (11.7:343) | (509:758) | (31.3:72.5) 0.001 | Z5'001 | o158 | 0:070
MEF 83.9 95.7 472 1.5 54.1 366 | oese 7)06%01] zg'gg} 8'8?; 0.018
w | (76.0; 102.6) | (80.1;110.6) | (39.2;57.3) | (7.5:17.1) | (46.7:662) | (24.1;46.9) | " : : D126 035
<0.001 | 0.278
MEF 85.0 50.0 25.9 9.2 37.9 264 | 103 <060(?o71 zg'ggi 8'23‘2‘ 0.006
5| (60.8;110.6) | (35.6;62.4) | (21.9:37.1) | (5.6:19.8) | (30.7; 44.6) | (14.0;33.4) | - : : 272110009
<0.001 | 0.083
Ry 99.7 79.2 105.2 141.3 127.0 (ﬁg‘g 0.083 | 0:496 g’ggi 8’(1)12 0218
(93.1:110.0) | (63.7:102.3) | (928 129.9) [(132.1: 150.5)] (92.5:136.4) | 0> 0045 | “oaa | 0a0s | 0763
116.4 0.121 | 0.001 | 0.481 | 0.295
90.5 74.6 104.6 121.6 102.1
RV/TLC : _ : _ : (107.1; | 0.109 | 0.016 | <0.001 | 0.272 | 0.003
(87.3:94.6) | (70.6:95.5) | (83.7:120.0) |(115.1:130.6)] (81.1:105.4) | (" ooss | 050s
(42.7:94.0) | (51.5:80.2) | (52.3; 126.0) [(101.9; 197.8)| (86.4; 119.2) |(94.5; 174.4)| - : oott | oasr |

Note: ¢ — control group.

CONCLUSION

1. In patients with early COPD, a decrease in
MEF , (ventilation parameter characterizing small
airway patency) is the most informative. With the
progression of bronchial obstruction, obstructive and
restrictive disorders develop, which are characterized
by a decrease in FEV , VC, a change in the structure
of the total lung capacity in the form of an increase in
the RV/TLC ratio, indicating the development of pul-
monary hyperinflation. It was found that a high degree
of obstructive disorders leads to increased bronchial
resistance.
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2. In patients with LC and mild COPD, pulmonary
volumes, capacities, flow-volume loop and bronchial
resistance parameters did not differ from patients with
COPD with a similar degree of bronchial obstruction.

3. In patients with LC and COPD with a greater
degree of obstructive disorders, in contrast to COPD
with the same degree of reduction in FEV , the de-
velopment of generalized bronchial obstruction at the
level of bronchi of large, medium and small diameter
(PEF, MEF,,, MEF, , MEF ) was determined in the
absence of differences in static and dynamic pulmo-
nary volumes, and bronchial resistance.

65



Dobner S.Yu., Dubakov A.V., Porovskiy Ya.V. et al.

Changes in the ventilation function of the lungs during the formation

REFERENCES

. Chuchalin A.G., Avdeev S.N., Aysanov Z.R., Belevskiy A.S.,

Leshchenko 1.V., Meshcheryakova N.N., Ovcharenko S.I.,

Shmelev E.I. Federal clinical guidelines for the diagnosis and

treatment of chronic obstructive pulmonary disease. Pulmonol-

ogy. 2014; 3: 15-36 (in Russ.).

. Dai J., Yang P., Cox A., Jiang G. Lung cancer and chronic

obstructive pulmonary disease: From a clinical perspective.

Oncotarget. 2017; 8 (11): 18513-18524. DOI: 10.18632/onco-

target.14505.

. Miller D.S., Pashkovskaya D.V., Porovskiy Ya.V., Rodio-

nov E.O., Miller S.V., Tuzikov S.A. Early clinical symptoms

of lung cancer in clinical practice. Science of the Young (Er-
uditio Juvenium). 2019: 7 (2): 240-246. DOIL: 10.23888 /

HMJ201972240-246.

. Vinnik Yu.A., Gavrilov A.Yu. Features of the development

and prevention of complications in patients planned pulmonec-

tomy lung cancer, depending on the functional state of the re-

spiratory system. Ukrainian Journal of Surgery. 2012; 3 (18):

12-16 (in Russ.).

. KimE.S.,Kim Y.T., Kang C.H., Park [.K., Bae W., Choi S.M.,
Lee J., Park Y.S., Lee C.H., Lee SM., Yim J.J., Kim Y.W.,
Han S.K. Prevalence of and risk factors for postoperative pul-
monary complications after lung cancer surgery in patients with
early-stage COPD. Int. J. Chron. Obstruct. Pulmon. Dis. 2016;
11: 1317-1326. DOI: 10.2147/COPD.S105206.

. Shustov S.B., Kurenkova I.G., Kharitonov M.A., Asyamov K.V.
Violations of the function of external respiration in various forms
of pulmonary pathology. Pulmonology. 2017; 27 (3): 410418
(in Russ.). DOI: 10.18093/0869-0189-2017-27-3-410-418.

. Savushkina O.I., Chernyak A.V. Clinical application of the

10.

11.

12.

13.

14.

method of body pletismography. Practical Pulmonology.
2013; 2: 3841 (in Russ.).

. Avdeev S.N. Pulmonary hyperinflation in patients with COPD.

Consilium medicum. 2006; 8 (3): 75-80 (in Russ.).

. Davydov M., Petrovskiy A.V. Oncology. Clinical recommen-

dations. Moscow: Association of Oncologists of Russia, 2018:
976 (in Russ.).

Chaulin A.M., Duplyakov D.V. Cardiovascular diseases and
chronic obstructive pulmonary disease etiopatogenetic rela-
tionship and clinical significance (literature review). The Si-
birian Medical Journal. 2020; 35 (2): 26-34 (in Russ.). DOIL:
10.29001/2073-8552-2020-35-2-26-34.
Porovskiy Ya.V., Tetenev F.F. Comorbidity in medical prac-
tice. Siberian Medical Review. 2015; 4 (92): 5-11 (in Russ.).
Global strategy for the diagnosis, management, and preven-
tion of chronic obstructive pulmonary disease (updated 2019).
URL: https://goldcopd.org/wp-content/uploads/2019/11/
GOLD-2020-REPORT-verl.1wms.pdf
Tetenev K.F., Tetenev F.F., Ageyeva T.S., Bodrova T.N.,
Karzilov A.L., Mesko P.Y. Mechanisms of counteracting flap-
valve bronchial obstruction in case of obstructive pulmonary
emphysema. Bulletin of Siberian Medicine. 2015; 14 (4): 75—
81. DOIL: 10.20538/1682-0363-2015-4-75-81.
Avdeev S.N. Noninvasive ventilation in hospitalized patients
with chronic obstructive pulmonary disease. Bulletin of Sibe-
rian Medicine. 2017; 16 (2): 6-19. DOI: 0.20538/1682-0363-
2017-2-6-19.

. Kotiv B.N., Dzidzava L.I., Popov V.A., Kuznetsov I.M. Surgical

treatment of lung cancer in patients with low functional reserves
of the respiratory and circulatory system. Bulletin of the Russian
Military Medical Academy. 2016; 2 (54): 241-246 (in Russ.).

Authors contribution

Dobner S.Yu. — conception and design, analysis and interpretation of data, substantiation of the manuscript. Dubakov A.V. — conception
and design, analysis and interpretation of data, substantiation of the manuscript. Porovskiy Ya.V.— conception and design, analysis and
interpretation of data, substantiation of the manuscript, critical revision for important intellectual content. Tuzikov S.A. — conception and
design, analysis and interpretation of data, substantiation of the manuscript, critical revision for important intellectual content, final approval
of the manuscript for publication. Miller S.V. — analysis and interpretation of data. Rodionov E.O. — analysis and interpretation of data.

Authors information

Dobner Svetlana Yu., Physician, Cardiologist, Functional Diagnostics Doctor, Cancer Research Institute, Tomsk NRMC, Tomsk,
Russian Federation. ORCID 0000-0002-0338-3786.

Dubakov Aleksey V., Cand. Sci. (Med.), Doctor, Department of Biophysics and Functional Diagnostics, Siberian State Medical
University, Tomsk, Russian Federation.

Porovskiy Yaroslav V., Dr. Sci. (Med.), Professor, Department of Introduction into Internal Diseases with a Course of Therapy,
Pediatric Department, Siberian State Medical University, Tomsk, Russian Federation. ORCID 0000-0003-3378-0608.

Tuzikov Sergey A., Dr. Sci. (Med.), Head of the Department of Thoracic Oncology, Cancer Research Institute, Tomsk NRMC;
Professor, Oncology Department, Siberian State Medical University, Tomsk, Russian Federation. ORCID 0000-0002-0884-1838.

Miller Sergey V., Dr. Sci. (Med.), Leading Researcher, Department of Thoracic Oncology, Cancer Research Institute, Tomsk NRMC,
Tomsk, Russian Federation. ORCID 0000-0002-5365-9840.

Rodionov Evgeniy O., Cand. Sci. (Med.), Senior Researcher, Department of Thoracic Oncology, Cancer Research Institute, Tomsk
NRMC; Assistant of Oncology Department, Siberian State Medical University, Tomsk, Russian Federation. ORCID 0000-0003-4980-
8986.

(<) Dobner Svetlana Yu., e-mail: dobnersv@gmail.com.

Received: 23.12.2019
Accepted: 30.04.2020

66 Bulletin of Siberian Medicine. 2020; 19 (4): 61-66



YAK 618.11-006.6-085.28-034.23.015.8:616.15:575.174.015.3
https://doi.org/10.20538/1682-0363-2020-4-67-72

Parameters of the glutathione system and thioredoxin in blood plasma
and ascites and GSTP1 lle105Val gene polymorphism as factors of resistance
to platinum-containing chemotherapy in ovarian cancer patients
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ABSTRACT

Background. Chemotherapy is one of the main types of treatment in ovarian cancer. Standard first-line treatment
includes platinum drugs. Every fifth patient develops chemoresistance after platinum-containing first line therapy.
Glutathione detoxification systems play an important role in platinum drugs utilization.

Aim. To assess the redox status of blood plasma and ascitic fluid in ovarian cancer patients before and after
neoadjuvant platinum-containing chemotherapy (NACT).

Materials and methods. We determined the activity of the glutathione system and thioredoxin levels in blood
plasma before and after NACT and in the ascitic fluid before NACT, and the presence of GSTP1 gene polymorphism
(Ile105Val (rs1695), Alal14Val (rs1138272) in 30 III-1V FIGO stage ovarian cancer patients. Patients were divided
into 3 groups: NR —no relapse in 2 years after last chemotherapy course; R1 — relapse in less than 6 months; R2 —
relapse in more than 6 months.

Results. We established an increase of the glutathione-transferase activity and a decrease of the GSH level in
plasma after chemotherapy in R1 patients, and an opposite dynamic of glutathione-transferase and GSH in the R2
group. Thioredoxin level in plasma of all patients was lower than in the control group; differences in levels between
groups were not statistically significant. GSTP! 105Val allele was more frequently present in patients than in the
control group, and more frequently in R2 than in R1.

Conclusion. The increase in plasma glutathione-transferase and glutathione-reductase levels can be a prognostic
marker of early relapse. Thioredoxine dynamics do not correlate with the chemotherapy response. The presence of
the GSTP1 105Val allele is a risk factor for ovarian cancer development, but a protective factor against early relapse.

Key words: ovarian cancer, ascites, chemoresistance, glutathione system, GSTP/ gene polymorphism.
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MapameTpbl F1yTaTUOHOBOM CUCTEMbI U TUOPEAOKCUHA B N/1a3Me KPOBU
n acumte u noammopdusm reHa GSTP1 lle105Val kak ¢pakTOpbl pe3UCTEHTHOCTH
K N/IaTUHOCOAEepKaLleid XMMMoTepanun y 60/1bHbIX pakoM AMYHUKOB

Aonrosa A.P.', Tenunr T.M.', AakymoBa T.B.', TeHuHr C.0." 2, AHTOHeeBa U1.I1.""?,
®epotoBa A.10.!

I Viwsnosckuii eocyoapemeennwlii yHusepcumem (Yal'y)
Poccus, 432017, 2. Yavsanosck, yn. JI. Toncmoeo, 42

2 Obracmnoil knunuweckuti onkono2uyeckuil oucnarcep (OKOJI)
Poccus, 432017, 2. Yavsinosck, yn. 12 Cenmsops, 90

PE3IOME

BBenenne. XumuoTepanus SIBISIETCS OAHUM M3 OCHOBHBIX BHJIOB JICUCHHUS PACTIPOCTPAHEHHOTO paka SIHMIYHUKOB
(PA). V xakmolt mATOH NMAIMEHTKH Pa3BUBACTCS XMMHOPE3UCTEHTHOCTH IIOCINIE IUIATHHOCOAEpIKallel Teparin
nepBoit muHIK. CrcTeMa JeTOKCHKAINK TTTyTaTHOHA UIPaeT BXHYIO POJb B YTHIN3AIUH IUIATHHOBBIX Ipenapa-
TOB U3 OITyXOJICBBIX KJIETOK.

eab. OLEeHUTb OKUCIUTENEHO-BOCCTAHOBUTEIIBHBII CTaTYC IUIa3Mbl KPOBH U aCIUTHYECKOMN KUJIKOCTH Y 00J1b-
HbIX Pl 10 1 mocnie HeoapIOBaHTHOMW IIaTHHOCOAepKatielt xumuorepanuu (HAXT).

Matepunajbl U MeTOAbl. Mbl ONpeieNInId aKTUBHOCTh IIyTATUOHOBOM CHCTEMbI U YpOBEHb THOPEIOKCHUHA B
mia3me kposu 10 u nociie HAXT u B actiutuueckoit sxuakoctu 10 HAXT y 30 nanumenros Ha -1V cragusx (mo
FIGO) paxa simunnkoB. [TanmenTs! Obutn pa3neneHsl Ha Tpy rpynnbsl: bP — 6e3 penuauBoB B TedeHHe 2 JIeT mocie
3aBepIleHus] XUMHUoTepanuy; P1 — pennans 3aboneBanus B TedeHHEe 6 Mec IOCIIE 3aBEPLICHHST XMMHUOTEPAIINH
nepBoii muHUM; P2 — perunuB nociae 6 Mec 0T MOMEHTA 3aBEPILICHUS XUMUOTEPAIIUY [IEpBOM JINHUU.

PesyabTarhl. YcranoBieHo yBenudeHue aktuBHoctd GT u cHkeHue yposHs GSH B mia3Me nociie Xumuorepa-
nuu y nanuenTos ¢ P1, a taxxe nporuBononoxHas quHamuka GT u GSH B rpynne P2. Yposens Tuopenokcusa
B IUTa3Me y BCEX MAIMEHTOB OBUI HIDKE, YeM B KOHTPOJIFHOH IPYIIIE; Pa3iInius B YPOBHAX MEXTY TpyNIaMu He
OBLTH CTaTUCTUYECKU 3HAUMMBIMH. AJTenbHbIA BapuanT 105Val rena GSTP! BeBIsuIcS ¢ 60iee BEICOKOH 9acTo-
ToH y nanueHnTos ¢ P51, yem B koHTpone, u yamie B rpynne P2, uem y P1.

3axmouenue. [Tosrimenne akruBHOCTH GST 1 GR B mia3me 60apHBIX PS5 MOkeT OBITH MPOTHOCTHYECKUM MapKe-
pOM paHHero peruanBa. JlnHaMUKa THOPEIOKCHHA HE KOPPEIUpYyeT ¢ OTBETOM Ha XUMHUoTepanuio. [Ipucyrcrue
ammenst 105Val B reae GSTPI siBisieTcst pakTOpOM PHCKA Pa3BUTHS paka SIMYHUKOB, HO 3aIIUTHBIM (PaKTOPOM
HPOTHB PAHHETO PELHINBA.

KiroueBble ci10Ba: pak sSIMYHUKOB, aCLUTHYECKAs JKHAKOCTb, XUMHOPE3HUCTEHTHOCTD, INIyTaTHOHOBAs CHCTEMA,
nommmop¢m3M rerna GSTPI.

KOHq)JIPlKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/Ieﬁ HaCTOHH.[eﬁ CTaTbu.

Hcrounuk punancupoBanus. Pabora BeimonHeHa mpu nmoaaepskke rpanta [Ipesunenrta Poccuiickoit depepamumn
(Ne MK-3196.2018.7).

CooTBeTcTBHE NPUHIMNAM 3THKH. VccnenoBanue 0100peHO JOKAIbHBIM 3THYECKUM KOMHTeTOM WHCTHTYTaA
MEIUIMHEBL, SKOJOTHU U przndeckoi KynbTypsl Yal'VY (mpotokon Ne 9 ot 15.09.2015). Bee manmeHTsI HOATIMCATH
MH(GOPMHUPOBAHHOE COTVIACHE HAa Y4ACTHE B CCIICAOBAHHUH.

Jns uurupoBanusi: [omrosa J[.P., I'eaunr T.I1., Abakymosa T.B., 'eaunr C.O., AntoneeBa W.U., ®enoro-
Ba A.IO. IlapameTpsl IIyTaTHOHOBOM CHCTEMBI M THOPEJOKCHHA B IITa3Me KPOBH M acIUTe U MOIUMOPGHHU3M
rera GSTPI lle105Val xak ¢pakTOpbl pe3NCTEHTHOCTH K IIATHHOCOACPIKAIICH XUMHOTEPANNH Yy OOIBHBIX PAKOM
SIMYHUKOB. bronemens cubupckoti meduyunvl. 2020; 19 (4): 67-72. https://doi.org/10.20538/1682-0363-2020-
4-67-72.
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INTRODUCTION

The increased glutathione system activity underlies
the resistance to platinum-containing chemotherapy (CT)
in ovarian cancer (OC), among other causes. Binding
to SH-groups of glutathione inactivates cisplatin, with
mainly glutathione-S-transferases (GST) providing the
neutralization [1]. Platinum-resistant cells demonstrate
a higher activity of GST in the cytosol compared with
the original platinum-sensitive SKOV3 and SGC7901
cells, and the GSTP inhibition increases the cytotoxicity
of platinum drugs by 4 times [2]. GST plays a role in
drug resistance by providing the direct detoxifying effect
and the MAP kinase pathway inhibition. GST modulates
the tumor response to platinum-containing CT in OC
[43]. GST activity in ovarian cancer ascites negatively
correlates with the sensitivity to platinum drugs and pos-
itively correlates with the risk of recurrence. The expres-
sion of the glutathione-dependent enzymes genes reflects
the adaptive antioxidant potential and can take part in
drug resistance development [4].

The limited data are available on the thiol cell detox-
ification systems, represented by thioredoxin (Trx) and
glutaredoxin, the regulators of the redox potential, cell
proliferation, and DNA repair. Some authors propose
that thioredoxin contributes to the formation of doxoru-
bicin and cisplatin resistance, protecting cells from the
oxidative stress and inhibiting the apoptosis through pro-
tein kinases ASK1 and JNK1 [5].

The aim of the study was to assess the parameters of
the glutathione system and thioredoxin in blood plasma
and ascites and polymorphism of the GSTP/ Ile105Val
gene as factors of chemoresistance in patients with ad-
vanced ovarian cancer.

MATERIALS AND METHODS

The study included 30 patients (median age 62 years;
lower quartile — 45, upper quartile — 65) with verified OC
presenting with ascites (performance status according to
ECOG - 0-2, life expectancy at least 6 months). The pa-
tients were treated with 2—4 cycles of the neoadjuvant
chemotherapy (NACT) according to the AP regimen
(cisplatin 75 mg/m? and doxorubicin 40 mg/m? intrave-
nously in the 1st day every 3 weeks) and, subsequent-
ly, cytoreductive surgery and adjuvant chemotherapy.
Ascitic fluid (AF) for analysis was taken before starting
chemotherapy. The cell-free fraction was collected after
centrifugation at 1,500 rpm for 10 min. With dynamic
observation, all patients were divided into groups: NR —
no relapse; R1 — early relapse, relapse-free period up to
6 months; R2 — late relapse, relapse-free period from 6
to 12 months. In the plasma of patients before treatment
and after NACT and AF before treatment, the activity
of the glutathione system components was determined:

glutathione-S-transferase (GST), glutathione reductase
(GR), glutathione peroxidase (GPO), and the level of
reduced glutathione (GSH) [6, 7]; thioredoxin (Trx) le-
vel was evaluated by ELISA (Cloud Clone Corp., USA).
Genomic DNA for the analysis of GSTPI gene polymor-
phisms Ile105Val (rs1695), Alal14Val (rs1138272) was
isolated with a “DNA express blood” kit (NPF Litech,
Moscow). Genotyping of the samples was performed
by allele-specific real-time PCR with Tag-Man probes
(Syntol, Moscow). The control group consisted of 20 ap-
parently healthy women (median age 52, lower quartile
45; upper quartile 58). Quantitative data are presented
as median and lower and upper quartiles. Due to the
abnormal distribution in the groups, the nonparametric
Kruskal — Wallis test was used to describe the statistical
differences (the differences were considered significant
at p < 0.05). The frequencies of the GSTPI lle105Val
gene polymorphism, as well as the correspondence of the
distribution of the observed genotype frequencies to the
theoretically expected ones from the Hardy — Weinberg
equilibrium, were checked using the y2 test. To assess
the relative risk of developing an event, the OR (odds
ratio) value and confidence intervals were calculated us-
ing an on-line calculator in case-control studies (http://
gen-exp.ru/calculator_or.php). Statistical data process-
ing was carried out using the Statistica 13.0 software
package.

RESULTS

The activity of GST statistically significantly differs
between the groups of OC patients, depending on the
time to the recurrence. Plasma GST activity in patients
of the R1 group is several times higher than the values
GST in the control, R2 and NR groups both before and
after NACT (Fig. 1,a). The same dynamics exists in the
AF: the early relapse is associated with high enzyme ac-
tivity before treatment (Fig. 1,b). The high detoxification
potential of GST may reduce the effectiveness of plati-
num-containing NACT by conjugating the drug, along
with a decrease in free GSH. After NACT, the enzyme
activity in all studied groups slightly decreases, while re-
maining elevated in the R1 group. The decrease in the
plasma GST activity after NACT is associated with a
longer relapse-free period.

The main function of GR is to maintain glutathione
in the reduced form, which conjugates with exogenous
toxins. The change in GR activity in the plasma of OC
patients is similar to the dynamics of GST in plasma
(Fig. 1,a), which suggests a decrease in the enzymatic
recovery of GSSG after NACT.

In the R1 group, the lowest GSH values are found in
blood plasma in comparison with all other groups stu-
died (Table 1). In the NR group, low plasma GSH values
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are observed before treatment, and a sharp increase (by
3.5 times) happens after NACT, which possibly reflects
an increase in the antioxidant status and may act posi-
tively, preventing the formation of resistance to doxoru-
bicin and cisplatin.
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Fig.1. Level of GST and GR in plasma (a) and ascitic fluid (b),
depending on the duration of the relapse-free period: * marked
data are significantly different from the group R1

The activity of GPO, utilizing hydrogen peroxide, is
lower than the control in blood plasma in all groups and
does not differ significantly (Table 1).

Ascites sampling may reveal additional factors to
clarify the molecular biological “portrait” of the ovarian
tumor [8]. We found that the R1 group had the lowest
GSH values in AF, while the maximum level was in the
R2 group (Table 1). Thus, an increase in GST and a de-
crease in GSH in plasma after NACT may be markers
of early relapse. In contrast, low GST activity and high
GSH levels in plasma and ascites occurred in the group
of NR patients.

Trx may play a role in the mechanisms of antitumor
drug resistance; this effect is tissue-specific and depends
on the microenvironment [9]. We found that the Trx le-
vel in blood plasma, decreased in all groups compared to
the control, did not differ significantly before and after
platinum-containing chemotherapy (Fig. 2).

Tumor sensitivity to cisplatin is determined by the
activity of detoxification enzymes, which include GST,
and the activity depends on gene polymorphism [10].
When comparing two groups, patients with OC and
controls, we found that the presence of a functionally
weakened GSTPI allele (genotype Ile/Val or Val/Val)
in the genotype is a risk factor for OC (OR = 1.82; 95%
CI 1.1-2.8; p = 0.035). The GSTPI114Val allele is as-
sociated with a decrease in the functional activity of
the enzyme and is also more common in OC patients
than in the controls (19% versus 5.5%; OR = 3.20; 95%
CI 1.5-6.8; p = 0.023). In the R1 group, compared with
the R2 patients, the Ile/lle GSTP! genotype is more com-
mon (OR =4.30; 95% CI 1.25-14.81; p = 0.034).

Table 1
GSH and GPO levels in plasma and AF in patients with advanced OC before and after NACT, Me (0 -0.)
P . GSH, mmol/l GPO, umol/min/l
aram T!
eters Rl,n=12 R2,n-8 NR, 7= 10 RL,n=12 R2,n-8 NR, 7= 10
1972 72.8 25.16 9.075 7.905 11.048
Plasma of primary patients (s 64;22 44) (54.0-95.5) (23.8-30.2) 3 675.—11 835) (4.372-12.278) | (10.83-11.67)
: : p=0.00005 p =0.003 : : p=0.653 p=0.101
. 47.5 105.5 10.695 8.28
Plasma of patients after complet- (14 - b | @137445) | (306212000 | o Pt 07y | 6405-17.10) | (81-9.24)
& : : p=0219 p = 0.0006 : : p=0.477 p=0619
.. . . 101 32 7.073 19.83
Aseltic fuid of OC patients R o 2 | o129 20.4-98.5 12 o 3 | 4298 | (1575-256)
: p =0.003 p=0.160 T p =0.037 p = 0.802
Control 80.72 52.01
(76.5-82.3) (50.5-54.0)
DISCUSSION resources occurs. The glutathione system in the blood

Ovarian carcinogenesis provokes a prooxidant state,
both in the tumor and in the adjacent normal tissues,
and the subsequent chemotherapy aggravates this con-
dition. In the late stages of OC, depletion of antioxidant

plasma can move to a higher level of functioning and
provide protection of macromolecules from reactive ox-
ygen species. We describe such observation in the group
of patients with a long relapse-free period. Conversely,
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the decrease in the antioxidant proteins favors the sur-
vival of a tumor and the metastasis development. We
observed significantly lower values of GSH and Trx lev-
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On the one hand, its low activity disrupts the inac-
tivation of carcinogens. The decrease in the concentra-
tions of GSH and GSH-dependent enzymes in plasma
and ascites are observed with tumor progression. Earlier
in the experiment, we established a tendency towards a
decrease in lipid peroxidation and oxidative modification
of proteins in ascites with the progression of OC [12].
On the other hand, GSH and Trx in tumor reduce the
cytotoxic effect of cisplatin; low levels of Trx in the cy-
toplasm of OC cells are associated with an increase in
progression-free survival [13]. The observed dynamics
of Trx levels in plasma and ascites needs further study-
ing of the Trx role in the formation of OC cells clones
with a high antioxidant status.

GSTP activity differs depending on the substrate;
with the GSTP1105Val allele, the overall survival in OC
patients is reduced after the platinum-containing chemo-
therapy [14]. Thus, it can be assumed that overexpres-
sion of the GSTP gene determines the resistance of OC
cells to platinum-containing CT.

CONCLUSION

The platinum-containing NACT has a significant ef-
fect on the functional state of the glutathione system in the
plasma of OC patients. The patients of the early relapse
group have decreased GSH and Trx levels, and increased
activity of GST and GR in plasma after NACT. In patients
with no relapse in 2 years, an increase in the antioxidant
status of plasma is observed: the levels of GSH and thiore-
doxin are increased, and the activity of GST is decreased.
In general, the system of glutathione and glutathione-de-
pendent blood plasma enzymes dynamically changes its

prfmg of protein

els in plasma in the group of OC patients with relapses
in comparison to the NR group. The glutathione system
plays a dual role in the process of carcinogenesis [11].
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Fig. 2. Level of thioredoxin in plasma and ascitic fluid of patients with OC before and after NACT with early and late relapse
(R1 + R2) (a) and without relapse for 2 years (NR) (b)

profile during ovarian carcinogenesis and may be used
for assessing individual sensitivity to platinum-containing
chemotherapy, as a prognostic marker for early relapse.
The presence of the Ile105Val allele in the GSTP1 gene is
a risk factor for the development of ovarian cancer, but a
protective factor against early relapse.
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Polymorphism 3435c> t of the ABCBT gene (rs1045642) does not affect
the mirtazapine efficiency and safety profile in patients with depressive
disorders comorbid with alcohol use disorder
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Bryun E.A."?, Sychev D.A.2

' Moscow Research and Practical Centre on Addictions
37/1, Lyublinskaya Str., Moscow, 109390, Russian Federation
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ABSTRACT

Background. Mirtazapine is used to treat patients with depressive disorders. A large proportion of patients in this
group do not adequately respond to mirtazapine therapy, while many develop undesirable drug reactions of type A.
According to the previous studies, P-gp is involved in the biotransformation of mirtazapine, the activity of which
is highly dependent on the polymorphism of the gene encoding it.

Aim. To aim of our study was to study the effect of mirtazapine gene polymorphism on the efficacy and safety of
mirtazapine therapy in patients with depressive disorders, comorbid with alcohol dependence.

Materials and methods. The study included 119 male patients with depressive disorders, comorbid with alcohol
dependence (age 38.7 + 16.0 years). As a therapy, mirtazapine was used at a dose of 37.8 £ 13.8 mg/ day. Evaluation
of the effectiveness profile was carried out using psychometric scales. The safety profile was evaluated using the
UKU Side-Effect Rating Scale. Genotyping was carried out by polymerase chain reaction in real time.

Results. In the course of the study, results statistically significant in terms of evaluating efficacy and safety were
not obtained (HAMD scores at the end of the course of therapy: (CC) 2.5 [2.0; 4.0], (CT) 2.0 [ 1.0; 3.0] and (TT)
2.0 [1.0; 3.0], p > 0.999; according to the UKU scale: (CC) 3.0 [2.8; 3.0], ( CT) 3.0 [3.0; 3.0] and (TT) 3.0 [3.0;
3.0], p>0.999).

Conclusion. The study of 119 patients with depressive disorders comorbid with alcohol dependence showed
that 3435C> T polymorphism of the ABCB1 gene (rs1045642) does not affect the clinical efficacy and safety of
mirtazapine.

Key words: mirtazapine, 4BCBI, pharmacogenetics, biotransformation, personalized medicine, depressive
disorder, alcohol use disorder.
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Moaumopduam 3435¢>T reHa ABCBT (rs1045642) He BausieT Ha npodu/ib
3¢pPeKTUBHOCTU M 6HE30NaCHOCTU MUPTA3UNKUHA Y MALMUEHTOB C AENPECCUBHBIMU
paccTponcTBaMu, KOMOPOUAHBIMU C a/IKOFO/IbHOM 3aBUCUMOCTbIO

3actpoxuH M.C., FpunwnHa E.A., PbnknkoBa K.A., Ckpsa6uH B.10., Konopos C.T'.,
bpioH E.A., Cbiués [1.A.

! Mocrosckuit nayuno-npaxmuveckuii yenmp (MHIIL]) napxorozuu
Poccus, 109390, 2. Mockea, yn. Jliobaunckas, 37/1

2 Poccutickasi MeOUYUHCKASL AKAOeMUsl HenpepbleHO20 npopeccuonaibio2o obpazosanus (PMAHIIO)
Poccusa, 125993, 2. Mocksa, yn. Bappuxaouas, 0. 2/1, cmp. 1

PE3IOME

Beeaenue. Muprazanui UCIOJIB3YETCS Ul JIEUEHHUS MALUEHTOB ¢ JENPECCUBHBIMU paccTpoiicTBamu. Hemanas
JI071s TTIALEHTOB JJAHHOM IPYIIBl HE OTBEYAET JOKHBIM 00pa30M Ha TEPAIMI0 MUPTA3aMHHOM, IIPU 3TOM Y MHO-
THX OTMEYAeTCsl Pa3BUTHE HEXKeNaTeNbHbIX JeKapCTBEHHBIX peakuuil Tuna A. Ilo pesynpraTam paHee mpoBoau-
MBIX HCCIIEIOBAaHMH MOKa3aHO, YTO B OMOTpaHC(OpPMAIMKM MUPTA3alHHA MPUHUMAET y4acTHe TIMKOIpPOTEHH P,
aKTHBHOCTb KOTOPOTO B BBICOKOI CTEMEHH 3aBUCUT OT MOIUMOP(HH3Ma KOAUPYIOIIETO €T0 TeHa.

Hens. U3yunts Biustaue nommmopousma rena ABCB1 Ha 3G eKkTHBHOCTh 1 6€3011aCHOCTh TepaIiy MUPTa3aIli-
HOM y HNAIMEeHTOB C JENPECCUBHBIMHU PACCTPONCTBAMH, KOMOPOUIHBIMY C aJIKOTOJIbHON 3aBUCHMOCTBIO.

Matepuajbl U MeToabl. B uccienoBanue 6bU10 BKIOUCHO 119 malMeHTOB My>KCKOTO IOJIa C JIETPECCHBHBIMU
paccTtpoiicTBaMu, KOMOPOUIHBIMH C aJIKOTOJIBHON 3aBUCHMOCTHIO (cpeanuii Bozpact (38,7 + 16,0) ner). B kauectse
TepaIniy UCIIOJIF30BaIi MUupTa3anuH B no3e (37,8 + 13,8) mr/cyT. Onenka npoduis 3pPeKTUBHOCTH POU3BOAU-
JIaCh € IIOMOILBIO IICHXOMETPUYECKHX HIKall. [Tpoduiis 6e30macHOCTH OLEHUBAJICS C HOMOIIBIO BATMAN3HPOBAHHOI
mkansl UKU Side-Effect Rating Scale. I'eHoTunmpoBaHue npoBOAXIOCH METOAOM MTOJIMMEPA3HOM LETHOW PeaKIuI
B PeXKUME PEabHOTO BPEMEHH.

Pe3yasTatsl. [1o pe3ynbraTam rcciieoBaHUs HE MOTYYESHbI CTATUCTUYECKH 3HAUUMBbIE PE3yJIbTaThl B TOKA3ATEIIAX
oueHku 3¢ pexTuBHOCTH U Oe3onacHocTH (Oawsl o mkane HAMD B xoniy kypca tepamuu: (CC) 2,5 [2,0; 4,0],
(CT) 2,0 [1,0; 3,0] u (TT) 2,0 [1,0; 3,0], p > 0,999; no mxane UKU: (CC) 3,0 [2,8; 3,0], (CT) 3,0 [3,0; 3,0] u (TT)
3,0 [3,0; 3,0], p > 0,999).

3axaouenne. [IponemoHcTpupoBano orcyrcTBre BiusHUS nonuMopdusma 3435C>T rena ABCBI (rs1045642)
Ha M0Ka3aTellb KIMHIYECKON 3¢ (EeKTHBHOCTH 1 0€301MacHOCTH MUPTa3alnHa.

KoroueBrble cnoBa: muprasanun, ABCBI, papmakoreHeruka, 6norpanchopmarys, HepcoHaTM3HPOBAHHAS MU~
LIMHA, JICIIPECCUBHBIC PACCTPONUCTBA, AJIKOTOJIbHAS 3aBUCUMOCTb.

KoHduuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

Hcrounuk punancupoBanmsi. McciienoBanne BBIOIHEHO 3a c4eT rpanTta Poccuiickoro HayqHoro Gpona (Ipoext
Ne 18-75-10073).

CooTBercTBHe NpUHOUNAM 3THKH. MccremoBanme ObBIIO OZOOPEHO JIOKANBHBIM ITHYECKHM KOMHTETOM
Poccuiickoii MeqUIMHCKON akaJeMHH HENMpPEpbIBHOTO MpodeccroHanbHOro obpasoBanuss MunsnpaBa Poccun
(mpotokon Ne 6 ot 16.05.2017). Bece maumeHTsI moanmucan HHPOPMUPOBAHHOE COTTIACHE HA YYaCTHE B UCCIE0-
BaHUM.

Jas murupoBanusi: 3actpoxun M.C., I'pummna E.A., PeokuxoBa KA., Cxpsoun B.IO., Komopos C.I'.,
Bpron E.A., CeraéB JI.A. [Tommmopdmsm 3435C>T rena ABCBI (rs1045642) ne Bnuser Ha npoduib 3hHeKTUB-
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HOCTHU U 6630naCHOCTl/I MHUPTa3UIIMHA Y NALUEHTOB C ACNPECCUBHBIMU paCCTpOI‘/’ICTBaMI/I, KOMOp6I/I)1HbIMI/I C aJIKO-
TOJILHON 3aBUCUMOCTBIO. bromiemens cubupckoi meduyunst. 2020; 19 (4): 73-79. https://doi.org/10.20538/1682-

0363-2020-4-73-79.

INTRODUCTION

Depressive disorders are among the most frequent-
ly reported comorbidities in patients suffering from al-
cohol use disorder [1]. Antidepressants are commonly
used in the depressive disorders treatment, and mir-
tazapine is a representative of this drug group [2]. Al-
though tetracyclic antidepressants are included in the
depressive disorders treatment guidelines, the number
of resistant patients and patients with reported adverse
drug reactions (ADRs) remains high [3].

Glycoprotein P (P-glycoprotein, P-gp) is involved
in the pharmacokinetics of many drugs used for de-
pressive disorders psychopharmacotherapy [4]. The
gene encoding ABCBI is highly polymorphic, which
may affect the interindividual variability in P-gp met-
abolic activity [5]. Changes in the protein activity may
influence the rate of xenobiotic elimination including
substrate drugs that, in turn, may have an impact on
their effectiveness and safety profiles [6].

There are four groups of metabolizers distin-
guished by their metabolic rate: extensive metabo-
lizers, poor metabolizers, intermediate metabolizers,
and ultra-rapid metabolizers. Extensive metabolizers
have normal metabolic rate. Poor metabolizers have
mutations in the ABCBI gene, which may lead to a
decrease in the activity of the encoded protein, as well
as a slowdown in the metabolism of substrate drugs,
which may lead to an increased risk of adverse drug
reactions. Intermediate metabolizers have a mutation
in only one of the homologous chromosomes, which
reduces the P-gp activity but to a lesser degree than in
poor metabolizers. Ultra-rapid metabolizers have the
genetically determined increased activity of CYP3A
that leads to the accelerated elimination of substrate
drugs and reduces treatment effectiveness [7].

The study aimed to determine the influence of
ABCBI gene polymorphisms on the effectiveness
and safety profile of mirtazapine therapy in patients
with depressive disorders, comorbid with alcohol use
disorder.

MATERIALS AND METHODS

Clinical characteristics of the study subjects. 119
male patients (average age 38.71 + 15.96 years old)
were enrolled in the study. The inclusion criteria were
specified as follows: the existence of two comorbid

diagnoses: “Depressive episode (F32.x)”, and “Men-
tal and behavioral disorders due to use of alcohol.
Dependence syndrome. Currently abstinent but in a
protected environment (F.10.212)”, a signed informed
consent, and 16-days mirtazapine monotherapy. Ex-
clusion criteria were specified as follows: presence of
any other mental disorders, presence of severe somatic
disorders (except alcoholic hepatitis and toxic enceph-
alopathy), presence of any other psychotropic medica-
tions in treatment regimen, creatinine clearance values
<50 mL/min, creatinine concentration in plasma >1.5
mg/dL (133 mmol/L), bodyweight less than 60 kg or
greater than 100 kg, age of 75 years or more, and pres-
ence of any contraindications for mirtazapine use.

Therapy effectiveness and safety evaluation. To
evaluate mirtazapine effectiveness several interna-
tional psychometric scales were used: Penn Alcohol
Craving Scale (PACS) [8] and Visual Analogue Scale
(VAS) for urge to alcohol assessment [9], and the
Clinical Global Impression (CGI) scale [10], Hospi-
tal Anxiety and Depression Scale (HADS) [11], and
Hamilton Depression Rating Scale (HAMD) [12]. A
safety profile was evaluated using the UKU Side-Ef-
fect Rating Scale (UKU) [13]. The patients were ex-
amined on days 1, 9, and 16 of mirtazapine therapy.

Genotyping. For genotyping, venous blood samples
were collected into VACUETTE® (Greiner Bio-One,
Austria) vacuum tubes on the 16" day of mirtazapine
therapy. The DNA amplifiers “Dtlite” by DNA Tech-
nology (Russia), “CFX96 Touch Real-Time System”
with CFX Manager software by Bio-Rad (USA), and
the “SNP-screen” sets by Syntol (Russia) were used to
perform the real-time polymerase chain reaction in or-
der to determine the 3435C>T single-nucleotide poly-
morphisms (SNPs) of the ABCBI gene (rs1045642).
The usage of two allele-specific hybridizations in
every “SNP-screen” set enabled the determination of
two alleles of the studied SNP separately on two fluo-
rescence channels.

Statistical analysis. The data were analyzed with
non-parametric methods using the Statsoft Statistica
v. 10.0 (Dell Statistica, Tulsa, USA). The normality of
sample distribution was evaluated using the Sha- piro
— Wilk W-test and was taken into account when choos-
ing a statistical method. The differences were consid-
ered statistically significant at p < 0.05 (power above
80%). Two samples of continuous independent data
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were compared using the Mann — Whitney U-test with
further correction of the obtained p-value using the
Benjamin — Hochberg test due to the multiple com-
parison procedure. Several samples of continuous data
were analyzed using the Kruskal — Wallis H-test. Cor-
relation analysis was performed using the Spearman
nonparametric test. The data is presented in the form
of the median and interquartile range Me [Q1; O3].

RESULTS

The ABCBI 3435C>T polymorphic marker
(rs1045642) genotyping performed in 105 subjects have
revealed the following:

* The number of patients with the CC genotype was
20 (16,8%);

* The number of patients with the CT genotype was
70 (58,8%);

* The number of patients with the TT genotype was
29 (24,4%).

The frequency distribution of genotypes correspond-
ed to the Hardy — Weinberg equilibrium distribution
(Chi2 = 4.00; p-value = 0.05).

The results of psychometric scales (PACS, VAS, CGI,
HADS, HAMD) and side-effect rating scale (UKU) data
analysis on days 1, 9, and 16 in patients who received
mirtazapine are summarized in Tables 1-3, respectively.

Table 1

Psychometric scales and side-effect rating scale (UKU) data on in patients received mirtazapine,
day 1 of the research, Me [Q; O.]

Scale CcC CT TT p-value
PACS 11.0 [11.0; 11.0] 11.0 [11.0; 11.0] 11.0 [11.0; 11.0] p>0.999
VAS 51.0 [50.8; 52.0] 49.0 [46.0; 52.8] 49.0 [47.0; 51.0] p>0.999
CGI 5.0 [5.0; 5.0] 5.0 [5.0; 5.0] 5.0 [5.0; 5.0] p=0.086
HADS 37.0 [36.0; 38.0] 36.0 [34.2; 38.0] 37.0 [36.0; 38.0] p>0.999
HAMD 22.0[21.0;22.0] 22.0[21.0;23.0] 22.0[21.0; 22.0] p=0.636
UKU 0.5[0.0; 1.0] 1.0[0.0; 1.0] 0.0 [0.0; 1.0] p>0.999

Table 2

Psychometric scales and side-effect rating scale (UKU) data on in patients received mirtazapine,
day 9 of the research, Me [Q,; O,]

Scale CcC CT TT p-value
PACS 7.5[7.0; 8.0] 7.0 [7.0; 8.0] 7.0 [7.0;7.0] p>0.999
VAS 32.5[31.0;35.2] 32.0[31.0; 33.8] 32.0[30.0; 36.0] p>0.999
CGI 3.0 [3.0; 3.0] 3.0 [3.0; 4.0] 3.0 [3.0; 3.0] p>0.999
HADS 25.0 [24.0; 26.2] 24.0 [23.0; 25.0] 24.0 [22.0; 25.0] p>0.999
HAMD 15.0 [14.0; 16.0] 15.0 [13.0; 16.0] 14.0 [14.0; 15.0] p>0.999
UKU 2.0[2.0;2.2] 2.0[2.0;2.0] 2.0[2.0;3.0] p>0.999

Table 3

Psychometric scales and side-effect rating scale (UKU) data on in patients received mirtazapine,
day 16 of the research, Me [Q; O]

Scale CcC CT TT p-value
PACS 1.0 [1.0; 1.2] 1.0 [1.0; 1.0] 1.0 [0.0; 2.0] »>0.999
VAS 5.5[3.5,7.2] 4.0 [3.0; 5.8] 5.0 [4.0; 6.0] p>0.999
CGl 0.0 [0.0; 1.0] 1.0 [0.0; 1.0] 1.0 [0.0; 1.0] p>0.999
HADS 4.0 [3.0; 4.0] 3.0[1.2;5.0] 4.0 [2.0; 5.0] p>0.999
HAMD 2.5[2.0;4.0] 2.0[1.0; 3.0] 2.0[1.0; 3.0] p>0.999
UKU 3.0[2.8;3.0] 3.0[3.0; 3.0] 3.0 [3.0; 3.0] p>0.999
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Figure 1 demonstrates the dynamics of changes in
the HAMD scale scores among the patients with dif-
ferent genotypes. As shown, by the day 1 the studied
groups had already had statistically significant diffe-
rences: (CC) 22,0 [21,0; 22,0], (CT) 22,0 [21,0; 23,0],
and (TT) 22,0 [21,0; 22,0], p = 0,035. By the 9th day
of the study, statistically significant differences had
ceased to be observed in carriers of different geno-
types for the studied polymorphic marker: (CC) 15.0
[14.0; 16.0], (CT) 15.0 [13.0; 16.0], and (TT) 14.0
[14.0; 15.0], p = 0.627. On the last 16th day of the
study, as well as on the 2nd visit, no statistical diffe-
rence was obtained: (CC) 2.5 [2.0; 4.0], (CT) 2.0 [1.0;
3.0], and (TT) 2.0 [1.0; 3.0], p > 0.999. The similar
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Fig. 1. Dynamics of changes in the HAMD scale scores among
the patients with different genotypes in 3435C>T (rs1045642)
ABCBI1 polymorphic marker

DISCUSSION

Statistical analysis of the data on mirtazapine clin-
ical effectiveness and safety profile in patients with
different genotypes for the 3435C>T polymorphic
marker of the ABCBI gene (rs1045642) showed no
statistically significant differences in effectiveness
and safety (p > 0.999). These results may indicate the
absence of the effect of this polymorphic marker on
the clinical effectiveness and treatment safety of this
group of patients.

Thus, according to the obtained results, which
showed that the ABCBI gene (rs1045642) 3435C>
T genetic polymorphism does not affect the effec-
tiveness and safety rates of mirtazapine therapy in
patients with depresssion disorders, comorbid with
alcohol use disroder, it is possible to assume that it

UKU scale (score)

dynamics of changes in scores as in the HAMD scale
was obtained by other psychometric scales.

Figure 2 demonstrates the dynamics of changes in
the UKU scores among the patients. As shown, by the
day 1 of the research no statistically significant diffe-
rences in scores for carriers of different genotypes for
the studied polymorphic marker were obtained: (CC)
0.5[0.0;1.0],(CT) 1.0[0.0; 1.0], and (TT) 0.0 [0.0; 1.0],
p = 0.535. By day 9, statistically significant differenc-
es disappeared (were not detected): (CC) 2.0 [2.0; 2.2],
(CT) 2.0 [2.0; 2.0], and (TT) 2.0 [2.0; 3.0], p = 0.502.
Statistically significant differences were not obtained on
the 16th day of the therapy: (CC) 3.0 [2.8; 3.0], (CT) 3.0
[3.0; 3.0], and (TT) 3.0 [3.0; 3.0], p > 0.999.
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Fig. 2. Dynamics of changes in the UKU scale scores among
the patients with different genotypes in 3435C>T (rs1045642)
ABCBI polymorphic marker

is not necessary to take into account the results of
genotyping by the loci of this gene before prescrib-
ing mirtazapine to such patients. At the same time,
prior studies manifested that CYP2D6 gene poly-
morphisms should be taken into account when ad-
ministering mirtazapine, as this may have an impact
on the mirtazapine effectiveness and safety profile in
patients with depressive disorders, comorbid with al-
cohol use disorder [14-16].

CONCLUSION

The current study conducted on 119 patients with
depressive disorders, comorbid with alcohol use dis-
order, found the absence of the effect of ABCBI gene
3435C> T polymorphism (rs1045642) on the clinical
effectiveness and safety of mirtazapine.
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ABCA1 gene promoter methylation and sudden cardiac death
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ABSTRACT

Aim. To study the association of the methylation of the promoter of the ABCAI gene with sudden cardiac death
(SCD).

Materials and methods. The study design is based on the case-control principle. The SCD group included
150 men (mean age (46.7 +9.2) years) who died of sudden cardiac death according to forensic medical examination
data (the main pathological diagnoses are acute circulatory failure, acute coronary insufficiency). The control group
included 150 men (mean age (42.6 + 1.2) years) who died suddenly, but not due to cardiovascular pathology.
DNA was isolated by phenol-chloroform extraction from myocardial tissue. The methylation status of the ABCA1
gene promoter was assessed by methyl-specific polymerase chain reaction. The results obtained were statistically
processed in SPSS 16.0 using Pearson’s test and Fisher’s test with Yates’ correction for continuity. P < 0.05 was
used as a level of significance.

Results. Comparing the groups revealed statistically significant differences in the methylation status of the gene
promoter (p = 0.015). In the SCD group, the proportion of individuals whose ABCA! gene promoter is methylated
is statistically significantly higher compared to the control group (»p = 0.020; OR = 5.86; 95% CI (1.28-26.89)).

Conclusion. Methylation of the promoter of the ABCAI gene is associated with sudden cardiac death.
Key words: sudden cardiac death, methylation, ABCA 1, promoter.
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MeTuamposaHue npomotopa reHa ABCAT u BHe3anHaA cepgeyvyHan cCMepThb

MBaHoBa A.A.', NypaxeBa A.A.', AkuHwnHa E.IA.", Makcumosa C.B.2, ManiotuHa C.K.',
HoBocenos B.I.3, PoguHa U.A.3, XamoBuu 0.B.3, Makcumos B.H.!

! Hayuno-uccreoosamenvbckuil uncmumym mepanuu u npoguiakmuyeckoti meouyunvl (HUHTIIM) — ¢unuan
Dedepanvro2o uccredo8amenbeko2o yeumpa « Mnemumym yumonocuu u eenemuxuy Cubupckoeo omoenenus

Poccuiickou akademuu nayx (OUL] Ul{ul” CO PAH)
Poccus, 630089, 2. Hosocubupck, ya. b. boeamkosa, 175/1

2 Hosocubupckuii 20cydapcmeennil meouyunckuil ynugepcumem (HIMY)

Poccus, 630091, 2. Hosocubupck, Kpacuwiti npocnexm, 52

3 Hosocubupckoe obracmuoe kiunuueckoe 6iopo cyoebno-weduyunckou sxcnepmussvt (HOKBECMD)
Poccus, 630087, 2. Hosocubupck, yn. Hemuposuua-/lanuenxo, 134

PE3IOME

Heas. VccnenoBanue acconuanuyi METHIUPOBaHUS mpomoTopa reHa ABCAI ¢ BHe3amHOU cepledHON CMEPTHIO
(BCC).

Martepuanbsl U MeToabl. [{U3aifH MCClIeNOBaHUS TOCTPOEH MO MPUHIMITY «ciaydail — KOoHTpousby. I'pynma BCC
BKJIrOyana 150 my>xuuH (cpeanuit Bo3pact (46,7 £ 9,2) roga), yMepIINX BHE3AITHON ceplieuHON CMEPTHIO COTTIACHO
JIAHHBIM CyJeOHO-MEIMIIMHCKO 3KCIepTH3bl (OCHOBHBIC NMATOJOr0AaHATOMHYECKUE THAarHO3bI — OCTPasi HeJJ0CTa-
TOYHOCTh KPOBOOOpAIIEHHUS, OCTpasi KOpOHApHas HeJOCTaTOYHOCTh). KoHTposbHas rpynna Bkiatoyaet 150 My>k4unuH
(cpenHuii Bo3pact (42,6 + 1,2) roga), yMepuux BHE3amHO, HO HE BCJIEACTBUE CEPIEUHO-COCYAUCTON MAaTOIOTHH.
JUHK BblieneHa MeTogoM GeHOI-XI0poGOPMHON SKCTPAKIMU U3 TKaHH MUOKapaa. OLeHKa cTaTyca MeTHIINPOBa-
HUs ipoMoTopa reHa ABCA 1 npoBesieHa METOIOM METHJI-CIIelM(HYecKol ToTMMepa3Hoii 1enHoit peakiuu. [1o-
JIy4eHHBIE Pe3yJIbTaThl cTaTUcTHYecKH 00padoTtansl B SPSS 16.0 ¢ mpumenenuem kputepust [Tupcona, kpurepust
dumepa ¢ monpaskoii Merca Ha HenpepbIBHOCTE. B KauecTBe ypoBHS 3HAYMMOCTH HCIIOIB30BaH p < 0,05.

PesyabTatsel. [Ipu cpaBHEHUU TPyl BBIABIECHBI CTATUCTUUECKH 3HAUUMBIC Pa3JIMyus 110 CTaTyCy METHIMPOBa-
HUs npomotopa reHa ABCAI mexny rpynmamu (p = 0,015). B rpynme BCC nons aun, y KOTOPBIX HPOMOTOP
reda ABCAI MEeTHIMPOBaH, CTATHCTHYECKH 3HAYMMO OOJIbIIIE [0 CPABHEHHUIO ¢ KOHTPOIBHOI rpymmoit (p = 0,020;
OLI = 5,86; 95%-it noBepuTenbHbIid uHTEpBa (1,28-26,89)).

3axuouenne. MermmupoBanue mpomotopa reaa ABCA 1 accOUUMPOBaHO C BHE3AMHOW CEPACYHON CMEPTEIO.

KuroueBsble ciioBa: BHe3aIHas cepieuHasl cMepTh, MeTuiupoBanue, ABCA I, npoMoTop.

KoHpauKT nHTepecoB. ABTOPHI ACKIApPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIUAIbHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C MMyOIMKaUel HaCTOsIIeH CTaTby.

Hcrounuk ¢punancuposanus. VccinenoBanue BhINOIHEHO pu ¢rHAHCOBOU moanepkke POOU n [IpaBurens-
ctBa HoBocuOupckoii obnactu (mpoekt Ne 19-415-543001).

CooTBeTcTBHE MPpUHIMNIAM 3THKHU. VccaenoBanne ogo0peHo TOKaIbHBIM dTHYeckuM kKomuteToM HUUTIIM —
dumanom OUL] ULUT CO PAH (mportoxon Ne 77 ot 04.06.2019).

Jast uurupoBanms: Meanosa A.A., I'ypakeBa A.A., Akunmuna E.W., Makcumosa C.B., Mamoruna C.K., HoBo-
ceno B.IL., Poguna M.A., Xamosuu O.B., Makcumos B.H. Metunuposanue npomoropa resa ABCA I u BHe3anHas
ceppeuHast cMepTb. broemens cubupcroi meouyunsvl. 2020; 19 (4): 80-85. https://doi.org/10.20538/1682-0363-
2020-4-80-85.

INTRODUCTION

The term “sudden cardiac death” (SCD), according
to the latest recommendations of the European Soci-
ety of Cardiology, is used when a fatal outcome has
developed within 1 hour from the onset of acute symp-

toms in the case of a known fatal cardiac pathology/
found on autopsy fatal cardiac pathology/not found
on autopsy of the causes of sudden death (sudden ar-
rhythmic death). In the absence of witnesses to death,
the time criterion for SCD is increased to 24 hours.

BlonnereHb cMbupckoin megmuuHbl. 2020; 19 (4): 80-85 81



Ivanova A.A., Gurazheva A.A., Akinshina E.I. et al.

ABCAT gene promoter methylation and sudden cardiac death

It is believed that the etiology of SCD at a young
age is dominated by cardiac arrhythmias, cardiomyo-
pathies, myocarditis and other more rare diseases,
the contribution of which to the occurrence of SCD
at the population level is small. At an older age,
ischemic heart disease, also called coronary heart
disease (CHD), heart failure, valvular defects, and
secondary cardiac arrhythmias come out on top. At a
young age, even after a high-quality forensic study,
the cause of sudden death may remain unknown [1].

Currently, mortality due to cardiovascular diseas-
es (CVD) occupies a leading position in the structure
of mortality in the Russian population (583.1 people
per 100 thousand of the population per year according
to the Federal State Statistics Service of 2018) [2]. In
almost half of cases, SCD develops in a provisionally
healthy person who did not have any previous mani-
festations of cardiovascular pathology. The survival
rate of patients after an episode of SCD, even while in
a hospital, is still low [1].

In this regard, the identification of biomarkers
that will help determine the predisposition to the de-
velopment of SCD, especially in a patient without
symptoms of cardiac pathology, is an important task
of modern healthcare, since the existing clinical and
diagnostic criteria for stratification of SCD risk play
a significant role only for patients with already iden-
tified heart pathology, previous myocardial infarction
and a history of sudden cardiac death. Thus, new bio-
markers are essential for early primary prevention of
SCD development.

SCD is a multifactorial nosology, the contribu-
tion to the development of which is made by genetic
and environmental factors. To date, a huge number
of polymorphisms and gene mutations associated
with SCD have been identified. However, it is still
unclear how genes with a critical role in the patho-
genesis of SCD interact at the cellular level. It is
not yet possible to use individual single nucleotide
variants of genes as diagnostic markers of SCD. The
data obtained during the study of DNA methylation
can help to understand the mechanisms of the imple-
mentation of genetic information in the pathogenesis
of SCD.

A number of studies have shown that the assess-
ment of methylation of individual genes, as well as
the results of genome-wide methylation, can be used
as diagnostic markers of the risk of developing a dis-
ease (for example, atherosclerosis, CHD), the severity
of symptoms, and the prognosis of the course. If epi-
genetic studies of this kind are carried out for many

CVDs, then, according to the world literature data,
DNA methylation studies of SCD have not yet been
carried out.

The ABCAI gene (ATP binding cassette sub-
family A member 1, 9q31.1) encodes a protein that
is required for the removal of cholesterol from peri-
pheral tissues. It has been shown that gene inactiva-
tion by methylation of its promoter is associated with
the development of coronary artery disease, which is
the most common SCD substrate among middle-aged
and older people [3].

Thus, the aim of the project is to study the asso-
ciation of methylation of the ABCAI gene promoter
with SCD.

MATERIALS AND METHODS

The study design is based on the case-control prin-
ciple. The SCD group included 150 men (mean age
(46.7 £ 9.2) years) who died of sudden cardiac death
according to forensic medical examination data (the
main pathological diagnoses were acute circulatory
failure, acute coronary insufficiency). Criteria for ex-
clusion from the group of sudden cardiac death were
the presence of morphological changes in the heart tis-
sue characteristic of myocardial infarction and cardio-
myopathies. In addition, persons who were in a state
of alcoholic and drug intoxication were excluded from
the group. The control group included 150 men (mean
age (42.6 £ 1.2) years) who died suddenly (1: 1 mat-
ching method), but not due to cardiovascular pathol-
ogy. DNA was isolated by phenol-chloroform ex-
traction from myocardial tissue in the group of sudden
cardiac death and in the control group.

The selection of a control group from the DNA
bank of people who died suddenly, and the use of
DNA isolated from myocardial tissue, both in the
SCD group and in the control group, were dictated by
the proven tissue-specificity of DNA methylation.

The methylation status of the ABCA 1 gene promo-
ter was assessed by methyl-specific polymerase chain
reaction (PCR) on bisulfite-converted DNA. EZ DNA
Methylation Kit (Zymo Research, USA) was used for
bisulfite conversion of DNA samples. Methyl-spe-
cific PCR was carried out in two tubes: with primers
specific for the methylated and unmethylated allele,
according to the methods described in the study by
H. Ghaznavi et al. [3].

The results obtained were statistically processed
in SPSS 16.0 using Pearson’s test, Fisher’s test with
Yates’ correction for continuity; p < 0.05 was used as
a level of statistical significance.
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RESULTS

In the SCD group, 22% (33/150) of the ABCAI
gene promoter is fully methylated (MM); 1.3% (2/150)
is completely unmethylated (UU); 76.7% (115/150)
had both methylated and unmethylated gene promot-
er (MU). In the control group, 27.3% (41/150) of the
ABCAL1 gene promoter is completely methylated; in
7.4% (11/150) it is completely unmethylated; 65.3%
(98/150) had both methylated and unmethylated gene
promoters. When comparing the groups, statistical-
ly significant differences in the methylation status of
the ABCAI gene promoter were revealed between the
groups (p = 0.015). In the SCD group, the proportion
of individuals in whom the ABCAI gene promoter is
methylated is statistically significantly greater than in
the control group (MM + MU vs. UU: p = 0.020; OR
=5.86; 95% confidence interval (1.28-26.89)).

DISCUSSION

Epigenetic changes form the boundary between
genotype and environment. It is believed that epige-
netic variability may significantly contribute to the de-
velopment of CVD. Over the past two decades, many
studies have been conducted to find the link between
DNA methylation and cardiovascular disease. DNA
methylation is usually viewed in the context of CpG
dinucleotide sequence (CpG sites). In mammalian so-
matic cells, most of the CpG sites are methylated. But
CpG sites in regions of increased CpG density (CpG
islands) are usually described as sites with reduced
methylation. DNA methylation of the gene promoter
is an important factor for the regulation of transcrip-
tion [4]. It is known that hypomethylation of a gene
promoter increases its expression, while hypermethy-
lation decreases it. It is important to note that the level
of methylation of individual genes is tissue-specific
[5]. The accumulated knowledge suggests that epi-
genetic changes, such as DNA methylation abnorma-
lities, may help to find an alternative explanation for
the pathophysiology of CVD [6].

A variety of loci have been studied for methylation
of'individual genes for each cardiovascular phenotype.
Studies of the methylation level in SCD according to
the available world literature have not been carried
out. However, studies have been conducted to study
methylation in other CVDs that underlie SCD or have
a similar pathophysiological basis. The most studied
nosology in relation to methylation is coronary heart
disease and its varieties.

The ABCAI gene (ATP binding cassette subfam-
ily A member 1, 9q31.1) encodes a transporter of

molecules across extra- and intracellular membranes.
Using cholesterol as a substrate, protein functions as
an efflux pump for the reverse transport of lipids in
cells. Gene mutations are associated with the deve-
lopment of familial alpha-lipoprotein deficiency (hy-
poalphalipoproteinemia) and familial high-density
lipoprotein deficiency [7]. Expression of the ABCAI
gene has been identified as an independent predictor
of the development of ischemic heart disease, athero-
sclerotic plaques, including uncalcified ones [§].
Methylation of the ABCAI gene promoter was iden-
tified as a significant risk factor for the development,
but not the severity of the ischemic heart disease: the
frequency of methylation of the promoter is higher in
the group of people with ischemic heart disease com-
pared to the control group, as well as in the older age
group [3]. The methylation level of the ABCAI gene
promoter negatively correlates with the concentration
of high-density lipoprotein cholesterol in individu-
als with familial hypercholesterolemia. Additionally,
methylation of the ABCAI gene is associated with a
history of ischemic heart disease [7].

In a pilot study, it was shown that methylation of
the ABCAI gene promoter can be used as a signifi-
cant biomarker for early diagnosis of atherosclerosis
[9]. In women in Japan, an inverse relationship be-
tween methylation of the gene promoter and the level
of high-density lipoprotein cholesterol was confirmed,
and a relationship was found between the methylation
level of the ABCAI gene promoter and diet. In wo-
men with a diet enriched with vegetables and vitamins,
the level of gene promoter methylation is significant-
ly lower [10, 11]. Polymorphisms of the ABCA1 gene
are associated with the level of a number of lipid me-
tabolism indicators: rs363717, rs2230806, rs4149313,
rs9282541 — with the risk of coronary heart disease,
rs2230808 — with the level of total cholesterol in the
blood, rs363717, rs4149339, rs4149338 — with the
increased levels of triglycerides in the blood. [9, 12,
13]. The rs2230806 polymorphism is associated with
triglyceride levels in patients with severe dyslipi-
demia [14]. According to the meta-analysis, the level
of high-density lipoprotein cholesterol is associated
with the rs2246293 polymorphism [15].

According to our data, methylation of the ABCA1
gene promoter is associated with the risk of SCD. In
the SCD group, the proportion of individuals in whom
the ABCAI gene promoter is methylated is statistically
significantly higher than in the control group. Accor-
ding to the data of the world scientific literature,
studies on the search for the relationship between
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methylation of the ABCA1 gene promoter and SCD
have not been carried out. Nevertheless, foreign stud-
ies have shown that methylation of the gene promoter
is associated with the risk of ischemic heart disease
and impaired lipid homeostasis. Since ischemic heart
disease is the most common substrate for the devel-
opment of SCD in the older age group, our results
are consistent. However, due to the small number of
groups included in the study, additional verification of
the identified association in groups with a larger size
is required, with the inclusion of women in the study.

CONCLUSION

Methylation of the ABCAI gene promoter is sta-
tistically significantly associated with sudden cardiac
death.
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The role of recovered thiols in venous endothel adaptation in case
of autovenous reconstruction of lower limb arteries

Kalinin R.E., Abalenikhina Yu.V., Pshennikov A.S., Vinogradov S.A.

Ryazan State Medical University
9, Vysokovoltnaya Str., Ryazan, 390026, Russian Federation

ABSTRACT

Aim. To evaluate the role of thiol status and its correlative relationship with the level of nitric oxide metabolites and
vascular endothelial growth factor A (VEGF-A) in the blood plasma of patients with critical lower limb ischemia
(CLI) after autovenous reconstructions of femoropopliteal segment’s arteries in the setting of venous endothelium
of the arterial bed.

Materials and methods. 54 patients with critical lower limb ischemia had been examined and divided into
groups: synthetic prosthesis, in sifu autovenous bypass procedure and reversed vein autovenous bypass procedure.
Peripheral venous blood was taken on the 1% and 10th days, and in 1, 3 and 6 months after the operation. Nitric oxide
metabolites level was examined with photocolorimetric method by reaction with Griess reagent on a microplate
analyzer (Awareness Technology, USA). VEGF-A number estimation was done by ELISA test (PersonalLab,
Italy) with the use of Human VEGF-A Platinum ELISA. The level of thiol (SH-) groups was estimated with the use
of Ellman’s reagent (SERVA, Germany) on spectrophotometer (Saint-Petersburg, Russian Federation).

Results. The concentration of VEGF-A and the level of SH-groups increase on the 10th day and after 1 month in
the group of patients operated on using a synthetic prosthesis. The level of NO metabolites, the concentration of
VEGF-A, and the content of SH-groups increase statistically significantly and then decrease to the initial values in
the group of patients operated on by reversed vein autovenous bypass procedure. In the group of patients operated
on by the in situ method, the level of nitric oxide metabolites increases, the concentration of VEGF-A increases on
the 10th day, the level of SH-groups increases, and a positive correlation was found between the content of SH-
groups and the concentration of VEGF-A.

Conclusion. NO metabolites contribute to the build-up of SH groups and VEGF-A in patients operated by the
“reversed vein” method, and in patients in the in situ group, the concentration of VEGF-A and the level of SH
groups are not affected, which may be of clinical importance when prescribing NO donors.

The revealed patterns of change in the level of recovered thiols, nitrogen oxide metabolites, VEGF-A in combination
with analysis of early and late postoperative complications make it possible to conclude the advantage of autovenous
reconstruction of the femoropopliteal segment due to functional adaptation of the venous endothelium compared
to the group of patients, operated on by the method of “synthetic prosthesis”. Method in situ on biochemical and
angiological indicators proved to be more favorable in terms of the clinical course, than the “reversed vein” method.

Key words: nitric oxide metabolites, vascular endothelial growth factor, protein and nonprotein thiol groups,
autovenous reconstruction of lower limbs arteries, reperfusion endothelial injury.
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Po/b BOCCTaHOB/1I€HHBIX TUO/IOB B aganTaLMM BEHO3HOIO SHAO0TeNInA
NMpY ayTOBEHO3HOMN PEKOHCTPYKL MU apTEPUN HUXKHUX KOHEYHOCTEN

KanunwuH P.E., AbaneHunxuHa 10.B., MueHHunkoB A.C., BuHorpapos C.A.

Psazanckuii 2ocyoapemeennutii meouyunckuil ynueepcumem (Pl MY) um. axao. U.11. [lasnosa
Poccus, 390026, 2. Pazaus, yn. Beicokogonbmuas, 9

PE3IOME

Hens. OneHNTH I3MEHEHHs THOJIOBOT'O CTAaTyCa, BEISBUTH KOPPETSAIMOHHBIE CBSI3H MEXK Ty copepxkanneM SH-rpymmn
" ypoBHeM MeTtabonmuToB okcuaa azora (NO), BackynosHnoTenuanbHeM pakropoM pocta A (VEGF-A) mnasMer
KPOBH NAIINEHTOB C KPUTHYECKOH Hiremuei HibkHuX koHeuHocTel (KMHK) nocie ayToBeHO3HBIX peKOHCTPYKITHIA
apTepuii 6eJPEeHHO-ITOIKOJIEHHOTO CETMEHTA B YCIIOBHSX apTEePHAIBHOTO pycia.

Marepuaabl u Meroabl. OOcnenoBansl 54 mammenta ¢ KMHK, kotopeie pasmeneHsl Ha TpH TPYIIIBL:
HIyHTHPOBAHHE C HCIIOIb30BAHUEM CHHTETHYECKOTO MpOTE3a, ayTOBEHO3HOE IIyHTHPOBAHHE IO METOXLY
PEBEPCHPOBAHHOI BEHBI M AyTOBEHO3HOE LIYHTHPOBAHUE 0 METOXY in situ. 3abop mepudepraeckoil BEHO3HOM
KpoBHU mpom3Bommiau Ha 1-e, 10-¢ cyt, wepe3 1, 3 u 6 Mec mocie onepanud. YpoBeHb METaOOJIHUTOB OKCHIA
a30Ta OIEHUBANIN (DOTOKOJIOPUMETPHUECKAM METOIOM IO PEAKIHH C PEaKTHBOM [ 'prcca Ha MHKpPOIUIAHIIETHOM
aHanmm3arope (Awareness Technology, CIIIA). Onpenenenne xonnentpanuu VEGF-A ocymecTBisiocs mytem
nMMmyHopepmenTHoro ananm3a (Personal Lab., Mranus) ¢ ucnons3zoBanneM Human VEGF-A Platinum ELISA.
Copnepxanus TnonoBsx (SH-) rpynm onpeaensiu ¢ moMmoisio peaktuBa DimMana (SERVA, 'epmanus) Ha criek-
tpoporomerpe CD-2000 (r. Cankt-IlerepOypr, Poccus).

PesyabTatbl. Konnenrpauuss VEGF-A u yposens SH-rpynm Bospacraror Ha 10-e cyT, uepe3 1 mec B rpymie
HAIMEHTOB, OIEPUPOBAHHBIX C HCHOJIB30BAHMEM CHHTETHYECKOro mpore3a. YposeHb MeTadoiutoB NO,
koHueHTpauuss VEGF-A, conepxanune SH-rpynn craTHCTHUECKH 3HAYMMO BO3pAcTalOT, a 3aTe€M CHHIKAIOTCS
JI0 MCXOJHBIX 3HaU€HMH B IpyINIe MalMeHTOB, ONEPUPOBAHHBIX M0 METOAY PEBEPCHPOBAHHOI BeHbI. B rpymme
MaLUEHTOB, ONIEPUPOBAHHBIX 110 METOAY i Siti, ypOBEHb METAOOIMTOB OKCH/IA A30Ta TOBBIIIAETCS, KOHIIEHTPAIHs
VEGF-A yBenuuuaetcsa Ha 10-e cyT, ypoBeHb SH-rpynm Bo3pacTaeT 1 BBISIBIE€HA OJI0KUTEIbHAS KOPPEISILIMOHHAS
CBA3b MeXAy conepkanueM SH-rpynn u konnentpamueid VEGF-A.

3akaouyenne. Metabonuts! NO crioco6etBytoT Hapactanuio SH-rpynmn u VEGF-A y nanueHToB, onepupoBaHHBIX
[0 METOAY PEBEPCUPOBAHHOW BEHBI, a y MALMEHTOB B TpYIIe in sifu HE BIUAIOT Ha koHueHTpanuio VEGF-A
U ypoBeHb SH-rpymm, 4To MoXeT UMeTh KIMHUYECKOe 3HaueHHe IpU HazHaueHHH A0HOpoB NO. BrisBieHHbIE
3aKOHOMEPHOCTH HW3MEHEHHWs] ypPOBHS BOCCTAaHOBJEHHBIX THOJIOB, MeTaboinuTOB OKcuia a3ora, VEGF-A B
COBOKYITHOCTH C QHQJIU30M PAHHUX U IMO3JHUX IOCIEONEPALOHHBIX OCIOXHEHHH MO3BOJSIOT CJEIaTh BHIBOJ
0 NPEHMYIIECTBE ayTOBEHO3HOH PEKOHCTPYKIMN OeIPEHHO-IIOIKOJIEHHOTO CerMeHTa 3a c4eT (DYHKIMOHAIBHOU
aJlalTallud BEHO3HOIO SHAOTENIMS IO CPABHEHMIO C IPYIION MAIMEHTOB, ONEPUPOBAHHBIX C HUCIONB30BaHUEM
CHHTETHYECKOT0 IpoTe3a. MeTox in situ I0 ONOXMMHYECKNM U aHTHOJIOTUYECKHUM I0Ka3aTelsiM oKasaics oiee
ONIaronpHUATHEIM C TOUKH 3PEHUS KIMHUYECKOTO TEUEHHS, YEM METO] pEBEPCHPOBAHHOI BEHEL.

KiroueBbie c10Ba: MeTabOIUTHI OKCHIA a30Ta, BACKYJIO3HIOTSIHATBHBIN (PakTOp pocTa, OCIKOBBIC U HEOEIKO-
BBIC THOJIOBBIE TPYIIIIbI, AyTOBEHO3HAss PEKOHCTPYKLHS apTepuil HIKHUX KOHEYHOCTEH, pernepy3uoHHOE I0-
BPCXKICHHUE SHAOTEIHS.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOMUKaNKeil HACTOSIICH CTaThH.

Hcrounnkn ¢unancuposanus. lccnenoBanue BbINONHEHO Npu (uHAHCOBOW moanepxke PODU (mpoekr
Ne 18-315-00129) u crunengun Ilpesunenta Poccuiickoit dexnepanny MOMOABIM YUYEHBIM U acHHpaHTaMm,
OCYILECTBIIAIONIMM TEPCIEKTUBHbIE HAYYHbIE HUCCIICJOBAHMSA U Pa3pabOTKH MO NPUOPUTETHBIM HANpPaBICHHUAM
MojiepHM3aIMu poccuiickoit skonomuku (Ne CI1-2164.2018.4).

CooTBeTcTBHE MPUHIMIAM 3THKH. Bce yyacTHUKH MCCIIEOBAaHHS MTOMUCAIN TOOPOBOJIILHOE HHPOPMUPOBAH-
Hoe cornacue. MccnenoBanue 0JJOOPEHO JOKAIBHBIM 3THYCCKUM KoMHTETOM Ps3I'MYVY wmwm. akan. W.I1. [TaBnosa
(mpotoxkou Ne 1 ot 16.10.2018).
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INTRODUCTION

The use of an autovenous conduit from the great
saphenous vein (GSV) remains an acceptable meth-
od of open reconstructive vascular surgery. Currently,
autovenous bypass is performed using the reverse vein
method and the in sifu method. The discussion about
the advantages and disadvantages of both methods
has not stopped for more than half a century: will the
transformation of the autovein take the path of adapta-
tion or maladjustment?

Published data describes a proposal on the possi-
bility of considering the concentration of SH-groups
as an indicator of the adaptive capabilities of the or-
ganism [1]. Since the 1960s, a large number of clinical
studies have been performed in which a decrease in
the concentration of SH-groups in the blood serum of
patients with various diseases was obtained: cardio-
vascular disorders [2], diabetes mellitus [3], chronic
renal failure [4], alcoholic cirrhosis [5] and other pa-
thology [6]. The dynamics of changes in SH-groups
against the background of autovenous reconstructions
of the arteries of the lower extremities under condi-
tions of reperfusion damage to the endothelium may
turn out to be a marker for predicting the adaptive
transformation of an arterialized vein.

It is known that the most important and early
marker of intimal damage is endothelial dysfunc-
tion associated, first of all, with the inhibition of the
production of nitric oxide (NO), the most important
regulator of vascular tone [7, 8]. Nitric oxide, due to
its functions, is a universal angioprotective substance
on which structural changes in the vascular wall de-
pend [9, 10]. It has been proven that NO helps to slow
down the formation of neointima in the area of sur-
gical anastomoses of an artery with a synthetic pros-
thesis in patients after surgery [11], therefore, it was
suggested that treatment with drugs that stimulate
the production of NO may have an inhibitory effect
on the development of restenosis after surgery [12],
acting as one of the mechanisms of long-term com-
pensation of blood circulation. Since NO is a “short-
lived” molecule, many of its protective properties are
associated not only with direct action, but also with
the endogenous protective systems activated by it, in

particular with the activation of vasculoendothelial
growth factor (VEGF) [13].

In this regard, it is relevant to study the thiol sta-
tus and identify correlations between the content of
SH-groups and the level of metabolites of nitric oxide,
VEGF-A in blood plasma in combination with the
analysis of early and late complications in patients
with critical lower limb ischemia (CLI) after autove-
nous reconstruction of the arteries of the femoral-pop-
liteal segment to assess the degree of adaptation of the
venous endothelium in the settings of the arterial bed.

MATERIALS AND METHODS

The study included 54 patients with CLI (III-IV
stage according to the Pokrovskiy — Fontaine clas-
sification), of whom there were 48 men (88.9%) and
6 women (11.1%). The average age was (64.6  6.6)
years. All patients gave informed consent to participate
in the study and to use their bioassay. The patients were
divided into three groups depending on the type of graft
used for revascularization of the arteries of the femo-
ral-popliteal segment: group A — synthetic prosthesis,
group B — reversed vein and group C — in situ autove-
nous bypass grafting. Conical prostheses made of 4/8
mm polytetrafluoroethylene were used as a synthetic
graft in all cases. In patients with autovenous revascu-
larization, the ipsilateral great saphenous vein was used
in all cases. Clinical groups were matched by gender,
age, stage of the disease, comorbidity, initial minimum
diameter of GSV, Rutherford outflow score (Table 1).

Post-operative peripheral venous blood withdraw-
al for evaluation of the examined biochemical indica-
tors had been done on days 1 and 10, and on months
1,3 and 6.

The level of nitric oxide metabolites (the total con-
centration of nitrates and nitrites) was determined by
the photocolorimetric method by the development of
color in the diazotization reaction with sulfanilamide
nitrate, which is part of the Griess reagent (NevaReak-
tiv, Russia). Nitrites diazotize sulfanilamide, and the
resulting substance reacts with azo coupling with naph-
thylethylenediamine to form a pink compound, the col-
or intensity of which is proportional to the total concen-
tration of nitrites and nitrates in the sample [14].
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Table 1
Clinical characteristics of study groups

Parameter, unit of measure Group A Group B Group C
Number of patients, n 18 18 18
Age, years 64.15+6.5 64.9+6.5 65.6+6.9
Male, n (%) 16 (88.9 %) 16 (88.9 %) 16 (88.9 %)
Female, n (%) 2 (11.1 %) 2 (11.1 %) 2 (11.1 %)

Disease state on Pokrovskiy — Fontaine classification
Stage 111, n (%) 11 (61.1 %) 10 (55.6 %) 11 (61.1 %)
Stage 1V, n (%) 7 (38.9 %) 8 (44.4 %) 7 (38.9 %)
Comorbidities
Ischemic Heart disease, n (%) 12 (66.7%) 11 (61.1%) 14 (77.8%)
Hypertensive disease, n (%) 15 (83.3%) 16 (88.9%) 18 (100%)
Cerebrovascular diseases, 7 (%) 4 (22.2%) 3 (16.7%) 5(27.8%)
Base Anatomic-Morphological Characteristics
Great saphenous vein diameter on ultrasound duplex scanning, mm - 3.5+0.6 3.7+£0.7
Condition of outflow tract on Rutherford, points 6.1+1.1 6.7+1.4 6.5+1.6
Type of reconstruction of infrainguinal segment arteries

Method Synthetic Prosthesis Reversed vein in situ
Above knee joint cleft 13 (72.2 %) 10 (55.6 %) 13 (72.2 %)
Below knee joint cleft 5(27.8 %) 8 (44.4 %) 5(27.8 %)

The color intensity was assessed in the visible spec-
tral region with registration on a StatFax 3200 micro-
plate analyzer (Awareness Technology, USA) at a wave-
length of 540 nm and expressed in nmol/mg protein.

Determination of the active form of human vascu-
loendothelial growth factor A (VEGF-A) was carried
out by enzyme immunoassay on Personal Lab units
(Italy) using Human VEGF-A Platinum ELISA hu-
man VEGF-A (BMS277/2) (BioChimMac, Moscow,
Russia). The intensity of the color measured at 450
nm is directly proportional to the concentration of
VEGF-A present in the samples. The VEGF-A con-
centration in the samples was determined using a stan-
dard curve and expressed in pg/ml.

The level of intracellular and extracellular reduc-
ing agents was assessed by the change in the content
of thiol (SH-) groups, which were determined using
Ellman’s reagent on an SF-2000 spectrophotometer
(St. Petersburg, Russia) [15]. The reaction of sulf-
hydryl (thiol) groups with Ellman’s reagent (5,5’-
dithiobis-2-nitrobenzoic acid, SERVA, Germany)
breaks the disulfide bond in the reagent and forms
2-nitro-5-thiobenzoic acid, which at alkaline pH in
water turns into a quinoid form and has a bright yellow
color. The resulting thionitrophilic anion is quantified
on a spectrophotometer at 412 nm. To calculate the
level of reduced thiols in blood plasma (in pmol/ml),
the molar extinction coefficient of the Ellman reagent
was taken as 14150 M cm™'.

The statistical analysis of the results of the experimen-
tal study was carried out using the Statistica 10.0 pro-

gram. The normal distribution of data was checked using
the Shapiro — Wilk test (W test). The results were presen-
tedas Me /Q 1 ; O 3 ], where Me is the median, O 1 is the
first quartile (25%), O 3 is the third quartile (75%), arith-
metic mean and its error M + m. To analyze the statistical
significance of differences between independent sam-
ples, the Mann — Whitney rank test (U test) was used. To
check the equality of the medians of several samples, the
Kruskall — Wallis test was used. Spearman’s coefficient
(R) was used to assess the rank correlation. The critical
level of statistical significance of the differences in the
null hypothesis (p) was taken equal to 0.05.

RESULTS AND DISCUSSION

NO metabolites level does not change significantly
in Group A and increases in post-operation period in
groups B and C.

In groups B and C NO metabolites level signifi-
cantly grows on days 1 and 10, in the period from
month 1 to month 6 NO level is stable but statistically
higher than before operations (Fig. 1).

Any operative intervention on arteries leads to en-
dothelium damage which causes inflammation with
adhesion and thrombocyte aggregation, proliferation
and migration of smooth muscle cells into intima.
Endothelium damage induces production of NO syn-
thase-2 (NOS-2) in smooth muscle cells and endothe-
lium [16, 17], which can explain the results reached
in groups B and C. Venous conduit from great saphe-
nous vein has functional endothelial lining and reacts
on local and systemic molecular and hemodynamic
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stimulants and regulates vascular tone and homeosta-
sis which is not the case of synthetic prosthesis due
to absence of endothelium in it and that is why NO
metabolites level does not change in group A (Fig. 1).

Along with changes in the level of nitric oxide me-
tabolites, vascular endothelial growth factor VEGF
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is one of the well-studied indicators of angiogenesis,
indicating the severity of the lesion [18]. It has been
proven that VEGF ensures normal growth and devel-
opment of the body, wound healing. However, high
levels of VEGF were found in the development of
cancerous tumors and rheumatoid arthritis [19].

0 T T T T T —
Pre- Day 1 Day 10 Month1 Month3 Month 6 Pre- Day 1
operation operation
=8 Group A

Day 10 Monthl Month3 Month6 Pre- Day 1

=& GroupB

—
Day 10 Month1l Month3 Month6
operation

== Group C

Fig. 1. NO metabolites level in blood plasma of patients with critical lower limb ischemia before and after femoropopliteal segment
arteries reconstruction, Me [Q,; O,]: * significant differences in data between pre-operation and post-operation (p < 0.05)

The concentration of the active form of human
VEGF-A in experimental group A increases statis-
tically significantly from the Ist day to 6 months,
reaching a maximum on the 10th day. In experimental
group B, the amount of VEGF-A statistically signifi-
cantly increased after 1 month relative to the values
before surgery. In group C, it statistically significantly
increases on the 10th day after surgery and decreases

900

in the period from 1 to 6 months relative to the values
before surgery.

It is known that the survival rate of patients with
a high level of VEGF is significantly lower than that
of patients with a low expression of VEGF-A [18],
therefore, the results obtained indicate a positive trend
in autovenous bypass grafting using the in situ tech-
nique.
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Fig. 2. Concentration of VEGF-A’s active form in blood plasma of patients with critical lower limb ischemia before and after
femoropopliteal segment arteries reconstruction, Me [Q,; O], pg/ml: * significant differences in data between pre-operation and
post-operation (p < 0.05)
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After surgery, the restoration of the body is ac-
companied by adaptation to new conditions. Cur-
rently, thiol-containing compounds (molecules con-
taining-SH groups) are considered not only as a new
marker of oxidative stress, but also as an indicator of
homeostasis and adaptation under pathophysiological
conditions [20].

The level of reduced thiols in the blood plasma of
patients in groups A and B increases on the 10th day and

after 1 month, and in group C it statistically significantly
increases from the 10th day to the 6th month (Fig. 3).

The degree of adaptation directly depends on the
concentration of thiols: the higher the degree of adap-
tation, the higher the level of SH-groups in the blood
serum. It follows from this that the functional adap-
tation of the venous endothelium is higher in patients
operated on by the in situ method, compared with the
reverse vein method.
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Fig. 3. Reduced thiols level in blood plasma ot patients with critical lower limb 1schemia betfore and after temoropopliteal segment
arteries reconstruction, Me [Q,; Q.], umol/ml: * significant differences in data between pre-operation and post-operation (p < 0.05)

Thiols are able to form reversible mixed disulfide
bonds between protein and low molecular weight SH
groups. The results obtained in group C indicate that
oxidative stress decreases, disulfide bonds are restored
to thiol groups, and thiol-disulfide homeostasis is
maintained, and the body’s resistance to reconstruc-
tive surgery increases. Abnormalities in thiol-disulfide
homeostasis can play an essential role as a biomarker

in the development of pathophysiological conditions.
In patients in groups A and B, after mobilization of
the body’s defense reactions, which are expressed in
an increase in the level of thiols, their decrease to the
initial level is observed, which indicates adaptation or
compensation without depletion.

The obtained biochemical results confirm the
clinical observations given in Table. 2.

Table 2
Clinical characteristics of early and late complications of patients in the study groups
Group A | Group B | Group C
Short-term results (up to 30 days)
Thrombosis, 7 (%) 2 (10%) 2 (10%) 1 (4.5%)
First-time passableness, % 90 90 95.5
Second-time passableness, % 90 95 100
Limb salvage,% 90 95 95.5
Major amputations, 7 (%) 2 (10%) 1 (5%) 1 (4.5%)
Minor amputations, 7 (%) 1 (5%) 5 (25%) 2 (9%)
Long-term results (6 months)

Thrombosis, n (%) 4 (20%) 3 (15%) 1 (4.5%)
First-time passableness, % 70 75 91
Second-time passableness, % 75 80 95.5
Limb salvage,% 80 85 95.5
Major amputations, n (%) 2 (10%) 2 (10%) 0
Minor amputations, n (%) 1 (5%) 1 (5%) 1 (4.5%)
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From the perspective of early and late postopera-
tive complications, patients in group C have a more
favorable clinical picture, as indicated by a high per-
centage of primary and secondary patency of bypasses,
a decrease in mortality, and an increase in the degree
of limb preservation. The most unfavorable postopera-
tive period according to the list of declared angiologi-
cal signs is in patients in group A (see Table 2).

Interestingly, in terms of biochemical parameters
in group B, positive correlations were revealed: the

higher the level of nitric oxide metabolites, the high-
er the number of VEGF-A and SH-groups. Patients
of group C showed a positive correlation between the
amount of VEGF-A and free thiols, regardless of the
level of nitric oxide metabolites (Table 3). Thus, in
group B, NO metabolites promote the growth of SH-
groups and VEGF-A, and in group C, they do not af-
fect the concentration of VEGF-A and the level of SH-
groups, which may be of clinical significance when
assigning NO donors.

Table 3

Correlation ratio (R) between NO metabolites level, VEGF-A, SH-groups of patients in pre-operation and post-operation periods

Group A

Group B Group C

NO metabolites/ VEGF-A R=0.1; p>0.05

R=0.47;p<0.01 R=0.15;p>0.05

NO metabolites/SH-groups R=0.15;p>0.05

R=0.48;p<0.01 R=0.065; p > 0.05

VEGF-A/SH-groups R=0.40; p<0.01

CONCLUSION

The obtained patterns of changes in the level of
reduced thiols, nitric oxide metabolites, VEGF-A in
patients with CLI indicate adaptation of the venous
endothelium in the settings of the arterial bed during
autovenous reconstruction of the femoropopliteal seg-
ment in comparison with the group of patients opera-
ted on using a synthetic prosthesis, which is confirmed
by the analysis of early and late postoperative compli-
cations. The in situ method demonstrates the devel-
opment of a more favorable clinical picture in terms
of biochemical and angiological parameters than the
reverse vein method.
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Does change in neurotransmitter brain status affect the growth
of transplantable melanoma?

Kit O.l., Frantsiyants E.M., Bandovkina V.A., Kaplieva I.V., Surikova E.l., Trepitaki L.K.,
Cheryarina N.D., Kotieva I.M.
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63, 14 Liniya Str., Rostov-on-Don, 344037, Russian Federation

ABSTRACT

Aim. To study the influence of the features of aminergic brain status on the development of B16/F10 melanoma in
mice with urokinase gene knockout and chronic neurogenic pain (CNP).

Materials and methods. The study included female (n = 68) C57BL/6 mice with the normal urokinase gene (+uPA4)
and C57BL/6-Plautml.IBug-This Plau6FDhu/GFDhu mice with urokinase gene knockout (—u#PA). The model of
CNP was created in the animals, and in 14 days B16/F10 melanoma was transplanted. The mice were euthanized
21 days after the transplantation. Levels of adrenaline (A), noradrenaline (NA), dopamine (DA), histamine (H),
serotonin (5HT), 5-hydroxyindoleacetic acid (SHIAA) were determined in the brain using standard ELISA test
systems (Cusabio, China).

Results. CNP in (+uPA) females resulted in the reduction of almost all studied biogenic amines (BA). On the
opposite, (—uPA) females showed an increase in NA, DA, SHT and a decrease of H. SHIAA increased in both CNP
and gene knockout. SHT in (+uPA) females with CNP decreased, while its physiological level in gene knockout
mice was maintained. After 3 weeks of tumor growth in animals with CNP, (+uPA4) mice demonstrated increased
levels of studied BA (except for SHIAA) compared to mice with CNP alone. Only H increase was observed in
(~uPA) mice from the similar group.

Conclusion. CNP in mice inhibited A-, NA-, H- and SHT-ergic systems of the brain; the opposite effects were
registered in urokinase gene knockout, except for the H-ergic system. Combination of CNP and melanoma in
(tuPA) female mice activated all studied BA systems, and in (—uPA) females — H-ergic system only. Different
stressful effects, CNP, and genetic disorders (urokinase gene knockout) contributed to changes in the brain BA
system functions, leading to the activation of pro- or antitumor mechanisms.

Key words: B16/F10 melanoma, melanoma course, chronic neurogenic pain, #PA urokinase gene knockout, mice,
brain, biogenic amines.
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OKasblBaeT /M BAUAHUE USMEHEHUEe HEﬁpOTpaHCMVITTepHOFO CTaTtyca mo3ra

Ha pOCT NepeBMBHOM Me/1aHOMbI?

Kut O.U., Opanymany E.M., bangosknHa B.A., Kannuesa U.B., Cypukosa E.U.,

Tpenutakn J1.K., Yepapuna H.A., Kotnesa U.M.

Hayuonanvnviii meouyunckuii ucciedosamenvckuil yenmp (HMHL]) onxonocuu

Poccus, 344037, o. Pocmoe-na-/{ony, yn. 14-a aunus, 63

PE3IOME

enb. M3yunTh BIMsSHUE 0COOEHHOCTEH aMHHEPTUUECKOr0 CTaTyca rOJIOBHOTO MO3Tra y MbIIIEH IpH HOKayTe reHa
YPOKHHA3bI U XpOHHYecKoit HeliporenHoi 6onu (XHB) Ha pa3sutue menanomsr B16/F10.

Marepuaibl 1 MeToasl. PaGora BrimonHeHa Ha camkax Mbimed (n = 68) C57BL/6 — ¢ monHOLEHHBIM TeHOM
ypokunassl (+uPA) u C57BL/6-Plautml.IBug-This Plau6FDhu/GFDhu — ¢ HokayToM reHa ypokuHassl (—uPA).
JKuBotHbIM MoznenmpoBanu cocrosiaue XHB, yepes 14 cyt noxkoxkHo nepesuBany Menanomy B16/F10. 3atoii
HpOU3BOIAMIN Yepe3 21 cyT mocie IepeBUBKH. B roloBHOM MO3re OnpenesuId coAepskaHue anpeHanuHa (A),
HopaapeHanuHa (HA), nodpamuna (J1A), rucramuna (I'), ceporonuna (SHT), 5-oKCHMHIOMYKCYCHOW KHCIIOTHI
(50MVYK) ¢ momonipio IMMyHO(pEpPMEHTHBIX CTaHAapTHBIX TecT-cucteM (Cusabio, Kurait).

PesyabTathl. Y camok (+uPA) XHbB npuBoania K CHIKEHHIO COAEPIKAHUS MPAKTUIECKH BCEX HCCIIETOBAHHBIX
onoreHnbix aMmiuHOB (BA). YV camok (—uPA), HarpoTuB, oTMedancs pocT KoHnentpaun HA, 1A, SHT u cHmkenne
I'. O6napyxeHo ysenmuenue ypoBHs SOUYK npu XHbB u Hokayte. ¥V camok (+uPA) ¢ XHbB cHmxancs ypoBeHb
SHT, HO COXpaHAIOCh €ro (PU3HOIIOTHYECKOE COIEpKaHNE Y MBIIIeH ¢ HokayToM. Uepes 3 Hex pocTa OImyXoid Ha
tdone XHb y mprmeii (+uPA) oOHapyXeHO yBeNn4eHHe YPOBHS BceX m3y4deHHBIX BA, kpome SOUVYK, mo cpas-
HEHHIO C YpOBHEM y Mbltieit Tonbko ¢ XHB. ¥V mprmeii (—uPA) B aHaTOTHYHON TpyMIe OBUIO YBETHUEHHE TONBKO
THCTaMUHA.

3aximoyenne. XHb npuBoauna k yraerenuro A-, HA-, I'-, SHT-epruueckux cucteM MO3ra MbILIeH, a IpU HOKayTe
reHa ypOKHHa3bl HaOJII0aIMCh TIPOTUBOIONOXKHBIE 3G (EKThI, 3a nckioyeHneM I'-epruueckoit cucremsl. Covera-
nue XHbB u menanombl y camok Mbltel (+uPA) TpUBOAMIO K aKTUBAIMK BCEX M3YUEHHBIX cucTeM BA, a y camok
(—uPA) — Tonbko I'-epruueckoii cucremsl. CtpeccopHoe Bo3aeiicteue — XHbB, renerndeckoe HapylieHHe (HOKayT
reHa YPOKHHa3bl), CIOCOOCTBOBAIN M3MEHEHHIO (DYHKIIMOHUPOBaHUs cucTteM BA Mo3ra, pa3HOHAIIPaBIEHHO BIIH-
5 Ha IPOTUBOOITYXOJIEBbIC MEXaHU3MBI.

KiaroueBsble cjioBa: MeJIaHOMa, XpOHU4YCCKas HeﬁpOFCHHaﬂ 60]'[1), HOKAyT I'c¢Ha YPOKHNHAa3bl UPA, MBIIIIH, TOJIOBHOM
MO3T, OHOreHHBIC AMHUHBI.

KOHQ).]IHKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'[HKaHPI€I71 HaCTOS{H.[efI CTaTbHU.

Hcrounuk puHaHCHpOBaHUS. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (PHMHAHCHPOBAHMSL.

CooTBeTcTBHE NMPUHLIMIAM 3TUKH. MccnenoBanne 0g00peHO GMOITHUECKMM KOMHUTETOM IO paboTe C XKUBOT-
HBIMH POCTOBCKOTO Hay4HO-UCCIIEIOBATENBCKOIO OHKOJIOTHYECKOro HHCTUTYTA (IIpoTokoa Ne 4 ot 10.08.2018).

Joas uutupoBanus: Kur O.U., @panuusan E.M., bannoskuna B.A., Karnmuesa U.B., Cypukosa E.W., Tpenn-
taku JLK., Yepspuna H./l., KotueBa .M. Oxa3piBaeT 11 BIUSHAE H3MEHCHHE HEHPOTPAHCMUTTEPHOTO CTaTyca
MO3ra Ha POCT IIEPEBUBHON MeNaHOMBI? Broinemens cubupckou meouyunsvt. 2020; 19 (4): 94-101. https://doi.org/
10.20538/1682-0363-2020-4-94-101.

INTRODUCTION

The brain encloses a unique microenvironment
which supports physiological homeostasis and re-
sponds to pathological changes, including cancer [1].
Skin cells that perceive both external and internal
changes and participate in the regulation of the ho-

meostasis in the body are able to influence systemic
regulators, and particularly the neuroamine status of
the brain [2]. The close connection between skin cells
and brain neurons is confirmed by studies in some
neurodegenerative diseases, in particular, Parkinson
disease [3], and mental disorders which are often
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combined with chronic skin diseases and melanoma
[4, 5]. Multifunctional biogenic amines modulate the
response of the central regulatory system to various
internal and external impacts and participate in the
body response to stress, playing a crucial role in main-
taining homeostasis [6].

A number of studies have shown that stress can
retard tumor growth through the action of neuroami-
nes on the hypothalamus and immune system [7].
Scattered experimental data show the role of biogen-
ic amines of the brain in antitumor protection [8, 9].
With acute and chronic stress, there is a change of the
level of histamine in the brain, which regulates the se-
cretion of hormones of the hypothalamus, the anterior
pituitary gland, modulates the effect of certain trans-
mitters [10], and plays an important role in multiple
diseases of the central nervous system [11]. Comorbid
diseases associated with tumor growth are connected
with differences in treatment, clinical management,
prognosis, survival, cancer progression, and can also
cause a higher risk of complications and lower quality
of life.

Moreover, despite the importance of taking comor-
bid diseases into account, there is not enough attention
to the relation between melanoma and concomitant
pathology [12]. While the effect of chronic neuroge-
nic pain (CNP) on the transmitter status of the brain
is beyond dispute [13, 14], the connection between
the urokinase gene knockout and the balance of brain
biogenic amines is not so obvious. There are expe-
rimental data on the significant role of plasminogen
activators in the processes of the brain recovery after
ischemic lesion [15]. Models of animals with neural
lesion that causes chronic neuropathic pain and ani-
mals with a modified genotype allow studying mul-
tiple changes that occur in the main regulatory sys-
tems, as well as their possible impact on the tumor
process development.

The aim of this work was to study the influence
of characteristics of the aminergic status in the mice
brain at the urokinase gene knockout and chronic neu-
rogenic pain on the development of the B16/F10 mel-
anoma.

MATERIALS AND METHODS

The work was performed on female mice (n = 68).
All animals were kept under natural light conditions
with free access to water and food. The studies were
carried out according to the requirements and condi-
tions set out in the International Guiding Principles
for Biomedical Research Involving Animals and the

Order of the Ministry of Health of the Russian Federa-
tion No. 267 0of 19.06.03 “On the approval of laborato-
ry practice rules”. The mice of the C57BL/6 line with
a full urokinase gene (+uPA), n = 34, were obtained
from Scientific Center for Biomedical Tech- nolo-
gies of Andreevka of the Federal Biomedical Agency.
Animals of the C57BL/6-Plautml.IBug-This Plau6F-
Dhu/GFDhu line with urokinase gene knockout
(—uPA) (target mutation with production of a protein
being unable to bind to the urokinase-type plasmino-
gen activator receptor), n = 34, were obtained from the
Laboratory Animal Breeding Station of “Pushchino”.

The animals were divided into 8 groups: intact
(+uPA) females (n = 7); (+uPA) females with CNP
(n =9); intact (—uPA) females (n = 7), (—uPA) females
with CNP (n = 9); (+uPA) females with melanoma
(n = 9); (+uPA) females with CNP and melanoma
(n = 9); (-uPA) females with melanoma (n = 9);
(-uPA) females with CNP and melanoma (n = 9).

The modeling of CNP by ligation of the sciatic
nerve from both sides, the procedure for subcutane-
ous transplantation of the B16/F10 melanoma into the
right subscapular region, the course of the experiment
and the preparation of 10% of cytosolic fractions have
been described before [13]. For this work, we used
the B16/F10 murine melanoma obtained from the Re-
search Center for Oncology named after N.N. Blokhin
of the Ministry of Health of the Russian Federation.
The tumor proliferative pool was 71.6%. The materi-
al for transplantation of the B16/F10 melanoma was
obtained from (+uPA) donor mice of the C57BL/6
line, second passage, on days 12-16 of tumors deve-
lopment. The animals with tumors were euthanized
21 days after the melanoma transplantation. The 10%
cytosolic fractions were obtained from the isolated
brain and prepared on 0.1 M potassium phosphate buf-
fer pH 7.4 containing 0.1% Tween-20 and 1% BSA;
all manipulations were performed on ice. The content
of biogenic amines — adrenaline (A), noradrena-
line (NA), dopamine (DA), histamine (H), serotonin
(5HT), 5-hydroxyindoleacetic acid (SHIAA), was
determined using standard ELISA test systems (Cus-
abio, China).

The statistical processing of the material was car-
ried out using the Statistica 10.0 software; mean val-
ues and standard errors (M + m) were determined. The
significance of differences in average values was eval-
uated using the Mann — Whitney U-test and Student’s
t-test (after checking for normal distribution using the
Shapiro — Wilk test). The differences were considered
significant at p < 0.05.
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RESULTS

First, there was a study of the effect of CNP, uroki-
nase knockout and their combination on the content of
biogenic amines in the female mice brain. The results
of the study of biogenic amines in the brain of (+uPA)
females with CNP showed a decrease in the levels of
adrenaline by 2.4 times, of noradrenaline by 2.3 times,
of histamine by 2.1 times and serotonin by 1.9 times
(p < 0.05) against the background of an increase in
SHIAA by 3.3 times, compared with the indicators of
intact (+uPA) females (Table 1). The dopamine con-
tent in the brain of (+uPA) females did not change un-
der the influence of CNP, but there was an increase of
the DA/NA ratio by 2.3 times and a decrease of the
(p < 0.05) A/SHT ratio by 1.3 times as well as of the
SHT/5HIAA ratio by 4.8 times.

The urokinase gene knockout in female mice had
no effect on adrenaline and serotonin levels in the
brain, with an increase of the noradrenaline level by
3.2 times, dopamine level by 2.9 times, and SHIAA
level by 2.0 times, but the histamine content was
decreased by 2.1 times (Table 1). As a result, the
SHT/5HIAA ratio coefficient decreased by 2.5 times,
the ratio of DA/NA and A/5HT did not differ from
indicators of intact (+uPA) females.

Modeling of CNP in (—uPA) females resulted in a
decrease in the brain level of NA and DA by 1.5 times
compared to (—uPA) females without pain (p < 0.05),
however, relative to (+uPA) females, both intact
and having the CNP background, the concentration
of these neurotransmitters was higher: NA by 1.7
times and 4 times, respectively, and DA by 2 times
(p <0.05).

In (—uPA) females, CNP caused a decrease in his-
tamine by 1.8 times compared with intact (—uPA) and
(+uPA) animals (p < 0.05), without statistically sig-
nificant differences compared with (+uPA) females
with CNP. At the same time, there was an increase
in serotonin content by an average of 3 times com-
pared with intact (—uPA) and (+uPA) animals and
5.2 times compared with (+uPA) females with CNP
(» <0.05). Modeling of CNP in (—uPA) mice resulted
in an increase of the brain concentration of SHIAA
by 1.7 times and 1.3 times (p < 0.05) compared with
(—uPA) and (+uPA) intact animals, respectively, while
there were no significant differences compared to
(+uPA) females with CNP. As a result, the A/SHT ra-
tio in the brain decreased by more than 3.4 times and
2.8 times compared to intact (—uPA) and (+uPA) fe-
males and 2.1 times compared to (+uPA) females with

CNP, and the ratio between serotonin and its SHIAA
metabolite did not differ from (+uPA) intact animals,
but was 2.2 times higher than the one of (—uPA) intact
animals and 4 times higher than the one of (+uPA) fe-
males with CNP. The DA/NA coefficient in the brain
of (—uPA) females with CNP did not have significant
differences from (—uPA) and (+uPA) of intact ani-
mals, but it turned out to be 2 times lower than that of
(+uPA) females with CNP.

The urokinase gene knockout and CNP contributed
to a change in the biogenic status of the brain in dif-
ferent directions. If in (+uPA) females, CNP caused
a decrease in the A and NA level, then the urokinase
gene knockout, on the contrary, resulted in an increase
in the NA and DA content, but did not affect the A
value. The development of CNP in (—uPA) females
was accompanied by a decrease not only in the brain
level of NA, like in (+uPA) females with the CNP
background, but also in the level of DA; however, the
levels of these catecholamines remained significantly
higher than in females with a normal genome, both
with and without CNP.

Only in (—uPA) females, the A/SHT ratio in the
brain was higher than the one in (+uPA) females; CNP
reduced the A/SHT ratio both independently and in
combination with knockout. It should be noted that in
females, any of the exerted effects — CNP, urokinase
gene knockout, alone or in combination with CNP, re-
sulted in an increase in the brain level of SHIAA, a
serotonin metabolite, as well as in a decrease in the
histamine concentration.

Previously, we found that CNP in mice with a nor-
mal genome had a stimulating effect on the develop-
ment of transplanted melanoma, which was expressed
in a decrease in life expectancy and latent period, as
well as in more active metastatic spreading to non-spe-
cific sites against the background of a smaller tumor
volume [13]. The development of transplanted mela-
noma in mice with the uPA gene knockout was cha-
racterized by smaller tumor volumes and the absence
of metastatic spreading after 3 weeks, against the back-
ground of the absence of differences in life expectancy
and latent period. In female mice with the urokinase
gene knockout and CNP with transplanted melano-
ma, a shorter life expectancy was observed, which is
characteristic of animals with CNP and tumor growth,
however, there was a larger latent period [16].

Taking into account the multidirectional changes
in the neurotransmitter status of the brain in female
mice under the influence of CNP and the urokinase
gene knockout, as well as differences in the course
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of malignant process, the content of biogenic amines
in the brain was studied in female mice with CNP,
the urokinase gene knockout and their combination
after 3 weeks of growth of transplanted melanoma
B16/F10.

As a control, the level of biogenic amines in (+uPA)
female mice with self-developing melanoma (without
concomitant CNP) was examined first. After 3 weeks
of growth of the B16/F10 melanoma, there was an
increase of the brain level of dopamine by 1.8 times
(p <0.05), of serotonin by 2.3 times and of SHIAA by
1.5 times (p < 0.05); the content of noradrenaline, his-
tamine and adrenaline did not have significant differ-
ences from values in intact (+uPA) females (Table 1).
As a result, the A/SHT ratio decreased by 2.1 times,
while the SHT/SHIAA and DA/NA ratios increased
by 1.5 times (p < 0.05).

In (+uPA) females with CNP, after 3 weeks of
growth of melanoma in the brain, there was an increase
of levels of adrenaline and dopamine by 1.4 times
(» <0.05), of noradrenaline by 2.2 times, of histamine
by 2.0 times and of serotonin by 1.3 times (p < 0.05),
together with a decrease in the content of SHIAA by
2.5 times, compared with indicators in the brain of
(+uPA) females with CNP only (Table 1). As a result,
the A/SHT ratio did not differ from the values in the
brain of (+uPA) females with CNP only, SHT/SHIAA
was 3.3 times higher, and DA/NA, on the contrary, 1.6
times (p < 0.05) lower. It should be noted that com-
pared with the amine content in animals with standard
transplantation of melanoma, differences were also
detected: lower levels of adrenaline, serotonin and the
SHT/SHIAA ratio by 1.8 times (p < 0.05), 2.4 times
and 2.1 times, respectively (Table 1).

Table 1

Content of biogenic amines in the brain of female C57B1/6 mice, M + m

+ i + ice + = i — ice +
Intact (+uPA) mice (+uPA) mice (+uPA) mice Tntact (~ (—uPA) mice (-uPA) mice (—uPA) mice
Parameter (+uPA) mice + melanoma + CNP CNP + melanoma uPA) mice + melanoma + CNP CNP + melano-
BI6/F10 BI6/F10 BI6/F10 ma B16/F10
Adrenalin, 8.5+0.7 9.0+0.8 3.5+03! 50+0.6'34 8.6+0.85 | 7.4+0.69 | 8.6+0.82 8.1+0.78
ng/g of tis.
Noradrenaline, | 19 4, 1 ¢ | 232122 8.5+ 1.1 18.9 +2.0° 61.4+59' | 403+£0384| 33.7£3.123 | 37.0+£3.2
ng/g of tis.
Dopamine, 175+18 | 31.0+£3.1' | 179+15 25.0+£223 | 50047 | 33440312 | 35.8+342° | 412+39
ng/g of tis.
Histamine, 349+32 | 304+29 | 166+12! 33.5+2.9° 164+1.5" | 34.0+0322 | 18916 282427
ng/g of tis.
Serotonin, 0.43+0.03 | 0.97+0.05 | 0.23+0.02' 04+0.03* [035+£0.03 | 1.9+£0.15% | 1.2£0.112° | 1.2£0.10°
ng/g of tis.
5-HIAA,
. 0.15+0.03 | 023£0.03' | 0.5+0.03' 024001 | 03+0.03" | 040034 | 0.5+0.04 0.4+ 0.03
ng/g of tis.
A/SHT 1977+ 1.4 | 928+0.73" | 1522+ 1.2 125+ 12  [26.1+024']3.89+0.3524] 7.17£0.69%3 | 6.75+0.66°
SHT/SHIAA | 2.9+025 | 422+039' | 0.6+0.05' 20401834 | 1.1£0.09' | 475+047> | 24+0.183 | 3.0+0.03¢
DA/NA 09+008 | 134+0.12' | 2.1+0.20 132+0.133 | 081+0.07 | 0.83+£0.08 | 1.06£0.09° | 1.11+0.1
Note. ! — statistically significant compared with intact (+uPA4) animals; 2 — statistically significant compared with intact (-uP4) animals; 3 —

statistically significant compared with (+uPA4) animals with CNP; # — statistically significant compared with (+uP4) animals with the B16/F10
melanoma; 3 — statistically significant compared with (—uPA) animals with CNP; 6 — statistically significant compared with (—uP4) animals with

the B16/F10 melanoma.

The level of catecholamines in the brain of (—uPA)
mice decreased 3 weeks after tumor transplantation:
adrenaline by 1.2 times (p < 0.05), noradrenaline and
dopamine by 1.5 times (p < 0.05), and histamine,
serotonin and SHIAA, on the contrary, increased by
2.1 times, 5.8 times and 1.3 times (p < 0.05), respec-
tively, compared with (—-uPA) females. Moreover, the
A/SHT ratio turned out to be 6.7 times lower, and the
SHT/5HIAA ratio was 4.3 times higher. It should be
noted that, compared with the indicators of (—uPA) fe-
males with melanoma without concomitant CNP, the

content of NA in (—uPA) mice was higher by 1.7 times
(p < 0.05), of serotonin by 2.0 times, of SHIAA — by
1.7 times (p < 0.05), but there was a decrease of the
ratio of A/SHT by 2.4 times and of DA/NA by 1.6
times (p < 0.05).

The melanoma growth in female mice with the uro-
kinase gene knockout and CNP was characterized by
a low life expectancy 1.6 times (p < 0.05) lower than
for females with the urokinase gene knockout without
CNP, but with a latent period being larger by 1.7 times
(p <0.05). At that, in the brain of (—-uPA) females with
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CNP after 3 weeks of growth of melanoma, only a 1.5-
fold increase (p < 0.05) in histamine levels was detected
compared with the brain indicators of (—uPA) females
with CNP without tumor transplantation (Table 1). The
main difference compared with the neurotransmitter
status in (—uPA) females with melanoma after 3 weeks
of tumor growth was the decrease in the serotonin level
by 1.6 times (p < 0.05), resulting in an increase in the
A/SHT ratio by 1.7 times (p < 0.05) and a decrease in
the SHT/SHIAA ratio by 1.6 times (p < 0.05).

DISCUSSION

The development of transplanted melanoma is ac-
companied by a violation of central regulatory mec-
hanisms, while the characteristics of the tumor devel-
opment may depend on the initial status and reactivity
of the aminergic systems of the brain. In the course
of this study, it was found that the growth of melano-
ma at standard transplantation to female mice, after
3 weeks of the experiment, resulted in an imbalance
of the dopaminergic and noradrenergic systems, with
the prevalence of the first one, as well as in the sero-
tonergic system activation, which was expressed in an
increase of levels of both serotonin and its metabolite.

First of all, it is noteworthy that CNP (in (+uPA)
females) and the urokinase gene knockout in indepen-
dent variants have different effects on the adrenergic,
noradrenergic and serotonergic systems, but these are
equal in relation to the histaminergic system. From the
obtained results, it can be seen that CNP in (+uPA) fe-
males results in a decrease of almost all of the studied
biogenic amines in the brain, resulting in a violation of
basic mechanisms of central regulation. The urokinase
gene knockout, on the contrary, activates the norad-
renergic, serotonergic and dopaminergic systems in
the brain of females, as well as changes the biogenic
amines ratio.

The model of chronic neurogenic pain is a model
of chronic prolonged stress, while animals with the
urokinase knockout, although having a genetically de-
termined disorder, do not phenotypically differ from
(+uPA) mice of the C57BL/6 line [15]. It is known
that urokinase and its receptor are found in large quan-
tity in the developing brain [17], but their expression
in the adult state is limited to certain groups of neu-
rons, mainly in the hippocampus and some subcor-
tical structures [18]. In our study, it was shown that
the urokinase gene knockout, although it did not have
phenotypic manifestations in the behavior of mice,
was characterized by a significant increase in the brain
levels of noradrenaline, dopamine, and serotonin, but

a decrease in histamine. We suppose that the found
increase in the absolute levels of dopamine, noradre-
naline and serotonin, as well as a change in the balance
of biogenic amines in the brain of females with the
urokinase gene knockout, is one of the mechanisms
that contribute to the restoration of neurogenesis and
synaptic transmission of nerve endings in case of vari-
ous stress impacts under conditions of genetic damage
to one of the links of the urokinase system.

The growth of most types of malignant tumors
depends on the balance between factors promoting
proliferation, angiogenesis, migration, and survival
of the cells, and those that are involved in cell diffe-
rentiation, inhibit proliferation and result in apop-
tosis [19]. Therefore, after transplantation of ma-
lignant melanoma cells into animals with different
neurotransmitter status of the brain, which was ge-
netically determined or altered as a result of pro-
longed chronic exposure of neurogenic pain, the
development of the malignant process may turn out
to be modified due to various background states of
central regulatory systems.

The decrease in biogenic amines in the brain of fe-
males under the influence of CNP resulted in a weak-
ening of the antitumor defense of the body, which re-
sulted in a decrease in life expectancy, latent period,
and increase in activity and metastasis sites in animals.
At the same time, the growth of transplanted melano-
ma in female mice with the urokinase gene knockout
did not have significant differences in life expectan-
cy and latent period; however, the increase in tumor
volume was significantly slower than at transplanting
melanoma to mice with a wild type of the urokinase
gene. We suggest that the urokinase gene knockout
could have an antitumor effect at the local level, as we
previously showed the participation of the system of
growth factors and fibrinolysis in the pathogenesis of
melanoma growth in female mice [20]. Experimental
studies show the interaction of serotonergic and dopa-
minergic systems with each other, while affecting the
brain plasticity and the ability of the body as a whole
to recover and adapt [21]. Noradrenaline is involved
in the protection of dopaminergic neurons through en-
hancing the tyrosine hydroxylase expression [22]. The
depletion of the noradrenergic system of the brain is
often associated with hyperactivation of the hypotha-
lamo-pituitary-adrenal axis, which characterizes var-
ious mental disorders associated with stress, such as
anxiety and depression, and neurodegenerative con-
ditions, such as Alzheimer disease and multiple scle-
rosis [23]. Recent studies show that this reaction has
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gender differences, and females are less resistant to
prolonged stress [24].

In this study, animals with CNP and the urokinase
gene knockout showed a decrease in histamine levels
in the brain. This fact, on the one hand, can be ex-
plained by the multifunctionality of histamine, which
takes part both in nociceptive reactions and in resto-
ration processes in the brain. The difficulty in inter-
preting the results of changes in neuronal amines in
general and histamine in particular lies in the activa-
tion of various receptors, which results in various ef-
fects. On the other hand, an increase in aminoxidase
activity may cause a decrease in histamine levels. We
have detected an increase in the level of the serotonin
metabolite — SHIAA both in CNP and knockout ani-
mals. A significant difference was a decrease in sero-
tonin in females with CNP, but the preservation of its
physiological concentrations in knockout animals.

Moreover, the combined effect of CNP and (—uPA)
results only in a decrease in the effect of the urokinase
gene knockout and activation of the serotonergic sys-
tem metabolism against the background of an increase
in the serotonin level. There is a possibility that it was
the increase in the serotonin level in the brain of fe-
males with the combination of the gene knockout with
CNP that affected the increase in the latent period of
tumor development, although it did not result in an
increase in the life expectancy of animals.

CONCLUSION

Thus, the obtained study results indicate the un-
doubted effect of changes in the neurotransmitter
balance of the brain under the influence of chronic
neurogenic pain and genetically determined urokinase
deficiency on the growth of transplanted melanoma. A
better understanding of mechanisms underlying neu-
rotransmitter function at oncogenesis, neurogenesis,
and chronic comorbid diseases will make it possible
to predict the possible course of the disease and to de-
velop personalized antitumor therapy.
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ABSTRACT

Aim. To assess the variability of the NAT2 gene and to comparatively analyze the prevalence of NAT2 polymor-
phisms and acetylation types among Yakut and Russian patients newly diagnosed with pulmonary tuberculosis
(TB), permanently residing in the Sakha Republic (Yakutia).

Materials and methods. The study included 197 patients with newly diagnosed pulmonary TB (132 Yakuts and
65 Russians) aged (43.3 £ 14.4). The following single-nucleotide polymorphisms were analyzed, using re-
al-time polymerase chain reaction (PCR): NAT2*5 (rs1801280, T341C), NAT2*6 (rs1799930, G590A), NAT2*7
(rs1799931, G857A), NAT2*11 (rs1799929, C481T), NAT2*12 (rs1208, A803G), and NAT2*13 (rs1041983,
C282T). Genetically determined basal metabolic rates were calculated using the NATpred online tool.

Results. 75% of residents, both of Yakut and Russian ethnicity, were identified as carriers of NAT2 polymorphic
variants known to be related to isoniazid biotransformation. NAT2*6 and * 13 allelic variants were more frequent in
Yakuts (occurring in 40.9% and 64.4%, respectively); variants NAT2*5, *6, *11, *12, and *13 were more common
in Russians (69.2; 55.4; 67.7; 69.2, and 64.6%, respectively). The NAT2*5, *7, *11, and *12 polymorphisms were
found to be significantly ethnicity-dependent. The study established substantial prevalence of medium acetylation
type (58.3%) in Yakuts and slow acetylation type in Russians (61.5%). Correlations were shown between ethnicity
and different prevalence rates of rapid, medium, or slow acetylation types among patients with TB.

Conclusion. The observed NAT2 polymorphism distribution patterns and isoniazid acetylation types among
Yakut and Russian patients with newly diagnosed pulmonary TB demonstrated that pharmacologic responses
can be significantly different between ethnic groups. Findings of pharmacogenetic studies in Yakut and Russian
populations should be incorporated in clinical practice for personalized administration of isoniazid.

Key words: Yakut, Russian, tuberculosis, isoniazid, pharmacogenetics, polymorphism, NAT2, acetylation,
isoniazid acetyltransferase.
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CpaBHUTE/IbHBINM aHa/U3 pe3y/IbTaTOB FreHOTUNMPOBAHUA reHa N-aueTus-

TpaHcpepasbl 2 y NaLuMEHTOB C BNEPBbie BbIAB/IEHHbIM Ty6EepKy/1€30M OpraHoB

AbIXaHUA, NpoXKMBatowmx B Pecny6/uke Caxa (AKyTHA)

KpacHoBa H.M.', Eppemosa E.H.?, EropoBa A.A.2, ®ununnosa 0.U.2, YepToBckux f.B.3,
Pyabix 3.A.3, AnekceeBa E.A.2, TatapuHoBa T.E.?, CokopyToB [1.A.", Banb H.C.?,
BuHokypoBa M.K.2, KpaBueHko A.D.?, BeHrepoBckui A.A.%, Coiués A.A.°

I Cegepo-Bocmounulit pedepanvuviti ynusepcumem (CB@Y) um. M.K. Ammocosa
Poccus, 677000, 2. Axymck, yn. berunckozo, 58

? Hayuno-npaxmuuecxuti yenmp (HIIL]) « @musuampusiy
Poccus, 677000, 2. Axymck, ya. [lempa Anexceesa, 93

3 Pecnybauxanckas knunuyeckas ooavrnuya (PKB) Ne 3
Poccus, 677027, 2. Axymck, yn. Kupoea, 34

* Cubupckuii 2ocyoapcmeennulii meouyunckull ynugepcumem (Cubl’MY)
Poccus, 634050, 2. Tomck, Mockoeckuii mpakm, 2

3 Poccutickas MEOUYUHCKAsL aKaOdeMust HenpepuleHo20 npogeccuonaivio2o oopasosanus (PMAHIIO)
Poccus, 125993, o. Mocksa, ya. bappukaonas, 2/1, cmp. 1

PE3IOME

Heas. Onenuts BapuabenbHOCTs TeHa N-anetuntpancdepassl 2 (NAT2), mpoBecTH CpaBHUTENBHBINA aHAIN3 pac-
HPOCTPAaHEHHOCTH €ro MonuMopdu3MoB reHa NAT2 1 TUIIOB alleTHIMPOBAHUS CPEIN SAKYTOB M PYCCKHX C BIIEPBBIC
BBISIBJICHHBIM TyOEPKYJIE30M OPTaHOB JABIXaHUs, MpokuBaromux B Pecryonuke Caxa (SAxyTus).

Marepuanasl 1 MeToabl. B nccnenoBanue BkitodeHsl 197 manuentoB (132 skyrta u 65 pycckux) B BO3pacTte
(43,3 + 14,4) rona ¢ BIepBbIC BISABICHHBIM TYOCPKYJIE30M OPraHOB JbIXaHHsI. MeTo0M MOoJINMepa3HOi emHOi
pEaKkIiu B pe)KMME PeabHOr0 BPEMEHH HCCIIeI0BaHbI OJHOHYKIICOTUIHBIE ToMMopu3mMbl NAT2*5 (rs1801280,
T341C), NAT2*6 (rs1799930, G590A), NAT2*7 (rs1799931, G857A), NAT2*11 (rs1799929, C481T), NAT2*12
(rs1208, A803G), NAT2*13 (rs1041983, C282T). I'eneTnueckn NeTepMUHHPOBAHHYIO CKOPOCTH MeTaboyn3Ma
paccUUTHIBAII C TOMOIIBIO OHNTaiH-KaIbKysiTopa NATpred.

Pe3yasTatsl. [Tomumopdusie BapuanTtsl reHa NAT2, acCOIMIPOBAaHHBIE CO CKOPOCTHIO OHMOTpaHC(HOpMAIMU H30-
HHUAa3u/a, BCTpedaloTcs y 75% SKyTOB UM BCEX PYCCKHUX, NMPOXKMBAIOINX B SKyTHH. SIKyTHI SBIISIOTCS YacTHIMU
HOCHTEIISIMU aJUIeIIbHBIX BapuanToB NAT2*6 u *13 (c wactoToi Bctpeuaemoctu 40,9 u 64,4% COOTBETCTBEHHO),
pycckue — HocutessMu NAT2*5, *6, *11, *12 u *13 (c wacToTol BcTpeuaemoctu 69,2; 55.4; 67,7; 69,2 u 64,6%
COOTBETCTBEHHO). Pacpenenenne nommmoppusmoB NAT2*5, *7, *]1, *]2 3Ha4nMO 3aBHCUT OT HAI[HOHAIBHOCTH.
VYcraHoBneHa OoJbIIas pacpoCTPAaHEHHOCTh MIPOMEKYTOUHOTo Tuma aunerwinposanus (58,3%) cpexn sKyToB,
MEJUICHHOTO THIA — Cpei pycckux (61,5%). Paznuuus pacripocTpaHeHHOCTH OBICTPOTO, IIPOMEXKYTOTHOTO U MeI-
JICHHOTO THIIOB al[eTIIMPOBAHUS y MAIIEHTOB C TyOEpKyJIe30M 3aBHCAT OT HAIIMOHAJIBHOCTH.
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3axmouenne. OcoOEHHOCTH pacripeneneHns moauMophu3MoB reHa NAT2 ¥ THIIOB alleTHIMPOBAHUS H30HHA3HIA
Cpeay MAlMEeHTOB SKYTCKOM U PYCCKO#l HAIMOHAJIBHOCTH C BIIEPBBIC BHISBICHHBIM TYOEpKYJI€30M OpPraHOB JIbIXa-
HHS CBU/ICTENILCTBYIOT O TOM, YTO (DapMAKOJIIOTHUECKHI OTBET MOXKET 3HAYUTENBHO Pa3InyaThCs CPEIN HALIUCHTOB
Hal[MOHAJBHBIX Ipymil. JlaHHBIE (apMaKOr€eHETHYECKOTO HCCIEI0BAHNUS Y SIKyTOB U PYCCKHX HEOOXOIUMO YUUTHI-
BaTh B KIIMHMYECKOW MPAKTHKE JUIS HEPCOHAIN3UPOBAHHOTO MPUMEHEHHUS H30HHA3H/IA.

KnroueBble ciioBa: AKyTHI, pycckue, TyOepKyJe3, N30HHA3U I, apMakoreHeTHka, nomumopdmsm, NAT2, mexten-
HBIH{, OBICTPBIH, TPOMEXXYTOUHBIH, THI AlleTHINPOBAHHS.

Konpaukt nuaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIME HACTOSIICH CTAThH.

Hcrounux punancupoBanus. Vccienosanue BeinonHeHo npH ¢uHancoBoi noxnepxke [AY PC(S) «Pecmy-
OnrkaHCKas KImHIYeckas 6onpauIa Ne 3» Munuctepctsa 3apaBooxpanenus PecryOinku Caxa (SIkyTus).

CooTBeTCTBHE NPUMHIMIIAM ITHKH. Bee nanueHTsl noanucani HHPOPMHUPOBAHHOE COTIacHe HA MPOBEICHHE HC-
cienoBanus. VccnenoBanne ogoOpeHo JIoKambHBIM 3THUeckiM komMuteToM ['BY PC(S1) «HayuHo-nipakTH4ecKuit
neHTp «Prmsuarpus» (mpotokon Ne 3 ot 26.09.2018).
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INTRODUCTION

Conventionally recommended treatment for new-
ly identified drug-sensitive pulmonary tuberculosis
consists of a combination of 4 most effective anti-TB
drugs, such as isoniazid, rifampicin, pyrazinamide,
and ethambutol, administered in standard doses
(http://cr.rosminzdrav.ru/#!/schema/943). In reality,
individual differences in pharmacologic responses to
these drugs, developing quite often, include poor che-
motherapy outcomes in some patients, possible deve-
lopment of M. tuberculosis drug resistance followed
by disease relapse, and adverse drug reactions [1]. In
particular, isoniazid is a drug with a known hepatoto-
xic effect, which can cause liver damage with clinical
manifestations ranging from asymptomatic hyperen-
zymemia (10-20% of patients) to severe hepatitis or
acute hepatic failure (0.5—1%) [2]. Toxic liver effect is
produced by highly active isoniazid metabolites, hy-
drazine and acetylhydrazine [3, 4].

Isoniazid is metabolized in the liver through reac-
tions of acetylation and hydrolysis. These reactions
are catalyzed by N-acetyltransferase-2 (NAT2) and
acylamidase, respectively [5]. A NAT?2 isozyme is en-
coded by a highly polymorphic gene with 106 alleles
established to date. NAT2 activity is determined by
single-nucleotide substitution in the backbone region
of the encoding gene [6, 7]. Combinations of NAT2
gene alleles produce a variety of isoniazid acetylation

phenotypes: rapid acetylator (presence of 1 or 2 “ra-
pid” alleles); medium acetylator (1 “slow” allele);
slow acetylator (2 “slow” alleles) [5, 8].

NAT2 gene polymorphism distribution is known
to vary substantially and has been shown to correlate
with race, ethnic origin, and place of residence [9-11].
The aim of this study was to assess the variability of
NAT2 gene and to comparatively analyze prevalence
of NAT2 gene polymorphisms and acetylation types
among Yakuts and Russians with newly identified
pulmonary tuberculosis (PTB).

MATERIALS AND METHODS

Single-center, one stage, observational sampling
study was conducted, including 197 patients with new-
ly identified PTB, selected from representatives of 2
ethnic groups living in the Sakha Republic (Yakutia):
132 Yakuts (77 women, 55 men) and 65 Russians (35
women, 30 men). Patients were hospitalized to Phthi-
siatry Research-Practice Center in Yakutsk during
the intensive chemotherapy phase. Patient’s average
age was 43.3 + 14.4 years. Inclusion criteria were
PTB diagnosed for the first time, age of 18 years or
over, informed consent, and Yakut or Russian ethnic-
ity. Ethnicity was established based on self-definition
by patients and their parents; family trees were also
analyzed to the second generation. In earlier studies,
it was shown that ethnic self-definition corresponded
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to microsatellite analysis in 99.9% of cases [12]. De-
scendants from mixed marriages and patients who did
not meet any of the inclusion criteria were excluded.

Blood for genetic analysis was obtained from a
superficial elbow vein. Using evacuated blood collec-
tion systems, whole blood specimens were collected
in 4 mL tubes coated with finely dispersed ethylene-
diaminetetraacetic acid (Zhejiang Gongdong Medical
Technology Co., Ltd); then desoxyribonucleic acid
(DNA) was isolated using the ExtractDNA Blood re-
agent kit (Evrogen, Russia). Using Real-Time CFX96
Touch (Bio-Rad, USA) PCR system and GenTest-M
NAT2 (Nomotek, Russia) reagent kit, we identified
the presence of the following polymorphic variants:
NAT2*5 (rs1801280, T341C), NAT2*6 (rs1799930,
G590A), NAT2*7 (rs1799931, G857A), NAT2*11
(rs1799929, C481T), NAT2*12 (rs1208, A803G),
and NAT2*13 (rs1041983, C282T). Genetically de-
termined basal metabolic rates were calculated using
NATpred online calculator [13].

Statistical analysis was performed using IBM
SPSS Statistics ver. 23. Pearson’s chi-squared test and
its modification with Yates’s correction were used for
analysis. Compliance of genotype distribution with
Hardy — Weinberg equilibrium was checked using
95% Clopper — Pearson confidence intervals. The cri-
tical significance level p was 0.05.

RESULTS

Yakut and Russian patients newly diagnosed with
TB had the following polymorphic NAT2 gene vari-
ants known to be linked with the isoniazid biotrans-
formation rate: NAT2*5, *6, *7, *11, *12, and *I3.
In Yakuts, allele and genotype distributions of NAT2
polymorphisms were consistent with Hardy — Wein-
berg equation (p > 0.05). In Russians permanently
living in Yakutia, allele and genotype distributions of
NAT2*5, *6, *7, *12, and *I3 polymorphisms com-
plied with the Hardy — Weinberg equation, only the
NAT2*11 polymorphism did not correspond to the
equilibrium (Table 1).

NAT?2 polymorphic variants were found in 75%
(99 /132) of Yakut patients and in all Russian patients
(65 / 65). Two most frequent allelic variants found
among Yakuts were NAT2*6 (40.9%) and NAT2*13
(64.4%). In Russians, the following polymorphic
variants were observed with almost the same frequen-
cies: NAT2*5, *6, *11, *12, and *13 (69.2%, 55.4%,
67.7%, 69.2%, and 64.6%, respectively) (Table 1).

Statistically significant ethnicity-dependent differ-
ences were observed in the prevalence of single-nu-
cleotide polymorphisms (SNPs) NAT2*5, *7, *11,
*]2 (Table 1). Polymorphic variants NAT2*6 and
NAT2*13 were equally frequent among Yakuts and
Russians.

Table 1

Comparison of allele and genotype frequencies of NAT2 gene polymorphisms in Yakuts and Russians with newly identified pulmonary
tuberculosis (PTB)

Polymorphism Yakuts (n = 132) Russians (n = 65)
Genotype, 1 (%) Allele, % v P Genotype, 1 (%) Allele, % . P
NAT2*5 (T341C) 912;9) 352(63.5) 6?4/:.:6) 0.{32 0.C18 L7 10.558 1755 (Ts/oT.S)* 36 (Ts/sc.4)* 9 (?gi;)* 0.T58 oiz 1.28 1 0.527
G/G G/A A/A G A G/G G/A A/A G A
NAT276 (G390A) 78 (59.1)[49(37.1)| 5(3.8) | 0.78 | 0.22 064 10727 29 (44.6) | 29(44.6) | 7(10.8) | 0.67 [0.33 0.004] 0998
A A/A A A A/A A
NAT2*7 (G857A) 94G(;?.2) 35C(}£6.5) 3 (2.3) 024 0.16 001 10.993 56 ?8/52)* 9 (?;.8)* 0 (i))* 0?3 0.07 036 1 0.976
NAT2*11 (C481T) 90((322.2) 38((:;;8) 4{;];)) 0.(2233 0.11“7 0.00 | 1.000 21 ((;/2(.:3)* 40 ((é/lljS)* 4(];/2)* 0.(6:3 0.27 6.70 1 0.035
NAT2712 (A303G) 9112?.9) 38A(/2§8) 3G(;.C;) 0./;3 0.G17 01710916 20 é/(fS)* 37?5/699)* 8 (Cl};i)* 0?9 0.(4}11 207 0.354
NAT2713 (€282T) 47%2.6) 74((:;.1) 11T(/8T.3) 0.((334 0.T36 589 1 0.052 23%(5:.4) 34((321.3) 8 (T1/2T.3) 0.(22 0.1;8 0.72 10699

Note. 2 — Pearson’s chi-square test, p — statistically significant differences (< 0.05). * significant differences, compared with Yakuts, p < 0.05.

58.3% (77 / 132) of Yakuts with newly diagnosed
TB were characterized by medium acetylators, while
in 22.7% (30/132) and 18.9% (25/132) slow and ra-
pid acetylators, respectively, were observed. Among
Russians, slow type was detected in 61.5% (40 / 65),

medium type — in 35.4% (23 / 65), and rapid type — in
3.1% (2/65).

Differences in the prevalence of 3 acetylation
types significantly depended on ethnicity (y*=30.977;
p =10.000).
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Occurrence of NAT2*6, *7, and *11 genotypes
among slow and medium acetylators did not differ
much between Yakut and Russian patients, unlike the
prevalence of NAT2*5, *12, and *13 polymorphisms,
which showed statistically significant differences.

74% (57 / 77; CI [0.62—0.83]) of Yakut medium
acetylators were carriers of homozygous T/T gen-

otype of NAT2*5 (T341C). In the group of Russian
patients, this carriage was observed in 39.1% of cases
(9/23; CI[0.19-0.61]) (p < 0.05).

Heterozygous T/C NAT2*5 genotype was identi-
fied in 24.7% of Yakut (19 / 77; CI [0.15-0.35]) and
60.9% of Russian (14 /23 CI [0.38-0.80]) (p < 0.05)
medium acetylators (Table 2).

Table 2
Acetylation types in patients with PTB with different genotypes of NAT2 gene polymorphisms
Yakuts (n = 132) Russians (n = 65)
P . Slow Medium . Slow . .
olymorphisms | Genotype Rapid acetylator Medium acetylator | Rapid acetylator
acetylator acetylator (n="25), n (%) acetylator (n=23), n (%) (n1=2). 1 (%)

(n=30),n (%) | (n=77),n (%) ’ (n =40), n (%) ? ’

T/T 9 (30.0) 57 (74.0) 25 (100.0) 9 (22.5) 9(39.1) 2 (100.0)
NAT2*5 (T341C) T/C 16 (53.3) 19 (24.7) 0 22 (55.0) 14 (60.9) 0
C/C 5(16.7) 1(1.3) 0 9(22.5) 0 0

NATZ*6 G/G 12 (40.0) 41 (53.2) 25 (100.0) 11 (27.5) 16 (69.6) 2 (100.0)
(G590A) G/A 15 (50.0) 34 (44.2) 0 23 (57.5) 6(26.1) 0
A/A 3 (10.0) 2 (2.6) 0 6 (15.0) 1(4.3) 0

NAT27 G/G 16 (53.3) 53 (68.8) 25 (100.0) 32 (80.0) 22 (95.7) 2 (100.0)
(G857A) G/A 12 (40.0) 23 (29.9) 0 8(20.0) 1(4.3) 0
A/A 2(6.7) 1(1.3) 0 0 0 0

NAT2*11 C/C 9 (30.0) 56 (72.7) 25 (100.0) 9(22.5) 10 (43.5) 2 (100.0)
(C481T) C/T 18 (60.0) 20 (26.0) 0 27 (67.5) 13 (56.5) 0
T/T 3(10.0) 1(1.3) 0 4 (10.0) 0 0

NAT2*12 A/A 9 (30.0) 57 (74.0) 25 (100.0) 10 (25.0) 8 (34.8) 2 (100.0)
(A803G) A/G 19 (63.3) 19 (24.7) 0 23 (57.5) 14 (60.9) 0
G/G 2(6.7) 1(1.3) 0 7(17.5) 1(4.3) 0

NAT2*13 C/C 3(10.0) 19 (24.7) 25 (100.0) 6 (15.0) 15 (65.2) 2 (100.0)
(C282T) C/T 18 (60.0) 56 (72.7) 0 27 (67.5) 7 (30.4) 0
T/T 9(30.0) 2(2.6) 0 7(17.5) 4.3) 0

Among medium acetylators, 74% of Yakuts (57/77,
CI [0.62—-0.83]) and 34.8% of Russians (8 / 23; CI
[0.16-0.57]) (p <0.05) had A/A genotype of NAT2*12
(A803G). Carriers of heterozygous A/G NAT2*12
genotype were found more frequently among Russian
patients (60.9%, 14 / 23; CI [0.38-0.80]), as opposed
to rarer occurrence of this genotype among Yakut pa-
tients (24.7%, 19/ 77; CI1[0.15-0.35]) (p < 0.05). C/C
NAT2*13 genotype (C282T) was present in 24.7% of
Yakuts (19 / 77; CI [0.15-0.35]) and 65.2% of Rus-
sians (15 /23; CI [0.42-0.83]) (p < 0.05). In addition,
Yakuts were more frequent carriers of T/C NAT2*13
heterozygote (72.7%, 56 / 77; CI [0.61-0.82]) than
Russians (30.4%, 7/ 23; C1[0.13-0.52]) (p <0.05).

DISCUSSION

Genetic diversity of the NAT2 gene and acetylation
phenotypes developed as a result of human adaption
to living environment. Transition from nomadic to
sedentary life profoundly changed food choices, re-

sulting in the body being exposed to novel pathogens
and xenobiotics. Further, due to the need for better
survival the activity of detoxifying enzymes had been
altered, producing a new heritable phenotype of bio-
transformation [14].

Correlation between ethnicity and the prevalence
of NAT2 gene polymorphisms has been observed
across the globe. Based on data from the Internation-
al Genome Sample Resource (IGSR; https://www.
internationalgenome.org/), NAT2*5, *11, and *12
polymorphic variants are more prevalent among
the populations of Europe and South Asia (68.4%
and 56.5% (first variant); 67.6% and 53.1% (second
variant); 67.2% and 58.1% (third variant)). Variants
NAT2*5, *11, and *12 have been observed in 7.3%,
7.1%, and 7.7% of the population of East Asia, re-
spectively. NAT2*7 polymorphism is frequent among
native population of East Asia (31.8%), but is rare
among Europeans (4.6%). NAT2*6 polymorphism
has been detected in 58.7% of people living in South
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Asia, showing equal rates among populations of Eu-
rope (46.9%) and East Asia (43.2%). Proportions of
people carrying NAT2*13 variant are nearly the same
among Asian and European races (50.5% of Asians,
69.4% of Europeans).

Our study demonstrated higher frequencies of
NAT2*6 and NAT2*13 allelic variants among Ya-
kuts (Table 1), which complies with previously repor-
ted prevalence rates among Asians. The frequency of
NAT2*5, NAT2*11, and NAT2*12 variants among
Yakuts was 31.1%, 31.8%, and 31.1%, respectively,
which was inconsistent with previously estimated
proportions among Asian people. The allelic vari-
ant NAT2*7 had almost the same occurrence among
Yakuts (28.8%) and people from East Asia (31.8%);
however, its frequency was lower in the population of
South Asia (13.5%).

The frequencies of NAT2*5, *6, *11, *12, and *13
polymorphic variants among Russians were 69.2%,
55.4%, 67.7%, 69.2%, and 64.6%, respectively
(Table 1). The frequency of NAT2*7 polymorphism
in Russians residing in Yakutia was higher than in res-
idents of Europe (13.8% and 4.6%, respectively).

Comparative analysis of NAT2 genotype distri-
bution showed that Russian patients were more fre-
quent carriers of NAT2*5, *11, and *12 than Yakuts
(Table 1). To date, evidence is lacking on the con-
tribution of NAT2*5 and *11 genotypes to severity
and frequency of isoniazid-induced liver damage in
patients with tuberculosis. There is a known correla-
tion between increased risk of isoniazid-induced hep-
atotoxicity and minor allele homozygous genotypes,
compared with the same risk in carriers of major al-
leles of NAT*5 and *11 [15, 16].

Polymorphic variant NAT2*7 was more fre-
quent in Yakuts (28.8%) than in Russians (13.8%)
(» < 0.05). Genotype A/A NAT2*7 was observed in
a small number of Yakut patients (2.3%) and in none
of the Russian patients (Table 1). Few studies have
reported inconclusive data on association between mi-
nor allele A NAT2*7 and hepatotoxicity risk. Some
authors pointed out a higher risk of hepatotoxic re-
actions to first-line anti-TB drugs in individuals with
A/A genotype, in contrast to carriers of G/G genotype
[17, 18], while other researchers reported absence of
such associations [2, 19].

Major alleles of NAT2*5, *6, and NAT2*7 encode
synthesis of NAT2 with altered amino acid sequence
and, therefore, lower activity. People with NAT2*5
allele in combination with NAT2*6, or *7 polymor-
phic variant are slow acetylators [8]. Geographic dis-

tribution of slow acetylators has been well studied:
this phenotype occurs in 60% of the population of
Europe, Middle East, North Africa, and South Asia,
and in 10% of the population of East Asia and Native
Americans [20].

In Yakut population, the most widespread acetyl-
ation type was medium type (58.3%), while Russians
mostly were characterized by slow acetylation type
(61.5%). The proportion of rapid acetylators was
much larger among Yakuts, than among Russians
(18.9% versus 3.1%). This is consistent with previous
comparative studies among Asians and Caucasians.

In clinical practice, NAT2 polymorphism and ge-
netically determined variability in isoniazid acetyla-
tion speed can have a considerable impact on the out-
come and safety of tuberculosis pharmacotherapy. A
link between liver damage rate and slow acetylation
type was confirmed in several meta-analyses [21-24].
Slow acetylators showed high serum concentrations
of isoniazid and its toxic metabolites [25]. Rapid
acetylators had lower serum isoniazid concentrations,
but higher risk of drug resistance to M. tuberculosis
[25-28].

CONCLUSION

Our study results suggest that NAT2 gene poly-
morphisms linked to isoniazid acetylation have con-
siderable prevalence rates among Yakuts and Rus-
sians. Yakuts mostly tended to be carriers of allelic
variants NAT2*6 and *13, while Russians mostly
carried variants NAT2*5, *6, *11, *12, and *13.
Comparative analysis within the study sample showed
the presence of statistically significant differences in
frequencies of NAT2*5, *7, *11, and *12 genotypes,
depending on ethnicity. As a result of NAT2 geno-
type combinations, Yakuts tended to develop mostly
medium acetylation type, while Russians more often
developed slow acetylation type. The observed pat-
terns in distributions of NAT2 gene polymorphisms
and acetylation types among Yakuts and Russians
with newly identified TB can serve as a confirmation
that pharmacologic responses can substantially differ
depending on patients’ ethnicity.
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ABSTRACT

The aim of this study was to assess the analgesic action of thiowurtzine in somatogenic nociception models by
activation of TRPA1 and TRPV1 ion channels.

Materials and methods. The object of the study is the compound 4-(3,4-dibromothiophenecarbonyl)-2,6,8,12-
tetraacetyl-2,4,6,8,10,12-hexaazatetracyclo [5.5.0.°%!1.0%*]dodecane (thiowurtzine). The analgesic activity of
thiowurtzine was studied under the conditions of a chemogenic activation model of TRPA1 channels (by the
formalin test), and by a selective test with an agonist of TRPV1 channels (the capsaicin test). The compound was
administered once per os in a dose range of 50200 mg/kg (water-tween solvent) an hour before the experimental
manipulations. The reference drugs were diclofenac sodium in a preventive single per os dose of 10 mg/kg in 1%
starch gel in a volume of 0.2 ml/mouse, and ketorolac in a dose of 6 mg/kg in the same solvent, volume and route
of administration.

Results. Thiowurtzine, when administered in per os doses of 100 and 200 mg/kg, was found to effectively block
nociceptive reactions caused by activation of TRPA1 and TRPV1 ion channels. At the same time, the analgesic
activity of thiowurtzine turned out to be comparable and/(or) superior to the ketorolac and diclofenac action,
depending on the model situation. In addition, it was found that thiowurtzine (200 mg/kg per os) corresponds to
diclofenac sodium (10 mg/kg per os) and is superior to ketorolac (6 mg/kg per os) in terms of anti-inflammatory
severity in the formalin test.

Conclusion. The biphasicity of behavioral reactions in the prognostic formalin test do not allow for an unambiguous
conclusion about the direction of the action mechanism of thiowurtzine, which confirms the polymodality
hypothesis. The data obtained in the two models of somatogenic nociception do not exclude the fact that the
modulation of the TRPA1 and TRPV1 activity is one of the mechanisms of the thiowurtzine analgesic action. By
the key analgesic characteristics found herein, thiowurtzine proves to be a unique compound with a high therapeutic
and innovation potential.

Key words: hexaazaisowurtzitane, thiowurtzine, analgesic activity, somatogenic nociception, TRP ion channels,
formalin test, capsaicin, ketorolac, diclofenac, anti-inflammatory activity.
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AHa/zbreTu4eckoe AencTeme NpomMsBOAHOIO reKCaasamsoBHOpPLMUTAHA
Ha MoAenAX coMaTuyeckon 60/1m, BbiI3BaHHOM aKTUBaLUen
TRPA1- 1 TRPV1-MOHHBbIX KaHa/10B

KpbinosaC.I'.’, JlonatuHa K.A.", 3yeBa E.I.", Ca¢poHoBa E.A.",MoBeTbeBa T.H.’,
Hecrepoga l0.B.', ApaHacbeBa O.I'.", KynbnuH N.B.', Cycnos H.WU.", Kynarnna [1.A.?,
CbiconatuH C.B.2, XKpaHoB B.B.!

! Hayuno-uccneoosamenvckuil uncmumym gapmarxono2uu u pezenepamushoii meouyunvt (HUHDOuPM)

um. E.JI. T'onvobepea, Tomckuii HayuonanbHulil ucciedosamenvekull meouyurckuil yewmp (HUMI]) Poccuiickot
axkademuu Hayx

Poccus, 634028, 2. Tomck, np. Jlenuna, 3

2 Uucmumym npoonem xumuxo-snepeemudeckux mexrono2uti Cubupckozo omoenenusi Poccuilckoil akademuu Hayk
(UI1XOT CO PAH)
Poccus, 659322, 2. buiick, yn. Coyuarucmuuecxas, 1

PE3IOME

Heapb. OueHka aHATBIeTUYECKOrO JIEHCTBHUS THOBIOpIMHA B ycioBusaX akTuBauud TRPA1- u TRPVI1-uonHbIX
KaHAaJIOB Ha MOJIEJIIX COMAaTON€HHOW HOLMIICIIIIAH.

Marepuanbl u Meroabl. OOBEKTOM WCCIENOBaHHSA SBIsieTCS coenuHeHue 4-(3,4-mubpomTrOdEeHKAPOO-
umn)-2,6,8,12-rerpaanernn-2,4,6,8,10,12-rexcaasarerpamukio [5,5,0,0%1,0°]nonexan (tuostopimn). Wccnemo-
BaHHE aHAIbI€THYECKON aKTHBHOCTH THOBIOPIIMHA MPOBOIMIIA B YCIOBUSAX XEMOTCHHOM MOJIENTN akTHBaruu TR-
PA1-xananoB ((hopMaIMHOBEIN TECT) U B CENEKTHBHOM (KaIlCaHIIHOBOM TecTe) ¢ aroHncroM TRPV1-kananoB —
karncaniiuHoM. CoeTMHEHUE BBOAWIM OJHOKPATHO per os B auama3oHe 103 50-200 Mr/kr (BOAHO-TBHHOBBIM
pactBopuTeNb) 32 1 4 10 SKCIIEpUMEHTANBHBIX BO3/ICHCTBUI. B kaduecTBe pedepeHc-penapaToB HCHONbE30BATH
JMUKIO(QEHAK HATPHUS MPEBEHTUBHO OJHOKPATHO per os B no3e 10 Mr/kr Ha 1%-M pacTBope KpaxMaibHOW CITU3U
B 00beMe 0,2 MJI/MBIIIb, KETOPOJIAK — B 103€ 6 MI/KT B aHAJIOTHYHOM PacTBOPUTENE, 00bEME U ITyTH BBE/ICHHUS.

Pe3yabTaThl. YCTaHOBICHO, YTO THOBIOPIUH IIPH NPEBEHTUBHOM OJHOKPATHOM per oS BBeAAeHHH B fo3ax 100 u
200 mr/kr 3pQeKTHBHO OIOKMPYET HOLUMUIICTITHBHBIE peaknu, o0ycinoBneHable akTuBanueiir TRPA1- u TRPV1-
MOHHBIX KaHaNoB. [Ipy 3TOM aHanbreTHYecKast akTHBHOCTD THOBIOPIIMHA OKa3aJIach CPABHIMOH U (WITH) IIPEBOC-
XOJSIIEH IeficTBUE KeTopoJlaka U AUKIO(eHaKa B 3aBUCHMOCTH OT MOJENbHOM cuTyarun. KpoMe TOro, BBISBICHO,
49T0 THOBIOpUUH (200 MI/KT per 0s) COOTBETCTBYET AukiIopeHaky Hatpus (10 MI/KT per 0s) B IPEBOCXOJUT KETOPO-
naK (6 MI/KT per 0s) 1O BRIPAKEHHOCTH MPOTUBOBOCIIAIUTENIFHOTO IEHCTBHS B (POPMATHHOBOM TECTE.

3akuouenue. buhasHOCTh NOBEAECHYECKHUX PEAKLUi B IPOrHOCTHYECKOM «DOPMaIIMHOBOM TECTE» HE I03BOJIACT
OJHO3HAYHO CZENAaTh BBIBOJ O HANpPaBIEHHOCTH MEXaHU3Ma JEHCTBHUs THOBIOPIMHA, YTO MOATBEPKIAET THIIOTE-
3y O MOJIMMOAANBHOCTH. JlaHHBIE, MONyYEHHbIE HAa ABYX MOJEISIX COMATOTEHHOH HOIMIENIMU, HE UCKIIIOYArOT
TOTO, YTO MOAYNALMs akTUBHOCTH perenTopoB TRPA1- 1 TRPV1-n0oHHBIX KaHAJIOB SBISETCS OHUM U3 MEXaHU3-
MOB €T0 aHaJbreTHYeCKOoro AeiicTBus. Ilo coueTaHuro BBISIBICHHBIX KIIOUEBBIX AJISl aHAJBIETHKA XapaKTEPUCTUK
THOBIOPIIVMH SBJIAETCS YHUKAIBHBIM BEIECTBOM C BHICOKMM TEPaNeBTUUECKUM U MHHOBALHOHHBIM MOTEHIIMAIOM.

KiaroueBsble ciioBa: reéKCaa3an30BIOPIUTAH, THOBOPIUH, aHAJIbI'€THYCCKAsA aKTUBHOCTh, COMAaTOI€HHAsA HOLUICII-
ous, TRP-nonnsIe KaHaJIbl, KETOPOJIAK, ,HI/IK.IIO(I)SHaK, KaricauH, q)OpMaJ'II/IHOBHﬁ TECT, IPOTUBOBOCHAIUTEIIbHASA
AKTHUBHOCTbD.

KoHdauKT HHTEpecoB. ABTOpPHI ACKIApUPYIOT OTCYTCTBUE SBHBIX M MOTEHIUAIBHBIX HHTEPECOB, CBA3AHHBIX C
nyOauKanyeil HacTosIe CTaThH.

Hcrounnk ¢unancupoBanus. PaGora BhINIONHEHa B paMKax peaM3allid TI'OCYJapCTBEHHOTO KOHTPAKTa
Ne 14.N08.11.0179.

bionnereHb cubnpckon meamumHbl. 2020; 19 (4): 110-118 111



Krylova S.G., Lopatina K.A., Zueva E.P. et al.

Analgesic action of hexaazaisowurtzitane derivative in somatic pain models caused

CooTBercTBHEe NpUHUOMNAM IJTHKH. VccnemoBanme onpoOpeHo OmostmuecknM komureroM HUWDOuPM
M. E.JI. Tompa6epra (mpotokon JACUC Ne 96092015 ot 16.09.2015).
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CKOE JICUCTBHE TIPOU3BOIHOTO TEKCAa3an30BIOPIINTAHA HA MOJICIISIX COMAaTHYECKOI 00JIH, BRI3BAaHHOI aKTHBAIIUEH
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INTRODUCTION

Nowadays, one of the new trends in pharmaceu-
tics is the synthesis of candidate molecules for use
in designing non-narcotic analgesics to alleviate se-
vere and moderate pain [1]. Three types of pain kill-
ers are principally used to treat pain of various etiol-
ogies in patients in inpatient and outpatient settings:
opiate- and cannabinoid-based drugs with different
analgesic activity, nonsteroidal anti-inflammatory
drugs (NSAIDs), and different combinations there-
of in multimodal treatment regimens [1, 2, 3]. For
management of severe and moderate pain, non-
narcotic analgesics could serve as opioid alternatives
that act on the central and peripheral nervous systems
in humans and offer a range of advantages. Howe-
ver, the number of possible candidate molecules of
non-opioid analgesics is extremely limited. One of
the up-to-date approaches to making innovative mole-
cules is developing methods for streamlined construc-
tion and synthesis of original chemical entities.

The interdisciplinary partnership between the IP-
CET SB RAS and the GRIP&RM of NRMC resulted in
4-(3,4-dibromothiophenecarbonyl)-2,6,8,12-tetraace-
tyl-2,4,6,8,10,12-hexaazatetracyclo  [5.5.0.0%!1.0%7]
dodecane (thiowurtzine), the world’s first molecule in
a new class of compounds for medical use (RU Patent
No. 2565766 as of 23.09.2015). This innovative com-
pound was created by the streamlined synthesis tech-
nique using the PASS software prediction data, and it
is the ever-first in the class of hexaazaisowurtzitanes.
Since the 80-ies of the last century, numerous studies
focused on the synthesis of this class of compounds
have primarily been of defense nature. And only in
recent years, hexaazaisowurtzitane has been in use as
a pharmacophore for the design of original pharma-
ceutical agents [4].

The previous studies revealed that this innovative
compound demonstrated a pronounced analgesic ac-
tivity comparable and/or superior to diclofenac sodi-
um, ketorolac and tramadol in the “Hot plate” test and

Acetic acid-induced writhing test, the model of acute
visceral and deep somatic pain. Because thiowurtzine
had no impact on the secretion of basic inflammation
mediators (histamine, serotonin, and prostaglandin)
and had no ulcerogenic activity in a dose range of 25-
200 mg/kg, there was a conclusion made that it has
no COX-dependent action [5]. With that, its promi-
nent anti-inflammatory action in the arachidonic ac-
id-induced test and its moderate action in the brady-
kinin- and carrageenan-induced inflammation models
were validated [6]. This compound can be referred to
hazard category III (lethal dose (LD is in the range
of 150-5000 mg/kg), GOST 12.1.007-76. The ma-
ximum possible single dose of thiowurtzine did not
reach LD, (or animal lethality). Thiowurtzine did not
evoke respiratory depression nor did changes in gas-
trointestinal reflexes. The study into the thiowurtzine
action mechanism revealed naloxone-sensitive anal-
gesia, and no affinity to peripheral opioid receptors
was proven using naloxone methiodide [5].

The above data altogether give evidence of the
polymodal mechanism of the thiowurtzine action,
which necessitates further research in this aspect.

The present study aimed to evaluate the analge-
sic action of thiowurtzine by activation of TRPAI
and TRPV1 ion channels in somatogenic nociception
models such as formalin test and capsaicin test.

MATERIALS AND METHODS

The experiments were done on 50 outbred sexu-
ally mature male mouse of CD1 stock and 48 male
CBA strain mice (aged 7-8 weeks) of the first cate-
gory, conventional. The animals were provided by the
Department of Experimental Biological Models at the
GRIP&RM of Tomsk NRMC (animal health certifi-
cate available). The animal husbandry and experimen-
tal design were approved by the Bioethics Committee
of the GRIP&RM (JACUC protocol No. 96092015 of
16.09.2015) and were in compliance with Directive
2010/63/EU “On the Protection of Animals Used for
Scientific Purposes” of the European Parliament and
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the Council of the European Union and with Order
No. 199n as of 01.08.2016, of the Ministry of Health
of the Russian Federation.

The experimental design, sample size, experimen-
tal regimen, and choice of statistical analysis were de-
termined in the optimal way for this kind of research to
acquire robust data for interpretation of results without
expanding the number of animals. Before the experi-
ment, each animal inside the group was assigned an
individual number labeled with carbol-fuchsin marks.
The animals were divided into groups randomly by
body weight criterion so that the individual weight
value would not deviate from the average within one
group by no more than +10%. After the experiments
were completed, the mice were euthanized by the
cervical dislocation method.

The innovative molecule under study represents
a polynitrogen polycyclic cage compound, 4-(3,4-di-
bromothiophene carbonyl)-2,6,8,12-tetraace-
tyl-2,4,6,8,10,12-hexaazatetracyclo[5.5.0.0%!1.0>]
dodecane. This is a newly synthesized compound
obtained by acylation of commercially available
2,6,8,12-tetraacetyl-2,4,6,8,10,12-hexaazatetracy-
clo[5.5.0.0*'.0>]dodecane with 3,4-dibromothio-
phene carboxylic chloroanhydride. Thiowurtzine, a
colorless crystalline product with an API content of
99.0% and a single impurity content of below 0.2%
(as per HPLC), Mp = 328-330°C), was characterized
in full and validated by physicochemical analytical
methods such as IR (v/em™”, '"H nuclear magnetic
resonance (NMR) (DMSO-d6, 5, ppm) and *C NMR
(DMSO-d6, o, ppm) spectroscopies.

The therapeutic analgesic dose of thiowurtzine was
estimated to be per os 100 mg/kg as determined in
the previous studies on thiowurtzine analgesic activity
[5, 6]. Here, thiowurtzine was administered in a single
dose at 50-200 mg/kg (water-tween solvent) through
an oral gavage one hour before experimental manip-
ulations. The reference drugs were diclofenac sodium
(Hemoharm, Russia) administered through gavage in
a preventive single dose of 10 mg/kg dissolved in 1%
starch mucilage in a volume of 0.2 mL/mouse, and
ketorolac (Dr. Reddy’s Laboratories Ltd., India) in a
dose of 6 mg/kg with the same solvent, administra-
tion volume and route. The used doses of the reference
drugs were equivalent to the mean therapeutic human
dose. The animals of the negative control group re-
ceived equivolumetric infusions of the water-tween
solvent in the same regiment.

Formalin test. Formalin test, a chemogenic model
of acute pain response, mimics pain reactions of dif-

ferent genesis (somatic traumas, burns, cuts, chemical
injuries, surgical skin incisions) [7]. One of the me-
chanisms of the formalin nocigenic action is the
activation of TRPA1 channels responding normally to
cold and stimulating the development of thermal and
mechanical hyperalgesia [8].

The animals were divided into 5 groups: 1. Control,
no treatment; II. Ketorolac, 6 mg/kg; II1. Diclofenac,
10 mg/kg; IV. Thiowurtzine, 100 mg/kg; V. Thio-
wurtzine, 200 mg/kg. The test drug and the reference
drugs were administered one hour before starting the
tests. Hyperalgesia was simulated by subcutaneous
injection of 20 pl/kg 2% aqueous formalin solution
injected intraplantarily into the right hind paw pad af-
ter one hour. The pain response intensity in the first
and second test phases were documented every sec-
ond for the number and duration of behavioral pat-
terns (flinches) of pain responses (licks, shakes) of the
affected hind paw for 60 minutes. The pattern times
were summated for each animal. The analgesic acti-
vity of the drugs was evaluated against the decreas-
ing number of pain responses relative to the negative
control, separately for phase I (initial 10 min after for-
malin injection) and phase II (from the 10" to the 60™
minute following formalin injection) of the nocicep-
tive response.

Capsaicin test. Examination of a new mole-
cule for analgesic action in the selective test with a
TRPV1 channel agonist is an essential step in explor-
ing the specific pharmacological activity. This test
helps evaluate how a compound influences the sen-
sitivity of TRPV1 channels found basically in noci-
ceptive neurons of the central and peripheral nervous
systems [9].

The animals were divided into 5 groups: I. Con-
trol, no treatment; II. Ketorolac — 6 mg/kg; III. Thio-
wurtzine — 50 mg/kg; IV. Thiowurtzine — 100 mg/kg;
V. Thiowurtzine — 200 mg/kg. The test drug and the
reference drugs were administered one hour before
starting the experiment. In an hour, a 10 pL capsa-
icin solution (3 pg/10 pL of 10% ethanol dissolved in
0.9% NaCl) was injected intraplantarily into the left
hind paw. After injection, the paw was rubbed with
ethanol to prevent capsaicin-induced skin irritation.
Then, the time (latency period) to pass until response
initiation (the mouse began violently shaking and
licking the paw) was recorded. Afterwards, paw-lick
patterns and total licking time were counted every
second for 15 minutes for each mouse. The basic
criteria of the drug efficacy were the total licking time
and the pain reaction time.
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Anti-inflammatory effect assessment. After the
two tests were completed, the mice were euthanized,
whereupon the both hind paws (inflamed and intact)
were excised along the bone prominence below the
junction of the splint bone and shin bone and above
the talocalcaneal joint, and were weighed on an elec-
tronic analytical balance. The anti-inflammatory effect
evaluated against the edema weight change was ex-
pressed as percentage to the control and was estimated
by the appropriate formulae [10].

Statistical processing of the obtained results was
performed by the variation statistics method using
Statistica 6.0 software. For all the data, the mean value
(X) and the standard error of the mean (M + m) were
estimated, which are given in summary Tables 1, 2
together with the quantity » (number of variants in a
group). Differences in the quantities under comparison
were considered significant if the probability of their
identity was below 5% (p < 0.05). Using sample coef-
ficients of asymmetry and excess, the approximation
degree of the distribution law of the test characteris-

40
35 i K

30 i

Number of pain patterns
3o}
(==}

5 g.a"

Control Ketorolac

0

* — p <0.01 relative control

M initial 10 min after formalin injection

tic to the normal was evaluated. The non-parametric
Mann — Whitney U-test was used for independent
samples in the case of deviations in distributions of a
characteristic from the normal. To reveal the reliabi-
lity of differences in these qualitative characteristics,
the Fisher transformation was used [10].

RESULTS

The modern experimental system including the no-
ciceptive tests using electrical, thermal, mechanical,
and chemical stimuli for pain modulation at different
sensitivity levels can provide a range of anti-nocicep-
tive characteristics of novel chemical entities and, in
some ways, predict the nature of their analgesic action
in humans [9, 11, 12].

The subcutaneous injection of formalin into the
dorsal surface of the hind paw evoked a typical, bi-
phasic, nociceptive behavioral response (Fig. 1), as
evidenced by the score of pain reactions in the control
mice: (30.8 £ 1.6) flinches in nociceptive phase I and
(13.2 + 2.6) in nociceptive phase II.

. w7
1y | 27.3

K
¥ 1 13

i
Diclofenac Thiowurtzine 100 Thiowurtzine 200

from the 10" min to the 60" min after formalin injection

Fig. 1. Pain response in mice within 40—50 min after formalin injection

In the formalin test, which simulates a clinical
model of both acute (phase I) and tonic pain (phase
1), thiowurtzine exhibited an analgesic activity in the
both phases [8]. In test phase I, thiowurtzine when ad-
ministered as preventive single doses of 100 and 200
mg/kg via an intragastric gavage caused a statistically
significant decrease in the number of initial pain re-
actions in the form of paw lifting, as compared to the
control group; with that, no activity of the reference
drugs diclofenac and ketorolac was noticed. Phase I of
the formalin test characterizes acute pain in response

to an injected chemical, and is mainly attributed to the
direct activation of the thin unmyelinated C-fibers,
most of which transmit impulses from the nocicep-
tors;in our case, from the TRPA1 channels [7, 8, 9].
At this point of observation, thiowurtzine moderately
limited the acute pain caused by the formalin-induced
activation of the TRPA1 channels (Fig. 1).

In phase II of formalin-induced inflammation, thio-
wurtzine in doses of 100 and 200 mg/kg diminished
the number of paw-lick behavioral responses typical
for this test by 3.4 (p < 0.05) times and by 3.2 times
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(p < 0.05) as compared to the control group (Fig. 1).
The analysis of the number of paw-shake patterns re-
vealed that the test drug and the reference drugs had
a similar analgesic activity. This reaction was not de-
tected in animals which received 200 mg/kg thiow-
urtzine, while a 100 mg/kg dose resulted in a 5.3-fold
decrease in shakes compared to the negative control,
indicating a pronounced inhibition of nociceptive
manifestations. The scores of pain reactions when
thiowurtzine was administered in doses of 100 mg/kg
(45 £ 1.6, p < 0.01) and 200 mg/kg (3.3 + 1.0,
p < 0.01) appeared to be similar to those of the ref-
erence drugs ketorolac (1.8 £ 0.8, p < 0.01) and
diclofenac (3.0 = 1.3, p < 0.01) in terms of formalin
hyperalgesia severity.

By examining the anti-inflammatory action of thio-
wurtzine in phase II of nociceptive behavior, its sta-
tistically significant effect at a dose of 100 mg/kg was
detected. By the reduced paw inflammatory swelling,
a 200 mg/kg thiowurtzine dose (26%) was commen-
surable with diclofenac sodium (32%) and superior to
ketorolac (14%) (Table 1).

Table 1

Indicators of anti-inflammatory action of thiowurtzine in
formalin test in outbred male CD1 stock mice

dg‘:eSt(rglfg/lllg) Paw swelling, I"avs‘/ s'vyelling
il MEm, % inhibition, %
(number of animals)
Control, water-tween solvent 480425 B
(n=10)
Ketorolac, 6 (n = 10) 41.2 +4.8*% 14
Diclofenac, 10 (n =10) 32.8 4+ 1.5% 32
Thiowurtzine, 100 (n = 10) 41.2+£2.2% 14
Thiowurtzine, 200 (n = 10) 354 +3.2% 26

*p,<0.05.

In test phase II, thiowurtzine diminished the tonic
pain intensity due to the reduced inflammation (Ta-

ble 1) in the peripheral tissues, and due to a possible
change in the neuronal function of the dorsal horns of
the spinal cord where the neurons of ascending pain
pathways are located. The formalin test has a quite
high prognostic significance when the action me-
chanism of novel potential analgesics are exam-
ined, as far as the opioid analgesics are known to
block the both nociceptive phases, while non-steroid
anti-inflammatory agents inhibit only the second
phase, while local anesthetics suppress only the first
phase [7, 8, 10].

The biphasic behavioral responses of the mice
groups, which received thiowurtzine, do not allow for
the unambiguous conclusion about the direction of the
thiowurtzine action mechanism. Even though thio-
wurtzine exhibited a moderate anti-nociceptive effect
in phase I wherein the reference drugs of the nonste-
roidal anti-inflammatory group showed no activity,
it effectively blocked the pain response in animals in
phase II. That being said, the pain response level in
phase I, judging from the shortened licking time in
the thiowurtzine groups, turned out to be comparable
with anti-nociceptive activities of ketorolac and di-
clofenac. Besides, the earlier detected naloxone-sen-
sitive analgesia of thiowurtzine does not preclude
possible involvement of opioidergic system in its an-
tinociceptive activity in the both test phases [5]. The
obtained results altogether necessitate further research
in other nociceptive models.

The intraplantarily injected capsaicin solution
evoked a marked nociceptive behavioral response
manifested as paw licking and shaking in the con-
trol mice group. With that, all the indicators of pain
reaction development and behavioral patterns were
in agreement with the literature data (Table 2) and
suggest that the model situation was reproduced
(Table 2).

Table 2
Indicators of antinociceptive activity of thiowurtzine administered in a preventive single dose in the capsaicin test in male CBA mouse
stock, M £+ m
Animal group, drug dose, Pain reaction latency Counts Total licking time, | Pain reaction time,
(number of animals) time, sec Licks Shakes sec sec

Control, purified water, (n = 8) 88+1.8 94+1.6 5.6+1.3 86.6 +20.6 820.0 +31.1
Ketorolac, 6 mg/kg (n = 10) 25.1+7.1* 5.0+£0.9* 1.6 £0.5% 38.4+13.0 347.6 £ 79.6*
Thiowurtzine, 50 mg/kg (n = 10) 62.8 +21.6* 87+2.0 26+1.0 82.0+35.1 579.4 £ 57.9%
Thiowurtzine, 100 mg/kg (n=9) 18.7+5.0* 6309 1.4 £0.4%* 30.4 £ 10.2%* 421.4£75.0%
Thiowurtzine, 200 mg/kg (n = 10) 61.2 +£20.1%* 52+1.2% 1.6 £0.7* 20.6 = 5.0%* 326.6 = 86.4*

* p,<0.05; ** p_<0.01 relative to the negative control.
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As one should expect, ketorolac evoked a signifi-
cant decrease in pain reaction severity in male CBA
mice: pain response latency period increased by 2.9
times (p < 0.05), paw licks declined by 1.9 times (p <
0.05) and paw shakes declined by 3.5 times (p < 0.05)
compared to the control group (Table 2). It should
be noted that the pain reaction time shortened by 2.4
times (p <0.01). The results given above are consisted
with the literature data on expressiveness of ketorolac
analgesic effect.

The analysis of the results for the thiowurtzine
groups allows for the conclusion of its prominent
dose-dependent analgesic effect. With that, no statisti-
cally significant differences from the ketorolac group
were detected. For instance, when thiowurtzine was
administered in a 50 mg/kg dose, the pain response
latency time was noticed to increase by a factor of 7.1
(p <0.05) compared to the control group and by a fac-
tor of 1.7 compared to the ketorolac group. Based on
the overall data obtained, the pain response time short-
ened by 1.4 times (p < 0.05) relative to the negative
control.

The pronounced analgesic activity of thiowurtzine
at 100 mg/kg manifested itself as a statistically signi-
ficant increase in pain response latency, a decrease in
paw shakes by 4.0 times (p < 0.01), a decrease in total
licking time by 2.8 times (p < 0.01), and a decrease in
pain response time by 1.9 times relative to the corre-
sponding indicators of the control group.

In case thiowurtzine was dosed at 200 mg/kg, the
difference in all test indicators was statistically signi-
ficant between this group and the control group. For
instance, the pain response latency increased by 7.0
times (p < 0.05) and paw licks and shakes decreased
by 1.8 times (p < 0.05) and 3.5 times (p < 0.01),
respectively, with total licking time being reduced
by 4.2 times (P < 0.01) and pain response time be-
ing reduced by 2.5 times (p < 0.01) compared to the
negative control. The mechanism of pain reaction
development is associated with ion channels of no-
ciceptors in tissues when exposed to chemical and
mechanical injury. A capsaicin injection, a direct
agonist of TRPV1 channels, can successfully pro-
voke such an injury [9].

The findings obtained herein indicate that the test
compound blocked pain progress in capsaicin-injec-
ted mice, at that the observed analgesic effect was
dose-dependent, reached its maximum when thio-
wurtzine was dosed at 200 mg/kg, and was commen-
surable with the ketorolac effect.

The TRP ion channel family whose discovery was

an important step in exploring the nature of pain sen-
sation at the molecular level is currently considered
as the pharmacologically most urgent biotargets of
the human nervous system for analgesia [13-16].
Searching for modulators and agonists of TRP ion
channels and designing high-efficacy analgesics with
minimum side effects on their basis is among the pri-
ority focal areas of research labs around the world
[13, 16]. The discovered properties of thiowurtzine
actualize further development of unique thiow-
urtzine-based drugs intended for therapy of acute and
moderate pain of different genesis. The pronounced
anti-nociceptive activity of thiowurtzine even one
hour post injection suggests a potential use of thio-
wurtzine-based drugs to alleviate pain syndrome in
extreme cases.

CONCLUSION

Thiowurtzine when administered in a preventive
single per os dose of 100 and 200 mg/kg was found
to effectively block nociceptive reactions caused by
activation of TRPA1 and TRPV1 ion channels. That
being said, the thiowurtzine analgesic activity turned
out to be comparable and/or superior to ketorolac and
diclofenac, depending on the model situation. Be-
sides, thiowurtzine (200 mg/kg per os) was found to
be equivalent to diclofenac sodium (10 mg/kg per os)
and superior in anti-inflammatory expressiveness to
ketorolac (6 mg/kg per os) in the formalin test. The
test results can assert that the pronounced anti-noci-
ceptive action of the innovative compound in the cap-
saicin and formalin tests is due to the interaction with
the TRPV1 and TRPA biotargets.

Moreover, all the data obtained previously may in-
dicate that the activity modulation of TRP ion chan-
nels is one of the mechanisms of thiowurtzine’s anal-
gesic action. By the combination of the revealed key
characteristics typical of an analgesic, thiowurtzine is
a unique chemical entity with a high therapeutic and
innovation potential.
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ABSTRACT

The aim was to study the basic physico-mechanical properties of hydroxyapatite (HA) composites (up to 25-50
wt%) with polylactide (PLA-HA) and poly(e-caprolactone) (PCL-HA) prepared by melt compounding, as well as
the osteogenic potential of PLA-HA in vivo.

Materials and methods. All biodegradable polymer composites were prepared by hot melt compounding and
studied by dielectric spectroscopy in frequency domain, optical microscopy, X-ray diffraction analysis and tensile
tests. An ability of PLA-5 wt% HA composites prepared by 3D-printing to induce bone tissue growth in vivo was
detected with the help of ectopic subcutaneous test in inbred mice.

Results. Values of the real part of complex permittivity of PLA-HA and PCL-HA composites are increased by
15-30% compared to those for initial PLA and PCL, while tand loss factor tand does not exceed 0.02 for PLA-
based composites and 0.2 for PCL-based composites. The crystallinity degree of PLA-HA composites is increased
by 3 and 6 times with an increase of HA content from 25 to 50 wt% respectively compared to the indicator for PLA.
The crystallinity degree of PCL-HA composites with 25 wt% HA is increased by 2 times compared to the value for
PCL. It is due to the fact that HA powder particles play the role of additional nucleation centers. For all this, me-
chanical strength of composites diminished statistically. Even lowest HA content (5 wt%) in PLA-HA composites
prepared by 3D-printing increased the incidence of ectopic osteogenesis by 40%.

Conclusion. Designed biodegradable composites have a practical use potential for bone tissue engineering.

Key words: poly(lactic acid), poly(e-caprolactone), hydroxyapatite, melt compounding, physicochemical proper-
ties, ectopic osteogenesis, in vivo.
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PE3IOME

Heas. MccnenoBanne OCHOBHBIX (PM3UKO-MEXaHUYECKUX CBOMCTB KOMIIO3HTOB ruapokcuanaruta (I'A) (mo 25—
50%) ¢ nomunaktuaoMm (ITJIA-T'A) u momu(e-xanponakronom) (ITKJI-['A), momydeHHBIX METOIOM CMEIICHHS B
paciuiaBe, a Takke ocreoreHHoro notennuana [IJIA-T'A in vivo.

Marepuajbl U MeToabl. Bce OuopasnaraeMble MONUMEpPHBIE KOMIO3HMILMU M3TOTOBJICHBI METOJOM TOPSYEro
KOMITayHJUPOBAHHUS B PacIuIaBe, HCCIIEOBAHbI METOAAMHU AUIEKTPUUECKOI CIIEKTPOCKOIIMU B YaCTOTHOM XOJE,
OIITUYECKON MUKPOCKOIIUH, PEHTTEHOCTPYKTYPHOT'O aHAJIM3a U UCIIBITAaHUH Ha pacTsbkeHne. CrocoOHOCTh KOMITO-
3utoB IIJIA-5% I'A, nomydeHHbIx MeTonoM 3D-neuarty, K in vivo HHIYKIUH POCTa KOCTHOM TKaHH M3y4eHa MpH
MOMOIIY TECTA MOAKOKHOT'O 3KTONNYECKOT0 KOCTeOOpa30BaHUs Ha IMHEHHBIX MBIIIaX.

Pe3yabTarbl. 3HaueHHs JEHCTBUTEIBHOM COCTABISIONICH KOMIUIEKCHOM TUAJIEKTPUUYECKON TPOHUIIAEMOCTH KOM-
no3unuii ITTA-T'A u IIKJI-I'A yeenuuusatorcst Ha 15-30% 1o cpaBHeHHto ¢ ucxoausiMu I1JIA u ITKJL, npu sTom
TaHTreHe yria noreppb He npesbimaer 0,02 s kommo3unuii Ha ocHose [1JIA u 0,2 — a1 KOMIO3ULKK HA OCHOBE
IIKJIL. Crenens kpuctammuuHocTy At komnosunuil ITJIA-T'A, no cpaBHeHuto ¢ nokasatenem jis IUVIA, yBennau-
Baercst B 3 u 6 pa3 npu noseimieHnu cogepxkanus I'A ¢ 25 no 50% coorBercrBenHo. s komnozuuu TTKJI-I'A
npu 25% T'A cTeneHb KpUCTAIMYHOCTU YBEJIMYMBACTCA B 2 pasa IO OTHOIIEHHIO K 3HaueHuro i ITKJI. Oto
00YCIIOBJIEHO T€M, YTO YaCTHIBI HOpomKa A UrparoT poJib TONONHUTENBHBIX LHEHTPOB KpucTaum3anud. [Ipu
9TOM CTaTUCTUYECKU 3HAUYUMO CHUXKAETCA IPOYHOCTH KOMIIO3UTOB Ha paspbiB. Kommnosutsl I1JIA, nomydeHHbIe
MeTonoMm 3D-nieuatu, naxe ¢ Hu3kuM (5%) coxepxkanueM ['A Ha 40% MOBBIMIAIOT PE3YJILTATHI IKTOMHYECKOTO
OCTEOreHe3a.

3aki0ueHue. Pa3p2160TaHHLIC 6H0pa3ﬂaraeMbIe KOMITO3UIIUU UMEIOT IMOTCHIHUAJI ITPAKTUYECKOTO NIPUMCEHCHHUSA B
MIPUJIOKEHUH K 6I/IOI/IH)K€H€pI/II/I KOCTHOHM TKaHH.

KioueBblie cioBa: IOJIMJIAKTHU I, HOHI/I(S-KaHpOHaKTOH), TUAPOKCHUAIIaTUT, KOMIIAYHAUPOBAHUE B pacCIlIaBe, (bI/I-
3UKO-MCXaHUYCCKUC CBOﬁCTBa, SKTOIUYECKUN OCTCOI'CHE3, in vivo.

KoHpauKT HHTEpecoB. ABTOPBI IEKJIAPUPYIOT 00 OTCYTCTBUH SIBHBIX M MOTEHIIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOsIIeH CTaThU.

Hcrounuk punancupoBanmsi. VcciaenoBanue 4acTUYHO BBINOJIHEHO NpU GuHAHCOBOI moayepskke Cosera 1o
rpantam Ilpesunenta Poccuiickoit denepanun 1o rocyJjapcTBEHHON MOJEPAKKE BeAyIUX HAay4yHbIX Koa Poc-
cuiickoit @eneparmn (rpant Ne HIII-2495.2020.7).

CooTBeTcTBHE MPUHIMNAM 3THKH. lcciaenoBanne 0J00peHO JIOKANBHBIM THYECKHM KOMHTETOM VHHOBamu-
oHHOTO Tapka banruiickoro denepanpHoro yHmeepcutera uM. M. Kanta, r. Kamuauarpan (mpotokon Ne 7 ot
09.12.2015).
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INTRODUCTION

Biodegradable polymers such as poly(lactic acid)
(PLA) and poly(e-caprolactone) (PCL) are used ex-
tensively in the field of biomedical applications. In
this case, biodegradable polymers are used as polymer
scaffolds to assist tissue and cell growth during the
bone tissue regeneration, and for drug delivery, when
drugs are mixed with polymer matrix and they are
gradually released as the polymer is dissolved in the
body [1-8]. PLA and PCL can be degraded by micro-
organisms under environment conditions. In addition,
PCL is susceptible to both alkaline and enzymatic hy-
drolysis [9-10].

Conventional single-phase polymer materials do
not always meet the essential requirements of regen-
erative medicine therefore there is a great need to
design multi-phase composites with properties simi-
lar to that of natural bone. For instance, poly(lactic
acid) has a good biodegradability, however it has a
very low elongation at break and brittleness limits its
usage. On the other hand, poly(e-caprolactone) has a
higher elongation at break, while its degradability rate
is lower than for PLA. Various organic and inorgan-
ic fillers are used to improve the properties of biode-
gradable composites such as mechanical properties,
water uptake, degradability rate, and biocompatibili-
ty, making these materials suitable for use in the field
of biomedicine. Carbon nanotubes (CNT) and carbon
fibers (CF), derivatives of graphite, graphene, lay-
ered silicates, ferroelectric and piezoelectric ceramics
powders, and hydroxyapatite (HA) are often used as
fillers with required properties in such multi-phase
biodegradable composites [7, 11-18].

For example, in [19-21], the authors showed the
effectiveness of “Osteomatrix” biocomposite mate-
rial, consisting of natural hydroxyapatites, amino-
glycans, and collagens, for bone tissue regeneration.
Defects in damaged bones were filled with “Osteo-
matrix” biocomposite material in the form of powder,
pellets or blocks, which significantly reduced the for-
mation time of a new bone tissue in patients.

Numerous authors have demonstrated that the ad-
dition of HA into PLA or PCL matrices can improve
both biocompatibility and mechanical properties of

polymer-ceramic composites because hydroxyapatite
has the most similar chemical composition to human
bone [1, 22-32]. Akindoyo et al. [23] reported that
adding HA into PLA allows for better cell attachment
and proliferation to the PLA-matrix. Adding the bios-
trong impact modifier (BSIM) into PLA-HA compos-
ites results in increase of impact strength, tensile and
flexural properties at 5 wt% BSIM content.

Russias et al. [28] observed that PLA-based com-
posites filled with either a fine-grained powder (av-
erage particle size — 5 um) or larger whiskers (25-30
pm long and 5 pm in diameter) of hydroxyapatite with
about 70-85 wt.% ceramic contents can be used to
prepare scaffolds with mechanical properties close to
those of human cortical bone.

Zhang et al. [31] showed that PLA-HA composites
improve interfacial adhesion and the bending strength.
Furthermore, these composites can be processed by
3D-printing [30, 31]. Shen et al. [32] reported that
PLA-based biocomposites filled with HA and carbon
fiber (CF) (PLA-HA-CF) were manufactured of PLA-
HA-CF prepreg by hot pressing. PLA-HA-CF pre-
preg was prepared by mixing components in solution.
They have found that biocomposites have excellent
mechanical properties, for example, flexural strength,
flexural modulus and shear strength reach 430 MPa,
22 GPa, 212 MPa, respectively. Water uptake of PLA-
HA-CF biocomposites increased up to 5%, while the
rate of mass loss was only 1.6%. After in vitro degra-
dation for 3 months, the pH value of phosphate buffer
solution decreases by less than 0.1, indicating that the
alkaline of HA neutralizes the acid formed following
the degradation of PLA by hydrolysis, which prevents
the harm of acidity for the patient’s body. Park et al.
[33], Kim et al. [34] and Jiang et al. [35] demonstra-
ted that the PCL-HA composites can be successful-
ly applied to manufacture biodegradable scaffolds by
3D-printing for bone tissue engineering.

However, the majority of PLA-HA and PCL-HA
composites were prepared by mixing in solution, but
even for these composites, studies of the main proper-
ties are episodic in nature.

The aim of this work was to study the basic phys-
ico-mechanical properties of PLA-HA and PCL-HA

bionnereHb cubnpckon meamumHbl. 2020; 19 (4): 119-129 121



Lebedev S.M., Chistokhin D.M., Shchadenko S.V. et al.

Biodegradable polymer composites with osteogenic potential

composites obtained by melt compounding, as well as
in vivo osteogenic potential of PLA-HA composites.

MATERIALS AND METHODS

Biodegradable poly(lactic acid) (PLA, Ingeo
4043D, NatureWorks LLC, USA) and poly(e-capro-
lactone) (PCL, purchased from Sigma-Aldrich,
USA) were used in this work as polymer matrices.
Powder of hydroxyapatite (HA) produced by me-
chanochemical method [36] provided by Sintel RPC
LLC (Tomsk, Russia) was used as filler. All materi-
als were used as received without an additional treat-
ment. The filler content (C) in polymer composites

100

was changed from 0 to 50 wt%. All composites were
prepared by melt compounding in a measuring mix-
er 50 EHT (Brabender, Germany). Mixing time and
processing temperature were 10 min and 190-210 °C
for PLA-based composites and 80—100 °C for PCL-
based composites respectively. The speed of coun-
ter-rotating blades of the mixer was changed from 30
to 90 rpm as shown in Fig. 1. Filler was gradually
introduced into the polymer melt up to the required
fraction, while mixing until all fillers were evenly
distributed in the polymer matrix. After preparation,
all composites were granulated with the granulator
(Brabender, Germany).
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Fig. 1. Temporal diagrams of the melt temperature and torque on the agitator shaft for PLA-based composite

To prepare the samples with dimensions of 65 x 85
% (0.05-1.0) mm by hot pressing, compression molds
filled with polymer composite pellets were placed into
a vacuum furnace heated to 200 °C (for PLA-based
composites) and to 100 °C (for PCL-based compos-
ites) for 3 hours. After that, compression molds were
pressed in a hydraulic press at 20 MPa for 20 minutes.
Then, the compression molds were cooled at a cooling
rate of 4°C / min to ambient temperature under pres-
sure in air.

Measurements of the ¢'real part of the e*(f) =€'(f) —
¢'(ficomplex permittivity and the tand = &"(f)/e(f) loss
factor, where ¢ is the imaginary part of the complex
permittivity; & = 90° — ¢ is the loss factor angle; and ¢
is the angle between voltage and current, were carried
out under 3V AC voltage in the frequency range from
1 to 10° Hz using a “Solartron Analytical” instrument
(Great Britain). From seven to ten measurements per
decade in the entire investigated frequency range were

carried out for all samples. Not less than three samples
for each material were tested.

The morphology of developed composites, shape
and dimensions of filler powder particles were studied
by an optical microscopy (OM). The thickness of sam-
ples for the OM study was 50 um.

The study of crystalline structure of polymer ma-
trices and composites was carried out by wide angle
X-ray diffraction method (XRD) by means of the
“Shimadzu XRD-7000” diffractometer (CuK  radia-
tion A = 1,54 A) at an accelerating voltage on an X-ray
tube of 40 kV and current of 30 mA, in the angle range
of 26 = 5-90°.

The mechanical properties of the developed poly-
mer composites were studied using an “Instron 3345
universal tensile testing machine (USA). The elastic
modulus, elongation at break, and tensile strength for
all tested samples were determined from the experi-
mentally obtained stress-strain curves.
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To estimate the bioengineering potential of PLA-
HA composites, three-dimensional (3D) samples pre-
pared of 95 wt% PLA + 5 wt% HA composite were
prepared in the form of disks (11 mm in diameter and
1.2 mm thick) by computer-aided design in Blender
software with open source code and subsequent lay-
er-by-layer deposition of filaments (diameter 1.75
mm) using a CreatBot Duo 3D printer (CreatBot 3D
Printer, PRC) as described previously [37]. Samples
prepared of pure PLA were used as control ones. To
improve the bone marrow adhesion to the surface of
samples, one of sample surfaces was textured with
0.3-0.5 mm wide grooves.

One of the modern methods to determine the os-
teogenic properties of materials and products is the ec-
topic (heterotopic) subcutaneous test, which makes it
possible to evaluate the in vivo induction of differenti-
ation of mesenchymal stem cells into osteoblasts [38].

The experiments were carried out in compliance
with the principles of humane treatment of labora-
tory animals in accordance with the “Rules for the
use of experimental animals” (Appendix to the or-
der of the Ministry of Health of USSR No. 755 dated
12.08.1977). Animals were kept according to RD-
APK 3.10.07.02-09. Drinking water was supplied to
laboratory animals from the water supply system; wa-
ter quality was in accordance with SanPiN 2.1.4.1074-
01 (Russia). Animals were kept under artificial and
natural light in accordance with the requirements of
SNiP 23.05-95 (Russia).

BALB/c inbred mice were anesthetized and oper-
ated under sterile conditions. The skin was sterilized
with 70% ethanol, samples with syngeneic bone mar-
row from femur were implanted into the lateral subcu-
tis pockets of the venter, and the wound was sutured
and treated with 70% ethanol. The procedure was de-
scribed previously [39]. The bone marrow of an adult
organism is the central pool and the source of mesen-
chymal stem cells (MSCs) [40].

Forty days later, the animals were sacrificed via
CO, asphyxiation, and the status of the tissues around
the implants was assessed. The implants were re-
moved together with the adjacent soft tissues (tissue
plates) on the “working” (textured) surface of the
samples. Standard histological technique for prepar-
ing thin sections of fixed tissue lamellae and their
hematoxylin and eosin staining was used [39]. Six
implants were tested in both the control and experi-
mental groups. A formation of bone and/or bone tis-
sue with marrow in the tissue lamellae was consid-
ered as a positive result.

The ability of implants to induce bone growth was
calculated as the percentage of test samples promot-
ing the induction of bone tissue growth (IBT) with or
without bone marrow in the tissue plate per the total
number of implanted samples according to the formu-
la: IBT (%) = [N,/N,] x 100%, where N, is the number
of implanted samples; N, is the number of samples on
which bone tissue growth was detected.

Statistical analyses were conducted using the STA-
TISTICA 13.3 software package for Windows. The
normality of the data distribution was defined by the
Kolmogorov — Smirnov test. The mean and mean error
(M £ m), median and Me (Q,~Q,) interquartile range
were calculated. To assess the statistical significance
of differences, in the event that the distribution of data
does not correspond to the normal distribution law,
the nonparametric Mann — Whitney test was used.
Statistically significant differences were considered at
p <0.05.

RESULTS AND DISCUSSION

The results of dielectric spectroscopy in frequen-
cy domain are presented in Fig. 2. It is obvious that
frequency dependencies of £'(f) for polymer compos-
ites exhibit typical behavior: the €'(f) is monotonical-
ly decreased with frequency for both polymer ma-
trices and composites based on them. When filling
PLA with HA powder, the permittivity of PLA + 25
wt% HA composite is increased by about 12—15%
compared to the initial PLA over the frequency range
studied due to the higher permittivity of HA, which
is about 4-9 [41]. Increase in the permittivity of PLA
+ 50 wt% HA composite is 23—-32% compared to the
initial PLA. Increase in the permittivity of PCL + 25
wt% HA composite is 1-4% compared to the initial
PCL. Tand(f) loss factor over the studied frequency
range for PLA-based composites does not exceed
0.02, while for PCL-based composites it does not ex-
ceed 0.2.

The results of OM are shown in Fig. 3. Howev-
er, the filler particles form agglomerates sized around
100 pm, which are visible both for initial HA pow-
der (Fig. 3,a) and for composite with filler content 25
wt% (Fig. 3,b). It can be seen that filler particles are
quasi-uniformly distributed in the polymer matrix.
Decrease in the average size of filler agglomerates for
the composite with 50 wt% HA (Fig. 3,c¢) compared
to that for composite PLA + 25 wt% HA is explained
by de-agglomeration of filler powder particles during
compounding due to an increase in the stiffness of
composites.
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X-ray diffraction data (X-ray diffraction analy-
sis, or XRD) for polymer matrices (PLA and PCL)
and composites (PLA+HA and PCL+HA) are shown
in Fig. 4. These results indicate that for PLA broad
diffraction peak around 2Q » 16.2° due to reflections
from (200) or (110) crystallographic planes is ob-
served (Fig. 4,a). On the other hand, peaks around
26.12°,29.16°, 32°,40°, 46.9°, and 49.7° observed for
PLA-HA composites are attributed to the characteris-
tic diffractions peaks of HA (Fig. 4,b and 4,c¢) due to
reflections from (002), (210), (211), (310), (222) and
(213) crystallographic planes.

For initial PCL two strong reflections at 2Q » 21.4°,
and 23.7°, corresponding to the (110) and (200) crys-
tallographic planes of the PCL crystalline form are
observed (Fig. 4,d). The characteristic peaks around
26.12°,29.16°, 32°,40°,46.9°, and 49.7° for PCL-HA
composites are due to the HA presence (Fig. 4,¢), as
well as for PLA-HA composites.

The degree of crystallinity for the used polymer ma-
trices and composites based on them are listed in Table 1.

It can be seen that the crystallinity degree of PLA-
HA composites is increased by 3 and 6 times for PLA
+ 25 wt% HA and PLA + 50 wt% HA composites,
respectively, compared with the initial PLA.

100 pum

Fig. 3. OM micrographs of the HA filler powder (a) and PLA-HA composites: b — 25 wt% HA, ¢ — 50 wt% HA, and d - PCL-HA
composite with 25 wt% HA

124 Bulletin of Siberian Medicine. 2020; 19 (4): 119-129



Original articles

B0

| | |
600 3--——F-—f— I — _i_ S — I__ — _T e E_ S—
a00 3 L SRS S S S ES—N—
200 3 l_ NS N I S—
i Ay b R L
a o ] ] ] | ] ] ] i
1000 FEE: N AN U SN B | I | I
] | | I
i : _i
500 4 ...... - | A _I_ ........ —
i | |
o ~WJUJM....L,.... Lo
b 0 - = H £ ! Piagid
| i | | i
o VO e i L - i S S | I—
: | | |
£ | | |
<
| |
c E ! :
d
e 0 = . - R A i B e

40 30 G0 70 80 90

20 (degrees)

Fig. 4. XRD patterns (a) initial PLA; b — PLA-HA composite with 25 wt% HA; ¢ — PLA-HA composite with 50 wt% HA; d — initial
PCL; and e — PCL-HA composite with 25 wt% HA

Table 1
The degree of crystallinity of polymer matrices and composites, M = m
Material PLA PLA + 25 wt% HA PLA + 50 wt% HA PCL PCL + 25 wt% HA
The degree of crystallinity, % 11.6 +£0.35 379+ 1.14 71.45+2.14 34.7+1.04 75.53+£2.27

The crystallinity degree of PCL + 25 wt% HA com-
posite is increased by 2 times compared to the initial
PCL. When polymer matrix is filled with HA powder,
the filler particles act as an additional nucleating agent
for the polymer matrix resulting in the increase of the
crystallinity degree of polymer composites.

Fig. 5 demonstrates the results of tensile tests. It is
seen that the addition of HA to the PLA results in a de-
crease in elongation and tensile strength, and only for

bionnereHb cubnpckon meamumHbl. 2020; 19 (4): 119-129

the Young’s modulus there is a tendency to increase
with increasing HA content.

For PCL-based composites the changes in the stud-
ied mechanical properties are similar, with the only
difference being that the values of the Young’s mo-
dulus and tensile strength are significantly lower than
those obtained for PLA-based composites, while the
elongation for PLA-based composites is negligible
compared to with PCL-based composites.
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Fig. 5. The results of mechanical tests for PLA-based (a, b, ¢) and PCL-based (d, e, f) composites: a, and d — Young’s modulus;
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Currently, biodegradable polymers and their com-
posites are widely used in tissue bioengineering. PLA
implants are one of the most popular products in cli-
nical practice. PLA products are resorbable over time
and are replaced by bone tissue, according to various
authors, not earlier than 7 years after implantation [42].
It can lead to complications in the form of an inflam-
matory reaction to a foreign body [43]. In this regard,
a development and biomedical testing of new technol-
ogies for the manufacture and modification of compo-
sites of (co)polymers and HA with controlled biodeg-
radation are very relevant. However, at high HA con-
tent, the potential enhancement of the osteogenic prop-
erties of composites [44] is offset by a real decrease in
their physicomechanical properties (Fig. 5).

During subcutaneous implantation, test materials
experience a biomechanical load (shock, compression,

and lateral displacement) resulting in simulated in vivo
conditions to bone implantation. While PLA compos-
ites with a low HA content (5 wt%) were subcutane-
ously tested, after 40 days there were no macroscopic
signs of implant destruction and inflammatory reaction
(in particular, severe hyperemia of the recipient bed,
and the presence of exudate). The disks were surroun-
ded by a thin (less than 50 um) connective tissue cap-
sule, fixing them in the lateral subcutaneous pocket.

PLA and its composites promoted the conduction
of grown tissues on the surface of the test samples.
It was recorded by more than 3-fold increase in the
area of tissue plates (Table 2). Histological evaluation
of tissue lamellaec showed induction of bone growth
(IBT) as follows: 20% in the case of pure PLA sam-
ples; 60% in the case of PLA + 5 wt% HA composite
scaffolds (Table 2).

126 Bulletin of Siberian Medicine. 2020; 19 (4): 119-129



Original articles

Table 2

Sample effect on geometric and histological features of tissues grown from bone marrow under subcutaneous ectopic test
in BALB/c mice, Me (Q,-0,)

Incidence of tissue

Bone marrow (initial level

Properties of tissue lamellae

Test groups of lamella formation IBT before implantation) (after implantation)
samples, n =6 o
% % Area;, Area, % of bone Histological compound
mm marrow area
3.54 306 Bone with marrow (1 case); connective
PLA 100 20 (3.49-3.72) (217-504) and fat tissues (4 cases)
453 382 Membrane reticulated bone (2 cases);
+ 0, * 1 .
PLA + 5 wt% HA 100 60 (3.89-4.87) (327-443) bone with marrow (1 case);

connective tissue (2 cases)

Note: n — the number of test samples in each group; PLA — polylactide; PLA+5 wt% HA —hydroxyapatite (5 wt%) composite with polylactide.

Membrane reticulated bone, as well as the bone/
bone marrow system formed de novo due to in situ
remodeling of bone marrow applied in vitro were
revealed on histological sections of tissue lamellae

(Fig. 6).

Ectopic metaplasia of syngeneic bone marrow pro-
ceeds through the activation of a pool of donor MSCs
differentiating into the precursors of chondro/osteo-
blasts. In turn, recipient hematopoietic stem cells re-
populate the implantation site [45].

Izﬂigml

a

Fig. 6. The positive result examples of histological slices of tissue lamellae grown on PLA and PLA + 5 wt% HA samples after 40-
day subcutaneous implantation: a — bone tissue, x200; b) bone with marrow, x100 hematoxylin-eosin staining

CONCLUSION

Biodegradable polymer PLA- and PCL-based com-
posites filled with HA prepared by melt compounding
were obtained, which allows introducing up to 25-50
wt% HA into polymer matrices. HA particles and their
agglomerates with a diameter of up to 100 um are uni-
formly distributed over the matrix volume, increasing
the degree of surface polarization and crystallinity of
composites. As a consequence of high crystallinity,
the mechanical strength of the composites decreases
with filling. Developed biodegradable composites can
be used for practical application in various areas of re-
generative medicine. In the field of bone tissue bioen-
gineering, PLA composites obtained by 3D printing,

even with a low (5 wt%) HA content, increase ectopic
osteogenesis by 40%. It allows considering MSCs as a
cellular target of their biological activity.
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ABSTRACT

The aim. To evaluate the association of fibrinogen (FGB), tumor necrosis factor a (TNFa), interleukin 18 (IL-1p),
lipoprotein lipase (LPL), platelet glycoprotein (/7GB3), and transforming growth factor  (TGFB1) genes with the
incidence of recurrent myocardial infarction (MI) in patients living in the middle Volga region.

Materials and methods. The study included 104 people with recurrent MI compared to 280 people who had just
one episode of MI. TNFa (rs1800629), IL1B (rs16944), TGFB1b (rs1800469), FGB (rs1800788), ITGB3 (rs5918)
and LPL (rs328) gene polymorphism was determined in all patients using competing TagMan probes. Association
estimation was performed with multivariate logistic regression analysis.

Results. Patients with recurrent MI much more often had TNFa, ILIB, TGFB1b, FGB, ITGB3 and LPL allele and
genotype polymorphism. Moreover the risk of MI increased significantly in a case of combination of FGB (alleles
and genotypes) and TNFo (alleles and genotypes) gene polymorphisms (OR = 4.04, 95% CI = (1.895-8.615),
p=0.0001).

Conclusion. Thus, FGB, LPL, TNFo, TGFB1b and ITGB3 gene polymorphism are associated with more severe
coronary heart disease and may be a risk factor of recurrent MI development. The dominant total contribution of the
FGB (rs1800788) and TNFu (rs1800629) polymorphic genes to the development of recurrent MI in the population
of the middle Volga region was revealed.

Key words: recurrent myocardial infarction, gene polymorphism, TNFa, ILIB, TGFB1b, FGB, ITGB3, LPL.
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OcobeHHOCTM noaumopdusma reHos FGB, TNFe, IL-16, LPL, ITGB3 1 TGFB1
y NaLMEeHTOB C MOBTOPHbIM MHPAPKTOM MUOKapAa

MasHckasa C.[1.", FapaeBa JI.A.?, Tennakos A.T.?, ®Dununenko M.J1.%, CokonoBa E.A.%,
Kpasuosa O.A.°, bepe3sukosa E.H.®
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PE3IOME

Hean. Accorpanus nomumopdusma reno Gudpunorena (FGB), dakropa Hekposa onyxonu o (TNFo), HHTEp-
neiikuna 1 B (IL-1B), nunonporennnunassl (LPL), TpombouutapHoro riaukonporenHa (I7GB3) u tpancdopmu-
pytomero ¢daxropa pocta  (TGFBI) ¢ pruckoM pa3BUTHsI HOBTOpHOTo MH(papkra Muokapaa (VM) y manneHTos,
npoxxuBaronux Ha Teppuropun Cpenuero [ToBomKbsI.

Marepuaisl 1 MeToAbl. B nccnenosanne Bonumm 280 yenoBek ¢ 0AHOKpAaTHBIM U 104 yenoBeka ¢ mOBTOpHBIM 1IM.
I'eHoTHIIMpOBaHME MOTMMOPQHEIX T0KycoB TeHOB TNFa (rs1800629), IL1B (1s16944), TGFBI1b (1s1800469 ), FGB
(rs1800788), ITGB3 (rs5918 ) u LPL (rs328) ocymecTBisim ¢ ucnonb3oBanueM TaqMan-30H10B. CTaTHCTHYECKYIO
00paboTKy JaHHBIX IPOBOMIIM METOJJOM MHOTO()AaKTOPHOT'O JIOTHCTHYECKOTO PErPECCHOHHOTO aHAIU3a.

Pe3yabTatsl. Cpeny marueHToB ¢ moBTOpHEIM M Goliee yacTo BCTpeyaIuch ajuleli ¥ TeHOTHUITEI ITOTMMOP(HBIX
MapkepoB reHoB TNFa, ILIB, TGFB1b, FGB, ITGB3 n LPL. Tlpu onjeHke cyMMapHOTo BKJIaaa HOJIUMOP()H3MOB
HCCIIeyeMbIX TeHOB PUCK MOBTOpHOT0 MM 3HaunTENBEHO BO3pacTai NpU HATMYUN KOMOMHAINH HOJIMMOP()H3MOB
reHoB FGB (annenu u reHoTumsl) u TNFo (amnenu u reHoTuiel), OR = 4,04; 95% CI 1,895-8,615; p = 0,0001.

3axiouenne. Takum 06pa3oM, TeHOTUIIBI OTMMOPGHBIX JIOKycoB TeHoB FGB, LPL, TNFa, TGFB1b n ITGB3
MOTYT OBITh ACCOLIMUPOBAHBI C PUCKOM 00JIee THKEIOro TSUCHUS HIIEMUYECKONH 00JIe3HN cepAla U MIPUBOJUTD K
Pa3BUTHIO HOBTOPHBIX MH(APKTOB MHOKapAa. BEISBICH JOMUHHUPYIOIIHMI CyMMapHbIHA BKJIa | TOJTUMOPQHBIX JIOKY-
coB reHoB F'GB (rs1800788) u TNFa (rs1800629) B pa3sutue nosropaoro UM y nacenenus Cpeanero I1oBomkbs.

KuroueBble ciioBa: oBTOPHBIN MHGAPKT MHOKapaa, nonumopusm rewos, TNFa, IL1B, TGFB1b, FGB, ITGB3,
LPL.

bionnereHb cubnpckoin meamumHbl. 2020; 19 (4): 130-137

131



Mayanskaya S.D., Garaeva L.A., Teplyakov A.T. et al.

FGB, TNFa, IL-18, LPL, ITGB3, and TGFB1 genes polymorphism in patients with

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJIUKaIKeil HACTOSIIIEH CTaThH.

Hcrounnk GpuHAHCHPOBAHMS. ABTODBI 3asBIAIOT 00 OTCYTCTBUM (PMHAHCHPOBAHHSL.

CooTBeTCTBHE NPUHIMIIAM dTHKH. Bce manuenTs! noanucani nHGOPMUPOBAHHOE COTIIACHE Ha yYacTHE B CCIIC-
noBanun. MccnenoBanue 0100peHO JOKATBHBIM 3THYeckuM KoMuTeTtoM KITMY (mpoTtokon Ne 4 ot 24.05.2016).

Js untupoBanus: Masackas C [, ['apaea JI.A., TeraxoB A.T., @unmunenko M.JL., Cokonosa E.A., Kpasio-
Ba O.A., bepesuxoBa E.H. Ocobennoctu nomumopdusma renos FGB, TNFoa., IL-1f, LPL, ITGB3 w TGFBI y na-
LUEHTOB C TIOBTOPHBIM HH(MAPKTOM MHUOKapaa. broiiemens cubupckoii meouyunst. 2020; 19 (4): 130-137. https:/

doi.org/10.20538/1682-0363-2020-4-130-137.

INTRODUCTION

Myocardial infarction is a severe cardiovascular
disease with a multi-stage evolution consisting of dif-
ferent events. The genetic characteristics of each stage
have a leading role in the determination of individual
risk of atherosclerosis progression.

The key pathological processes that control coro-
nary heart disease severity are lipid metabolism and
hemostasis disorder, as well as activity of inflammato-
ry process in atherosclerotic plaque. Several wide ge-
nome associated studies of recent years have revealed
the responsibility of some gene polymorphisms for
the amount and quality of production of various lipid
metabolism and coagulation components and a num-
ber of cytokines, such as interleukins, transforming
growth factors, adhesion molecules, etc. [1]. Remar-
kably, most of the studies of disease severity are main-
ly based on evaluating of fatal complications frequen-
cy among patients with a stable angina. However, it is
assumed that a transforming growth factor is associat-
ed primarily with an increase in the size of the athero-
sclerotic plaque itself, and not with a thinning of its
lining [2], and an increase in the activity of interleukin
Ib is associated with both aggravation of stenosis and
the frequency of fatal complications [3]. The study of
these genes polymorphism in aspect of cardiovascular
disease progression is an essential step in understand-
ing the pathogenetic mechanisms of coronary artery
occlusion, including cases of recurrent MI. Based on
a number of studies, it has been suggested that mu-
tant alleles of cytokine cascade and thrombus forma-
tion genes, encoding main pathogenetic markers of
restenosis and reocclusion of coronary vessels in pa-
tients with coronary artery disease (CAD), are quite
frequent [2, 4].

Thus, the aim of the research is to study features of
several genes polymorphism associated with inflam-
mation activity, lipid metabolism and hemostasis for

a personalized prediction approach of recurrent MI
development.

MATERIALS AND METHODS

A total of 384 participants aged 44 to 85 years
(mean age 66 £+ 10.7 years) who had undergone inpa-
tient treatment in the cardiology department of City
Clinical Hospital No. 7 in Kazan with acute myo-
cardial infarction (AMI) with ST segment elevation
and/or “Q” -positive MI were enrolled. All patients
signed informed consent to participate in the study.
AMI diagnosis was verified by biomarkers analysis
results: troponins, ECG, and coronary angiogra-
phy (CAG). In some patients (104 people), a pre-
vious MI was determined according to the anamne-
sis and previous research methods. A comparative
study was conducted between a group of patients
with single and repeated MI (280 and 104 patients,
respectively).

All patients underwent genotyping of DNA sam-
ples isolated from peripheral blood leukocytes at the
SNP of tumor necrosis factor alpha TNFa (rs1800629),
transforming growth factor TGFBI1b (rs1800469), in-
terleukin 1 beta IL1B (rs16944), platelet glycoprotein
IT318GB (1s16944), platelet glycoprotein chains of fi-
brinogen FGB (rs1800788) and lipoprotein lipase LPL
(rs328) using competing TagMan probes. Genotyping
reliability was confirmed by sequencing. Oligonucleo-
tide primers design and genes study were carried out
in laboratory of pharmacogenomics of the Institute of
Chemical Biology and Fundamental Medicine of the
Siberian Branch of the Russian Academy of Sciences
(ICBFM SB RAS).

“Genetics” and “Hardy Weinberg” statistics packa-
ges of the R-project software (www.r-project.org)
were used for analysis. Compliance with the Hardy —
Weinberg equilibrium was assessed using Fisher’s
exact test. Association of genotype with severity of
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CAD was carried out using multivariate logistic re-
gression analysis, from which OR (odds ratios), its
confidence interval (95% CI) and the significance
level of the results obtained (p-value) were calculated.
The odds ratio was calculated adjusted for race and
risk factors (gender, age, smoking, the presence of he-
reditary burden, arterial hypertension (AH), dyslipi-
demia and obesity). Analysis was carried out for four
models of inheritance: dominant, additive, recessive
and co-dominant. The selection of the best of several

competing models was based on the Akaike Informa-
tion Criterion (AIC). Data are presented as mean and
mean error M + m.

RESULTS

All participants were preliminarily assessed for
their clinical status and comorbidities to exclude their
possible impact when analyzing association of ge-
netic polymorphism with recurrent MI development
(Table 1).

Table 1
Clinical characteristics of patients with MI (n =384)

Parameters 1 group, n =280 (%) 2 group, n =104 (%) p-value
Sex: male 1791 (64) 64 (61.5) p=061

female 101 (36) 36 (38.5) )
Age (years) 64.1+10.3 703+7.2 p=031
Blood pressure 204 (72.8) 104 (100) p=0.02
Smoking 186 (66.4) 63 (61) p=0.29
TC 53+0.98 5.19+0.99 p=0.38
BMI 29.9+6.2 28 £6.2 p=0.07
Hereditary burden 190 (67.8) 63 (60.5) p=0.16
Type 2 diabetes 157 (56.0) 60 (57.6) p=0.8
CHF:
with EF more 40% 194 (69.3) 60 (57.7) _
with EF less 40% 86 (30.7) 44 (42.3) p=0033

Note. TC — total cholesterol; BMI — body mass index; CHF — chronic heart failure; EF — ejection

fraction.

Thus, it was revealed that in the group with re-
peated MI, AH was detected significantly more of-
ten. Later, when conducting logistic regression anal-
ysis, corrections were made for this parameter, as
well as for age. Taking stenosis into account, in the
group with repeated MI lesions of the left coronary
artery trunk and the anterior interventricular branch
were observed more often. Allele frequencies were
determined for all studied loci in patients in both
groups. Alleles distribution of all genes in compar-

ison groups corresponded to the Hardy — Weinberg
equation.

Association of gene polymorphism with the de-
velopment frequency of single and repeated MI was
calculated in two variants: by presence of a polymor-
phic allele, as well as by genotypes among all genes,
except for the LPL and TNFa genes, as their patholog-
ical genotype frequency of occurrence is too rare for a
reliable assessment. Alleles and genotypes in groups
association is presented in Table 2.

Table 2
Association of polymorphic allele and genotype of the studied genes with the development of recurrent MI
Co-dominant model
_ 2 group Additive model Heterozygous genotype Homozygous genotype
ONP 1 group (n =280) (n=104) OR 95% CI p-value OR 95% CI OR 95% CI
p-value p-value
2.92
CC 246 CC 178
LPL CG+GG 34+0 CG+GG 21+5 [1.39-6.11] a B
0.005
1.21 TC: 0.44
TT 213 CC: 7.08
TT 82 [0.64-2.31] [0.15-1.29]
1.46-34.22]1 p=0.
[1GB3 s CT+CC 11 +11 p=0.13 p=0.14 [1.46-34.22] p = 0.005
AIC: 238.6 AIC: 231.86
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Table 2 (continued)

Co-dominant model
_ 2 group Additive model Heterozygous genotype Homozygous genotype
ONP 1 group (n =280) (n=104) OR 95% CI p-value OR 95% CI OR 95% CI
p-value p-value
1.91 TT: 2.45
CC 145 CT:3.30
cc27 [1.15-3.17] [0.70-8.60]
1.51-7.23] p = 0.003
FGB (1:1T0++T2§ CT+TT 66+ 11 »=001 [ 1p »=0.16
AIC: 232.79 AIC: 230.94
1.88 CT:2.82
TT: 2.81
CC 139 cC 27 [1.12-3.16] [1.28-6.20] a
0.86-9.2 =0.
TorBl CT+TT 118 +23 CT+TT63+ 14 p=0.02 p=0.01 [0.86-9.23] p = 0.09
AIC: 233.19 AIC: 233.23
1.36
CC 41 CT: 1.31 TT: 1.89
CC 128 [0.83-2.23]
.63-2. =04 .66-5. =02
ILIB CT+TT 118 + 34 Cégi"l[‘g =023 [0.63-2.75] p = 0.47 [0.66-5.39] p=0.23
AIC: 239.48 TC: 0.44 [0.15-1.29]1 p=0.14
GG 219 GG 96 0.21
TNFa GA+AA GA+AA [0.05-0.88] - -
58+3 3+5 p=0.03

Note. ONP — oligonucleotide primers; OR — odds ratio adjusted for risk factors; 95% CI — confidence interval; AIC — Akaike criterion; CC, CA,

GG and others and others — genotype variants.

According to the data, five candidate genes under
study were associated with recurrent MI development,
taking into account corrections for comorbidities and
age. As it can be seen from Table 3, polymorphism of
FGB rs1800788, LPL rs328, TNFa rs1800629, ITGB3
rs5918 and TGFBI rs1800469 had a statistically sig-
nificant effect on the incidence of recurrent MI. Thus,
for the FGB gene, a rare allele (—249T) presence
(OR =1.91, 95% CI = (1.15-3.17), p = 0.01) was as-
sociated with a higher frequency of recurrent MI deve-
lopment. For the TNF gene (—308G/A) it was possible
to assess only the contribution of a rare allele, which
is more common among patients without recurrent MI
(OR =0.21, 95% CI = (0.05-0.88), p = 0.03).

Besides, the rare —509T allele of TGFBI gene was
significantly more often detected in patients with re-
current MI (OR = 1.88, 95% CI = (1.12-3.16), p =
0.002). And, finally, a strong correlation was demon-
strated by genotype of the /TGB3 gene (P1A2) ho-
mozygous for a rare allele (ORadj = 7.08, 95% CI =
(1.46-34.22), p = 0.005), while the presence of one
rare allele had no significant pathological effect.

Assessment of contribution of cumulative genes
polymorphism effect revealed the risk of MI signifi-
cant increase in combination of FGB rs1800788 and
TNFo rs1800629 polymorphisms (OR = 4.04, 95%
CI = (1.895-8.615), p = 0.0001), while for LPL rs328
and /TGB3 rs5918 this indicator turned out to be low-
er than in isolation for each of the genes (OR =3.212,
95% CI = (1.165-8.853), p = 0.030 (Table 3).

Table 3

The combined contribution of FGB and TNFa gene
polymorphism in the development of recurrent MINFa

Parameter OR [95% CI] p-value
OR =4.04
FGB rs1800788 — T allele N
TNF rs1800629 — A allele 9% C11.895-8.615
p=0.0001
OR=3.212
LPL 15328 — G allele o N :
ITGB3 155918  C allele 95% C1=(1.165-8.853),
p=0.030

Note. OR — odds ratio adjusted for risk factors; 95% C.I. — confidence
interval.

DISCUSSION

Heredity contribution to the development of coro-
nary atherosclerosis leaves no doubt, since numerous
works are devoted to the influence of genetic poly-
morphism on the incidence of cardiovascular compli-
cations (CVC) of coronary artery disease.

In particular, there are data of the studied SNPs of
TNFo tumor necrosis factor alpha (—308G/A), TG-
FBI1b transforming growth factor (—=509 C/T), ILIB
interleukin 1 beta (=511C/T), FGB fibrinogen beta
chain (-249C/T) and its ITGB3 platelet glycopro-
tein (P1A1 / PIA2), as well as LPL lipoprotein lipase
(rs328) effect on various manifestations of atheroscle-
rosis.

Thus, presence of polymorphic T allele in SNP
rs1800788 in FGB gene is associated with incidence of
MI in population, although some early studies hadn’t
found connection between polymorphism and level
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of fibrinogen in the blood and manifestations of IHD
[5]. In many studies, TNFo gene polymorphism is also
associated with the incidence of acute cardiovascular
events [6]. C-509T polymorphism of TGFBI1b gene
has been considered a protective factor against athero-
sclerosis for a long time due to the anti-inflammatory
effect of cytokine during atherogenesis [7]. However,
in recent years, many studies have shown a negative
effect of polymorphism on various manifestations of
atherosclerosis, possibly due to development of proli-
ferative changes in the intima, and note the relation-
ship of the mutant -509 T allele with the incidence of
fatal CVC [2].

In most studies, LPL gene polymorphism has not
shown a significant effect on coronary atherosclerosis
incidence and severity [8], however, it is assumed to
be associated with an unfavorable course along with
a number of concomitant factors. In a large number
of studies PIA2 polymorphism of the ITGB3 gene is
associated with incidence of acute events, including
in younger patients, but it is practically irrelevant for
development of chronic conditions [9]. ILIB-511C/T
polymorphism presence is associated with frequen-
cy and degree of atherosclerotic stenosis in various
localizations, while data on its effect on incidence of
MI are rather contradictory [10].

At the same time, most of the studies are carried
out in groups of patients with CVD compared to a re-
latively healthy population and reflect, first of all, the
risks of disease occurrence, and not its dynamics. A
distinctive feature of this work is a comparative as-
sessment of genetic polymorphism among patients
with complicated atherosclerosis, namely, depending
on presence of single or repeated MI with the possi-
bility of predicting it. It was found that patients with
recurrent myocardial infarction showed a signifi-
cant association with polymorphism of four genes,
FGB rs1800788, TNF rs1800629, LPL rs328, ITGB3
rs5918, and TGF rs180046.

T allele in SNP rs1800788 of the FGB gene with
high statistical significance was more common in pa-
tients with recurrent MI, which fully correlates with
the data of other studies and may be explained by an
increased amount of pure fibrinogen and its effect on
atherothrombosis [5]. At the same time, the opposite
picture was observed with the TNFa rs1800629 SNP.
The polymorphic A allele was significantly more
common in patients without signs of acute or previous
MI, while normal G/G genotype was associated with
an increased incidence of the disease. Whereas other
studies have noted a protective role of the G allele,

primarily in relation to acute events such as MI or un-
stable angina pectoris [11].

The LPL 15328 gene polymorphism contribution
also manifested itself among patients with repeated
MI and was highly associated with an increase in inci-
dence of pathology. Taking into account some studies
of mutant G allele effect on atherosclerosis develop-
ment in patients after MI [12], a significance of this
gene polymorphism specifically for patients with re-
current coronary artery occlusion can be assumed.

The polymorphism of the /TGB3 rs5918 gene sig-
nificantly increased the incidence of MI only in the
case of the mutant homozygous genotype and was sig-
nificant only in the group of patients who underwent
repeated MI. In general, this does not contradict the
data on the pathological effect of the mutant /TGB3
rs5918 allele on the amount of fibrinogen and plate-
let reactivity in severe CVD [13]. The presence of the
polymorphic G allele of the TGF rs1800469 gene was
also significant only in the case of repeated MI, which
may indicate the significance of excessive synthesis
of the extracellular matrix in severe coronary artery
disease [2].

Contribution assessment of the cumulative genes
polymorphism effect allowed us to assume dominant
role of polymorphic allele combinations in atheroscle-
rosis progression risk prediction. Thus, with a combi-
nation of polymorphic alleles of the FGB rs1800788
and TNFa rs1800629 genes, the risk of recurrent myo-
cardial infarction in patients with a single infarction
increased significantly, even in comparison with the
presence of a single gene polymorphism.

CONCLUSION

Thus, a correlation between FGB rs1800788, LPL
rs328, ITGB3 rs5918, TNFo rs1800629, and TGF
rs1800469 genes polymorphisms and frequency of
recurrent MI was revealed. Repeated MI is associat-
ed with the presence of any polymorphic genotype of
the FGB rs1800788, LPL 1s328, TGFBI rs1800469
genes and polymorphic homozygous genotype of the
ITGB3 155918 gene, as well as normal homozygous
genotype of TNFu rs1800629 gene. On the contrary,
the presence of polymorphic genotype of TNFa gene
rs1800629 indicates its protective effect on the devel-
opment of recurrent MI.

An increased incidence of some polymorphisms in
group of patients with repeated MI compared to the
group of patients with a single MI may indicate, first
of all, an influence of these polymorphisms on ath-
erosclerosis progression and enlarging of stenosis in
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coronary arteries. However, this thesis requires fur-
ther study.

Assessment of total contribution of FGB rs1800788
and TNFao rs1800629 genes polymorphism is appro-
priate to clarify both primary and recurrent myocar-
dial infarction development risk in order to optimize
diagnostic and therapeutic measures.
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Receptor mechanism of infarct-limiting effect of adaptation to normobaric
hypoxia

Naryzhnaya N.V., Mukhomedzyanov A.V., Tsibulnikov S.Yu., Maslov L.N.
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ABSTRACT

The aim of the study was to investigate the involvement of bradykinin, cannabinoid and vanilloid (TRPV1 channel)
receptors in the implementation of the infarct-limiting effect of chronic normobaric hypoxia (CNH).

Materials and methods. The study was performed on male Wistar rats (n = 117) weighing 250-300 g. Adaptation
to CNH was modeled for 21 days at 12% pO,, 0.3% pCO, and normal atmospheric pressure. A day after adaptation
of rats to CNH coronary artery occlusion (45 min) and reperfusion (2 h) was performed. In the study the following
compounds were used: selective cannabinoid CB1 receptor antagonist rimonabant (1 mg/kg), selective cannabinoid
CB2 receptor antagonist AM630 (2.5 mg/kg), selective bradykinin B2 receptor antagonist HOE140 (50 pg/kg), and
vanilloid receptor (TRPV1 channel) antagonist capsazepine (3 mg/kg). All antagonists were administered 15 min
before coronary artery occlusion.

Results. Adaptation to normobaric hypoxia promoted the formation of the pronounced infarct-limiting effect.
The blockade of B2 receptor eliminated the infarct-limiting effect of CNH. Blockade of cannabinoid or vanilloid
receptors did not affect the infarct-limiting effect of CNH.

Conclusion. The infarct-limiting effect of CNH depends on the activation of B2 receptor, and the adaptive increase
in cardiac tolerance to ischemia/reperfusion does not depend on cannabinoid or vanilloid receptors.

Key words: myocardium, ischemia, reperfusion, receptors, chronic hypoxia.
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PE3IOME

Hens nccaeroBanus — U3ydeHrue ydacTusl OpaJUKHMHUHOBEIX, KAHHAOMHOMIHBIX W BaHWIIOMIHBEIX PEIENTOPOB
(TRPV1-kananoB) B peasn3aniy HHPapKT-TUMUTHPYIOMIEro 3¢ dexTa XpoHnIeckoi HopMoOapHIecKOH THITOKCHH.

Marepuajbl 4 MeTOABI. VccrnenoBanue OBUIO BBIMOJHEHO Ha caMmax Kpwic Bucrap (n = 117) maccoit 250—
300 r. Amanranuro k runokcun (HHIY) moxenuposanu B tedenue 21 cyt npu 12% p0O,, 0,3% pCO, n HopManbHOM
atMocepHoM JnaBieHud. Yepes | CyT mocie aganTaldM Y KpBIC BOCIIPOU3BOMMIM KOPOHAPOOKKIHO3UIO
(45 mun) u peniepdysuro (2 9). B ncciie1oBaHN HCIIOIB30BANH CIICAYIOIINE IPETIAPATHI: CETICKTUBHBIN aHTarOHUCT
kaHHaOMHONTHBIX CBl-penentopoB prMoHaO0aHT (1 MI/KT), CENEKTHBHBIA AHTATOHUCT KaHHAOWHOMIHBIX
CB2-penentopos AM630 (2,5 MI/KT), CEIeKTHBHBI aHTAarOHUCT OpaIMKHHUHOBBHIX B2-pementopos HOE140
(50 MKr/KT), aHTarOHUCT BaHWIONIHBIX penentopoB (TRPV1-kananoB) karncazenud (3 mr/kr). Bece aHTaroHUCTHI
BBOJM/IM 33 15 MUH 10 KOPOHAPOOKKITIO3HH.

Pe3yabTaThl. Anantanus K HOpMOOapHuECKO THIIOKCHY TPUBOAMIA K (POPMHUPOBAHUIO BBIPAKEHHOTO HH(DAPKT-

muMuTHpYomero 3¢ ¢exra. brokaga B2-penentopos yctpansia uadapkr-mumutupyrommii s3gpdext HHI'. brnoka-
Jla KaHHAOMHOM/IHBIX WJIM BAaHWJUIOMJHBIX PELIEITOPOB HE BiIMsIa Ha HH(MapKT-TMMUTHpYomee neiicreue HHI .

3akaouenne. Mudapkr-mumurupyromuii s3pdexkr HHI' 3aBucut or aktuBaumu B2-pernentopoB, a ajmanra-
LIMOHHOE TOBBILICHHE TOJEPAHTHOCTH CepAla K MIIEMHH U pernepdy3un He 3aBHUCHT OT KaHHAOMHOMAHBIX N
BaHWUIOMIHBIX PELEITOPOB.

KnroueBble c10Ba: MHOKAp, HIIEMUs], periepdy3ust, peIeNTOPHI, XPOHUIECKAs THITOKCHSL.
KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHQIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThU.

Hcrounuk puHancupoBanus. Pabota BeinonHeHa mpu moiepxkke Poccuiickoro Hayunoro ¢onaa (rpant Ne 16-
15-10001). Uccnenosanue ¢ HOE140 BeimonHeHo B pamkax roc3aganus Ne AAAA-A15-115120910024-0.

CooTBeTcTBMEe NpPUHOHMMNAM 3THKH. VccnenoBanue 0m00pEHO JIOKANbHBIM 3THUECKHMM KomutetoM HUU
kapauosnioruu Tomckoro HUMII (mpotokos Ne 137 ot 16.09.2015).

[ untupoBanus: Hapeoxaas H.B., MyxomenssHos A.B., HuOynsaukoB C.1O., Macnos JI.H. PenentopHsrit
MEXaHU3M HH(GapKT-TUMATHPYIONIETo 3G QeKTa afantanui K HOpMoOapHIecKoi TUIIOKCHH. bronemens cubup-

ckoti meouyunsl. 2020; 19 (4): 138-142. https://doi.org/10.20538/1682-0363-2020-4-138-142.

INTRODUCTION

It is known that in chronic moderate hypoxia,
nonspecific myocardial resistance to damage during
ischemia and subsequent reperfusion is formed.
However, the pathways of forming myocardial re-
sistance during adaptation to hypoxia remain poorly
understood. In particular, the receptor mechanisms of
this phenomenon have not been sufficiently studied.
Earlier, we found the participation of opioid recep-
tors in the infarct-limiting [1] and cytoprotective [2]
effects of adaptation to continuous hypoxia. Howe-
ver, other receptor mechanisms remain unexplored.
At the same time, an important role of bradykinin,
cannabinoid and vanilloid receptors in the regula-
tion of the heart’s tolerance to ischemia/reperfusion
during ischemic and remote preconditioning is known
[3-71.

The aim of this study was to investigate the par-
ticipation of bradykinin, cannabinoid, and vanilloid
receptors (TRPV1 channels) in the implementation of
the infarct-limiting effect of continuous normobaric
hypoxia (CNH).

MATERIALS AND METHODS

The study was performed on male Wistar rats (n =
117) weighing 250-300 g. Animals of the experimen-
tal groups (adapted to hypoxia) were exposed to CNH
(12% pO,, 0.3% pCO,) at normal atmospheric pres-
sure in the chamber for 21 days [1]. Monitoring the
state of the gaseous medium was carried out using the
TCOD-IR and OLC 20 sensors (Oldham) and the Bio-
Nova-204G4R1 apparatus (NTO Bio-Nova) through
the MX32 control unit (Oldham). 24 hours before the
start of the experiment, the animals of the experimen-
tal group were removed from the hypoxic chamber.
Groups of rats of normoxic control were kept under
standard vivarium conditions.

Before the coronary occlusion procedure, the ani-
mals were anesthetized with a-chloralose (100 mg/kg
i.p.). During subsequent manipulations, the animals
were subjected to artificial ventilation with atmo-
spheric air, which was carried out using the SAR-830
Series ventilator (Central Wisconsin Engineers Inc.,
Schofield, USA) through an intubated trachea. To
perform coronary occlusion, the chest was opened at
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the intercostal space to the left of the sternum, the
heart was freed from the pericardium and a liga-
ture was placed on the left descending coronary ar-
tery in its upper third for 45 minutes. Reperfusion
was performed by releasing the ligature with visual
control of the restoration of coronary circulation by
hyperemia of the ischemic region [8]. The duration
of reperfusion was 2 hours. To determine myocar-
dial infarction size, the ligature, previously placed
on the left coronary artery, was again tightened; the
isolated heart was washed through the aorta with
physiological saline, and stained with 5% potassium
permanganate solution. After washing the myocar-
dium with saline, the right ventricle was separated,
both ventricles were weighed, the left ventricle was
dissected into sections 1 mm thick parallel to the axis
of the heart.

Sections of the left ventricle were stained with a 1%
solution of 2,3,5-triphenyltetrazolium (37° C, 30 min-
utes) and fixed for 1 day in a 10% solution of neutral
formalin [8]. Slices were scanned (Scanjet G2710), the
size of the necrosis zone and the area at risk (ischemia/
reperfusion zone) were determined planimetrically us-
ing the application software package. The magnitude
of the infarct size was expressed as a percentage of
the area at risk. The following drugs were used in the

study: selective cannabinoid CB1 receptor antagonist
rimonabant (1 mg/kg), selective cannabinoid CB2
receptor antagonist of AM630 (2.5 mg/kg), selective
bradykinin B2 receptors antagonist HOE140 (50 pg/
kg), and vanilloid receptor (TRPV1 channels) antag-
onist capsazepine (3 mg/kg). All antagonists were ad-
ministered 15 minutes before coronary artery occlu-
sion. The choice of doses of pharmacological agents
was based on the previous data [9-12].

Statistical data processing was performed using
the Statistica 6.0 software (StatSoft, Inc.). The mean
value (M) and standard error of the mean (SEM) were
calculated. The significance of differences between
groups was determined using the nonparametric
Mann — Whitney U-test. The critical significance level
was taken as p = 0.05.

RESULTS

Adaptation to normobaric hypoxia led to the for-
mation of a pronounced infarct-limiting effect, the size
of the infarct formed during coronary occlusion-reper-
fusion, defined as the ratio of the size of necrosis to the
risk zone, was 38% less than in non-adapted rats. It
should be noted that the hypertrophy of the right ven-
tricle of the myocardium is characteristic of the state
of chronic hypoxia (Table 1).

Table 1

Effect of CB1 cannabinoid receptor antagonist rimonabant and CB2 cannabinoid receptor antagonist Am630 on the infarct size after
45-minute coronary occlusion and 120-minute reperfusion in rats adapted to normobaric hypoxia, M + SEM

Groups Area of necrosis. m Area at risk. m Infarct size, AN/ | Right ventricular Left ventricular

P " - Mg - e AR(%) weight, mg weight, mg
Control 12 186.9 = 14.4 3513498 532+48 175.1 £ 113 981.7+13.7
Rimonabant 12 185.6 + 14.4 355398 48.0+ 438 170.1 £10.3 981.7+13.7
(1 mg/kg)
AM630 12 181.7 + 19.4 367.1 £22.4 495+72 173.4£10.7 947.8 + 64.6
(2.5 mg/kg)
CNH 12 124.1 + 12.8% 3693+ 15.1 33.6+6.8% 226+ 12.2% 9583+ 12.6
CNH + rimonabant 12 131.8% 13.5% 3743 £17.1 3524+ 8.3 2253+ 17.6* 9893+ 155
(1 mg/kg)
CNH +AM630 12 118.6 + 13.5% 364.8+17.1 325+ 8.2% 233.7 + 13.9% 969.8 +12.9
(2.5 mg/kg)

Note: * p < 0.05 compared with the control group, Mann — Whitney U-test. AN — area of necrosis, AR — area at risk (here and in Table 2).

It was found that the inhibition of cannabinoid
CBI receptors by the selective antagonist rimonabant
did not lead to a change in the infarct size in rats
adapted to CNH (Table 1). These data indicate that
CB1 cannabinoid receptors are not involved in the
formation of the infarct-limiting effect of CNH. The
injection of the selective CB2 cannabinoid receptor
antagonist AM630 also did not affect the infarct size

during coronary artery occlusion and reperfusion in
rats adapted to CNH (Table 1). The administration
of the selective cannabinoid receptor antagonists to
non-adapted rats did not lead to a change in the in-
farct size during the subsequent coronary occlusion
(Table 1). These data suggest that CB1 and CB2 can-
nabinoid receptors are not involved in the infarct-lim-
iting effect of CNH.
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Fig. 1. Effect of the bradykinin receptor antagonist HOE 140
on the infarct size in rats after CNH

Note: * p < 0.05 compared with the control group, # — with the

CNH group, Mann — Whitney U-test. AN — area of necrosis,
AR — area at risk.

Blockade of bradykinin receptors by the selective
antagonist HOE140 contributes to an increase in the
infarct size in rats adapted to CNH (Fig. 1). Moreover,
in non-adapted rats, blockade of the bradykinin recep-
tors did not affect the infarct size. These data indicate
that bradykinin receptors are involved in the forma-
tion of the infarct-limiting effect of CNH.

Inhibition of vanilloid receptors (TRPV1 chan-
nels) by the selective blocker capsazepine did not af-
fect the infarct size in rats after a course of CNH or
in non-adapted animals (Table 2). The obtained data
allow us to conclude that there is no connection of
TRPV1 channel activation and the formation of cardi-
oprotection during adaptation to normobaric hypoxia.

Table 2

Effect of vanilloid receptor (TRPV1 channel) blocker capsazepine on rat infarct size after CNH, M + SEM

Groups n Area of necrosis, Area at risk, mg Infarct size, AN/ Right ‘Ventricular Left Yentricular
mg AR(%) weight, mg weight, mg
Control 12 1869+ 14.4 351.3+9.8 532+4.8 175.1+£11.3 981.7+13.7
Capsazepine (3 mg/kg) 9 1719+ 18.5 353.6+17.1 48.6+6.2 199.4 +13.6 917.5+19.3
CNH 12 124.1 +12.8% 369.3 +15.1 33.6 £ 6.8% 226 +12.2% 9583 +12.6
CNH + capsazepine (3 mg/kg) 12 128.9 £ 12.2% 3743 +£17.1 347 +6.1% 218.1 £16.1* 976.6 £ 12.5

Note: * p <0.05 compared with the control group, Mann — Whitney U-test. AN — area at necrosis, AR — area at risk.

DISCUSSION

The problem of myocardial protection in ischemic
damage remains relevant, despite significant progress
in this area. The reason for this is the lack of effective
cardioprotective drugs that do not have strong side
effects. Currently, beta-blockers, alpha-2-adrenore-
ceptor agonists, calcium channel blockers, nitrates,
statins, and macroergic compounds are proposed to
protect the myocardium from ischemic-reperfusion in-
jury [13]. The effectiveness of a number of these drugs
is insufficient for anti-ischemic protection, which, in
the presence of many side effects, casts doubt on the
feasibility of the use of the indicated drugs. Thus,
the search for new means for myocardial protection
during ischemic-reperfusion exposure remains an ur-
gent task of modern pharmacology.

One of the ways of a directed search for such
agents is a study of the mechanisms of non-specific
adaptive resistance of the myocardium to ischemic
damage. Thus, it is known that the myocardium of ani-
mals subjected to moderate chronic hypoxia is more
resistant to ischemic effects than the myocardium of
intact animals [1, 8, 14]. A study of this phenomenon
has been conducted for 60 years, but many aspects of
the formation of adaptive myocardial stability remain

unexplored, its receptor mechanisms remain poorly
understood. Previous studies in our laboratory have
shown participation of opioid receptors in adaptive
cardioprotection [1, 2].

This work revealed that bradykinin receptors are
also involved in the mechanism of triggering the de-
fense mechanism when adapting to chronic hypo-
xia. Both types of these receptors are known to be
associated with Gi/o proteins that are located on the
membrane of cardiomyocyte. Successive activation
of receptors (opioid or bradykinin) and Gi/o proteins
triggers an intracellular kinase mechanism that turns
off protein kinase C, NO-synthase, tyrosine kinase,
and subsequently activates ATP-sensitive potassium
channels of mitochondria [14]. The result of the latter
is inhibition of the opening of the pore that regulates
the permeability of mitochondria (MPTP), an increase
in the resistance of mitochondria to calcium ions, an
improvement in the energy metabolism of mitochon-
dria, and thus a decrease in the sensitivity of cells to
the damaging effects of ischemia and reperfusion [15].

CONCLUSION

The obtained results allow us to present bradyki-
nin receptors as one of the key mechanisms for the
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nanoparticles in vitro for cell-based delivery
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ABSTRACT

The aim of the study was to develop a method for the modification of human monocytes/macrophages by iron
oxide magnetic nanoparticles in vitro.

Materials and methods. Iron oxide magnetic nanoparticles were obtained by a co-precipitation method and coated
with a thin SiO, layer and polyethylene glycol 3000. Murine macrophage-like cell line RAW 264.7, primary human
monocytes and macrophages were incubated with magnetic nanoparticles for 1-24 hours. The efficiency of cellular
uptake of nanoparticles was measured using a ferrozine-based method and microcopy with Perls’ Prussian blue
staining. The cell viability was tested by fluorescent flow cytometry using SYTOX Green.

Results. Incubation of RAW264.7 cell, human monocytes and macrophages with magnetic nanoparticles at a con-
centration > 5 pg/mL on a rotator for 1 hour at 37 °C provides the loading of nanoparticles into > 99% of cells. The
magnetic nanoparticles have no adverse effect on the cell viability. The RAW264.7 cells modified with nanopar-
ticles showed no change in migration activity. The efficiency of the nanoparticle uptake by macrophages was
>50 pkg (Fe)/cell.

Conclusion. According to the proposed method, macrophages loaded with magnetic nanoparticles have proved
viable, they retain the ability to migrate, and therefore can be used as cell-based delivery systems for tumor
diagnostic and therapy.

Key words: magnetic nanoparticles, monocytes, macrophages, cell-based delivery system.
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Moaudpukaumna makpodaros ¥ MOHOLMTOB Y€/10BEKA MarHUTHbIMU
HaHoYacTULLAMM in vitro gAA 4O0CTaBKKU, ONOCPEAOBAHHOM KAE€TKaMu

Mepekyua H.A.', CmonuHna N.A.", Aémun A.M.?, KpacHoB B.l.%, NepwwnHa A.Tl."-3

" Cubupcruii 2ocydapcmeennoiii meouyuncxuil ynugepcumem (Cu6I MY)

Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Uuemumym opeanuuecxozo cunmesa (MOC) um. H.A. ITocmoéckozo Ypanvckozo omoenenus Poccuiickoil

axademuu nayk (YpO PAH)
Poccus, 620990, 2. Examepunbype, ya. C. Kosanesckot, 22

3 Hayuonanvuwuii uccredosamenvckuti Tomckuil norumexnudeckutl ynueepcumem (HHU TITY)

Poccus, 634050, 2. Tomck, np. Jlenuna, 30

PE3IOME

Henp nccaenoBanus — pa3padborath MpoToKOJI MOAUPHUKALMHA MAKPO(AroB 1 MOHOLIUTOB YEJIOBEKA MATHUTHBIMU
HaHovacTuamu okcuna xenesa (Fe,0,) in vitro.

MarepuaJbl M MeTOIbl. MarHUTHBIE HAHOYACTHIIBI OKCH/IA JKeJIe3a MOTyYEeHBI METOJOM CO-OCaXICHUS], TOKPHITHI
CHJIOKCaHOBOW 000J104K0i 1 mommatiieHriarkoneM 3000. Makpodaru memm muaun RAW 264.7, MoHOINTHI Tie-
pudepuueckoil KpoBH M Makpodary 4enoBeka HHKyOHpOBaId ¢ MAarHUTHBIMH HAHOYACTUIIAMH B TeueHHe 1-24 4.
D¢ heKTUBHOCTH 3aXBaTa HAHOYACTHI] KJIETKAMHU OLEHUBAIH (hEepPO3MHOBBIM METOZOM U METOJIOM MUKPOCKOITHH C
OKpalllMBaHUEM Ha jxene30 1o Ilepncy. MccnenoBanue sxH3HECIIOCOOHOCTH KIIETOK BBINONHSIIM METOJOM IIPOTOY-
HOH uToIyopuMeTpHu ¢ ucross3oBanueM kpacutens SYTOX Green.

Pe3yasTarsl. MHKyOanust Makpodaros ¢ MarHUTHEIMH HAaHOYACTUIIAMH B KOHIICHTPAIUH >5 MKI/MJI B TeUECHHE
1 4 ma porarope mpu 37 °C obecrieunBaeT 3arpy3ky HaHodacTHn B >99% kierok. Mccrnenyemble MarHUTHEIE
HAHOYACTHIIBI HE OKa3bIBAIOT HETATUBHEIX Y (EKTOB Ha KU3HECTIOCOOHOCTH KiIeToK. Kierkn muamm RAW 264.7,
MIOTJIOTHBINNE HAHOYACTHI[BI, COXPAHAIOT MUTPAIHOHHYIO aKTUBHOCT. D((HEKTUBHOCTH 3arpy3Ku Makpogaros
MarHATHBIMH HaHOYacTHIaMu coctasiser >50 nkr (Fe)/knerky.

3aka0yenne. Makpodary, 3arpy’KeHHbIE MATHUTHBIMH HAHOYACTHIIAMHU COTJIACHO MPEATOKEHHOMY IPOTOKOIY,
SIBIISTIOTCS XKU3HECTIOCOOHBIMHU, COXPAHAIOT CIIOCOOHOCTH K MUTPAIMHU U TIEPCIIEKTHBHBI B KAUECTBE CUCTEM JIOCTaB-
KH, OTIOCPEIOBAaHHON KIIETKAMH, JJISl TUaTHOCTUKH U TEPAITHH OITyXOJH.

KiroueBble ¢jI0Ba: MarHUTHBIC HaHOYaCTHIIbI, MOHOIIMTEI, MaKpO(i)aI‘I/I, CUCTCMBI TOCTAaBKH Ha OCHOBC KJICTOK.

KOHq)JIPlKT HHTEPECOB. ABTOpBI TapaHTHPYIOT OTCYTCTBUE NOTCHIHUAJIBHBIX U SBHBIX KOH(i)J'[I/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6HI/IKaHI/IGﬁ I[aHHOﬁ CTaTbU.

Hcrounuk d¢unancupoBanusi. PaGora BEHIMONHEHA B paMKax ToCyAapcTBeHHOro 3amanmsi CuOHpcKoro
rOCYJIapCTBEHHOTO MeauIHCKOTo yHUBepceruTeTa (No. AAAA-A18-118031490008-7).

CooTBeTCTBHE NPHHIMIIAM 3THKHU. BCe y4acTHUKM HCCIIeA0BaHUS HOANUCAIN 10OPOBOJIBHOE HHYOPMHUPOBAHHOE
cornacue. MccnenoBanne omoOpeHO JIOKaJIbHBIM 3THYCCKHM KomuTeToM CublI'MVY (mpotokonm Ne 7698 ot
25.02.2019).

Jns uurupoBanus: [lepexyya H.A., Cmonuna [1.A., Iémun A.M., Kpacuos B.I1., [Tepmmnaa A.I'. Monuduka-
s Makpo(haroB ¥ MOHOIIUTOB YEJIOBEKAa MATHUTHBIMH HAaHOYACTHILIAMU 71 Vitro JUIs JOCTaBKHU, OTIOCPEIOBAHHON
KIeTKaMu. broiemens cubupcroil meouyunst. 2020; 19 (4): 143—150. https://doi.org/10.20538/1682-0363-2020-
4-143-150.

INTRODUCTION

Magnetic nanoparticles (MNPs) are being actively
studied to develop alternative approaches to therapy
[1] and diagnostics of malignant neoplasms [2, 3], in-
cluding controlled drug delivery [4, 5] and monitoring
the effectiveness of tumor chemotherapy [6].

However, the problem of efficient delivery of MNPs
to the tumor still remains unresolved [7]. One of the
promising approaches to solving this problem is using
autologous leukocytes as biocontainers for the deliv-
ery of nanoparticles [8, 9]. Leukocytes are capable
of active migration, as they can pass through the
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endothelium of capillaries and penetrate into the in-
tercellular space, which makes them ideal “couriers”
[10], allowing them to increase the delivery efficiency
by more than 100 times [11].

Among leukocytes, monocytes and macrophages
are the most attractive populations for the develop-
ment of a nanoparticle delivery system within cells.
An important feature of monocytes and macrophages,
in contrast to neutrophils, is the ability to maintain
their viability for a long time after phagocytosis of
particles. The pronounced phagocytic capacity of
monocytes and macrophages favorably distinguishes
them from lymphocytes; to efficiently load the latter
with nanoparticles, special methods are needed [12].

The ability of monocytes and macrophages due to
chemotaxis [13] to penetrate into hypoxic zones of tu-
mor promises to solve the problem of impact on can-
cer cells in these areas, which are practically inacces-
sible for penetration of conventional pharmacological
drugs [14].

The first step in implementing cell-based delivery
systems is creating complexes of immune cells with
nanoparticles. There exist several approaches [15, 16];
the main method is in vitro assembly, when nanopar-
ticles either attach to the surface of the cell membrane
or are internalized in cells [17, 18]. An alternative ap-
proach is using nanoparticles coated with isolated cell
membranes [19].

Optimization of the parameters of cell modifica-
tion with nanoparticles is important in the develop-
ment of delivery systems. The modification should not
lead to significant changes in the cellular immune re-
sponse, the rate of differentiation, the migration ability
of cells, or a decrease in viability [20].

The aim of this work was to develop a method for
loading iron oxide (Fe,0,) MNPs into human macro-
phages/monocytes in vitro.

MATERIALS AND METHODS

Iron oxide (Fe,0,) MNPs with an average di-
ameter of 10 nm were obtained by a method of
co-precipitation from aqueous solutions of Fe*" and
Fe’ * salts, coated with SiO, and covalently modi-
fied with O-[N-(6-Maleimidohexanoyl)aminoeth-
y1]-O’-[3-(N-succinimidyloxy)-3-oxopropyl]poly-
ethylene glycol 3,000 (PEG). To obtain fluorescent
labeled particles, Cyanine5 NHS ester (Lumiprobe,
Cy5, Russia) was used. The received nanoparticles
(MNP-PEG) formed stable colloidal suspensions
in aqueous buffers with an average hydrodynamic
diameter of 190 nm (PdI < 0.06).

RAW264.7 cells were cultured in DMEM/F12
complete medium (Thermo Fisher Scientific, USA)
supplemented with 10% fetal bovine serum (FBS,
Gibco, USA), L-glutamine (Glutamax, Gibco) and
gentamicin at 5% CO,, 37 °C. A scraper was used to
remove adhered cells.

To isolate monocytes, peripheral blood from
healthy donors was collected from the cubital vein
into a vacutainer with heparin (Green Vac-Tube with
Li-heparin, Green Cross) in a volume of 30 ml. Isola-
tion of mononuclear cells from the peripheral blood of
the healthy donors was carried out by centrifugation
on a Ficoll 1.077 density gradient (PanEco, Russia).
Isolation of monocytes from the mononuclear frac-
tion was carried out on magnetic columns (Miltenyi
Biotec) using magnetic particles with antibodies to
CD14 (Miltenyi Biotec Inc., Germany). Monocytes
were cultured in RPMI 1640 complete medium (Pan-
Eco) mixed with 1% L-glutamine (Glutamax, Gibco),
10% FBS, and 1% penicillin-streptomycin (PanEco).
The purity of the human monocyte population was
assessed using PE Mouse Anti-Human CD14 (Clone
MS5E2) antibodies (BD Biosciences, USA). The purity
of the monocyte population was at least 97%.

To obtain macrophages, monocytes were incu-
bated in RPMI complete medium supplemented with
granulocyte-macrophage colony-stimulating factor
(GM-CSF, Sigma, USA) to a concentration of 100
ng/ml for 7 days, with a medium change every 3 days.
Maturation was assessed using Pacific Blue anti-hu-
man CDI11b Antibody (Clone ICRF44) (Biolegend,
USA) and PE anti-human CD68 Antibody (Bio-
legend). The purity of the macrophage population
was at least 91%.

To study the uptake of nanoparticles, 10° cells of
the RAW264.7 line in 450 pl of DMEM/F12 complete
medium were introduced into 2 ml tubes or seeded in
the wells of a 24-well plate. Then, 1/10 of the MNP-
PEG suspension (50 ul) in phosphate-buffered saline
(PBS) was added to the cells. An equivalent volume of
1 x PBS was added to control cell samples. The cells
in tubes were incubated at 37 °C for 1 or 2 hours on
a rotator, cells in 24-well plates were incubated for 1
hour in a CO, incubator.

After the incubation with MNP-PEG on a rota-
tor, the cells were centrifuged for 7 minutes at 180 x
g, resuspended in 1 x PBS to wash away nanoparti-
cles, centrifuged, and the pellet was resuspended in
200 ul of 1 x PBS. After the incubation with MNP-
PEG, the adherent cells were washed twice with
1 x PBS, removed with a scraper, and transferred into
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2 ml tubes. The cells were centrifuged for 7 minutes at
180 g, the pellet was resuspended in 200 ul of
1 x PBS.

Viability was assessed on a BD Accuri C6 flow
cytometer (BD Biosciences) using SYTOX Green
(Thermo Fisher Scientific). For confocal microscopy,
cell nuclei were stained with Hoechst 33342 in PBS
(5 ng/ml). The study was carried out on a Carl Zeiss
LSM 710 confocal microscope. A Prussian Blue Iron
Stain Kit (Polysciences, Inc., USA) was used to detect
iron in the cells. The cells were analyzed using light
microscopy (Leica DMi8). The iron content in cells
was determined by the ferrozine method as described
in [21]. The rate of cell migration was assessed ac-
cording to the proposed method [22].

Statistical analysis of the data was performed using
the GraphPad Prism 7 software package. The Shapiro —
Wilk test was used to control the normal distribu-
tion of the data. Data with normal distribution were
presented as mean and standard deviation (M + SD).
The statistical significance of differences was deter-
mined using the Student’s #-test. For multiple com-
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parisons, one-way ANOVA with post-hoc Dunnett’s
test was used. The significance level was defined as
p <0.05.

RESULTS

To select optimal conditions for loading cells with
nanoparticles, two incubation modes were tested on
RAW 264.7 cells: with cells adhered to a culture plate
and in a suspension with continuous mixing on the ro-
tator. During the incubation of RAW 264.7 and MNP-
PEG in a concentration range of 0.625-5 pg/ml, it was
found that MNP-PEG were more efficiently absorbed
by the cells in the suspension (when incubated on the
rotator) than by adherent cells. Particularly, at a con-
centration of MNP-PEG of 5 pg/ml after 1 hour of
incubation on the plate, the proportion of Cy5-positive
cells was 38.0 £+ 2.5%; while during the incubation on
the rotator, the percentage of the cells that were loaded
with nanoparticles was 99.7 £ 0.1%. With a 2-hour
increase in the incubation period on the rotator, the
number of the cells that were loaded with nanoparti-
cles grew to 99.9 + 0.04% (Fig. 1,a).

O 1h rotator
O 2h rotator

c

Fig. 1. Uptake of MNP-PEG by RAW264.7 cells: a — efficiency of MNP-PEG uptake by RAW264.7 cells under various incubation

conditions; b — viability of RAW264.7 cells under various incubation conditions as determined by fluorescence flow cytometry

with SYTOX Green; ¢ — image of RAW264.7 cells incubated without nanoparticles (control) and after incubation with MNP-PEG

for 1 hour on the rotator, obtained by confocal microscopy (Carl Zeiss LSM 710). Cell nuclei are colored blue (Hoechst 33342),
nanoparticles are colored red (Cyanine5). Scale bar: 50 pm
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After the incubation of cells with MNP-PEG on the
rotator, more than 90% of RAW264.7 cells retained
their viability. In particular, after 1 hour of incubation
with MNP-PEG at a concentration of 5 pg/ml on the ro-
tator, the percentage of living cells was (90.7 = 0.3)%,
which did not differ from the values obtained for con-
trols (91.4 £+ 0.8)% (Fig. 1,b). After the incubation of
adhered cells on a plate with the addition of MNP-
PEG, the proportion of dead cells was 24.5 £ 4.0%
and did not differ from the value in controls
(24.0 = 3.7)%. This outcome is probably due to the
negative effect of using a scraper to remove adhered
cells from the plastic surface.

The efficient uptake of MNP-PEG by RAW 264.7
cells was confirmed by confocal microscopy data. In
particular, Cy5-positive inclusions were observed in
the cytoplasm of RAW 264.7 cells after their incuba-
tion with MNP-PEG (Figure 15).

The selected incubation mode, 1 hour on the ro-
tator at 37 °C, was further used for quantitative as-
sessment of the efficiency of the “loading” of RAW
264.7 cells. As many as 10° cells were incubated with
MNP-PEG at a high concentration (50 ug/ml). Then
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the cells were washed and resuspended in 1 x MACS
buffer. After sorting on the magnetic columns, the
number of cells in the washing solutions and cell sus-
pension eluted from the column after it was removed
from the magnetic separator was counted. The effi-
ciency of magnetic sorting for RAW 264.7 cells was
77%. “Magnetically positive” cells were transferred
into the wells of a 6-well plate and incubated for 2
hours in a CO, incubator for cell adhesion; then they
were additionally washed from nanoparticles twice
with 1 x PBS. Then the cells were removed from the
plastic surface to determine the iron content in them.
According to the ferrozine test, the efficiency of the
uptake of nanoparticles by RAW264.7 macrophages
was (58 £ 14) pkg/cell. According to flow cytometry
data with SYTOX Green, after the modification of the
cells with MNP-PEG nanoparticles, the proportion of
dead cells was (9.9 + 3.6)%, which did not differ from
the values obtained in controls (11.8 + 4.6)%.

When examining the “magnetically positive”
RAW264.7 cells with light microscopy, a large num-
ber of Prussian blue positive granules were observed
in the cytoplasm (Fig. 2).
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Fig. 2. Image of RAW264.7 cells (a), human peripheral blood monocytes (b) and (¢) human monocyte-derived macrophages
incubated without nanoparticles (control) and after loading with MNP-PEG and magnetic sorting. Prussian blue staining. Scale bar:
50 pm

The migration rate of RAW264.7 cells “loaded”
with MNP-PEG was 12.6 um/h (Fig. 3) and practical-
ly did not differ from the cell migration rate in controls
(14.8 pm/h).

In the follow-up series of experiments, we studied
the uptake of MNP-PEG by human peripheral blood

monocytes and by macrophages differentiated from
peripheral blood monocytes. Incubation was carried
out under the conditions selected for RAW264.7 cells:
non-adherent cells in a suspension were incubated with
MNP-PEG at a concentration of 50 pg/ml for 1 hour on
the rotator at 37 °C. MNP-PEG were absorbed by both
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human monocytes and macrophages. Light microscop-
ic images of “magnetically positive” human macro-
phages adhered to the plate are shown in Fig. 2,b.
According to the data on the iron content in cells
after their incubation with MNP-PEG, it was found
that the efficiency of the uptake of nanoparticles by
monocytes was (46 £ 6) pkg/cell, and by macrophages,
(369 + 96) pkg/cell. The efficiency of magnetic sorting
of macrophages after their “loading” with MNP-PEG
was 93%. Despite the 100% modification of the cell
population with nanoparticles (according to flow cy-

tometry data), the loading density of each individual
cell might vary. As a result, some cells lack enough
particles to effectively retain them on the magnetic
column. It is important to note that the viability of the
cells loaded with MNP-PEG did not differ from the
values obtained in controls.

The research into the influence of MNP-PEG on
the viability of human peripheral blood mononucle-
ar cells and monocytes after 24-hour co-incubation
showed that MNP-PEG had no negative effects on cell
viability (Fig. 4).
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Fig. 3. Study of the migration activity of RAW264.7 cells: a — calculation of the migration rate of RAW264.7 cells in controls and
cells loaded with MNP-PEG: b — images of RAW264.7 cells incubated without nanoparticles (control) and after loading with MNP-
PEG and magnetic sorting, obtained within 18 hours after the formation of a “wound” on the adhesion layer
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Fig. 4. Influence of MNP-PEG on the viability of human blood cells: viability of (¢) mononuclear cells and (b) human peripheral
blood monocytes after their incubation with MNP-PEG (12.5-100 mg/ml) for 1 and 24 hours according to fluorescence flow
cytometry with SYTOX Green
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DISCUSSION

Earlier experiments demonstrated successful cre-
ation of delivery systems based on monocyte-mac-
rophage cell lines modified by nanoparticles [23], as
well as on alveolar [24], peritoneal [25], and bone
marrow macrophages [20]. However, research works
on the uptake of nanoparticles by primary cultures of
human monocyte/macrophage cells are very scarce.

The incubation period with MNPs required to
achieve maximum accumulation varies considerably
from 1 to 24 hours, according to the literature. It was
shown that timing depends on the type of surface
modification of nanoparticles [26]. According to our
data, an increase in the incubation period up to 2 hours
did not lead to a noticeable increase in the number of
“loaded” cells; and therefore, to optimize the method,
an incubation period of 1 hour was chosen.

This research work established that macrophages
exhibited a more pronounced phagocytic activity to-
wards nanoparticles, which is in line with the results
of the comparative study on the uptake of nanopar-
ticles by cells of the human monocyte-like cell line
THP-1 and after their differentiation into macrophages
dTHP-1 [27]: the efficiency was 6 and 50 pkg/cell for
THP-1 and dTHP-1, respectively. Note that the uptake
efficiency of MNP-PEG is much higher.

CONCLUSION

Iron oxide MNPs coated with SiO, and PEG are
efficiently uptaken by RAW 264.7 mouse macro-
phage, human peripheral blood monocytes, and hu-
man monocyte-derived macrophages. The optimal
loading conditions are incubation of non-adherent
cells (in a suspension) with nanoparticles for 1 hour
on the rotator at 37 °C. MNPs are absorbed by > 99%
of cells in the suspension and have no cytotoxic effect
on RAW 264.7 cells, human peripheral blood mono-
cytes and macrophages. Therefore, macrophages
loaded with MNPs, according to the proposed meth-
od, are viable, retain the ability to migrate, and can be
used as systems for delivering magnetic nanoparticles
to a tumor.
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Gastroprotective effect of Ferulopsis hystrix (Bunge) Pimenov
in ethanol-induced gastropathy
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ABSTRACT

The aim of the study was to evaluate the gastroprotective effect of dry extracts from the roots and rhizomes of
Ferulopsis hystrix in ethanol-induced gastropathy.

Materials and methods. The studies were carried out on 68 white Wistar rats. Ethanol-induced gastropathy was
simulated by a single intragastric administration of ethanol in the dose of 10 ml/kg. Animals of the experimental
groups received medicinal forms from the roots and rhizomes of F. Aystrix: I — decoction in a volume of 10 ml/kg;
II-V — dry extracts in the dose of 200 mg/kg, obtained by extraction with purified water, 30, 40 and 70% ethanol,
respectively; VI — dry extract, prepared by double extraction with 40% and single extraction with 30% ethanol
for 7 days before the modeling of gastropathy. Number of structural changes was determined in the gastric mucosa.
They were differentiated into small, large, and strip-like erosions. The Pauls’ index was calculated for structural
changes. Pathomorphological studies of the stomach were carried out.

Results. The total number of structural changes in the stomach of animals in experimental groups L, I, IV and V
is 44% lower on average, in experimental group III it is 67% lower and in experimental group VI it is 3.6 times
lower than in the control. The Pauls’ index for large erosions in experimental groups I-V is 38-75% lower, in
experimental group VI it is 83% lower than the index in the control animals. No strip-like erosions are detected in
animals of experimental groups III-VI. Pauls’ index for these destructions in experimental groups I and II is 7.0
and 6.5 times lower than the index in the control animals. Microscopic morphological examination registered the
increase of shallow-like erosions in the stomach of animals of experimental groups. Shallow-like erosions do not
reach the muscularis mucosae. Microcirculation disorders and leukocyte infiltration are less pronounced than in
the control group.

Conclusion. F. hystrix has the gastroprotective effect, increasing the resistance of the gastric mucosa to the effect of
ethanol. The F. hystrix extract prepared with 30% and 40% ethanol shows the most pronounced pharmacotherapeutic
effect in ethanol-induced gastropathy.

Key words: ethanol-induced gastropathy, Ferulopsis hystrix (Bunge) Pimenov, gastroprotective effect.
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FacTponpoTtekTuBHOE BAusiHue Ferulopsis hystrix (Bunge) Pimenov
NP 3KCNEepPMMEHTa/IbHOM 3TAaHO/I0BOM racTponaTum

Canuak C.M.', PasyBaeBa Al.I.", ToponoBa A.A.", Apakuaa K.[l.2, OneHHuxos [.H.",
HukonaesaW.I'."

Hnuemumym obweil u sxcnepumenmanvrol ouonroeuu Cubupcxkoeo omoenenus Poccutickou axademuu nayk (MODF
CO PAH)
Poccusa, 670047, 2. Ynan-Y0s, yn. Caxvanosot, 6

Hayuno-uccnedosamenvekuii uncmumym meOuko-coyuanrbHulx npooaem u ynpasnenus Pecnyonuxu Teiea (HUU
McCHy PT)
Poccus, 667003, Pecnybauxa Toisa, . Kvizvin, yn. Keuun-oona, 2a

PE3IOME

Henab. OueHka racTponpoTeKTHBHOTO ISHCTBHS CyXHX KCTPAKTOB, MOMYYEHHBIX C MCIIONIB30BAaHHEM PA3IMYHBIX
9KCTPareHTOB M3 KOPHEBUIL ¢ KOpHAMU Ferulopsis hystrix (Bunge) Pimenov npu 3TaHOIOBOM HOBPEXICHHUH Ke-
JyJKa y OeNbIX KpBIC.

MatepunaJbl M MeTO/Ibl. DKCIIEPUMEHTHI IIPOBEJICHBI Ha 68 caMIiax M caMKax KpbIC JIMHUM Buctap. JTaHonoByto
racTpONaTHIO MOJCIUPOBAIN OZHOKPATHBIM BHYTPIIKEIY/IOYHBIM BBeIeHHEM dTaHoua B 103e 10 mir/kr. JKuBot-
Hble onbITHBIX rpym (I- VI) B Tedenue 7 cyT 10 MOAENMPOBAHMS FACTPOIATHH MOJTyYallH JISKApCTBEHHBIE (POPMBI
U3 KOpHEBUIL ¢ KOpHIMHU F. hystrix: 1 — otBap B o6beme 10 miu/kr; [I-V — cyxue skcrpaktsl B 1o3e 200 mr/kr,
HOJTy4eHHbIE IIyTeM 3KCTPAaKLUUHU BOXOW oumiieHHOH, 30-, 40- u 70%-M 3TaHOIOM COOTBETCTBEHHO; VI — cyxoif
9KCTPAKT, IPUTOTOBJICHHBIM IBYKpaTHOU sKcTpakuueil 40%-M u onHOKpaTHOU 3KcTpakuueil 30%-M 3TaHOIOM.
B cimsucroii 000s10uKe KemyqKa ONpeesuld CTPYKTypHbIe H3MEHEHNUs, KOTOpble U (GEepeHIMPOBAIN Ha Mel-
K€, KPYIHBIE U T0JIOCOBHIHBIC 3po3uu. [IpoBouiy maToMoponorniecKie UCCiaeJOBaHuUs KelyIKa.

Pe3yasTatsl. YcranosieHo, uto B I, II, IV u V onbITHBIX rpynmnax o0liee KOJIHMIECTBO MOBPEXKICHUH B JKEIyaKe
06110 B cpenHeM Ha 44% meHsbIne, 4eM B KoHTpouie, B 11 ombiTHON rpynne — Ha 67% u B VI onbITHOH Trpymnme — B
3,6 pasza. Mupnexc [layinca uist KpynHBIX 9po3uii B [V ONBITHBIX Ipymnax ObUI HUKE KOHTPOJIBHOTO ITOKA3aTes
Ha 38-75%, B VI — Ha 83%. [lonocoBuHble 5p03UM HE BBIABISUIUCH Y XKUBOTHBIX I1I-VI onbITHBIX IpyIII; HHIEKC
MMaynca i nanHex gectpykuuit B I u I onsITHBIX rpynmax Osu1 B 7,0 1 6,5 pa3a HbKe IOKa3aTesst KOHTPOIIb-
HBIX JKUBOTHBIX. B CTEHKe jKelyKa >KHBOTHBIX OTMEYAJINCh HETITyOOKHE 3PO3UH, HE HOCTHTAIOIINE MBIILICYHOH
IUTACTUHKHU CIIM3UCTON 000JI0YKH; HapyIICHNs] MUKPOLMPKYJISIUA | JIeHKonuTapHas nHQWIbTpanus ObUIM MeHee
BBIPa’KEHbI OTHOCUTEIBHO KOHTPOJIS.

3akurouenue. F. hystrix OKa3bIBaeT raCTPOIPOTEKTHBHOE BIMSHHUE, MOBBINIAS PE3HCTEHTHOCTD CIM3UCTOH 000-
JIOYKH JKeTyAKa K JAEHCTBUIO dTaHoNa. Hambomnee BhIpakeHHBIH (hapMaKoTeparneBTHISCKHN dPPEKT MPOsBIIET
9KCTPAKT, IPUTOTOBICHHBIN IBYKpaTHON 3kcTpakuueid 40%-M n OgHOKpAaTHOW 3KcTpakmuei 30%-M STHIOBBIM
CIIUPTOM.

KuroueBrble ciioBa: 3TaHONOBAS s13Ba, Ferulopsis hystrix (Bunge) Pimenov, racTponpoTeKTHBHOE JICHCTBHE.

KoH(aukT MHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIHAIBHBIX KOH(PJINKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJMKAIUEH HACTOALICH CTaThU.

Hcrounuk ¢unancupoBanus. lccienoBaHUs NPOBEJEHB B paMKax BEIMONHEHUS roczamanmst (Ne AAA-
A-A17-117011810037-0).

CooTBeTcTBHE MpUHIHMNAM 3THKU. VccnenoBanne ogo0peHo TOKaIbHBIM dTHYecKHM KomureToM MODB CO
PAH (nportoxon Ne 4 ot 26.01.2017).

Jsa nutupoBanus: Camuak C.M., Pasysaesa S1.I'., Toponosa A.A., Apakuaa K. ., Onennukos JI.H., Hukonae-
Ba I.I'. T'actponporektuBHOe Biusiaue Ferulopsis hystrix (Bunge) Pimenov mnpu 3KCIiepUMEHTAILHON dTaHOIO-
BOI1 TacTponiatuu. brosremens cubupckoi meouyurwvl. 2020; 19 (4): 151-157. https://doi.org/10.20538/1682-0363-
2020-4-151-157.
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INTRODUCTION

Ferulopsis hystrix (Bunge) Pimenov is a perenni-
al plant of Umbelliferae family growing in Russian
South Siberia and Far East [1]. The given plant was
formerly classified as Phlojodicarpus turczaninovii
Sipl. The roots and rhizomes of F. hystrix are used
in folk and traditional medicine. For a long time, the
roots of F. hystrix known under the name “chuksug-
bai” have been in the common use in Tuvinian folk
medicine and now it holds a leading position as an-
ti-inflammatory, wound-healing remedy, as well as in
the treatment of tuberculosis and cancer [2]. In Mon-
golian and Buryat traditional medical systems, F. hys-
trix is a substitute of Costus speciosus (Tibet. ru rta)
used in Tibetan medicine for the treatment of #/ung of
the blood, diseases of the lungs and throat, for amelio-
ration of “compression” in the stomach and stopping
of necrosis [3].

Rhizomes and roots of F. hystrix contain various
groups of biologically active substances among which
coumarins play a leading role in the pharmacological
activity of the plant; their total content is 3.9—4.6%
[4, 5]. Coumarins have antiviral, antibacterial and
antifungal properties [6, 7]; also, they have anti-in-
flammatory [8] and antioxidant activity [9, 10]. The
experiments on animals have shown a marked gas-
tro-protective effect of natural and synthetic couma-
rins [11]. In this regard, the study of the gastro-pro-
tective effect of the F. hystrix roots and rhizomes is of
great interest.

The aim of the study was to estimate the gas-
tro-protective effect of the dry extracts derived from
the F. hystrix rthizomes and roots with the use of vari-
ous extraction solvents.

MATERIALS AND METHODS

The experiments were carried out on 68 white male
and female Wistar rats weighing 180-200 g. The an-
imal care was compliant with the rules of “Good La-
boratory Practice” (GLP) and the Order of the Russian
Health Ministry “On approval of Rules for Laboratory
Practice” (No. 199N, 01.04.2016). Before the start of
the experiments, the animals meeting the criteria were
divided into groups taking into account the random-
ization principle. The experimental work followed the
“European Convention for the protection of vertebrate
animals used for experimental and other scientific pur-
poses” (Strasburg, 1986).

The animals were divided into 7 groups: a control
group and 6 experimental ones. The animals of group
I received the decoction of F. hystrix in the volume 10

ml/kg prepared according to the General Monograph
1.4.1.0018.15 Infusions and decoctions. The animals
of groups II-V received the dry extracts (200 mg/kg)
obtained by extraction with purified water, 30, 40
and 70% ethyl alcohol respectively; the raw materi-
al-to-extraction agent ratio was 1 : 10; they were pre-
pared at room temperature by vigorous shaking and
successive vacuum drying. The animals of experimen-
tal group VI received the extract prepared by double
extraction with 40% ethanol and the third extraction
with 30% ethanol. The given choice of extraction sol-
vents allowed us to obtain the extract with maximum
content of extractive substances and good physical
qualities [12].

According to the data of high-performance liquid
chromatography, coumarins are the main compo-
nents of the F. hystrix dry extract including peuceni-
din  (3'-O-acetoxy-4'-O-senecioloxy-2',3'-dihydro-
oroselol) and skimmin (umbelliferone-7-O-glucoside;
1.26%), their content was 16.65 = 0.33 and 1.26 +
0.03%, respectively. The quantitative analysis of cou-
marins in the F. Aystrix dry extract was performed
with the HPLC method on the microcolumn liquid
chromatograph Milichrom A-02 (Econova, Novosi-
birsk, Russia) on the column ProntoSIL-120-5-C18
AQ (2 x 75 mm, @ 5 um; Metrohm AG, Herisau,
Switzerland); mobile phase: 0.2 M LiCIO, in 0.006
M HCIO, (A), acetonitrile (B); gradient mode (% B):
0-26 min 5-100, 2629 min 100; flow rate 150 ul /
min; the column temperature was 35 °C; UV-detector,
330 nm. The content of coumarins was calculated with
the use of calibration curves constructed using com-
mercial reference samples of skimmin and peucenidin
(> 95%; Wuhan ChemFaces Biochemical Co., Ltd.,
Wuhan, Hubei, PRC). The results are presented as the
mean of triplicate (M + SD).

The tested medicinal forms of F. hystrix were in-
troduced intragastrically to animals for 7 days and the
last dose was introduced 1 hour before the injection of
ulcerogenic agent. The animals of the control group
received purified water according to the same scheme.
The lesion of the stomach mucosa was induced by a
single introduction of absolute alcohol to animals in
the dose of 10 ml/kg against the background of 24-hour
food deprivation [13]. One hour after the alcohol in-
troduction, the rats were decapitated under light ether
narcosis. To estimate the state of the gastric mucosa,
the stomach was cut along the greater gastric curva-
ture and the number of destructions was determined.
The destructions were differentiated as small erosions
(£ 2 mm), large erosions (2—5 mm) and stripe-like
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erosions (>5 mm). The Pauls’ index was calculated
for each kind of lesions according to the formula [13].

For patho-morphological studies, the material was
fixed in 10% neutral buffered formalin, dewatered in
ascending alcohol and embedded in paraffin. The sec-
tions were stained with hematoxylin and eosin.

The results obtained were processed with the use of
the program Statistica for Windows 6.0. To describe
statistical differences, nonparametric Mann — Whitney
U-test was used. The results were presented as inter-
quartile range median Me (Q, Q,). To compare the
lesion frequency in comparison groups, the Fisher test
was used. The differences were significant with p <0.05.

RESULTS AND DISCUSSION

Small erosions have been revealed in all control
animals; large erosion in 8 animals and stripe-like ero-
sions in 6 animals. The Pauls’ index was 4.0, 2.4 and
1.1 respectively (Table 1). In the gastric mucosa of
the control animals, hemorrhages and erosions in the
form of narrow dehiscences resulted from desquama-
tion of necrotic cells in surface and glandular epithe-
lium were noted. Five in ten animals had deep lesions
reaching up to muscular layer of mucous tunic that
were classified as ulcers. At the bottom and edges of
the ulcers, necrotic masses with signs of desquama-
tion were revealed. In the boundary zone, massive leu-
cocytic infiltration was noted, as well as cell elements
of the glands in the state of marked dystrophy up to
necrosis. In the vessels of microvasculature, nuclei
of endothelial cells were bloated and plasma-impreg-
nated and had signs of plasmarrhage and diapedetic
hemorrhages found partially along the vessels or at
considerable range in the form of homogeneous pink
masses with a touch of erythrocytes and leucocytes.
In the vessel lumina sludge phenomenon, erythro- and
leucostasis were noted.

The use of the F. hystrix decoction and extracts
prepared with the use of various solvents had gas-
tro-protective effect increasing the resistance of gas-
tric mucosa to ethanol impact. In the animals that re-
ceived the decoction and extracts prepared with the
use of water and 70% ethanol, the total number of
gastric mucosa lesions was 44% less on average than
in animals of the control group. Small erosions were
revealed in all animals of the experimental groups;
their quantity and Pauls’ index were in line with the
indices of animals in the control group. Large erosions
were noted in 7-8 animals out of 10 in the given ex-
perimental groups. The Pauls’ index for large erosions
in the experimental groups I, II, and V was less than

in the control group by 38, 46 and 42%, respectively.
Stripe-like erosions were noted in 2 out of 8 animals
in the group, which received the water extract, and in
2 out of 10 animals in the group, which received the
decoction. The Pauls’ index for stripe-like ulcers in
the given experimental groups was 7.0 and 6.5 times
lower than that in the control group. In most animals
of the experimental groups I, II, and V, microscopic
studies revealed hemorrhages, erosions injuring no
more than two-thirds of their muscular layer of mu-
cous tunic. Ulcers with deep necrosis of the muscu-
lar layer of mucous tunic and circumscribed by the
marked leucocytic infiltration were revealed in two
animals of the experimental groups I and II. The areas
with signs of plasmarrhage and diapedetic hemorrha-
ges were less marked.

In animals of the experimental groups III and IV,
which received the extracts prepared with the use of
30% and 40% ethanol, the total number of destructions
in the muscular layer of mucous tunic was 67 and 45%
less than that in the control animals (Table 1). Small
erosions were noted in 8 animals of the experimental
groups Il and I'V; large erosions — in 6 and 8§ out of 10
animals which received the extracts prepared with the
use of 30% and 40% ethanol, respectively. No stripe-
like erosions were noted in the animals of the given
experimental groups. The Pauls’ index for small and
large erosions was significantly lower in the experi-
mental group III and was 1.4 and 0.6, respectively, as
compared to 2.1 and 1.6 in the experimental group IV;
it was 2.9 and 4.0 times lower than these indices in
the control group. Histological studies of the muscular
layer of mucous tunic in the animals of the experi-
mental groups III and IV revealed not deep erosions
injuring only gastric superficial-foveolar epithelium.
Single erosions penetrated into half of the muscular
layer of mucous tunic. Leucocytic infiltration around
erosions was marked moderately. Vessel dilatation in
microvasculature along with erythro- and leucosta-
sis and small areas of plasmarrhage and diapedetic
hemorrhages were noted.

The extract of F. hystrix prepared with the use of
30 and 40% ethanol combination demonstrated more
marked gastro-protective effect. The number of all de-
structions per one animal in the given experimental
group was 2.5 (Table 1) that was 3.6 times less than
that of the control group. No stripe-like erosions were
found. Small and large erosions were noted respec-
tively in 7 and 5 animals out of 10; the Pauls’ index
was 3.6 and 6.0 times lower than that in animals of
the control group. Patho-histological studies of the
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stomach wall in animals of the group VI revealed de-
structive alterations only in the gastric superficial-fo-
veolar epithelium; its desquamation resulted in small
erosions with slight leucocytic infiltration. The ves-

sels of microvasculature were moderately dilated and
plethorical with signs of erythrostasis and erythrodi-
apedesis; no sludge phenomenon and plasmarrhages
were noted.

Table 1

The effect of Ferulopsis hystrix on the severity of lesions in the gastric mucosa of white rats in ethanol-induced gastropathy

Groups of animals
. Experi- Experi- Experimental Experimental Experi- Experimental
Indices Conrol, mental, | mental Il it "I menalV, | VI
n=10 n=38 n=10 n=10 n=10 n=10
. 5 6 3 4.5 5 2.5
o oo e 0y |y @:8) @:8) 23) 2:8) @7 (0:4)
’ V=3 i p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
Small erosions
Number of animals with 100 60 100 80 80 100 70
erosions, %
. 2 2
Number of destructions, 4 35 35 (1:3) (2:4) 3 2%
Me (03 Q) (3:5) (2:4) (2:4) 005 005 (3:4) (0:3)
Pauls’ index 4.0 1.9 3.3 1.4 2.1 34 1.6
Large erosions
Nun?ber oof animals with 30 70 75 60 20 20 50
erosions, %
Number of destructions, 3 2.5 2 1 2 2 0.5
Me (Q; Q) (24 04 ©:3) 0;1) p<0.05 (1;3) (1;2) (0;1) p<0.05
Pauls’ index 2.4 1.5 1.3 0.6 1.6 14 0.4
Stripe-like erosions
Number of animals with 60 30 25 0 0 0 0
erosions, % p=<0.01 »=<0.01 »=0.01 »=0.01
Number of destructions, 1 0 0 0 0 0 0
Me (05 0)) (0;3) O;1) (0;,2) p<0.05
Pauls’ index 0.84 0.12 0.125 0 0 0 0

Note: n — number of animals included in the analysis.

The gastro-protective effect of the medicinal
forms from the roots and rhizomes of F. hystrix is due
to the content of phenolic compounds, particularly,
coumarins and flavonoids, which have antioxidant,
anti-inflammatory, anticoagulant and other effects.
Coumarins inhibiting the enzyme COX-2 in the le-
sion suppress the synthesis of inflammation mediators
(histamine, serotonin), proinflammatory cytokines —
IL-1B, TNF-a and other biological substances; due to
this, they have an anti-inflammatory effect promoting
the decrease of vascular permeability and leucocyte
migration [14, 15]. The vessel-dilating effect of cou-
marins is due to the decrease of intracellular calcium
concentration in smooth myocytes in microvascula-
ture vessels. The decrease of thromboxane B2 synthe-
sis in thrombocytes due to cyclooxygenase inhibition
plays an important role in the mechanism of coumarin
anti-coagulating effect [16]. Hence, the inhibition of
thrombocyte aggregation indirectly promotes micro-

circulation in the stomach mucosa, which, together
with the vessel dilating and anti-inflammatory effects
of coumarins, explains the presence of gastro-protec-
tive activity of F. hystrix in ethanol-induced stomach
injury in white rats. This gastro-protective effect is
probably due to antioxidant properties of coumarins
and flavonoids contained in F. Aystrix and their capa-
bility to chelate mixed-valent metal ions participating
in the reactions of free radical formation [17], bind
formed radicals [9] and increase the resistance of cell
membranes [11].

CONCLUSION

Thus, the decoction and dry extracts from rhizomes
and roots of F. hystrix prepared with the use of vari-
ous solvents have gastro-protective effect increasing
the resistance of the stomach mucosa to the impact of
ethanol, limiting the development of dystrophic and
necrotic processes in the gastric superficial-foveolar
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and glandular epithelia and preventing the develop-
ment of inflammatory processes in the stomach wall
of white rats. The given medicinal forms may be ar-
ranged according to their pharmacological efficiency
in ascending order: water extract of F. Aystrix < ex-
tract of F. hystrix prepared with the use of 70% eth-
anol; < extract of F. hystrix prepared with the use of
40% ethanol < extract of F. hystrix prepared with the
use of 30% ethanol < extract of F. hystrix prepared
with the use of 40 and 30% ethanol.
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Placental growth factor exerts modulatory effects on in vitro activated T cells
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ABSTRACT

Background. Recent studies demonstrated immunosuppressive properties of vascular endothelial growth factor
(VEGF-A) and identified VEGF-A as a key mediator of tumor-induced immunosuppression. Placental growth
factor (PIGF) is another member of VEGF family in which dramatic elevation is associated with effective immune
adaptation in successful pregnancy, whereas low concentrations are related to pregnancy complications resulting
from the activation of immune system. Previously, we have shown that activated T cells express VEGF receptor
type 1 (VEGFR-1), and PIGF inhibits T cell proliferation in VEGFR-1-dependent manner.

The aim of the present study was to further characterize PIGF effects on T cell responses in vitro.

Materials and methods. Peripheral blood mononuclear cells (PBMC) from healthy donors were stimulated with
anti-CD3 monoclonal antibodies (a-CD3) in the absence or presence of PIGF and assessed for IL-10 production,
programmed cell death and the expression of inhibitory receptors (PD-1, CTLA-4, Tim-3) in CD4+ and CD8+
T cell subsets.

Results. The addition of PIGF to PBMC cultures activated with a-CD3 resulted in increased percentages of IL-
10-producing CD4+ and CD8+ T cells. Besides, PIGF promoted CD8+ T cells apoptosis while did not affect
programmed cell death within CD4+ T cells. Notable, T cell activation with a-CD3 in the presence of PIGF was
accompanied by the enhancement of PD-1-expressing cells in CD8+ T cell subset and Tim-3-expressing cells in
both CD4+ and CDS8+ T cells, and by the increased expression of PD-1 and Tim-3 on T cells.

Conclusion. Our in vitro findings indicate that PIGF can inhibit T cell responses due to the increasing interleukin-10
(IL-10) production, promoting CD8+ T cell apoptosis and enhancing the expression of PD-1 and Tim-3 inhibitory
receptors. Given the elevated levels of PIGF in successful pregnancy and its decrease in gestation complications,
the obtained data also suggest that PIGF-mediated suppression may be implicated into the governing immune
evasion in pregnancy.

Key words: PIGF, T cells, apoptosis, IL-10, inhibitory receptors, PD-1, CTLA-4, Tim-3.
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PaKkTOp poCTa N/aLEeHTbl MOAY/IMPYET OTBET aKTUBUPOBAHHbIX in vitro

T-K/1eToK

CmeTtaHeHKo E.A.", Jlennuxa O.10.", TuxoHosa M.A.", MacmaH H.M.?, OctaHuH A.A.",

YepHbix E.P.!

I Hayuno-uccnedo8amensckuil uHCmumym QyHOamMeHmanivhou u kiunuyeckot ummynono2uu (HUHUDKH)

Poccus, 630099, 2. Hosocubupck, ya. Aopunyesckas, 14

2 Hosocubupckuil HayuoHaLbHbLL UCCLe008amenbCKull 20cydapcemeaenuviti yuusepcumem (HHHUIT'Y)
Poccus, 630090, 2. Hosocubupck, ya. [lupocosa, 2

PE3IOME

AxTyanbsHocTb. HeaBHue nccinenoBaHus BRIIBHIM NIMMYHOCYTIPECCHBHBIE CBOHCTBA (pakTOpa poCcTa SHAOTEINHS
cocynoB (VEGF-A) u ero KiIroueByl0 pOJib B OMyXOJb-WHAYLHPOBAHHOW MMMyHOcynpeccuu. [lmanenrapHbIit
takrop pocra (PIGF) sBnsercs eme oguum npencraButenem cemelictea VEGF, peskoe Bo3pacTaHne KOTOPOTO
acCOIMUPOBAHO ¢ YPPEKTUBHON UMMYHHOW afjanTtanueil Ipu yCcremHoi 6epeMeHHOCTH, TOTJa KaK HU3KHE KOH-
nenTpanun PIGF sBIsfOTCS MPeJUKTOPOM T€CTallMOHHBIX OCIOKHEHHH Ha ()OHE aKTHBALUH UIMMYHHOH CHCTEMEL.
Panee Hamu moka3zano, 4to akTHBHpoBaHHBIE T-KineTkH sKcnpeccupyrot perentopsl VEGF 1-ro tuma (VEGFR-1)

u PIGF uepe3 csaspiBanue ¢ VEGFR-1 nuarudupyer npoiudepanuro T-KiIeTok.

Hens. Janbreiinee ndydenue pausHus PIGF Ha T-ki1eTouHblit oTBeT in vitro.

Marepnajnl u MeToabl. MoHonykieapusle kietku (MHK) nepudeprueckoil KpoBH 310pOBBIX JOHOPOB CTUMY-
JIMPOBAJIM MOHOKIOHAIBHEIMU aHTH-CD3-anturenamu (a-CD3) B 0TCyTCTBHE M IPUCYTCTBHU PEKOMOMHAHTHOTO
PIGF n onenuBany npoxykiio narepieiiknia-10 (IL-10), ypoBeHs aronTosa n SKCIPECCHIO MHIMOUTOPHBIX pe-

nentopos (PD-1, CTLA-4, Tim-3) B cyononymsiuusix CD4+ u CD8+ T-kierok.

PesyabTarel. AktuBanus MHK a-CD3 B npucyrcteun PIGF npuBoamia k Bo3pacTaHHIO OTHOCHTEIIEHOTO COJIEP-
skaaust CD4+ u CD8+ T-kinetok, nponyuupyronmx I1L-10. Kpome Toro, PIGF ycunuiBan anonto3 ak THBHPOBaHHBIX
CD8+ T-nmuMdouuToB, HE BIIUSSA 3HAYMMO Ha YPOBEHB IIPOrPaMMHUPOBAHHON KiteTo9HOM rudenn CD4+ T-kieTok.
XapakrepHo, uTo aktuBanus T-kietok a-CD3 B mpucyrctBuu PIGF conmpoBoknanace Bo3pactanuem PD-1 skc-
MpecCUpYIOMUX KIeToK B cyomomymsiuu CD8+ T-xietok u Tim-3-skcnpeccupyromux kiaetok cpenu CD4+ u

CD8+ T-k1eTok, a Takxke MOBBIMeHUEM ypoBHs 3kcripeccud PD-1 u Tim-3 Ha T-knetkax.

3akaouenne. PIGF criocob6eH nuruOupoBath T-KI€TOUHBIH OTBET MOCPEACTBOM ycuiieHus npoaykiuu 1L-10 u
aKTHBAIlMOHHO-UHAyIMpoBaHHOTO amnonTto3a CD8+ T-kneTok, a Takke 3KCIPECCHH HHTHOUTOPHBIX PELENTOPOB.
VYuursiBasi noBsitieHHbIN ypoBeHb PIGF npu ¢usnonorndeckoit 66peMEHHOCTH U €r0 CHM)KCHHE IMPU TecTall-
OHHBIX OCJIOXKHEHUSX, MOJYy4YEHHbIC JaHHbIE MO3BOJIAIOT MPEIonarath, 4To MHruOMTOpHBIH 3ddext PIGF Ha
T-KI€TOUHBII OTBET MOXKET SBIATHCA €IIE OJHUM MEXaHM3MOM, 00eCTIEYHBAIONINM 3alUTY M0 OT HIMMYHHOK

CUCTEMBI MAaTEPHU.

Kawuessle cioBa: PIGF, T-knetku, armontos, IL-10, marn6éuropusie peuenropst, PD-1, CTLA-4, Tim-3.
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INTRODUCTION

Vascular endothelial growth factor (VEGF) family
proteins play a pivotal role in de-novo angiogenesis in
physiological and pathological conditions. VEGF-A
is the most active and the best-studied VEGF fami-
ly member that mediates pro-angiogenic activity via
activation of two receptors with tyrosine kinase activ-
ity, i.e. VEGFR-1 (FIt-1) and VEGFR-2 (KDR/Flk-1)
[1]. Placental growth factor (PIGF) is another potent
pro-angiogenic factor that is ligated exclusively with
VEGFR-1 [2, 3].

Recent studies showed that VEGF-A, in addition
to pro-angiogenic activity, demonstrates immuno-
modulating properties: (i) induces accumulation of
regulatory T cells and myeloid suppressor cells, (ii)
inhibits maturation of dendritic cells (DCs) and T
cell functions [4], and operates as a key factor of tu-
mour-induced immunosuppression [5]. Nevertheless,
PIGF-dependent immunomodulating properties have
not been extensively studied. It is known though that
PIGF: (i) stimulates M2 macrophage polarisation, (ii)
suppresses DC maturation, and (iii) induces regulato-
ry B-cells [3, 6]. However, the effects of PIGF on T
cell functions remain largely unexplored. According
to the literature data, the effect of VEGF on T cells is
mediated via VEGFR-2 [7]. At the same time, PIGF is
a selective ligand for VEGFR-1, and its role in regu-
lating functional T cell activity remains unclear.

Studies of PIGF-dependent immunomodulating
properties are motivated by a putative participation
of this factor in tumour escape from immune surveil-
lance, since increased PIGF levels in most tumour
types are associated with immune dysfunctions and
correlate with tumour progression [8, 9]. PIGF-depen-
dent immunomodulating activity in pregnancy evoked
even stronger interest owing to significantly increased
serum PIGF levels in normal pregnancy, in contrast to
decreased PIGF concentrations in gestational compli-
cations [10].

During pregnancy the immune system undergoes
a significant rearrangement (termed “immune adapta-
tion™) [11], which is directed on inducing tolerance to
paternal alloantigens and preventing excessive inflam-
matory reactions. Several mechanisms underlying
immune adaptation have been elucidated, including
depletion of alloantigen-reactive T cells, Th1—Th2
switch and induction of regulatory T cells [11]. Re-
cent studies have also demonstrated the role of T cell
exhaustion in suppressing maternal T-cell-mediated
cytotoxic activity [12, 13]. From this standpoint, im-
munomodulating activity of PIGF could represent yet

another mechanism involved in fetal protection from
the maternal immune system.

Previously, we demonstrated VEGFR-1 expres-
sion on activated T cells, whereby ligation of PIGF
with VEGFR-1 resulted in inhibition of CD4+ and
CD8+ T cell proliferation in mononuclear cell cul-
tures [14]. This study aimed to elucidate the effects of
PIGF on T cell responses in vitro, with particular ref-
erence to T-cell-derived immunosuppressive cytokine
production (IL-10), T cell apoptosis and expression of
inhibitory receptors (PD-1, CTLA-4, Tim-3) involved
in T cell exhaustion.

MATERIALS AND METHODS

This study included 35 healthy blood donors of
both genders aged 20—54 years. Peripheral blood mon-
onuclear cells (PBMC) were isolated from heparin-
ised venous blood using Ficoll-Verografin (p = 1.078
g/ml) gradient centrifugation. PBMC were cultivated
in round-bottomed 96-well plates in RPMI-1640 cell
culture medium supplemented with 10% inactivated
donor AB (blood group IV) serum, 2mM HEPES-buf-
fer, 0.3 mg/ml L-glutamine and 100 pg/ml gentamycin
(all reagents were from Sigma-Aldrich, St. Louis, MO
USA) at 37°C in and 5% CO,. PBMC were stimula-
ted in the presence of monoclonal anti-CD3 antibodies
(1 pg/ml, a-CD3, ICO-90, MedBioSpektr, Moscow),
0.1-100 ng/ml PIGF (R&D Systems, Abingdon, UK).
To assess proliferation, cells were incubated for 4
days, followed by pulse-labelling with 1.0 mCi/well
of 3H-thymidine. Cells were harvested, and radio-
activity was quantitated using a Liquid Scintillation
Counter SL-30 (Intertechnic, France).

In a separate set of experiments, we studied the ef-
fect of neutralising anti-VEGFR-1 antibodies (a-VEG-
FR-1) on suppressive PIGF properties. To this end,
PBMC were stimulated with a-CD3 in the presence of
PIGF (5 ng/ml) followed by cultivation in the presence
or absence of neutralising a-VEGFR-1 or a-VEGFR-2
antibodies (HumanVEGFRI1/Flt-1; VEGFR2/KDR/
Flk-1 antibodies, 2.5 pg/ml; R&D Systems, USA),
which were added to PBMC cultures concomitantly
with PIGF or 24 h later.

Intracellular IL-10 expression was analysed in
48 h PBMC cultures activated by a-CD3 in the pres-
ence or absence of PIGF. Cells were labelled by an-
ti-CD3 (Phycoerythrin, PE), CD8+ (Fluorescein
isothiocyanate, FITC), CD4 (Peridinin chlorophyll,
PerCP), IL-10(PE) antibodies (BD Biosciences, San
Jose, CA, USA) followed by fixation/permeabilization
using fixation/permeabilization Transcription Factor
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Buffer Set (BD Biosciences), according to the manu-
facturer’s instructions. Content ratio of IL-10-secret-
ing cells in CD4+ and CD8+ T cell gates (altogether
30,000 events were collected for each sample) was
analysed by flow cytometry (BD FACSCalibur).

Apoptosis of activated T cells was analysed by
flow cytometry. To this end, PBMC were stimulated
by a-CD3 and PIGF, as described above, and cultiva-
ted for 48 h. Cells were labelled with anti-CD4(FITC)
or anti-CD8(FITC) antibodies (BD Biosciences)
followed by Annexin V/7-7-amino-actinomycin D
(ADD) (PE-conjugated Annexin V/7-ADDXkit), ac-
cording to the manufacturer’s instructions. Altogeth-
er 10,000 events were assessed for each sample, and
percentages of Annexin V-positive and/or 7-ADD-po-
sitive CD4+ and CD8+ T cells were analysed using
CellQuest software (BD Biosciences, USA).

Cell surface expression of inhibitory receptors
(PD-1, CTLA-4, Tim-3) on T cells was analysed by
flow cytometry using anti-CD4(Pe), anti-CD8(FITC),
anti-CTLA-4(Phycoerythrin/Cyanine dye tandem
conjugate, PE-CyS5), anti-PD-1(Allophycocyanin,
APC), anti-TIM-3(PerCP/Cyanine dye tandem con-
jugate, PerCP/Cy5.5) and relevant isotype controls
(BD PharMingen, USA). Percentages and mean flu-
orescence intensity (MFI) of PD-17, CTLA-4", and
Tim-3* cells were analysed in CD4+ and CD8+ T
cell gates. Statistical analysis was performed using an
analytics software portfolio Statistica 6.0 for Win-
dows (StatSoft Inc., USA). The data are presented
as Median (Me) with the interquartile range [Q—0Q.].
Related samples were compared using a nonparamet-
ric paired difference test (Wilcoxon signed-rank test)
with the Bonferroni correction. Results were consid-
ered statistically significant at p < 0.05.

RESULTS

PIGF-mediated inhibition of a-CD3-activated T
cells is VEGF-independent.

We showed previously that VEGFR-1 blockade
aborted suppressive effects of PIGF on T cell pro-
liferation in a-CD3-stimulated PBMC cultures [14],
suggesting that PIGF exerted a direct inhibitory effect
on T cells via ligating with its cognate receptor VEG-
FR-1. PIGF is also known to activate PBMC and in-
duce VEGF production [15], which could also inhibit
T cell proliferation [7]. Suppressive effects of VEGF
have been described to manifest themselves from
day 7 under high VEGF concentrations [7], which
significantly surpassed VEGF levels present in PBMC
cultures [15].
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Fig. 1. Neutralising a-VEGFR-1 antibodies withdraw the
inhibitory effect of PIGF on T cell proliferation: PBMC were
stimulated with a-CD3-antibodies in the absence (/) and
presence of 5 ng/ml PIGF(2—6); neutralising a-VEGFR-1 (3,
4) or a-VEGFR-2 (5, 6) antibodies were added at a dose of
2.5 pg/ml concomitantly with PIGF (3, 5) or 24 h after the
beginning of cultivation (4, 6), counts per minute (cpm), Me
[0-0,], Min—-Max, n =8

In order to rule out the involvement of VEGF in
the inhibitory PIGF activity, we compared blocking
effects of a-VEGFR-1 and a-VEGFR-2 on PIGF-me-
diated suppression. Blocking antibodies were added
either simultaneously with PIGF or 24 h later taking
into consideration low VEGFR expression levels on
unstimulated T cells followed by significant augmen-
tation of VEGFR expression 24 h after the cultivation
onset. Figure 1 shows that PIGF presence resulted in
a significant (31%; 26—-38%, p =0.013) reduction in T
cell proliferation levels in response to a-CD3 stimu-
lation. Neutralising a-VEGFR-1 antibodies reduced
PIGF suppressive activity to 9% (3-25%) if added
concomitantly with PIGF and to 3% (0-16%) if add-
ed 24 h later. More pronounced inhibition of PIGF
suppressive activity in the last case was likely to be
due to higher VEGFR-1 expression on T cells 24 h
after a-CD3 stimulation. Of note, VEGFR-2 bloc-
kade did not abrogate PIGF-mediated suppressive
effects.

The effect of PIGF on IL-10 production by
a-CD3-activated CD4+ and CD8+ T cells.

To study the effect of PIGF on IL-10-producing
capacity of T cells, we analysed percentages of CD4+
and CD8+ T cells with intracellular IL-10 expression
in cultures of a-CD3-stimulated PBMC in the presence
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and absence of PIGF (Fig. 2). Activation of PBMC
with a-CD3 significantly increased relative numbers
of IL-10-positive cells in CD8+ T cell subpopulation
(p = 0.028). Although we also detected an increase in
IL-10-producing CD4+ T cells derived from most do-
nors studied here, these changes were not statistically
different from the baseline levels (p = 0.06).
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The addition of PIGF to PBMC cultures increased
proportion of IL-10" cells both in CD4+, and CD8+ T
cell subsets, as compared to a-CD3-stimulated PBMC
cultures incubated in the absence of PIGF. Of note,
percentages of CD8IL-10" T cells in PBMC cultures
incubated with PIGF were 2.7-fold higher, as com-
pared to CD4*IL-10" T cells (p = 0.018).
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Fig. 2. PIGF increases intracellular IL-10 expression CD4+ (@) and CD8+ (b) by T lymphocytes: PBMC were cultivated in the

medium (0) or stimulated with a-CD3 in the absence (a-CD3) and presence of 5 ng/ml PIGF (a-CD3+PIGF). After 48 h of cultivation

intracellular IL-10 expression was assessed CD4+ and CD8+ T cell subpopulations using flow cytometry. The data are presented as
individual values and Me, n = 9-11

PIGF enhanced apoptosis of a-CD3-activated
T cells.

In order to address putative involvement of PIGF
in programmed cell death regulation, we studied the
effect of PIGF on the level of activation-induced ap-
optosis in CD4* and CD8" T cells. Apoptotic and
necrotic cells were identified by a three-colour flow
cytometry. Cells in early apoptosis are known to ex-
clude a DNA-labelling vital dye 7-ADD, thus consis-
tent with Ann"/7-ADD phenotype. Late apoptotic or
necrotic cells are permeable to 7-AAD and therefore
could be identified as Ann"/7-ADD". Most CD4+ and
CD8+ T cells in freshly isolated PBMC were viable
(Ann7/7-ADD~ phenotype) and contained negligible
proportion of apoptotic cells. Incubation of PBMC
with a-CD3 for 48 h was accompanied by an increase
in percentages of apoptotic cells in CD4+ and CD8+
T cell subpopulations (Fig. 3). Further supplementa-
tion of PBMC cultures with PIGF enhanced apoptosis
in CD8+T cells (p < 0.05), but not in CD4+ T cells.
Since the number of Ann*/7-ADD" cells reflects only
proximal (early) apoptotic events, we performed addi-
tional analysis of the total amount of Ann+ T cells (i.e.
Ann"/7ADD ™). Relative proportions of Ann+CD8+
T cells were found to be higher in a-CD3-activa-

ted PBMC incubated with PIGF than that in control
a-CD3 stimulated PBMC. Meanwhile, no differences
were detected in percentages of AnnV+CD4+ T cells
incubated in the presence or absence of PIGF.

PIGF enhanced the expression of inhibitory recep-
tors on activated T cells.

Overexpression of inhibitory receptors (also
called inhibitory checkpoint molecules) is considered
an important mechanism restraining T cell responses
due to T cell exhaustion [12]. In order to assess the
effects of PIGF on inhibitory receptor expression, we
studied the expression of PD-1, CTLA-4, and Tim-3
on CD4+ and CD8+ T cells in 48 h PBMC cultures
(Table).

PBMC stimulation with a-CD3 increased percent-
ages of T cells expressing checkpoint molecules. Thus,
relative numbers of CD4+PD-1+ and CD8+PD-1+ T
cells following anti-CD3 stimulation were statistically
higher, as compared to that observed in unstimulated
PBMC cultures. The addition of PIGF enhanced the
proportion of PD-1-positive CD8+ T cells (p < 0.05),
with no effect on CD4+PD-1+ T cells. Ligation of T
cell receptors with a-CD3 antibodies resulted in an
increased proportion of CD4+ T cells co-expressing
CTLA-4, while incubation with PIGF did not affect
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percentages of CTLA-4-positive CD4+ or CD8+ T
cells. Furthermore, a-CD3 stimulation enhanced per-
centages of Tim-3-positive cells in CD4+ and CD8+

20 - Ann'/7-AAD Ann 5
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T cell subpopulations, while in the presence of PIGF
both CD4+Tim3+ and CD8+Tim3+ T cells showed
statistically significant increase (p < 0.05).
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Fig. 3. PIGF enhances apoptosis of a-CD3-activated CD8+ T cells: the summarized data on the relative numbers of cells in the
early apoptosis stage (Ann*/7ADD") and the total amount of apoptotic cells (AnnV+) in CD4+ (a) and CD8+ (b) T cell gates are
presented. The data from four independent experiments were analyzed using the paired Wilcoxon test, n = 10

Table
Effect of PIGF on the checkpoint molecules expression on a-CD3-activated CD4+ and CD8 + T cells, Me [0 Q. ],n =8
CD4*T cells (%) CDS8"T cells, %
PBMC - -
PD-1 CTLA-4 Tim-3 PD-1 CTLA-4 Tim-3
0 3.7[2.2-4.3] 4.6 [2.1-7.1] 2.9 [2.0-3.6] 2.3[1.6-2.8] 0.4 10.1-0.8] 0.7 [0.1-1.6]
a-CD3 6.0* [3.0-8.5] | 7.0* [2.4-10.2] 3.7% [2.7-5.3] 3.2*%[2.44.2] 0.3 10.1-0.7] 2.4*%[1.6-3.2]
a-CD3+PIGF 5.5%[4.5-8.1] | 7.3*% [4.2-10.0] 5.0%# [3.3-6.6] 3.8 *#[2.94.5] 0.5[0.3-0.7] S5.1%# [3.3-6.1]

Note. The percentage of PD-1, CTLA-4 and Tim-3-positive cells in the gates of CD4+ and CD8+ T lymphocytes was evaluated in 48-hour
cultures of unstimulated PBMC (0) and PBMC activated by anti-CD3-antibodies in the absence of (a-CD3) and in the presence of 5 ng/ml PIGF

(a-CD3+PIGF).

* p < 0.05 — significance of differences compared with unstimulated PBMC; # p < 0.05 — significance of differences compared with a-CD3-

activated PBMC.

Importantly, PIGF not only increased percentages
of PD-1- and Tim-3-positive T cells, but also enhanced
the expression of these receptors on T cells. Thus,
treatment of PBMC in the presence of PIGF facilitat-
ed the enhancement of mean fluorescence intensity
(MFI) of PD-1 staining on CD4+ T cells from (37.1
+ 3.5) to (47.8 £ 5.8), while on CD8+ T cells MFI
of PD-1 staining increased from (38 + 3.3) to (47.0 £
4.1) (p < 0.05). MFI of Tim-3 staining increased on
CD4+ T cells in the presence of PIGF from (41.0 +
4.2) to (49.0 £4.9), as well as on CD8+ T cells from
(44.0 £4.5) to (49.0 £ 5.3) (p < 0.05). Taken together,
activation of PBMC in the presence of PIGF resulted
in moderate, but statistically significant augmentation
of expression levels of PD-1 and Tim-3 on both CD4+
and CD8+ T cells.

DISCUSSION

The data obtained in this study showed that in-
hibitory effects of PIGF on T cell proliferation in
a-CD3-stimulated PBMC cultures were mediated via
VEGFR-1, and that these effects were not associated

with a probable increase in VEGF production by acti-
vated PBMC [15], as judged from the fact that VEG-
FR-2 blockade did not withdraw suppressive effects
of PIGF. In addition, it was demonstrated that P1GF:
enhanced IL-10 production by activated CD4+ and
CD8+ T cells, aggravated apoptosis of CD8+ T cells,
and increased expression of inhibitory receptors PD-1
and Tim-3 on T cells, implying an important role of
PIGF/VEGFR-1 signal transduction pathway in mod-
ulation of T cell functions.

VEGFR-1 has been reported to possess low tyros-
ine kinase activity, which for a long time supported
a paradigm that considered VEGFR-1 exclusively a
ligand-trapping receptor [2]. However, it was subse-
quently shown that this receptor was expressed on
haemopoietic precursors, monocytes/macrophages
and DCs, and that VEGFR-1-dependent signalling
pathway was involved in mobilisation of bone marrow
precursors, activation and migration of monocytes,
and regulation of DC maturation and cell proliferation
[3, 16, 17]. Moreover, recent studies demonstrated
that VEGFR-1-mediated signalling in hypoxic condi-
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tions activated STAT3 transcription factor [8], which
plays an important role in regulating T cell functions
by inhibiting proliferation and IL-2-producing capaci-
ty of T cells [18]. These observations are in agreement
with our data that PIGF exerts inhibitory effect on T
cell proliferation by binding to VEGFR-1.

This study identified an interesting property of
PIGF - this factor stimulated IL-10 production by ac-
tivated T cells. Y.L. Lin et al. demonstrated previous-
ly that PIGF modulated cytokine-secreting function
of T cells indirectly via a DC-dependent mechanism.
Thus, PIGF-modified DCs enhanced 1L-13 and IL-5
production by allogeneic T cells without affecting IL-
10 production in mixed leukocyte culture [6]. These
results stress important differences between direct and
DC-mediated effects of PIGF.

J.Y. Shin et al. described the augmentation of
IL-10 production due to VEGF mediated ligation of
VEGFR-1 on activated spleen T cells and CD4+ T cell
line [19], which supports the ability of VEGFR-1 to
exert direct effects on T cells. However, the authors
did not detect suppression of T cell proliferation under
conditions of VEGFR-1 activation. This fact is likely
explained by PIGF and VEGF exerting different ef-
fects when binding to VEGFR-1 due to the activation
of different downstream transcription factors [17].

IL-10 is known to be a key immunosuppressive cy-
tokine involved in restricting immune responses and
inducing tolerance in pregnancy [20]. Suppressive ef-
fects of IL-10 are mediated principally via generation
of tolerogenic DCs, induction of regulatory T cells
and activation of anti-inflammatory JAKI1/STAT3
signalling pathway in T cells [21]. Inhibitory effects
of IL-10 are most clearly demonstrated with regard to
CD4+ T cells, in which endogenous IL-10 production
constitutes an important regulatory mechanism re-
straining CD4+ T cell functions [22]. The effect of IL-
10 on CD8+ T cell functions is far less unambiguous.
Indeed, in tumour growth IL-10 could activate and
stimulate expansion of cytotoxic CD8+ T cells [23],
whereas in chronic infection a direct inhibitory effect
of IL-10 on CD8+ T cells has been described [24].
Our data suggests that PIGF is capable of enhancing
IL-10 production not only by CD4+, but also CD8+
T cells. However, whether IL-10 production underlies
the suppressive effects of PIGF on T cell proliferation,
with particular reference to CD8+ T cells, remains an
open question and awaits further investigations.

Importantly, this study also revealed that PIGF
could enhance both apoptosis of CD8+ T cells and ex-
pression of inhibitory receptors (PD-1 and Tim-3) on T

cells. The ability of PIGF to modulate apoptosis levels
was recently demonstrated using an experimental
lung emphysema model [25]. The authors showed that
PIGF increased apoptosis of lung epithelium via acti-
vation of c-Jun N-terminal kinase (JNK) and protein
kinase C. Our study demonstrated that PIGF enhanced
apoptosis of activated CD8+ T cells for the first time.

Interestingly, PIGF also increased the relative
numbers of PD-1+ cells, and specifically in CD8+
(but not CD4+) T cell subpopulation, suggesting that
PIGF-mediated augmented apoptosis of CD8+ T cells
could be associated with enhanced PD-1 expression.
An important role of PD-1 inhibitory receptors in sup-
pressing cytotoxic T cell functions has been convin-
cingly demonstrated previously in cancer [26], and re-
cently in pregnancy [27]. PD-1-dependent signalling
has been shown to inhibit T cells via various mech-
anisms, including apoptosis induction [28]. Further-
more, increased expression of checkpoint molecules
could reflect T cell exhaustion state [12].

In addition to PD-1 up-regulation, treatment with
PIGF enhanced relative numbers of Tim-3-positive
cells, and notably both in CD8+ and CD4+ T cell
subpopulations. Tim-3 is another checkpoint mole-
cule involved in the formation of T cell exhaustion
status, thus playing an important role in suppressing
maternal immune responses against fetal alloanti-
gens during successful pregnancy [29]. T. Voronet
et al. demonstrated for the first time that VEGF-A
strengthened expression of various inhibitory check-
point molecules (PD-1, CTLA-4, Tim-3) on CD8+ T
cells in tumour-bearing mice by engaging a VEGFR-2
signalling pathway [30]. These authors also detected
simultaneous expression of several inhibitory recep-
tors on CD8+ T cells in the presence of high VEGF
concentrations.

Our data showed that angiogenic factors have sti-
mulating effects on checkpoint molecule expression
on human T cells, and, in particular, we demonstrated
that PIGF enhanced the expression of PD-1 and Tim-3
on T cells. Along with this, if the stimulatory effect of
PIGF on PD-1 expression was observed only in CD8+
T cell subpopulation, the influence of PIGF on Tim-
3 expression was detected in both CD4+ and CD8+
T cell subpopulations. A co-expression analysis of
different inhibitory receptors was beyond the scope of
this investigation, which is a study limitation. Howe-
ver, the increase of both CD8+PD-1+ and CD8+-
Tim-3 T cells associated with reduced CD8+ T cell
proliferation in cultures with PIGF, implies that the
up-regulation of checkpoint molecules on the surface
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of T cells could mediate inhibitory effects of PIGF on
T cells.

The data obtained in this study infer that PIGF
could be considered a novel immunomodulator in
pregnancy. Indeed, serum PIGF concentrations are
known to increase during normal pregnancy, while
declining PIGF levels observed in placental hypoxia
serve as a predictor factor of pre-eclampsia and intra-
uterine growth retardation [10]. In spite of the high
prognostic value of PIGF levels, its pathophysiolo-
gical significance has not been fully elucidated.
Taking into consideration an important role of im-
mune adaptation in successful pregnancy paralleled
by pronounced immune impairments observed in
women with pre-eclampsia [31, 32], we hypothesise
that PIGF is involved in immune modulation in nor-
mal pregnancy, while reduced PIGF levels facilitate
immune system activation leading to the development
of pregnancy complications.

CONCLUSION

Taken together, this study showed that PIGF en-
hanced IL-10 production by activated CD4+ and CD8+
T cells, apoptosis of CD8+ T cells, and expression of
inhibitory receptors PD-1 and Tim-3 on T cells, evi-
dencing an important role of PIGF/VEGFR-1 signal-
ling pathway in modulating T cell functions. Taking
into account enhanced PIGF levels in normal preg-
nancy paralleled by their reduction during pregnancy
complications, we envisage that inhibitory effects of
PIGF on T cell responses could constitute yet another
mechanism governing immune evasion in pregnancy.
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Features of polymorbid pathology in patients with autoimmune bullous
dermatosis

Ufimtseva M.A., Izmozherova N.V., Gurkovskaya E.P., Bochkarev Yu.M.

Ural State Medical University
3, Repin Str., Yekaterinburg, 620028, Russian Federation

ABSTRACT

Background. Autoimmune bullous dermatosis (ABD) is a group of inherited and acquired skin diseases, the main
morphological elements of which are the bullas, developed as a result of autoantibody production directed against
protein structures of the epidermis and dermo-epidermal junction, leading to epidermal detachment and blistering
on the skin and mucous membranes.

The aim of the research was to analyze the detection rate and structure of polymorbid pathology in patients with
autoimmune bullous dermatoses and to determine the Charlson index and 10-year survival in patients before and
after prescription of glucocorticosteroid therapy.

Materials and methods. The research included retrospective and prospective stages. At the first stage, the analysis
of primary medical records was carried out, and histories of 70 patients over 18 years old, before the onset of
autoimmune bullous dermatosis were analyzed. Clinical and epidemiological data were taken into account, the
main and concomitant diagnoses were determined in accordance with ICD X. The Charlson index was calculated
for all patients, the 10-year survival rate of patients with autoimmune bullous dermatoses was determined.

Results. Polymorbid pathology was recorded in 81.4% of patients, before the onset of autoimmune bullous
dermatosis. 48.6% of patients had two or more concomitant diseases. Among patients with diseases of internal
organs, those with cardiovascular pathology (52.8%) occupied the first place, patients with gastroenteric pathology
(41.4%) occupied the second place, patients with endocrinopathy held the third place (20.0%). The Charlson
index median in patients of this group was 2.5 (1-3), the risk of fatal outcome over a 10-year period was 16.5%.
Subsequently, after the onset of autoimmune bullous dermatosis, 65.7% of patients required the prescription of
glucocorticosteroid therapy. Decompensation of concomitant pathology was diagnosed in 39.1% of patients,
therefore they needed consultation of related specialists. The median polymorbidity index increased to 3.5 (2-5),
the risk of a death increased to 34.5% (p < 0.05).

Conclusion. Polymorbid pathology worsens the course of autoimmune bullous dermatoses, increases the risk of
disability and mortality, especially in patients receiving systemic glucocorticosteroid therapy, and therefore these
patients should be under regular medical check-up not only of a dermatovenereologist, but also of related specialists.
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Oco6eHHOCTM NoAMMOPOUAHOM NAaTO/N0rMK Y 60/IbHBIX 3y TOMMMYHHbBIMU
6y/A/1e3HbIMU gepMaTO3amMu

Yéumuyea M.A., UsmoxepoBa H.B., l'ypkoBckas E.I., boukapes 10.M.

Ypanvckuii 2ocyoapcmeennwiti meouyunckuti ynugepcumem (YIT'MY)
Poccus, 620028, 2. Examepunbype, yn. Penuna, 3

PE3IOME

Henb. M3yunts 4acToTy BBIIBICHHS M CTPYKTYPY MOJIHMOPOWMIHOHN NMATOJNOTUH y OONBHBIX ayTOMMMYHHBIMH
OyiutesHeIME AepMartozamu. Ompenenuts MHAEKC monuMopOuaHocti Yapincon u 10-TeTHIOI BBDKHBAEMOCTh Y
OOJIBHBIX JI0 M TTOCIIE HA3HAYEHHS TITIOKOKOPTHKOCTEPOHJHOH TepaIn.

Martepuaiibl 1 MeTOAbl. VccnenoBaHnue BKIIOYAIO PETPOCIEKTUBHBIM M MPOCIEKTUBHBIM 3Tanbl. Ha nepBom
JTane MPOBEACH AaHAIW3 NEPBHYHON MEIWLMHCKON NOKyMeHTauuu, 47 aMOymaTOpHBIX KapT U 23 ucTOpuit
0oe3Hn OOMbHBIX crapuie 18 jer mo nedroTa ayTOMMMYHHOTO OYyJUIC3HOTO AEPMaTo3a. YUWTHIBAIH KIMHHUKO-
SMUAEMHUOTIOTUYECKNE JaHHBIE, OCHOBHOW M COIYTCTBYIOINMH IMarHO3bl YCTAaHABIMBAIH B COOTBETCTBUH C
MexayHapoaHoii ki1accudukanuei 6onesneii 10-ro mepecmorpa. Beem mammenTam paccuntad uaaeke Yapiicos,
onpeneneHa 10-1eTHSSA BBDKUBAEMOCTh OOJBHBIX ayTOMMMYHHBIMH OYJIJIE3HBIMU A€PMATO3aMH.

Pe3yasTatsl. [TomumopOuaHas maronorus 10 aebroTa ayTOMMMYHHOTO OyJUIe3HOTO JiepMaro3a 3adMKCHpOBaHa
y 81,4% GonbHbIX. Y 48,6% MaIMeHTOR BBISABICHO J1Ba U 00Jice COMYyTCTBYOMIMX 3a0oneBanusa. Hanbonee yacto
JIUATHOCTHUPYIOTCS 3a00JIEBaHUs CEePICUYHO-COCYIMCTON CHUCTeMBI (TepBoe paHroroe mecto — 52,8%), 3arem
MIaTOJIOT U KTy JOUYHO-KHILIEYHOT0 TpaKTa (BTopoe paHroBoe Mecto—41,4%), Ha TpeThbeM MecTe — SHTOKPHHONATHH
(20,0%). Mennana nunexkca YapicoH y OONBHBIX AaHHOW rpymmbl coctaBmia 2,5 (1-3), pUCK JI€TaIbHOTO HCXO-
na 3a 10-netHuit nepuon 16,5%. Brocneacreuu 65,7% maiuentam, mocie ne0Ta ayTOMMMYHHOTO OYJUIE3HOTO
JiepMaTo3a, MoTpedoBaNtoch Ha3HAUCHNUE CHCTEMHBIX MIIOKOKOPTHKOCTEPOHIOB. JIeKoMIIeH Calsl COMy TCTBYIOIIEH
MaTOJIOTHH JUarHoCTUpoBaHa y 39,1% mnarueHToB. MeauaHa nHIeKca MoJUMOPOUIHOCTH Bo3pocia a0 3,5 (2-5),
PHCK pa3BUTHSA JIETAIBHOTO Mcxoa yBeauumics 10 34,5% (p < 0,05).

3akiroueHue. HOIII/IMOP6I/IZ[H&$[ naTojioruss yxXyAmaeT TEYEHHUE W IIPOTHO3 ayTOUMMYHHBIX 6y.IUIC3HI>IX
JACPMATO30B, YBCININBACT PUCK UHBAJIMAU3AlUA U CMEPTHOCTH, B 0COOCHHOCTH Y NalMeHTOB, MOJIYYarouux CH-
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Features of polymorbid pathology in patients

INTRODUCTION

Autoimmune bullous dermatosis (ABD) is a group
of hereditary and acquired skin diseases that is formed
as a result of the production of autoantibodies to va-
rious structures of the dermoepidermal compound,
leading to epidermal detachment and blistering [1, 2].
The most severe ABD leading to permanent disability,

as well as mortality, include acantholytic pemphigus,
Lever’s bullous pemphigoid, Diihring’s herpetiform
dermatitis, and acquired and congenital epidermolysis
bullosa [3, 4].

Currently, mortality in ABD remains at a high
level and varies from 15.0% to 30.0% despite patho-
genetic treatment with systemic glucocorticosteroids
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(GCS) and immunosuppressants [5, 6]. The progno-
sis of the disease also depends on polymorbidity. Re-
searchers point out that ABD is often associated with
diabetes, hypothyroidism, and inflammatory bowel
disease, and an increased risk of stroke is observed in
patients of this group [7, 8]. The presence of polymor-
bid pathology leads to a deterioration in the condition
of ABD patients, an uncontrolled course of conco-
mitant diseases and their resistance to basic therapy, a
decrease in life quality, adherence of patients to drug
therapy, and increased rates of patient disability and
mortality [9].

Most studies of domestic and foreign scientists
come down to identifying the most common diseases
in ABD patients and do not include an assessment of
the diagnosed polymorbidity severity, which is rele-
vant, as it will enable to predict the course of both
ABD and concomitant pathology, as well as to deter-
mine the death risk.

The aim of the research is to study the detection
frequency and structure of polymorbid pathology
in patients with autoimmune bullous dermatoses, to
determine the Charlson polymorbidity index and 10-
year survival in patients before and after glucocortico-
steroid therapy.

MATERIALS AND METHODS

The study included retrospective and prospec-
tive stages. At the first stage, the analysis of primary
medical documentation was carried out: 47 ambula-
tory medical records and 23 patient charts of subjects
older than 18 years before the onset of autoimmune
bullous dermatosis. Clinical and epidemiological data
were taken into account. The main and concomitant
diagnoses were established in accordance with the In-
ternational Classification of Diseases, 10" Revision
(ICD-10). Polymorbidity was registered by the num-
ber of nosologies in one patient. To assess somatic
pathology, the Charlson index was determined. The
overall score is the total of each patient’s comorbid
conditions (weighted according to severity and age)
and points for each decade of life if a patient exceeded
the age of 40.

The diseases assessed by calculating the Charl-
son index include cardiovascular diseases, dementia,
chronic lung diseases, connective tissue diseases, pep-
tic ulcer disease, liver damage, diabetes mellitus, kid-
ney disease, liver disease, malignant neoplasms, and
acquired immunodeficiency syndrome. Depending on
the severity of concomitant diseases, the number of
accrued points may be equal to 1, 2, 3 and 6.

With the help of the Charlson index, 10-year sur-
vival of patients with autoimmune bullous dermatoses
was predicted. At the second stage, a clinical and in-
strumental examination of this group of patients was
carried out, after the debut of autoimmune bullous
dermatosis and the prescription of basic therapy. Sta-
tistical processing of the obtained data was carried out
using the Excel 2000 and Statistica 13 packages. The
median, upper and lower quartiles were calculated Me
(Q,~0,), nonparametric statistical methods (x°) with
continuity correction were used. The level of statis-
tical significance of the differences was considered at
p <0.05.

RESULTS

According to the retrospective analysis of primary
medical documentation of 70 patients with autoim-
mune bullous dermatoses (ABD), 81.4% (57/70) of
them had polymorbid pathology diagnosed before the
debut of bullous dermatosis. The median age in the
group of men with ABD was 49 years (interquartile
range (IQR): 41.5-63.0 years), and in the group of
women it was 56 years (IQR: 45.0-67.5). In 48.6%
(34/70) patients, two or more concomitant diseases
were detected.

Moreover, in the structure of the internal organs
pathology, diseases of the cardiovascular system were
diagnosed in 52.8% (37/70) patients, pathology of the
gastrointestinal tract was registered in 41.4% (29/70)
patients, endocrinopathies were observed in 20.0 %
(14/70) patients, diseases of the musculoskeletal sys-
tem were found in 15.7% (11/70) of ADB patients
(Table). Patients also had diseases such as bronchial
asthma, renal cell cancer, colon adenocarcinoma, se-
nile cataract.

It is noteworthy that among 37 patients with car-
diovascular pathology, all ABD patients showed
arterial hypertension. Moreover, every second pa-
tient had stage 2 or stage 3 of high blood pressure.
In 56.7% (21/37) of patients with arterial hyperten-
sion, target organs were affected (left ventricular hy-
pertrophy, atherosclerotic plaques of the magistral
vessels, creatinine clearance <60 ml/min), and in
35.1% (13/37) associated clinical conditions (ACC)
were identified. Among patients with ACCs, 29.7%
(11/37) patients with pathology of the cardiovas-
cular system demonstrated coronary heart disease,
8.1% (3/37) patients had a history of myocardial
infarction, 24.3% (9/37) patients were diagnosed
with chronic heart failure, and 5.4% (2/37) patients
had chronic renal failure. Atherogenic dyslipidemia
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was reported in 13.5% (5/37) patients with ABD. It
should be noted that two of the three patients with
previously established arterial hypertension sub-

sequently required the prescription of high daily
doses of systemic glucocorticosteroids due to the
onset of ABD.

Table
The comorbidity structure in patients with autoimmune bullous dermatosis, » = 70
Total
Ne Chapter of the ICD-10
n %

1 Chapter IX. Diseases of the circulatory system 37 52.8
2 Chapter XI. Diseases of the digestive system 29 41.4
3 Chapter IV. Endocrine, nutritional and metabolic diseases 14 20.0
4 Chapter XIII. Diseases of the musculoskeletal system and connective tissue 11 15.7
5 Chapter XIV. Diseases of the genitourinary system 7 10.0
6 Chapter VII. Diseases of the eye and adnexa 7 10.0
7 Chapter X. Diseases of the respiratory system 5 7.1
8 Chapter II. Neoplasms 4 5.8
9 Chapter V. Mental and behavioural disorders 2 2.8
10 Chapter VI. Diseases of the nervous system 1 1.4

Total number of patients with pathology of internal organs 57 81.4

Note. The total number of observations exceeds 100.0% due to the presence of several pathological conditions in one person.

In the structure of the gastrointestinal tract (GIT)
diseases, in 65.5% (19/29) of ABD patients with
gastrointestinal pathology, endoscopic signs of gas-
tritis were diagnosed, every third patient suffered
from chronic cholecystitis and / or chronic pancre-
atitis. 10.3% (3/29) patients had a history of gastric
ulcer. It should be noted that only two ABD patients
with gastrointestinal complaints had a history of eso-
phagogastroduodenoscopy. In one case, esophagitis
was diagnosed, in another, erosion was found through-
out the organ, which was regarded as a manifestation
of erosive esophagitis. However, these manifestations
regressed after the use of systemic glucocorticoste-
roids prescribed due to the debut of ABD. One patient
had an esophageal stricture of unknown etiology.

In 72.7% (8/11) ABD patients with pathology of
the musculoskeletal system, first detected or previ-
ously established osteoporosis and osteopenia were
observed. It should be noted that therapy in these
patients, before inclusion in the study, consisted of
taking NSAIDs and calcium preparations.

Among endocrinopathies, 57.1% (8/14) ABD pa-
tients were diagnosed with type 2 diabetes mellitus,
this pathology was detected before taking systemic
glucocorticosteroids. And 28.5% (4/14) patients were
diagnosed with autoimmune thyroiditis.

Pathology of the visual organs was detected in se-
ven patients with ABD, patients with senile cataract
occupy the first rank place, and every second patient
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required surgical treatment. Two patients were diag-
nosed with conjunctivitis and blepharitis.

Diseases of other organs and systems, such as
bronchial asthma, chronic pyelonephritis, sensory
polyneuropathy, iron deficiency anemia, were found
in isolated cases. It should be noted that 4 out of 70
ABD patients were diagnosed with a malignant neo-
plasm, which could be a trigger factor in the deve-
lopment of paraneoplastic pemphigus and Lever’s
bullous pemphigoid.

The Charlson polymorbidity index was calculated
for all patients with ABD. The median Charlson index
in patients with ABD was 2.5 (1-3), the risk of death
over a 10-year period is 16.5%. No gender differences
were observed when comparing the Charlson index. A
high proportion of patients with arterial hypertension,
chronic heart failure, type 2 diabetes mellitus, gas-
tric and duodenal ulcer was found. None of the ABD
patients reported diseases included in the calculation
of the Charlson index: peripheral vascular damage,
transient cerebrovascular accident, collagenosis, liver
cirrhosis without portal hypertension, acute cerebro-
vascular accident with hemiplegia or paraplegia, acute
and chronic lymphoid or myeloid leukemia, lympho-
mas, cirrhosis of the liver with portal hypertension,
acquired immunodeficiency syndrome.

Six concomitant diseases were registered in one
man with Lever’s bullous pemphigoid before the on-
set of ABD, including renal cell carcinoma of the right
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kidney, coronary heart disease: post-infarction cardio-
sclerosis (2007), voltage angina pectoris (II functional
class), hypertension (III stage, risk 4), chronic heart
failure (II functional class), type 2 diabetes mellitus,
cataract, and benign prostatic hyperplasia. The Charl-
son index was 8 and the risk of death was more than
79.0% (Figure).

Figure. Patient A., 63 year, Lever’s bullous pemphigoid

It should be noted that after the onset of ABD,
65.7% (46/70) of patients required the prescription of
pathogenetic therapy, namely systemic glucocortico-
steroid therapy. Patients with acantholytic pemphigus,
bullous pemphigoid Lever, acquired bullous epider-
molysis were treated with medium and high daily do-
ses of glucocorticosteroids. During treatment, 39.1%
(18/46) of patients receiving systemic glucocortico-
steroid therapy were diagnosed with decompensation
of concomitant pathology.

In 29,7% (11/37) patients with diseases of the car-
diovascular system, there was a lack of correction of
arterial hypertension of varying degrees. Of these,
nine patients reported an increase in blood pressure,

requiring correction of antihypertensive therapy by a
cardiologist.

Decompensation of type 2 diabetes mellitus was
diagnosed in every second patient with previously es-
tablished endocrinopathy (7/14), so all patients nee-
ded an endocrinologist’s consultation with a view to
adjusting the dose of sugar-lowering drugs.

After the prescription of systemic glucocortico-
steroid therapy for patients with ABD, the Charlson
index was re-calculated. The Charlson index median
in 65.7% (46/70) of patients with ABD treated with
glucocorticosteroid therapy was 3.5 (2-5), which re-
liably indicates an increased risk of death to 34.5%
(» <0.05) in a comparative analysis. It should be not-
ed that in this group of patients, the polymorbidity in-
dex increased by one, and the risk of death increased
by 18.0%, compared with indicators before the debut
of ABD and the prescription of glucocorticosteroid
therapy.

DISCUSSION

Despite the low prevalence of ABD, according to
domestic and foreign researchers, mortality reaches
30.0%, which is due to both the disease severity and
the development of complications during treatment
[10, 11]. In this regard, patients with ABD should
be kept at the dispensary of a dermatovenerologist
throughout their lives [12].

In the last decade, doctors and scientists all over
the world report the effect of polymorbid pathology
on the clinical course of the disease, quality of life,
treatment effectiveness of the underlying disease and
its prognosis, noting that the more concomitant dis-
eases the patient has, the worse the patient’s quality of
life and the higher the risk of death are [13, 14]. For-
eign authors point out that the most common concom-
itant diseases in patients with ABD were cardiovas-
cular, infectious and autoimmune diseases, metabolic
disorders, while mortality in these patients was signifi-
cantly higher than in patients of the same age without
ABD [15]. According to the results of the study, poly-
morbid pathology was detected in 81.4% of patients,
while more than two concomitant diseases were found
in 48.6% of patients.

M. Pishgahi and N. Namazi (2018) evaluated the
risk of developing atrial fibrillation in ABD patients.
The authors note that mortality among bullous derma-
toses patients with diseases of the cardiovascular sys-
tem, such as coronary heart disease and arrhythmia, is
higher than in the population. Scientists report a high
risk of developing atrial arrhythmias in patients with
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acantholytic pemphigus, while the risk is increased
in patients taking high doses of glucocorticosteroids
[16, 17].

We obtained similar data, however, the study re-
vealed high comorbidity in patients with ABD with
arterial hypertension and type 2 diabetes mellitus,
which is due to the drug therapy of the underlying dis-
ease — prolonged use of oral glucocorticosteroids. At
the same time, it should be noted that diabetes, after
the prescription of high-dose glucocorticosteroid ther-
apy, develops a more severe course and needs early
prevention.

Most foreign studies come down to assessing the
incidence of concomitant diseases in patients with
ABD without assessing the polymorbidity index and
taking into account the severity of the comorbid dis-
ease diagnosed by them [18, 19]. The study was the
first to conduct a comprehensive examination of pa-
tients with ABD with the determination of the Charl-
son index, which is the “gold standard” in various
types of studies to assess polymorbidity. With its help,
you can predict the risk of death, as well as personify a
follow-up plan for patients receiving long-term high-
dose glucocorticosteroid therapy.

CONCLUSION

Polymorbid pathology was detected in 81.4% of
patients before the debut of ABD. The most common
pathologies were hypertension, pathology of the gas-
trointestinal tract, type 2 diabetes mellitus and osteo-
porosis. After the debut of ABD and the prescription
of systemic glucocorticosteroid therapy, decompen-
sation of somatic pathology was observed in 39.1%
of patients. The presence of polymorbid pathology is
a negative predictive factor that increases the risk of
death, as evidenced by the high Charlson index. Thus,
ABD patients receiving systemic glucocorticosteroid
therapy need to be registered at the dispensary, not
only by a dermatovenereologist, but also by related
specialists.

REFERENCES

1. Samtsov A.V., Belousova I.E. Bullous dermatosis. St. Pe-
tersburg: Publishing and Printing Company “KOSTA”
Publ, 2012: 144 (in Russ.).

2. Skripkin Y.K., Butov Y.S., Ivanova O.L. Dermatovene-
reology. National guideline. Moscow: GEOTAR-Media
Publ, 2011: 1024 (in Russ.).

3. Mahneva N.V. A modern view on the diagnosis and treat-
ment of autoimmune bullous dermatoses. International
Journal of Applied and Fundamental Research. 2011; 9:
15-17 (in Russ.).

4. Kubanov A.A., Znamenskaya L.F., Abramova T.V. Dif-
ferential diagnosis of bullous dermatosis. Vestnik Derma-
tologii i Venerologii. 2016; 6: 43—56 (in Russ.).

5. Ghiasi M., Daneshpazhooh M., Ismonov M., Chams-Davat-
chi C. Evaluation of autoimmune bullous diseases in elderly
patients in Iran: A 10-Year Retrospective Study. Skinmed.
2017; 15 (3): 175-180.

6. Patsatsi A., Lamprou F., Kokolios M., Stylianidou D., Tri-
goni A., Kalampalikis D., Sotiriadis D. Spectrum of au-
toimmune bullous diseases in Northern Greece. A 4-year
Retrospective Study and Review of the Literature. Acta
Dermatovenerol. Croat. 2017; 25 (3): 195-201.

7. Lai Y.C., Yew Y.W., Lambert W.C. Bullous pemphigoid
and its association with neurological diseases: a systematic
review and meta-analysis. J. Eur. Acad. Dermatol. Vene-
reol. 2016; 30 (12): 2007-2015. DOI: 10.1111/jdv.13660.

8. Liu Y.D., Wang Y.H., Ye Y.C., Zhao W.L., Li L. Prog-
nostic factors for mortality in patients with bullous pemphi-
goid: a meta-analysis. Arch. Dermatol. Res. 2017; 309 (5):
335-347. DOI: 10.1007/s00403-017-1736-1.

9. Jeon HW.,, Yun S.J., Lee S.C., Won Y.H., Lee J.B. Mortali-
ty and comorbidity profiles of patients with bullous pemphi-
goid in Korea. Ann. Dermatol. 2018; 30 (1): 13-19. DOI:
10.5021/ad.2018.30.1.13.

10. Khamaganova 1.V., Malyarenko E.N., Denisova E.V., Vo-
rontsova I.V., Plieva K.T. Error in the diagnosis of vulgar
pemphigus: a clinical case. Russian Journal of Skin and

Venereal Diseases. 2017; 20 (1): 30-33 (in Russ.).

11. Bulgakova A.L, Khismatullina Z.R., Hamzina G.R. Pre-
valence, etiological aspects and clinical manifestations of
pemphigus. International Dental Review. 2017; 1: 24-29
(in Russ.).

12. Lykova S.G., Reshetnikova T.B., Spitsyna A.V. Acantho-
Iytic pemphigus: pathogenetic mechanisms and features of
corticosteroid therapy. Sib. Journal of Dermatology and
Venerology. 2001; 1: 9—13 (in Russ.).

13. Kridin K., Zelber-Sagi S., Bergman R. Risk factors for le-
thal outcome in patients with pemphigus: a retrospective
cohort study. Eur. J. Dermatol. 2018; 28 (1): 26-37. DOI:
10.1684/ejd.2018.3252.

14. Forsti A.K., Jokelainen J., Timonen M., Tasanen K. Risk
of death in bullous pemphigoid: A Retrospective Database
Study in Finland. Acta Derm. Venereol. 2016; 96 (6): 758—
761. DOI: 10.2340/00015555-2347.

15.Ren Z., Hsu D.Y., Brieva J., Silverberg N.B., Langan
S.M., Silverberg J.I. Hospitalization, inpatient burden
and comorbidities associated with bullous pemphigoid in
the U.S.A. Br. J. Dermatol. 2017; 176 (1): 87-99. DOI:
10.1111/bjd.14821.

16. Pishgahi M., Dadkhahfar S., Robati R.M., Kheradmand Z.,
Shahidi-Dadras M., Zargari O., Elpern D.J. Electrocardio-
graphic changes after high-dose corticosteroid pulse ther-
apy in pemphiguspatients. J. Dermatolog. Treat. 2018; 29
(8); 802-805. DOI: 10.1080/09546634.2018.1466980.

17. Namazi N., Ariaeenejad S., Azad M.E., Pishgahi M. Risk
of atrial fibrillation in pemphigus vulgaris. Indian Derma-
tol. Online J. 2018; 9 (4): 275-277. DOI: 10.4103/idoj.
IDOJ 205 17.

172 Bulletin of Siberian Medicine. 2020; 19 (4): 167-173



Original articles

18. Chiu Y.W., Chen Y.D., Hua T.C., Wu C.H., Liu H.N,, 19. Charlson M., Wells M.T., Ullman R., King F., Shmukler
Chang Y.T. Comorbid autoimmune diseases in patients C. The Charlson comorbidity index can be used prospec-
with pemphigus: a nationwide case-control study in Tai- tively to identify patients who will incur high future costs.
wan. Eur. J. Dermatol. 2017; 27 (4): 375-381. DOI: PLoS One. 2014; 9 (12): €112479. DOI: 10.1371/journal.
10.1684/ejd.2017.3060. pone.0112479.

Authors contribution

Ufimtseva M.A., Bochkarev Yu.M. — dermatology consultation, editing of the article. Izmozherova N.V. — polymorbid pathology
consultation, editing of the article. Gurkovskaya E.P. — conduction of the clinical study, preparation of the article.

Authors information

Ufimtseva Marina A., Dr. Sci. (Med.), Associate Professor, Head of the Department of Dermatovenerology and Life Safety, Ural State
Medical University, Yekaterinburg, Russian Federation. ORCID 0000-0002-4335-9334.

Izmozherova Nadezhda V., Dr. Sci. (Med.), Associate Professor, Head of the Department of Pharmacology and Clinical Pharmacology,
Ural State Medical University, Yekaterinburg, Russian Federation. ORCID 0000-0001-7826-9657.

Gurkovskaya Evgenia P., Assistant, Department of Dermatovenerology and Life Safety, Ural State Medical University, Yekaterinburg,
Russian Federation. ORCID 0000-0001-7535-5429.

Bochkarev Yurii M., Cand. Sci. (Med.), Associate Professor, Department of Dermatovenerology and Life Safety, Ural State Medical
University, Yekaterinburg, Russian Federation. ORCID 0000-0001-6298-7216.

(P<)) Gurkovskaya Evgenia P., e-mail: gurkovskaya-e@mail.ru.

Received 19.07.2019
Accepted 30.04.2020

bionnereHb cubnpckoin meamumHbl. 2020; 19 (4): 167-173 173



VK 616.896-053.2-076.5:577.15
https://doi.org/10.20538/1682-0363-2020-4-174-178

Features of the cytokine profile in children with autism spectrum disorder
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ABSTRACT

The aim of the study was to reveal the particularities of the concentration of cytokines IL4, IL6, IL10, IL17, IFNy
in blood serum in children with autism spectrum disorder (ASD).

Materials and methods. The blood samples obtained from children of two study groups: children with autism
spectrum disorder (n = 93) and clinically healthy children (n = 30), served as the material for the study. Cyto-
kine concentrations were determined in blood serum using the Bender Medsystems (Austria) kits for IL17A and
Vector-Best (Russia) kits for IL4, IL6, IL10, IFNy. Serum cytokine concentrations were determined by enzyme
immunoassay using kits for IL17A (Bender Medsystems, Austria), IL4, IL6, IL10, IFNy (Vector-Best, Russia). As-
sessment of cognitive and psychophysiological indicators in children was performed using the Autism Treatment
Evaluation Checklist (ATEC).

Results. The concentrations of IL17A (U = 54; p = 0.015) and I[FNy (U = 4.64; p = 0.006) were increased and the
concentrations of IL6 (U= 327; p =0.001) and [L4 (U= 177; p = 0.001) were decreased in children with ASD.

The concentration of IL6 correlates with the concentration of IL4 (= 0.68; p < 0.05). The concentration of IL17A
correlates with the concentration of IFNy (» = 0.41; p < 0.05), IL6 (» = 0.87; p < 0.05) and ATEC score (r = 0.24;
p <0.05) in the group of children with ASD.

Conclusion. The cytokine imbalance in children with ADS, which was observed in the study, confirms the hypoth-
esis of their participation in the development of the disease and clearly shows the Th17 immunoregulation pathway
in the pathogenesis of the autism spectrum disorder.

Key words: autism spectrum disorder, cytokines, neuroimmune inflammation, interleukin 17A.

Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

Source of financing. The study was sponsored by the Center of Family Medicine (Tomsk, Russia), “Sozidaniye”
charity fund (Moscow, Russia), and Association of Parents of Autistic Children “AURA” (Tomsk, Russia).

Conformity with the principles of ethics. All parents of the children signed an informed consent for complex
research and processing of personal data. The study was approved by the local Ethics Committee at the Center of
Family Medicine (Protocol No. 7 of 18.03.2019).

For citation: Khudiakova M.1., Cherevko N.A., Novikov P.S. , Berezovskaya K.V. Features of the cytokine profile
in children with autism spectrum disorder. Bulletin of Siberian Medicine. 2020; 19 (4): 174—178. https://doi.org/
10.20538/1682-0363-2020-4-174-178.

P4 Khudiakova M.I., e-mail: khudiakovami@mail.ru.

174 Bulletin of Siberian Medicine. 2020; 19 (4): 174-178



Original articles

Oco6eHHOCTH MTOKMHOBOIO Npodu/a y AeTein C pacCTPOMCTBOM
ayTUCTUYECKOro CNeKTpa

Xyasakosa M.W.", YepeBko H.A.', HoBukos IN.C.', bepe3soBckas K.B.?
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PE3IOME

Lesab padoThI: BEISIBUTH YPOBEHb KOHIEHTpauuu HUToKuHOB [L-4, [-L6, IL-10, IL-17, IFNy B chIBOpOTKE KPOBH
y Zetelt ¢ paccTpoiicTBoM aytuctuueckoro crekrpa (PAC).

Marepuajbl H MeToabl. MaTepranoM HCCIEAOBAHUS CITY)KHIM 00pa3sibl KPOBH, IOJNYyYEHHBIE OT JeTed NBYX
IPYII UCCIIEAOBAHUSA: I€TEN C pacCTPOMCTBOM ayTUCTHUYECKOTO clieKTpa (7 = 93) u KIMHUYECKH 3[J0POBBIX JeTel
(n=30). Cpemuuii Bo3pacT B 00eux rpymmax coctabui (7 £ 2) neT.

B ceIBOpoTKE KpOBH METOJOM MMMYHO(EPMEHTHOTO aHANN3a ONPENCIIM KOHIICHTPAUIo NUTOKHHOB IL-17A
(c mpumenenneM Habopa Bender Medsystems, Actpust) u IL-4, IL-6, IL-10, IFNy (Bexrop-becr, Poccust). Ouen-
Ky KOTHHUTUBHBIX U ICHXO(HU3HOJIOTHYECKHX ITOKa3aTelel MPOBOJWIN C IIOMOIIBI0O aHKeThl Autism Treatment
Evaluation Checklist (ATEC).

PesyabTatel. Y gereit ¢ PAC moBbimensl 3HaueHus koHneHTtpammu IL-17A (U = 54; p = 0,015) u IFNy
(U=4,64; p=0,006) u camxensl — IL-6 (U=327; p =0,001) u IL-4 (U=177; p=0,001) 1o cpaBHEHHIO C STUMHU
MOKA3aTeIIIMH y IeTel B KOHTPOJILHOH TpyIie. Y CTAaHOBICHBI KOPPESIIUU MeXAy KoHueHTpauueit [L-6 u 1L-4
(r=10,68; p <0,05); mexxay IL-17A u IFNy (r = 0,41; p < 0,05), IL-6 (» = 0,87; p < 0,05), xonmmyecTBOM OayIoB
ATEC (r=0,24; p <0,05) y nereii c PAC.

3akii04enne. YCTaHOBJICHHBI HAMU JucOanaHc HUTOKMHOB y Jerell ¢ PAC moaTBepkaaeT TUIoTe3y ero yda-
ctus B pasButiu PAC u cBuaetenscTByer 00 Thl7-HanpaBieHUM HMMYHOPETYJSIIMH B ATOT€HE3€ PacCTPOUCTB
ayTUCTUYECKOTO CIEKTPA.

KiiloueBble cj1oBa: pacCTpONCTBO ayTHCTHYECKOTO CHEKTPA, HUTOKMHBI, HSHPOMMMYHHOE BOCHAJICHUE, UHTEP-
ekl 17A.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEH CTaThH.

HUcrounuk ¢unancupoBanus. Pabora Beimonnena 3a cuer cpeactB OOO «LleHTp cemeiHON MenuIHbB)
(r. Tomck), GmarorBoputenbHoro ¢ouma «Cosumanue» (r. Mocksa), ¢ yuactuem TPOO «APIIA «AYPA»
(r. Tomck).

CooTBeTcTBHE NPHHIMNAM 3THKH. Bece pogurenu nereit moanucany nHGOpMUpOBaHHOE cornacue. Mccnenona-
Hue onobpeno stnaecknM komureroM OOO «Ilentpa cemeitnoi MeauuHb (poTokon Ne 7 ot 18.03.2019).

Ja nurupoBanus: Xyzaskosa M., Uepesko H.A., Hosukos I1.C., bepe3osckast K.B. Oco6eHHOCTH LIUTOKHU-
HOBOT'O NPOQWIS y ATl C PacCTPONHCTBOM ayTHCTHYECKOTO CIIeKTpa. bromiemens cubupckoil meouyunst. 2020;
19 (4): 174-178. https://doi.org/10.20538/1682-0363-2020-4-174-178.

INTRODUCTION The analysis of scientific data related to ASD over

Autism spectrum disorder (ASD) is a current prob- the last 5 years demonstrates the significant growth
lem of the 21% century. More new cases of the disease in global interest in the disease. However, the exact
are being revealed every passing year. According to mechanism of ASD pathogenesis remains unknown.
the statistics, the prevalence of ASD is 1:68 among One of the modern theories of ASD development is
children under 8 years of age [1]. the neuroimmune inflammation hypothesis, which is
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associated with food intolerance and cognitive dys-
functions involving innate and acquired immunity and
microbiota [2, 3]. In our previous studies, we identi-
fied the peculiarities of food hypersensitivity in chil-
dren with ASD [4].

In this regard, the study of the role of interleukin
17 (IL17) which is thought to be responsible for im-
mune homeostasis control in intestine mucosa, inter-
leukin 6 (IL6), interferon gamma (IFNYy), and anti-in-
flammatory cytokines such as interleukin 4 (IL4) and
interleukin 10 (IL10) in ASD pathogenesis in children
is of current interest.

The study aims to reveal the peculiarities of the
concentration of cytokines IL4, IL6, IL10, IL17, IFNy
in blood serum in children with an autism spectrum
disorder.

MATERIALS AND METHODS

The study was held in the outpatient department
of the Center of Family Medicine (Tomsk, Russia). A
total of 123 children selected for the study were split
into two groups. The main group was represented by
93 children with a varying severity level of ASD di-
agnosed 4-5 years ago. 30 somatically healthy chil-
dren were selected for the control group. The average
age of the children in both groups was (7 £ 2) years.
Differentiated food hypersensitivity reactions were
detected in both groups of children [4].

All parents of the children signed an informed con-
sent for complex research and processing of personal
data.

The blood samples taken from antecubital subcuta-
neous veins in fasting subjects served as the material
of the study. Concentrations of 1L4, IL6, IL.10, IL17,
IFNy were assessed. Cytokines concentrations were
determined in blood serum using the Bender Medsys-
tems (Austria) kits for IL17A and Vector-Best (Rus-
sia) kits for IL4, IL6, IL10, IFNy.

To assess the cognitive and psychophysiological
changes in children with ADS and to determine the
disease severity during the period of blood samples
analysis the parents of the children were asked to fill
the special questionnaire, the Autism Treatment Eval-
uation Checklist (ATEC) in accordance with their ob-
servations. The scores of the questionnaire of children
from the control group were less than 10, confirming
the absence of the disease in those children.

The statistical analysis was performed using the
IBM SPSS Statistics 23.0 (USA) software. The ob-
tained data were processed using Kolmogorov —
Smirnov test, Mann — Whitney U-test, Wilcoxon

signed-rank test, and Spearman’s rank correlation co-
efficient. Two-sided p-values of < 0.05 were consid-
ered statistically significant.

RESULTS AND DISCUSSION

The results of the study listed in the Table 1 show
that the IL17A concentration in children with ASD is
significantly higher than in the control group (U = 54;
p=10.015).

Table 1

Cytokines concentration in children with ADS and children
from the control group

Cytokines, Children with ADS Control group
pg/ml Med IQR Med IQR
L4 1.75* 1.00-14.93 16.30 15.58-17.13
1L6 3.20* 1.00-15.33 15.75 18.30-20.43
1IL10 17.45 15.38-20.89 | 17.50 16.28-19.48
IL17A 9.58%* 3.76-26.75 6.85 2.95-15.05
IFNy 14.90* [13.12-16.10| 13.35 11.85-14.20

* p < 0.05 in children with ADS compared with healthy children;
Note. Med — median; IQR — interquartile range.

IL17A is the pro-inflammatory cytokine produced
by several human immune cells such as Th17, neu-
trophils, peripheral blood mononuclear cells, type 3
innate lymphoid cells (ILC 3). The majority of these
cells are situated in barrier tissues where they take
part in homeostasis control in the intestine. The cy-
tokines IL17A, IL17F and IL22 produced by ILC 3
cells enhance the barrier function of the intestine by
stimulating mucin and antimicrobial peptide produc-
tion [6]. The disturbance in Th17 cells regulation and
IL17A production is associated with the progression
of numerous inflammatory and autoimmune diseases
including intestinal inflammatory diseases [7].

In literature sources, there are data concerning the
IL17A effector role in children’s behavioral anomalies
caused by maternal immune activation, which shows
the relation of neuroinflammatory state and behavioral
manifestations [8, 9].

It is important to note that the highest IL17A blood
concentrations among the children selected for our
study were detected in severe disease manifestations
cases determined according to the results of the ATEC
test (r = 0.24; p < 0.05). It may indicate that the in-
crease of IL17A concentration in serum is closely as-
sociated with the ADS severity degree.

The IL17 concentration increase in blood serum of
children with ADS may be interrelated with the high-
er levels of IFNy (» = 0.41; p < 0.05). According to
the present data, the increase in IFNy production is
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associated with the Th17 cell plasticity. The repeated
stimulation with various microbial antigens in diffe-
rentiated cells leads to transcriptional changes in the
Th17 line. Examples of such plasticity are Th17/Thl-
cells or ILC3 cells which are able to produce both
IL17A and IFNy [10, 11]. In return, IL17A is a stimu-
lator of pro-inflammatory cytokines (such as IFNy and
IL12) produced by macrophages [12]. It may explain
the increase of IFNy concentration in the blood serum
of children with ADS comparing with the results in
the control group (U = 4.64; p = 0.006). According
to the literature sources, the direct action of IFNy in
high concentrations may interfere with the normal
development of the neural system affecting dendrites
morphology and synapses formation which can lead to
ADS development [13].

According to the results of our study, the IL17A
concentration in children with ADS changes in a uni-
directional way with the levels of IL6 (r = 0.87; p <
0.05), concentration of which in children with ADS
was decreased (U = 327; p = 0.001). It is well-known
that IL6 is the key factor in Th17 cell differentiation
[14]. It is the multi-purpose cytokine which may cause
the cell responses to mediating inflammation, neuro-
genesis, gliogenesis, cell growth, and survival as well
as myelinization and demyelination in CNS [15].
Moreover, it has regenerative and anti-inflammatory
activity and participates in metabolic and neural pro-
cesses regulation [16]. Consequently, IL6 takes part in
immune system activation, hypothetically causing the
development of the ADS-like phenotype in descen-
dants [17].

Whereas, in the group of children with ADS the
levels of IL6 correlate with IL4 concentration (r =
0.68; p < 0.05), which was significantly lower in chil-
dren with ADS comparing with the control group (U
= 177; p = 0.001). It is proved that IL4 participates
in cognitive processes as a neuroprotector [18]. It be-
comes active during CNS inflammation, causes alter-
native activation of glia cells, and protects them from
apoptosis. Probably, the IL4 concentration decrease is
associated with ADS development.

According to the obtained data, there is no signifi-
cant difference in IL10 concentration in both groups.

CONCLUSION

The cytokine imbalance in children with ADS,
which was observed in our study, confirms the hypoth-
esis of their participation in the development of the
disease and clearly shows the Th17 immunoregulation
pathway in the pathogenesis of the autism spectrum

disorder. However, further studies of the cytokine fea-
tures in ADS patients are required. It will allow under-
standing of the mechanism underlying the progression
of neurodegenerative diseases, such as ADS, caused
by inflammation.
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ABSTRACT

The aim of this study was to identify features of the expression of pro-inflammatory and co-stimulatory molecules
on the surface of macrophages in vitro in patients with pulmonary tuberculosis, based on the clinical form of the
disease and sensitivity of the pathogen to anti-TB drugs.

Materials and methods. 40 patients (36 men and 4 women) with pulmonary tuberculosis (TB) were examined:
18 patients (16 men and 2 women, average age (44.56 + 8.10) years) with disseminated tuberculosis (DTB) and
22 patients (20 men and 2 women, average age (46.54 + 5.24) years) with infiltrative tuberculosis (ITB). Of those,
30 patients had Mycobacterium tuberculosis (MBT) sensitive to the basic anti-TB drugs (ATBD), and 10 patients
had MBT resistant to first-line anti-TB drugs. Venous blood was the study material. To isolate monocytes from
the whole blood in order to transform them into macrophages, ficoll density gradient centrifugation with gradient
density of 1.077 g/cm?® was used followed by immunomagnetic separation of CD14" cells. Monocytes were cultured
in a complete culture medium X-VIVO 10 with gentamicin and phenol red with the addition of the macrophage
colony-stimulating factor (M-CSF) (5 ng/ml) at a concentration of 1x10° cells/ml with the following stimulators:
interleukin (IL) 4 (10 ng/ml) and interferon (IFN) y (100 ng/ml). Immunophenotyping of macrophages was
performed using monoclonal antibodies to CD80, CD86, and HLA-DR on a Beckman Coulter CytoFLEX LX flow
cytometer (Beckman Coulter, USA). The analysis of the obtained data was carried out using the CytExpert 2.0
software application. The results were analyzed using statistical methods.

Results. The number of intact and cytokine-stimulated (IL-4 and IFNy) CD80-positive macrophages in patients
with ITB and drug-resistant TB (DR TB) exceeded their number not only in healthy donors, but also in patients
with DTB and drug-sensitive TB (DS TB), respectively. In addition, an increase in CD86 expression on the surface
of macrophages was registered in patients with ITB and DR TB after adding IFNy (M1-activation inducer) to the
suspension culture. In contrast, in patients with DTB and DS TB, the number of macrophages with expression of
B7 family co-stimulating molecules decreased or remained within the normal values in the absence of a reaction to
cytokines during cytokine induction. Deficiency of HLA-DR-positive macrophages was found in all TB patients.
The minimal number of macrophages expressing HLA-DR was found in patients with DTB and DS TB after cell
incubation with IL-4 (M2-activation inducer).

Conclusion. Evaluation of the expression of B7 (CD80/86) and HLA-DR membrane molecules on macrophages in
TB patients allows to conclude that anti-TB immune response is impaired at stages of antigen presentation (in all
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examined patients with TB) and co-stimulation (in DTB and DS TB). An increase in the expression of macrophage
surface molecules CD80 (with M 1- and M2-stimulation) and CD86 (with M1-stimulation) in patients with ITB and
DR TB indicates an increase in cell reactivity in these forms of TB. In addition, deficit of expression of HLA-DR
(a key marker of pro-inflammatory cell activation) on the surface of macrophages in TB can be considered as a
general (independent of the clinical form of the disease and drug sensitivity of the pathogen) pathogenetic factor of
immune imbalance in pulmonary tuberculosis.

Key words: macrophages, pulmonary tuberculosis, innate immunity, immune response, co-stimulating molecules,
IL-4, IFNy, CD80, CD86, HLA-DR.
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JKCnpeccua NPOBOCNA/IUTE/IbHBIX U KOCTUMY/IMPYIOLLUX MO/IEKY/
Ha Makpodarax in vitro y 60/1bHbIX Ty6epKy/1€30m nerkmx

Yypuna E.l'.""2, CuTHuKoBa A.B.", YpasoBa O.W." 3, MaTbiwesa M.P.?'*, HoBuuykun B.B." 3,
Fony6umkos N.H.?, CrenaHosa E.IN.°

! Cubupckuil 2ocyoapcmeentoiii meouyunckull ynusepcumem (Cu6l’ MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

? Hayuonanvhulil uccieoosamenvckuil Tomexuil 2ocyoapemeennwlil ynugepcumem (HH TI'Y)
Poccus, 634050, 2. Tomcxk, np. Jlenuna, 36

3 Tomcekutl 2ocyoapemeennvlil ynueepcumem cucmem ynpasienust u paouosiekmporuxu(TYCYP)
Poccus, 634050, 2. Tomck, np. Jlenuna, 40

* Hayuno-uccaeoosamenvcxui uncmumym (HHUH) onxonoeuu, Tomckuil HAYUOHANbHBLIL UCCIE008AMENbCKUL MeOU-
yuncku yeump (HUMIL]) Poccutickoil akademuu Hayx
Poccus, 634009, 2. Tomck, nep. KoonepamugHuwiii, 5

3 Tomckuti hpmuzuonyibMoHOIOSUYECKUL MEOUYUHCKUTL YEHMD
634009, 2. Tomck, yr. P. Jliokcembype, 17

PE3IOME

Ieas padoThI — YCTAaHOBUTH OCOOEHHOCTH 3KCIPECCHU IPOBOCTIATUTENBHBIX M KOCTUMYJIHPYIOIINX MOJIEKYJ Ha
Makpodarax in vitro y O0JIBHBIX TyOepKyIIe30M JIETKHX B 3aBUCHMOCTH OT KIMHHYECKOH (hOPMBI 3a00JIeBaHMS
qyBCTBUTEIIHOCTH BO30OYAUTEINS K IPOTUBOTYOEPKYII€3HBIM JIEKapCTBEHHBIM CPEJICTBAM.

Marepuansl 4 Metoabl. O6cnenoBansl 40 manueHTOB (36 My>XYHH U 4 KEHIIUHBI): 18 MalueHToB ¢ JUCCEeMUHH-
poBaHHEIM TyOepkyie3om serkux (ATh) (16 myx4uuH 1 2 KEeHIIUHBI, cpeqHuii Bo3pact (44,56 + 8,10) ner) u 22
MaIyeHTa ¢ HHQUIBTPaTUBHEIM TyOepkyne3oM Jerkux (UTB) (20 Mmy>xunH 1 2 KeHIIMHBI, CpeAHui Bo3pacT (46,54
+ 5,24) ner) ¢ Tyoepkyneszom nerkux (Th). M3 aux 6sut0 30 manueHToB, BeiAesronx Mycobacterium tuberculosis
(MBT), uyBcTBUTENBHBIE K OCHOBHBIM NMPOTHBOTYOEpKyIe3HbM cpenctBaM (IITC), u 10 manneHTOB, BBIAEIAIO-
mwmx MBT, ycroifunBEIe K JIEKapCTBEHHBIM CPEICTBaM OCHOBHOTO PsiZia MPOTHUBOTYOEpKyIIe3HOI Teparmuu. ['pymimy
CpaBHEHHUSI COCTABHIIN 15 3/10pOBBIX JOHOPOB € COMOCTABUMBIMH XapaKTEPHCTUKAMH 110 MOJIY U BO3PACTY.
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Matepuanom uccieJoBaHus SIBIAIACh BEHO3HAsk KPOBb. J{JIsl BbIZIEIECHHSI MOHOIIUTOB M3 LIEIbHOW KPOBH C LIENBIO
UX TpaHchopManuy B Makpodaru HCIoib30BaIl METO ICHTPU(YTrupoBaHus B TpaAueHTe (HUKOJUIA IUIOTHOCTHIO
1,077 r/em® ¢ mocnenyrouieii ”MMyHOMAarHuTHO# cenapanueii CD14" kinetok. MOHOUUTB KyJIbTHBHPOBAIH B
nonHoi nutatenpHOH cpene X-VIVO 10 ¢ nobapneHreM KoJoHneCTUMYJIHpyoliero ¢pakropa Makpogaros (M-CSF)
(5 ur/mu) B koHIEHTparmu 1 x 106 kieTok/mi co ctumyssitopamu: uuTepieiikuaoM (IL) 4 (10 Hr/mir) 1 HHTEphEpOHOM
(IFN) v (100 ur/mn). UMmmyHOeHOTHITHpOBaHUE MaKpo(haroB MPOBOMIN C UCTIOIb30BAHUEM MOHOKIOHATIBHBIX
anturen k CD80, CD86, HLA-DR Ha npotounom nuromerpe Beckman Coulter CytoFLEX LX (Beckman Coulter,
CIIA). AHanu3 NoMy4eHHbIX JAaHHBIX OCYIIECTBISUIM NMPHU NOMOLIM Iporpammuoro npunoxenus CytExpert 2.0
(Beckman Coulter, CIIIA). [TonyueHHbIe pe3yIbTaThl aHATM3UPOBAIN CTATUCTHYSCKUMU METOIaMHU.

Pe3yabTaThl. KommyecTBO HHTAKTHBIX M CTUMYIHpoBaHHBIX IuTOKHHAMH (IL-4 u IFNy) CD80-1o3uTiBHBIX Ma-
kpodaroy 601bHbIX I TH 1 ¢ nexkapcrenno-ycroitunssM Th (JIV TH) npeBrImiano nx 4ucio He TOIBKO y 3710POBBIX
JIOHOPOB, HO 1 y 601bHBIX JITh 1 ¢ nexapcrBenno-uysctBuTensHbM Th (JIU Th) coorBercTBenHo. Kpome Toro, y
6ossabIX TH 1 JIY T perucrpuposanocs nossiienue sxkcipeccun CD86 Ha Makpodarax mocie nobaBieHus B
cycneH3noHHyo KynsTypy IFNy (mEgykTop M1-aktuBammu). ¥V 6omsabex JJTH u JIY T kommuecTBo Makpogaros
C DKCIIpecCcUuei KOCTUMYIMPYIOIIKX MOJIEKYJ ceMelicTBa B7 npu MHAyKIMYM LIUTOKUHAMU, HAIIPOTUB, CHUXKAIIOCh
WIN COXPAHsJIOCh B IIpelelax HOPMBEI B OTCYTCTBHE peakuuu Ha IUTOKUHEL Jlepuuur HLA-DR-mo3uTuBHBIX
MakpogaroB oOHapyxuBaics y Bcex 60oimbHEIX Th. MuHuMansHoe gncino Makpogaros, sxkcnpeccupyromux HLA-
DR, ycranosneno y 6omsHbIX JITB 1 JIU Th nocne naky6anuu kinetok ¢ IL-4 (naxykrop M2-akTuBanun).

3akaouenne. OneHka skcrpeccun MeMOpanabix Monekynn B7 (CD80/86) u HLA-DR Ha makpogarax y 00IbHBIX
TB no3BomnsieT caenaTh BEIBOJ O HAPYIICHHUAX IPOTHBOTYOEPKYIIE3HOTO NMMYHHOTO OTBETA Ha CTaUH MPE3eHTallH
anturena (y Bcex oOcnenoBaHHbIX 00nbHBIX TB) u koctumymsimuu (npu JTH u JIY TB). YBenuuenue skcrpeccuu
Makpodaramu moBepxHOCTHBIX Mosekyn CD80 (mpu M1- u M2-ctumymsiimu) 1 CD86 (npu M1-ctumynsnun) y
6ombHBIX T u JIY TB cBHOETENsCTBYET O MOBBILICHNN PEAKTUBHOCTH KJIIETOK IPH JTaHHBIX (opmax TeueHus Tbh.
Hapsiny ¢ atum pedunur sxcripeccru Ha Makpodarax HLA-DR (ximroueBoro Mapkepa nNpoBOCIATUTEILHON aKTUBAITHI
KIIeTOK) 1pr Th MOXHO paccMaTpHBaTh Kak OOIINi (HEe 3aBUCSAIINN OT KIMHIYECKOH (OpMbI O0IE3HN U JTeKapCTBEH-
HOH 9yBCTBUTEIILHOCTH BO30YAUTENS) TATOT€HETHIECK Ui ()aKTOp UIMMYHHOTO AUCOaNaHca pH TyOepKyJie3e JIeTKHX.

Kawuessble c1oBa: Makpodaru, TyOepKyJie3 JIeTKUX, BPOXKICHHBI UIMMYHHUTET, HIMMYHHBII OTBET, KOCTUMYJIHPY-
rouue moutekysl, IL-4, IFNy, CD80, CD86, HLA-DR.

KoHpuKT HHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTCHIMAIBHBIX KOH(IMKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIMKaNUel HaCTOsIIeH CTaTbH.
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INTRODUCTION

It is known that immunity is a complex of factors
of life-sustaining activity of an organism aimed at
maintaining body homeostasis. Acquired resistance to
tuberculosis is a result of complex immune respon-
ses with involvement of macrophages, dendritic cells,
lymphocytes, and granulocytes. At the same time,
macrophages and human lymphatic system serve as a
“phylogenetic cradle” for the causative agent of tuber-
culosis infection and promote the formation of symbi-
otic relationships between Mycobacterium tuberculo-
sis (MBT) and a host organism [1]. Macrophages play

a crucial role in the successful realization of innate
immunity mechanisms in during pathogen invasion
into mucous membranes of the respiratory tract (in-
cluding MBT).

Macrophages are the most ancient immunocompe-
tent cells. They represent a heterogeneous population
of resident professional antigen presenting cells. The
macrophage is the main effector cell in protecting the
host from pathogens and regulating the innate and
adaptive immune responses. Macrophages are involved
in remodeling and restoration of damaged tissues [2,
3]. Versatility and plasticity of macrophages make it
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possible for a rapid conversion of their functional phe-
notype in the focus of inflammation. This heteroge-
neity is determined by the ability of macrophages to
implement different programs of activation in response
to various stimuli, such as cytokine signals and sig-
nals associated with cell damage or penetration of the
pathogen- and damage-associated molecular pattern
molecules (DAMPs/PAMPs) into the body. In clas-
sic activation, macrophages maintain the course of an
acute inflammatory Thl-dependent immune response
while simultaneously performing the effector function
(M1-activation). In alternative activation, macrophages
acquire an anti-inflammatory phenotype resulting in
their functional realignment and they start performing
a tolerogenic function promoting fibrogenesis and en-
hanced cell proliferation (M2-activation) [4, 5].

The classic macrophage activation leading to po-
larization of their maturation towards Ml-cells is
induced by interferon (IFN) y produced by type 1
T-helpers (Th1) and natural killers (NK) cells as well
as tumor necrosis factor (TNF) o and bacterial lipo-
polysaccharides (LPS) [6]. Interleukins (IL) 4 and 10
are the main differentiation factors for alternatively
activated M2-macrophages [7, 8]. Toll-like receptors
(TLR) on the surface and inside macrophages recog-
nize patterns of pathogenicity and, thus, trigger the
activation of innate immunity. Molecules of the ma-
jor histocompatibility complex (MHC) (HDL-DR)
and co-stimulating molecules of the B7 group form a
functionally important group of surface macrophage
molecules. The expression of MHC-II molecules is
enhanced by cell activation; CD80 and CD86 act as
co-stimulating molecules. The former appears on the
macrophage surface only after activation, the latter is
expressed constitutively, but in antigen induction the
intensity of expression increases [9-11].

Inflammation is the major effector mechanism of
innate immunity which is implemented in the lungs
in response to M. tuberculosis invasion into alveo-
lar macrophages. This occurs if macrophages do not
perform a phagocytic function for some reason. The
effectiveness of inflammatory and regenerative poten-
tial of macrophages is determined, first of all, by their
functional phenotype and the intensity of pro-inflam-
matory molecule expression on the cells.

Thus, the aim of this study was to identify the
features of the expression of pro-inflammatory and
co-stimulatory molecules on the surface of macro-
phages in vitro in patients with pulmonary tuberculo-
sis, depending on the clinical form of the disease and
sensitivity of the pathogen to anti-TB drugs.

MATERIALS AND METHODS

We examined 40 patients (36 men and 4 women):
18 patients with disseminated tuberculosis (DTB) (16
men and 2 women, average age (44.56 £ 8.10) years)
and 22 patients with infiltrative tuberculosis (ITB) (20
men and 2 women, average age (46.54 £+ 5.24) years).
The diagnosis was established on the basis of medi-
cal history data, clinical findings, results of an X-ray
examination of the lungs, and bacteriological and
microscopic examination of the sputum.

Drug sensitivity of the pathogen to the basic ATBD
was examined in all patients with TB. According to
this criterion, 30 patients secreted MBT sensitive to
the basic ATBD and 10 patients secreted MBT re-
sistant to the first line ATBD (isoniazid, rifampicin,
streptomycin, ethambutol). The exclusion criteria
were under the age of 20 years and over 55 years, the
presence of allergies, and severe concomitant diseases
of infectious and non-infectious origin. 15 healthy do-
nors with comparable characteristics by age and gen-
der composed the comparison group.

The material for the study was venous blood col-
lected from healthy donors and TB patients. Blood
sampling was carried out once, in the middle of the
disease course, before the start of anti-TB chemother-
apy. To isolate monocytes from the whole blood with
the aim of their following transformation into macro-
phages, the method of magnetic separation of CD14*
monocytes (MACS MultiStand, Germany) was used
according to the manufacturer’s instructions (Miltenyi
Biotec GmbH, Germany).

20 ml of the whole venous blood was collected
into vacuum blood collection systems with an antico-
agulant (K,-EDTA). The blood was diluted with phos-
phate-buffer saline (PBS) at a 1:1 ratio and layered
over 15 ml of ficoll with a density of 1.077 g/cm®.
The samples were centrifuged for 30 min at 0.016 g.
The resulting mononuclear fraction was collected and
washed from PBS twice. After that, 5 ml of PBS was
added, and the mixture was stirred; then the number
of mononuclear cells was counted using an automatic
cell counter Scepter 2,0 (Merck Millipore, Germany).
The cell suspension was centrifuged, the supernatant
was removed, and the appropriate volume of MACS
Separation Buffer (containing bovine serum albumin
(BSA), EDTA, and 0.09% azide) and CD14" magnetic
particles (Micro Beads, Germany) were added based
on the number of cells, followed by incubation for
40 min. The resulting suspension underwent positive
magnetic separation according to the manufacturer’s
protocol (Miltenyi Biotec, Germany).
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IN VITRO MACROPHAGE CULTIVATION

Monocytes were cultivated in X-VIVO 10 com-
plete growth-supporting medium with gentamycin
and phenol red (Lonza, Switzerland) at a concen-
tration of 1x10° cell/ml with the addition of M-CSF
(5 ng/ml; RnD Systems, USA). Recombinant cyto-
kines IL-4 (10 ng/ml; PeproTech, USA) (for M2-cell
activation) and IFNy (100 ng/ml PeproTech, USA)
(for M1-cell activation) were used for additional cell
induction. The samples had been cultivated in the
CO,-incubator for 6 days at 37 ° C and 7.5% of CO,
without additional stimulation and with the addition of
M1- and M2-activation cytokines.

IMMUNOPHENOTYPING OF
MACROPHAGES

Macrophage phenotyping was performed on the
sixth day of cultivation. To collect cells, a plate with
the cell culture was placed on ice and held for 10 min-
utes, then the cells were collected using a cell scraper
(Cell-scraper, USA). Monoclonal antibodies to CDS8O0,
CD86, and HLA-DR (eBioscience, USA) were ad-
ded for immunophenotyping of macrophages. Mea-
surement of cell suspensions was implemented using
Beckman Coulter CytoFLEX flow cytometer (Beck-
man Coulter, USA). The analysis of obtained data was
performed using CytExpert 2.0 software application
(Beckman Coulter, USA).

SPSS Statistics 17.0 and Microsoft Excel were
used for statistical analysis of the obtained data. The
data were presented as the median (Me) and 25" and
75" percentiles (1* and 3™ quartiles: Q, and Q, re-
spectively). To perform a comparative analysis, the
non-parametric Mann — Whitney test with the Benja-
mini — Hochberg correction was applied. The results
of statistical analysis were considered significant at
p <0.05.

RESULTS

When studying the expression of co-stimulating
B7 molecules (CD80 / CD86) and HLA-DR activa-
tion marker on the surface of macrophages, it was
found that the number of macrophages expressing
CD80 molecules in patients with ITB was higher than
in patients of the control group and patients with DTB.
In DTB patients, it was lower than in healthy donors
(Table 1, Fig. 1). The addition of IFNy to cell cultures
in patients with ITB was accompanied by an increase
in the expression of CD80. The addition of IL-4 to the
cell culture, on the contrary, was accompanied by a
decrease in the CD80 expression, compared with its
value in the absence of stimulation (Table 1). In DTB,
the level of cytokine-induced expression of CD80 did
not significantly differ from normal values, but in the
absence of stimulation it was significantly lower than
in healthy patients (Table 1).

Table 1

Expression of pro-inflammatory markers on the surface of macrophages depending on the clinical form of the disease in patients with
TBs %9 Me (Q]_Q3)

Markers Groups of compar- During cultivation Durmg cultivation Durmg cultivation
of macrophages ison without stimulation with IL-4 with IFNy
phag (M2-stimulation) (Ml -stimulation)
Healthy donors 23.11 (15.14-27.11) 15.25 (7.53-25.14) 20.32 (10.91-31.44)
Patients 12.23 (8.42-25.13)
with DTB p,=0.012 11.65 (8.01-26.13) 18.70 (9.34-28.27)
CD80 _
. . 48.60 (24.17-51.14) 41.61 (20.15-53.23) >8.50 (278.73 70.35)
Patients with B N p,=0.021
» =0.014 p =0015 i~
ITB ’=0022 ’=0031 p,=0.012
p,= Y- p,=" p,=0.014
23.22 (10.01-31.14)
};f)fll(t)}rlsy 11.12 (8.52-28.01) 4351 (3:25(3)34'55) p,=0.016
P; =% p,=0.025
Patients } 13.48 (4.73-19.04) 15.52 (7.14-2537)
CD86 with DTB 14.14 0.37-21.52) p,=0.012 p,=0.013
27.02 (15.23-39.14)
Patients 19.12 (8.56-23.14) p,=0012
with ITB 16.549.22-27.63) p,=0.021 p,=0.015
p,=0.034
Healthy donors 95.61 (76.66-98.73) 9733 (85.41- 98.43) 96.66 (76.32-99.32)
HLA-DR Patients 71.12 (51.33-83.72) 3771 (33.62-77.71) 74.16 (42.74-84.23)
with DTB p,=0.021 p,=0.022 p,=0.017
=0 .= 0.025 p,=0.014
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Table 1 (continued)

Markers Groups of compar- During cultivation During cultivation During cultivation
of macrophages ison without stimulation with IL-4 with IFNy
phag (M2-stimulation) (M1-stimulation)
HLA-DR Patients 75.44 (51.51-87.53) 67.51 (45.63-78.42) 62.51 (44.72-83.43)
with ITB p,=0.012 p,=0.013 p,=0.024

Note: p, — the level of statistical significance of differences compared to the value of the indicator in healthy donors; p, — compared to the value in
patients with DTB; p, — compared to the value during in vitro cell culture without stimulation; p,— compared to the value during in vitro cell culture

with IL-4 (M2-stimulation).
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Fig. 1. The expression of CD80 on macrophages in patients with pulmonary tuberculosis depending on the clinical form of the
disease, %: a — in healthy donors; b — in patients with DTB; ¢ — in patients with ITB

The analysis of CD80 expression in TB patients
depending on sensitivity of MBT to ATBD revealed
the maximum number of CD80-positive macrophages
in patients with DR TB compared to their number in
healthy donors and patients with DS TB (Table 2).
Herewith, in patients with DR TB, the expression of
CD80 on the surface of macrophages stimulated by
IL-4 and IFNy cytokines was significantly higher than
that on unstimulated cells (Table 2). In patients with
DS TB after IFNy induction of cells (M1-activation),
the number of CD80-positive macrophages corre-
sponded to that in healthy patients but was 1.9 times
higher than with IL-4 stimulation (M2-activation) and
without the addition of cytokines (Table 2).

In patients with TB, there were no differences in
the expression of CD86 molecules by macrophages in
the absence of stimulation by recombinant cytokines,
regardless of the clinical form of the disease. When
adding cytokines to the cell culture, the expression of
CD86 on the surface of macrophages in healthy do-
nors increased by 3.9 times in response to IL-4 induc-
tion (M2-activation) and 2.1 times in response to IFNy

induction (M1-activation), as opposed to values with-
out stimulation. In patients with ITB, the number of
CD86-expressing macrophages upon IFNy induction
was higher than in DTB patients and compared with
their number in the absence of stimulation and with
IL-4 induction of cells (it decreased, on the contrary)
(Table 1). In addition, under [FNy effects, an increase
in CD86 expression by macrophages was observed in
DR TB in comparison with patients with DS TB and
in healthy donors, as well as in comparison with ex-
pression of the marker by unstimulated macrophages
and during induction of cells by IL-4 (Table 2).

The analysis of the expression of HLA-DR-activa-
ting marker on the surface of macrophages revealed its
decrease in patients with TB compared with the group of
healthy donors, regardless of the clinical form of the di-
sease and sensitivity of the pathogen to ATBD (Table 1,
2, Fig. 3). The maximum decrease in the number of mac-
rophages expressing HLA-DR was observed in patients
with DTB and DR TB after incubation of cells with IL-4,
as opposed to their number in cell culture without stimu-
lation and during IFNy induction (Table 1, 2).
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Fig. 2. The expression of CD86 on the surface of macrophages in patients with pulmonary tuberculosis depending on the clinical
form of the disease, %: a — in healthy donors; b — in patients with DTB; ¢ — in patients with ITB

Table 2

The expression of pro-inflammatory markers on the surface of macrophages depending on drug sensitivity of the pathogen to anti-TB

drugs, %, Me (0,-0,)

Markers Groups During cultivation Durlng?J cultivation Durmg cultivation
of macrophages of comparison without stimulation with IL-4 with IFNy
phag P (M2-stimulation) (MI-stimulation)
Healthy donors 23.11(15.14 27.11) 15.25 (7.53 -25.14) 20.32 (10.91-31.44)
Patients 11.01 (9.21-26.63) 1222 (10.02-28.41) 23.55 (3650_2354'24)
with DS TB p,=0.041 oe UREees ol
CD80 L
j 6233 (37.21-71.42) 61.22 (32.45-70.66)
Patients 51.22 (2=3 61 (1)128'33) p,=0.037 p,=0.026
with DR TB b o p,=0.025 p,=0.022
P p,=0.027 p=0.011
23.22
Healthy 11.12 32 ;‘;’;552 55) (10.01-31.14)
donors (8.52-28.01) " 0 01'0 p,=0.015
p;= Y p,=0.024
Patients 13.54(10.25-25.11)
D86 with DS TB 14.02 (8.51-21.44) p=0.031 17.23 (10.32-28.55)
34.45 (18.23-41.56)
Patients 18.22 (9.25-30.45) 25.23 (14.01-36.12) p,=0024
with DR TB p,=0.030 P, 0042 p,~ 0014
S p,=0.010 p,=0.012
p,=0.021
Healthy donors 95.61 (76.66-98.73) 97.33 (85.41-98.43) 96.66 (76.32-99.32)
55.12 (43.22-75.23) 66.23 (42.5-84.23)
Patients with DS TB |~ 0023 (36:25-86.12) ,=0.022 p,=0.031
p,= 0012 =0011 =0015
HLA-DR LT e Tihe
80.23 76.12 72.12
Patients (59.12-94.54) (49.52-90.13) (57.32-86.42)
with DR TB p,=0.044 p,=0.034 p,=0.035
p,=0.012 p,=0.012 p,=0.014

Note: p, — the level of statistical significance of differences compared to the value of the indicator in healthy donors; p, — in patients with DS TB;

p,—in in vitro cell culture without stimulation; p,—in in vitro cell culture with IL-4 (M2-stimulation).
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Fig. 3. The expression of HLA-DR on the surface of macrophages in patients with pulmonary tuberculosis depending on the clinical
form of the disease, %: a — in healthy donors; b — in patients with DTB; ¢ — in patients with ITB.

DISCUSSION

Analysis of the expression of pro-inflammatory
markers, namely B7 co-stimulatory molecules (CDS8O0,
CD86) and HLA-DR marker of activation on the sur-
face of macrophages, showed that the number of mac-
rophages expressing HLA-DR, which is necessary for
implementation of their antigen-presenting function,
was reduced in patients with DTB and ITB, especial-
ly during M2-activation of cells. Interestingly, mac-
rophage expression of CD80 and CD86 molecules in
patients with TB was multidirectional. For instance,
we observed a significant increase in the number of
CD80-positive cells in patients with ITB, especially
during stimulation with IFNy (at M 1-activation), while
in patients with DTB, the number of CD80" macro-
phages decreased (Table 1, Fig. 1). It should be noted
that in DR TB, the expression of the CD80 molecule
sharply increased both during M1- and M2-activation
of macrophages (Table 2).

The expression of the CD86 molecule on the sur-
face of unstimulated macrophages did not general-
ly differ from that in the control group. However, it
increased during M1-activation of cells in patients
with infiltrative and drug resistant TB (Table 1, 2). It
may be assumed that intensive expression of CD86
co-stimulating molecule during in vitro differentiation
of cells into M 1-macrophages in ITB and DR TB was
caused by the preservation of their pro-inflammato-
ry potential. At the same time, natural expression of
CD86 on the surface of macrophages regardless of the
antigen load and mediator stimulation should be taken
into account.

It is known that co-stimulating CD80 and CD86
molecules are the members of the B7 family [12].

CD80 and CD86 markers were found not only on
the surface of dendritic cells, activated B-lympho-
cytes, and macrophages [13], but also on the surface
of non-professional antigen-presenting cells [14]. The
CD80 molecule, often in the tandem with CD86, plays
an important role in the regulation of both adaptive
and innate immune responses. These molecules are
ligands for the CD28 receptor on the surface of naive
T-lymphocytes, and their interaction is an important
co-stimulating signal in immunological synapse be-
tween a macrophage and a T-cell, which leads to the
activation, proliferation, and differentiation of T-lym-
phocytes in a necessary direction [15]. CD80 is a key
marker of the activation of macrophages and it is not
expressed on the surface of cells in the absence of the
antigen load [16]. In inflammation, interaction of the
macrophage with the receptor on the surface of the
T-lymphocyte via MHC-II leads to the activation of
CD80 [13].

HLA-DR is constitutively expressed on the sur-
faces of monocytes, macrophages, and dendritic cells.
Monocytes of a healthy human also express HLA-DR
molecules on their surface at high density. Previous-
ly, while investigating in vitro dendritic cells trans-
formed from blood monocytes in patients with TB,
we had showed enhanced generation of tolerogenic
dendritic cells (HLA-DR-negative) associated with an
imbalance of their cytokine secretory activity [17].

HLA-DR expression on the surface of monocytes
and macrophages is crucial for the presentation of mi-
crobial peptides by T-cells, which contributes to the
initiation of the adaptive immune response [18]. The
negative role of decreased expression of HLA-DR on
the surface of macrophages has been shown. Mono-

186 Bulletin of Siberian Medicine. 2020; 19 (4): 179-188



Original articles

cytes and macrophages with reduced or no expression
of HLA-DR are not able to perform their antigen-pre-
senting function. The change in the expression of
HLA-DR on the surface of monocytes/macrophages
is considered to be an informative marker of the dyna-
mics of the immune response in critical conditions
[19]. A decrease in the number of HLA-DR-positive
monocytes has been described in severe injuries, in
the postoperative period, in acute pancreatitis, and
burn injury [20, 21]. In the development of hospi-
tal-acquired infection, a decrease in the expression of
HLA-DR on the surface of monocytes determines the
development of sepsis [22].

Thus, a significant decrease in the number of
HLA-DR-positive cells (especially in patients with
DTB) established by us indicates impairment of the
mechanism of classic activation of macrophages and
their antigen-presenting and effector functions.

CONCLUSION

According to the obtained findings, changes in in
vitro expression of CD80/CD86 co-stimulating mo-
lecules on the surface of macrophages in patients with
TB are multidirectional. In case of DTB and DS TB,
the number of intact (unstimulated) CD80-positive
macrophages is lower than the normal value; and in
ITB and DR TB, the number of such macrophages is
higher than the normal value, both in the absence of
stimulation and with M2- and especially M1-activa-
tion of macrophages. The latter in association with an
increase in the expression of CD80 during [FNy-me-
diated M1-induction of macrophages in ITB and DR
TB patients indicates an increase in pro-inflammatory
reactivity of cells in these forms of TB. The absence of
increase or, on the contrary, a decrease in expression
of CD80 and CD86 on the surface of macrophages in
response to cytokine stimulation in patients with DTB
and DS TB along with a deficiency of the expression
of HLA-DR may be considered as a pathogenetic
factor of the immune imbalance, a manifestation of
secondary immune deficiency in pulmonary tubercu-
losis, and an indicator of an unfavorable prognosis of
the disease.
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ABSRACT

The aim of this study was to investigate the prevalence of Internet addiction (IA) and the structure of consumed
content among adolescents in Central Siberia.

Materials and methods. From January to May 2019, 3,012 adolescents (45.8% of boys and 54.2% of girls) aged
12-18 years were examined (average age 14.5 + 1.3 years). Younger adolescents (12—14 years old) accounted for
52.5%, and seniors (15—18 years old) accounted for 47.5%. Peculiarities of online behavior were evaluated accord-
ing to Chen’s Internet Addiction Scale (CIAS) adapted by V.L. Malygin and K.A. Feklisov; a total CIAS score of
> 65 indicated Internet addiction. Gambling addiction was rated according to the Game Addiction Scale for Ado-
lescents, and addiction to social networks was rated according to the Social Media Disorder Scale. The structure of
the consumed content was estimated in the overall sample and in two age groups. The data obtained were processed
by non-parametric statistical methods using the Statistica 12.0 software. Quantitative characteristics are presented
as the median and the interquartile range Me (Q,, — 0, ), binary signs are represented as a share (%) and the confi-
dence interval. The significance of the differences (p) for quantitative indicators was evaluated by Mann — Whitney
U-test and for binary characters by Pearson’s y2 criterion. The differences between the groups were considered
statistically significant at p < 0.05.

Results. The overall prevalence of IA was 6.9%, adaptive use of the Internet was observed in 49.4% of adolescents,
non-adaptive use was registered in 43.6% of cases. The frequency of Internet addiction increases with age: from
6.0% in 12—14 year-old adolescents to 8.0% in 15—18 year-old adolescents (p = 0.0324). Content consumed by
adolescents included gambling addiction (11%), addiction to social networks (8.0%), mixed IA (2.6%), and un-
differentiated Internet addiction (2.8%). Younger adolescents are more often dependent on online games (12.2%),
social networks (9.3%), and mixed IA (3.3%), while in older adolescents, undifferentiated IA is more often ob-
served (39.5%).

Conclusion. High level of IA prevalence in adolescents in Central Siberia confirms the relevance of this problem
and indicates the need to develop preventive measures aimed at maintaining child and adolescent health.

Keywords: adolescents, Internet, Internet addiction, consumed content.

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The study was supported by the Russian Foundation for Basic Research (No. 18-29-22032/18).

Conformity with the principles of ethics. The study was approved by the local Ethics Committee at the Research
Institute of Medical Problems of the North (RI MPN) — a separate unit of the KSC SB RAS (Protocol No. 1 of
16.01.2019).

For citation: Evert L.S., Tereshchenko S.Yu., Zaitseva O.I., Semenova N.B., Shubina M.V. Internet addiction
in adolescents in Central Siberia: analysis of prevalence and structure of consumed content. Bulletin of Siberian
Medicine. 2020; 19 (4): 189-197. https://doi.org/10.20538/1682-0363-2020-4-189-197.

D4 Evert Lidiya S., e-mail: lidiya_evert@mail.ru.

bionnereHb cubnpckoin meamumHbl. 2020; 19 (4): 189-197 189



Evert L.S., Tereshchenko S.Yu., Zaitseva O.l. et al. Internet addiction in adolescents in Central Siberia: analysis of prevalence

NHTepHeT-3aBUCMMOCTb Yy NOAPOCTKOB LleHTpasbHOM Cubupu:
aHa/IM3 pacnpoCTPAHEHHOCTU U CTPYKTYpa NOoTpe6/11emMoro KOHTeHTa

3BepTJ1.C." %, TepeweHko C.10.%, 3anuyesa 0.W." 2, CemeHoBa H.b.", Lly6uxHa M.B.'

! Kpacnosperuil nayunwiti yenmp Cubupcrozo omoenenusi Poccuiickoi akademuu nayx (OHUL] KHIL] CO
PAH), Hayuno-uccredosamenvckuil uncmumym meouyunckux npoonem Cesepa (HUU MIIC) — obocobnennoe
noopasoenenue UL] KHI] CO PAH

Poccus, 660022, 2. Kpacnospck, yn. Ilapmuzana Keneszusika, 31"

? Xaxacckuii 2ocyoapcemeennoiii yuueepcumem (XI'V) um. H. @. Kamanosa
Poccus, 655000, Pecnyonuxa Xaxacus, 2. Abakan, yn. Xaxacckas, 68

PE3IOME

enb AaHHOTO MCCIIEIOBAHUSI — U3YYCHHE PACIPOCTPAHEHHOCTH MHTEpHeT-3aBHcHMOcTH (U3) M CTPYKTYpBI
moTpedIIeMOTo KOHTEHTa Y TTOAPOCTKOB LlenTpansHoit Cubupu.

Martepuaibl 1 Metoabl. C sHBaps no Maid 2019 r. o6cnenoBanst 3 012 noapoctkos (45,8% ManbunkoB u 54,2%
JleBo4eK) B Bo3pacte 12-18 ner (cpemnuii Bospact 14,5 + 1,3). Mnanmue noapoctku (12—14 ner) cocraBuiIu
52,5%, crapime (15-18 net) — 47,5%. OcoOeHHOCTH OHIIAiH-TIOBEACHHS OLIEHHBAIIUCH IO IIKAJe MHTEPHET-
3aBucuMoctu Yena (CIAS) B agantauuu B.JI. Mansiruna, K.A. ®exnucosa; Bennunna oomero CIAS-6anna, pas-
Hast 65 ¥ BbIIlIE, CBHCTEIbCTBOBAIA O HATNYUH HHTEPHET-3aBUCHMOCTH.

Urposas 3aBucHUMOCTh oOlleHMBanach mo Imkaie Game Addiction Scale for Adolescents, 3aBUCHMOCTH OT
coruaneHbIX cereld — o mkane The Social Media Disorder Scale. CTpykTypa noTpe6isieMoro KOHTEHTa OlleHeHa B
o01meil BEIOOPKE 1 ABYX BO3PACTHBIX rpynnax. [loxyueHHble faHHBIe 00pabOTaHBI METOIAMH HEMapaMeTpHUIeCKOH
CTaTHCTHKN B Iporpamme Statistica 12. KommuecTBeHHbIE NpH3HAKM HPEACTABICHE B BHJE MEIWaHBl H
MHTEpKBApTHIIBHOTO pasmaxa Me (Q,~Q,.), OMHApHbIE TIPU3HAKH — KaK 10Js (Y0) M TOBEPUTENBHBIN HHTEPBAI.
3HaYMMOCTh Pa3luuuil p A KOJIMYECTBEHHBIX IOKa3zaTenell oleHuBanach 1o U-kpurepuro MaHHa — YUTHH,
JUTsl OMHAPHBIX TPU3HAKOB — 110 KpuTepuro x2 [lupcona. Pasznuuust Mexay rpymniaMu CUUTAINCh CTATHCTHIECKH
3Ha4UMBIMH IIpH p < 0,05.

PesyasTatel. OOmas pacnpoctpanenHocts W3 coctaBmma 6,9%, aganTWBHOE IIONB30BaHUE HHTEPHETOM
otMmedanock y 49,4% mozapocTkos, HeamantiBHOE — y 43,6%. HacToTa BCTpPE4aeMOCTH MHTEPHET-3aBHCHMOCTH
YBEIHYIHUBaeTCs ¢ Bo3pacToM: ¢ 6,0% y moapoctkos 12—14 ner no 8,0% — y moapoctkos 15-18 net (p = 0,0324).
IMoTpebnsieMblit TOAPOCTKAMU KOHTEHT BKJIIOYANI UTPOBYIO 3aBHCHUMOCTH (11%), 3aBHCHMOCTB OT COIMAIBbHBIX
cereit (8,0%), cmemannyio (2,6%) u HemuddepeHIMPOBaHHYI0 MHTEPHET-3aBHCUMOCTE (2,8%). Y Mmaammx
MOAPOCTKOB HaIe GOpMHUPYETCST 3aBUCUMOCTh OT OHnaitH-urp (12,2%), cormmanseix ceteit (9,3%) n cMemanHas
(3,3%), y crapmmux moapocTkoB — Henudhepentmponannas 13 (39,5%).

3axumiouenue. Beicokuii ypoBeHs pacnpoctpaneHHocTH U3 y monpoctkoB LlenTpansHoit Cubupu noAaTBepKaaeT
aKTyalbHOCTh JAHHOH NPOOJEMBI M CBHUACTEIBCTBYET O HEOOXOAMMOCTH pa3paboTKH NPOQHIaKTHYECKUX
MEpOIPUATHI, HAIPABJICHHBIX HAa COXPAHEHUE 3710POBBS IETCKOTO IIOJPOCTKOBOTO HACEJICHHUS.

KiroueBble ciioBa: NOAPOCTKU, UHTECPHET, UHTECPHET-3aBUCUMOCTD, HOTpe6H$IeMI)II71 KOHTCHT.

KoHduMKT HHTEepecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHINAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

Hcrounuk ¢puuancupoBanus. VccienoBaHue BBIIOIHEHO NpU (UHAHCOBOM moxaaepxke Poccuiickoro ¢onna
(ynnameHTanbHbIX nccaenoBanui (Ne 18-29-22032/18).

CooTBeTcTBHE NPHHIUNAM 3THKH. [lucbMEeHHOe WHPOPMUPOBAHHOE COTJIACHE HA YYACTHE B HCCIEIOBAHUH
OBLIO TOAMUCAHO POAUTENSIMH IMOJPOCTKOB MJaimie 15 JeT WM caMUMH IIKOJBHHUKAMH B BO3pacTe CTapIie
15 ner. UccnenoBanue ogo0peHo okaabHEIM 3THdeckuM komureroM HU MITC ®UI] KHI[ CO PAH (mpotokon
Ne 1 01 16.01.2019).

Jast uuruposanus: OBept JI.C., Tepemenko C.10., 3aiinesa O.U., Cemenosa H.b., [llyouna M.B. Unrepuer-3a-
BHUCHMOCTh y MOJApOCcTKOB [leHTpansHoit Cubupu: aHaiu3 pacripoCTPaHCHHOCTH M CTPYKTypa MOTPeOsieMOTro
KOHTeHTa. Broanemens cubupckoii meouyunst. 2020; 19 (4): 189—197. https://doi.org/10.20538/1682-0363-2020-
4-189-197.
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INTRODUCTION

Currently, the problem of Internet addiction (IA)
around the world is becoming an alarming issue due
to its high prevalence and an upward trend, which re-
quires immediate solutions, especially for adolescents
and youth [1-3]. The Internet is the newest means of
communication that has both positive and negative
impact on the human psyche [4], and at the same time
it imposes special demands on the physical and mental
health of a modern person [5].

According to cross-national epidemiological stu-
dies, the prevalence of IA in adolescents in European
countries varies and ranges from 4.4% in Italy (83.4%
of adaptive Internet use (AIU), 12.2% of maladaptive
Internet use (MIU)), 5.1% in Germany (79.7% of AIU,
15.2% of MIU), 7.2% in Spain (75.5% of AIU, 17.3%
of MIU), 8.7% in Romania (68.9% of AIU, 22.4% of
MIU), and up to 11.5% in Estonia (63.4% of AIU,
25.1% of MIU) [6]. In countries of the Asia-Pacific re-
gion, the numbers are as follows: 6.2% in Japan, 9.6%
in China, 9.7% in South Korea, 14.1% in Malaysia,
16.4% in Hong Kong, and 21.1% in the Philippines
[7]. The prevalence of Internet addiction among ado-
lescents in various regions of Russia varies from 4.2%
in Moscow [8] and 12.0% in Khabarovsk [9] to 38%
in several other Russian regions [10]. In recent years,
Russia has seen a trend towards an increase in Inter-
net-addicted users [11]. Significant differences in the
results obtained in different countries suggest that the
prevalence of IA depends on many factors, including
social and ethnocultural ones, geographic location,
country and place of residence (city / village), ethni-
city, lack of a unified methodology, and differences
in the used diagnostic tools and applied assessment
criteria [12].

It should be noted that most of the conducted stu-
dies contain the results of investigating the preva-
lence and structure of online behavior and often in-
clude analysis of psychopathological conditions and
emotional disorders, but, unfortunately, do not always
describe the structure of consumed content, which
makes it difficult to evaluate and compare the present-
ed data. At the same time, studying the peculiarities
of teenagers surfing the Internet is undoubtedly an im-
portant aspect in preventing Internet addiction. A re-
view of a large number of studies on the prevalence of
computer games among youth and adolescents around
the world showed that 0.2-12.3% of those surveyed
meet the criteria for gaming addiction [13].

In recent years, there has been a marked increase
in the addiction of adolescents to social media (from

1.6% to 34%, according to various authors) [ 14]. How-
ever, the risks of frequent and prolonged use of social
media for the development of IA remain insufficient-
ly explored. Different authors use different screening
methods and clipping modes, which makes it difficult
to compare the results of all studies.

Internet addiction is a complex multidimensional
phenomenon, not limited solely to addictive or depen-
dent behavior of the subject or to their social, psycho-
logical, and psychophysiological characteristics [15].
It is determined by the specifics of modern relation-
ships between young people, with the Internet being
a part of their subculture, as well as by individual
properties that regulate the integrative development of
their personality [16], the level of social tension, low
living standards, and other objective reasons [17-19].
Still, in all cases, the Internet functions as the back-
ground for their development. Teenagers are the most
susceptible to gaming and Internet addiction [20, 21].

Only a small number of studies have been devoted
to investigating the frequency of IA and the structure
of consumed content in adolescents in the Russian
Federation in general and in Siberian region, in par-
ticular, using clear diagnostic criteria and valid me-
thods, which makes it difficult to conduct a compara-
tive analysis of the results. In the context of the pre-
sented data, studying the prevalence and structure of
Internet addiction and the characteristics of online
content consumed by adolescents of different age
groups and in different regions is a priority area of
scientific research, the ultimate goal of which is sub-
stantiation and development of effective methods for
correcting and preventing Internet-addictive behavior
in children and adolescent.

The aim of this study was to investigate the pre-
valence of Internet addiction (IA) and the structure of
consumed content among adolescents in Central Si-
beria. Two hypotheses were put forward: 1) the pre-
valence and severity of IA will be associated with the
age of adolescents, 2) the structure of consumed con-
tent will be different in different age groups.

MATERIALS AND METHODS

From January to May 2019, random samples of
adolescents aged 12—18 years (males and females)
were examined. The overall number of examined ad-
olescents was 3,012 people (mean age (14.5 = 1.3)
years), they were students of 10 general educational
institutions in 5 districts of Krasnoyarsk. Younger
adolescents (12—14 years old) accounted for 52.5%,
while older adolescents (15—-18 years old) made up
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47.5%. The study was approved by the Ethics Com-
mittee at the Research Institute of Medical Problems
of the North and supported by the RFBR grant No.
18-29-22032/18. The necessary information was col-
lected through questionnaires after obtaining a written
informed consent to participate in the study from ado-
lescents over 15 years of age and from parents for ado-
lescents under 15 years. The inclusion criteria were
age of 12—18 years, permanent residence in the city of
Krasnoyarsk, status of a student of a comprehensive
school, and written informed consent from parents to
participate in the study. Criteria for exclusion were the
following: age under 12 and over 18 years, residence
outside the city of Krasnoyarsk, lack of the status of a
comprehensive school student, and refusal to partici-
pate in the study. All studied indicators were analyzed
in general for the whole group of the examined ado-
lescents and for two separate age groups: 12—14 years
(1,580 people) and 15-18 years (1,432 people).

We applied the terminological apparatus used in
conducting international medical and social studies
of online behavior disorders in adolescents [6]. Three
types of online behavior were considered: 1) adaptive
Internet use (AIU), in which there is a minimal risk
of Internet addiction behavior; 2) maladaptive Internet
use (MIU), in which there is a tendency to the emer-
gence of Internet-addictive behavior; 3) pathological
Internet use (PIU), in which there is a pronounced and
stable pattern of Internet addictive behavior, or Inter-
net addiction (IA).

To verify the type of online behavior of adolescents,
Chen’s Internationally Accepted Internet Addiction
Scale was used (CIAS) [22], adapted by V.L. Maly-
gin and K. A. Feklisov [23]. The criterion for the pres-
ence of Internet addiction was the overall CIAS score
> 65. The score of 27—42 indicated the absence of In-
ternet addiction (or AIU), the score of 43—64 was used
to indicate maladaptive Internet use (MIU).

Analysis of the content structure of online behavior
in adolescents was carried out using the Russian ver-
sion of the Game Addiction Scale for Adolescents, a
questionnaire for assessing gambling addiction [24],
and the Social Media Disorder Scale, a questionnaire
on social media addiction [25]. In the structure of the
consumed content, the following types of addiction
were distinguished: gaming addiction, social media
addiction, mixed Internet addiction (the presence of
both gaming and social media addiction), and undif-
ferentiated Internet addiction (adolescents with 1A
that was confirmed by the overall CIAS score > 65,
who did not have gaming or social media addiction,

but who showed predominance of other types of on-
line activities).

Statistical data processing was carried out by
non-parametric statistical methods using the Statistica
12.0 software. The results of quantitative trait analysis
are presented in the form of the median (Me) and the
interquartile range (Q,, — 0.,). Binary features are pre-
sented as % share and the confidence interval estimat-
ed by the Wilson score interval. The achieved level of
significance of differences (p) for quantitative indica-
tors was determined by the Mann — Whitney U-test
and for binary signs by the Pearson’s 2 criterion. The
differences between the groups were considered sta-
tistically significant at p < 0.05.

RESULTS

Of all the adolescents included in the survey, 2,936
people completed the CIAS. The analysis of the ques-
tionnaire scale values revealed that adaptive Inter-
net use (AIU) is typical for 49.4% (1,451/2,936) of
respondents, CI = 47.6-51.2%; maladaptive Internet
use (MIU) was observed in 43.6% (1,281/2,936) of
adolescents, CI = 41.9-45.4%; and pathological In-
ternet use (PIU) was detected in 6.9% (204/2,936) of
the examined, CI = 6.1-7.9%; these adolescents were
identified as Internet addicts.

Analysis of online behavior in terms of age differ-
ences demonstrated a decrease in adaptive Internet
use and an increase in the pathological Internet use
(Internet addiction) with age. Therefore, adaptive
use of the Internet was typical of 51.2% (786/1,536)
of adolescents aged 12—14 years, CI = 48.7-53.7%,
and of 47.5% of the examined teenagers (665/1,400)
aged 15-18 years , CI = 44.9-50.1% (p = 0.0469).
The incidence of maladaptive Internet use was com-
parable among adolescents in both compared groups:
42.8% (658/1,536), CI = 40.4-45.3%, in adolescents
of the younger age group and 44.5% (623/1,400),
Cl = 41.9-47.1%, in the examined older age group
(p = 0.3646). There were more Internet-addicted ado-
lescents in the older age group compared to the young-
er one: 8.0% (112/1,400), CI = 6.7-9.5% versus 6.0%
(92/1,536), CI = 4.9-7.3% (p = 0.0324). We should
note the absence of significant differences in the share
(%) of occurrence of key Internet addiction symp-
toms and problems related to Internet addiction in
the age groups of 12—14 and 15-18 years in the com-
pared groups of teenagers with AIU, MIU, and PIU
(indicating the presence of Internet addiction). At the
same time, the analysis of the quantitative values of
the scales of key Internet addiction symptoms (KIAS)
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revealed the presence of statistically significant dif-
ferences between the above mentioned age groups
(Table 1).

Tablel

Quantitative values of the scales of the key Internet addiction
symptoms in the age groups of 12-14 and 15-18 years
(boys + girls), Me (0,-0..)

Groups examined p
. 12-14 years | 15-18 years using the
Indicators olg 0131 MaI(ln - %Vhi tney
n=1,579) | (n=1,442) U-test)
Total score on the
Key Symptoms of 2.0 25.0
Internet Addiction 19.0-30.0 20.0-30.0 0.0507
(IA-Sym) scale
Total score on the
Internet Addiction 17.0 17.0
Problem Scale 14.0-21.0 15.0-22.0 0.0382
(IA-RP)
42.0 43.0
Total CIAS score | 3567510 | 35.0-52.0 0.0364

The analysis of the content consumed by adoles-
cents revealed that 11.0% of respondents (331/3,012)
had addiction to online games, CI = 9.9-12.2%; so-
cial media addiction was found in 8.0% (241/3,012)
of cases, CI = 7.1-9.0%; mixed IA was identified in
2.6% (79/3,012) of individuals, CI = 2.1-3.3%, and
undifferentiated IA — in 2.8% (85/3,012) of adoles-
cents, CI = 2.3-3.5%.

When analyzing the structure of consumed con-
tent in adolescents of two age groups, it was found
that gambling addiction, social media addiction, and
mixed type of addiction (combined online commu-
nication with gaming) were significantly more often
registered in adolescents of a younger age group (Fig-
ure). Adolescents of the younger age group were char-
acterized by higher values of gambling addiction indi-
cators: 10.0 (7.0-14.0), in comparison with the older
group: 10.0 (7.0-13.0), p < 0.0001.

With age, adolescents have a decrease in in-
terest in online gaming: from 12.2% (193/1,580),
CI = 10.7-13.9% in the younger age group to 9.6%
(138/1,432), CI = 8.2-11.3% in the older group
(» = 0.0239). Communication using social media
attracts attention of a larger number of younger ad-
olescents — 9.3% (147/1,580), CI = 8.0-10.8%,
compared with their older peers — 6.6% (94/1,431),
CI=5.4-8.0% (p = 0.0057). Adolescents aged 12—-14
years were also characterized by a higher incidence
of mixed Internet addiction (in which there was a
combination of enthusiasm for Internet games and
communication via social media) — 3.3% (52/1,580),

CI = 2.5-4.3%, as opposed to the value of 1.9%
(27/1,431), CI = 1.3-2.7% in the group of older ad-
olescents (p = 0.0161). The prevalence of undif-
ferentiated Internet addiction was comparable in
both age groups: 34.3% (36/105), CI = 25.9-43.8%
in the 12-14 year-old group and 39.5% (49/124),
CI = 31.4-48.3%, in the group of 15-18 year-olds
(p =0.4143) (Figure).
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Figure. Distribution of adolescents of two age groups of 12—14

and 15-18 years (m + d) according to the prevalence of gaming

addiction (1), addiction to social networks (2), mixed Internet

addiction (3), and undifferentiated (4) Internet addiction in
adolescents of two age groups, %

* statistically significant differences between the groups.

DISCUSSION

For the first time in Central Siberia, we conduct-
ed a large-scale screening of online behavior of ado-
lescents (3,012 people) and analyzed the age-related
characteristics of Internet addiction and consumed on-
line content. Internet addiction was detected in 6.9%
of adolescents, adaptive use of the Internet was typical
0f 49.4% of individuals, and maladaptive Internet use
was reported for 43.6% of the examined teenagers.
The study confirmed our hypothesis about the growth
of pathological Internet use among Krasnoyarsk ado-
lescents with age. For example, it was found that ado-
lescents of the older age group tend to be more addict-
ed to the Internet (8.0%) compared to their younger
peers (6.0 %, p = 0.0324). This trend was also con-
firmed by the direction of changes in the quantitative
indicators of the analyzed scales: the older group of
adolescents was characterized by higher indexes on
the scale of the key Internet addiction symptoms, and
adolescents of the younger age group were character-
ized by higher quantitative values on the total gaming
addiction score.

Our second assumption was that the structure of
consumed online content depends on age. The re-
sults of our comparative analysis confirmed that the
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features of consumed online content of adolescents
of a younger age group differ from those of the older
age group and include higher frequency of occurrence
of gambling addiction, social media addiction, and
mixed Internet addiction, while the prevalence of un-
differentiated Internet addiction is more or less similar
for both age groups.

According to a number of studies conducted in
various countries, the prevalence of IA among ado-
lescents varies from 1 to 18%, depending on the com-
pared age, ethnosocial groups, applied questionnaires,
and diagnostic criteria [26]. So, in Europe, IA was de-
tected in 1-11% of adolescents (on average, in 4.4%
of examined individuals); in the USA, the proportion
of Internet-addicted adolescents in the total sample
varied from 0.3 to 8.1% [6, 27, 28]. According to our
data, the incidence rate of [A (6.9% in the total sam-
ple) was comparable with the prevalence of A in ado-
lescents in Spain (7.2%) [6] and Japan (6.2%) [7],
and in some cases it differed from screening results
in other countries. So, the frequency of A that was
established for Krasnoyarsk schoolchildren was high-
er than that for Moscow and the Moscow region ado-
lescents (4.2%) [8], as well as for adolescents in Italy
(4.4%) and Germany (5.1%) [6]. At the same time, the
% of IA occurrence in the examined adolescents was
lower than that in the teenage populations of Romania
(8.7%), Estonia (11.5%) [6], and some other regions
in Russia, for example, Khabarovsk (12.0%) [9]. Re-
cent studies have shown that in Asian countries (Chi-
na, Hong Kong, South Korea, etc.), the prevalence of
IA among teenagers and young adults is significantly
higher than in Europe and the USA and ranges from 9
to 37.9% [29, 30].

In the context of the presented data, our results
were generally lower than those provided by resear-
chers from Asian countries. The level of IA verified
by us among Krasnoyarsk adolescents was lower
than in China (9.6%), South Korea (9.7%), Malaysia
(14.1%), Hong Kong (16.4%), and the Philippines
(21.1%) [7]. In our work, we also compared the
structure of the content consumed by schoolchildren
of Krasnoyarsk with similar characteristics of on-
line behavior of adolescents in other countries. It is
known that the main components in the structure of
the content consumed by Internet addicts are gaming
addiction and social media addiction. A study of the
prevalence of online gaming among young people in
many countries of the world showed that the frequen-
cy of occurrence of gaming addiction in the studied
populations of adolescents and students ranges from

0.2 to 12.3% [13, 16]. The number of schoolchildren
with gaming addiction in Krasnoyarsk (11% from the
total sample) turned out to be comparable with the
data for adolescents in Croatia (12.3%), but exceeded
the indexes for GB (0.8%), Hong Kong (0.9%), Den-
mark (1.3%), Germany (2.2%), the United Kingdom
(2.2%), Italy (2.6%), Serbia (3.1%), Norway (3.4%),
Lithuania (4.2%), Sweden (4.2%), Cyprus (4.4%),
Spain (4.6%), Finland (4.8%), Romania (4.9%), and
Albania (5.3%) [13].

The frequency of social media addiction that was
identified for Internet-addicted adolescents in Kras-
noyarsk (8% from the total sample) turned out to
be higher than the level of this parameter in Nigeria
(1.6%), comparable to the parameter value in Peru
(8.6%), but lower than this indicator in China (12%)
and Hong Kong (34%) [14] as well as in the Nether-
lands (11%) [31].

Thus, all three psychometric tools used (CIAS,
Social Media Disorder scale (SMDS), and Game Ad-
diction Scale for Adolescents (GASA)) show that the
prevalence of pathological use of the Internet among
urban adolescents in Central Siberia is lower than in
most Asian countries, but it exceeds the average Euro-
pean level. The ambiguity of population data obtained
in different countries suggests that the prevalence
rates of IA depend on many factors, including social
and ethnocultural features, research methodology, di-
agnostic tools, and assessment criteria.

To date, several etiopathogenetic models of for-
mation of Internet-addictive behavior in adolescents
have been proposed [32]. Some researchers suggest
the presence of predominantly neurobiological risk
factors, which are associated with the insufficient ma-
turity of certain parts of the adolescent’s brain, which
is manifested by insufficient effectiveness of volitio-
nal control, high impulsivity, and excessively activated
reward circuitry [33, 34]. However, the biopsychoso-
cial model is the most recognized by researchers today;
it involves a combination of psychosocial problems
(especially problems in relationships with parents and
peers) and neurobiological risk factors [32, 35, 36].

The biopsychosocial model of IA formation in ado-
lescents can explain the differences in IA prevalence
through both ethnically determined spectrum of secre-
tion and reception of neurotransmitters and sociocul-
tural characteristics of the populations. Analysis of the
available literature shows that insufficient attention is
paid to the ethnic factor in the analysis of IA preva-
lence. For example, in the fundamental systematic re-
view by S.E. Luczak et al. [37] that was devoted to
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ethnic differences in 11 forms of addictive behavior
in the classification by S. Sussman, M. Lisha, and M.
Griffiths, only one study could be found (cited earlier
in the review by D.J. Kuss et al. [38]) that had been
taking the ethnic factor of IA into account.

The study by T.M. Yates et al. [39] examined
1,470 college students with similar sociocultural
living conditions according to a single protocol and
showed higher incidence of Internet addiction among
representatives of Asian nationalities (8.6%), com-
pared to non-Asians (3.8%). The same review cited
a number of sources showing high frequency of com-
puter games addiction in non-European Americans
(indigenous people, Negroids), compared to represen-
tatives of the Caucasian race [37].

In a large, multicenter (11 countries) European
study of Internet addiction in adolescents, the most
pronounced comorbidity with suicidal behavior, de-
pression, and anxiety was revealed, but the contribu-
tion of each comorbidity factor varied from country
to country. The authors concluded that there is a need
for further research in this direction with the obli-
gatory allowance for sociocultural and, possibly, eth-
nic (genetic) differences [40, 41]. From our point of
view, analysis that would be considering the role of
ethno-geographic differences in the prevalence of eth-
no-genotypic characteristics of populations seems to
be a promising direction in the neurogenetics of addic-
tion in adolescents, especially in such a multinational
country as the Russian Federation.

We are currently implementing a research project
supported by the Russian Foundation for Basic Re-
search “Internet addiction in adolescents in Central Si-
beria: prevalence, content structure, ethno-geograph-
ical differences, mental and somatic comorbidity,
neurotransmitter associations and genetic predictors”,
the data of which was partially used in this article.
The project investigates the prevalence of Internet
addiction, its degrees of severity, addiction patterns,
and content variants for adolescents in large, ethni-
cally different cities in Central Siberia (Krasnoyarsk,
Abakan, Kyzyl). In addition, it is planned to study
the associative role of candidate neurotransmitters
and conduct a population analysis of polymorphisms
in the candidate genes of oxytocinergic, dopaminer-
gic, serotonergic, noradrenalinergic, melatoninergic,
and nicotine neurotransmitter systems of IA forma-
tion. The research design developed for this project
involves further psycho-neurobiological comparison,
which, in accordance with our hypothesis, will allow
to identify specific predictor genes and neurotransmit-

ters that correspond to certain patterns of adolescent
online behavior, taking into account the ethno-social
characteristics of populations. The results of the study
will help to open up new perspectives in assessing the
fundamental neurobiological causes of IA formation
and personalizing treatment strategy for Internet-ad-
dicted adolescents.

CONCLUSION

Modern epidemiology of Internet addiction based
on valid diagnostic approaches, with mandatory con-
sideration of regional, age, gender, and ethno-social
factors as well as the range of consumed content is
currently a priority area. From this perspective, the
novelty of this study consists in the fact that for the
first time the largest sample (including testing of 3,012
respondents aged 12—18 years) was gathered to inves-
tigate the prevalence of Internet addiction in Russian
adolescents using the CIAS scale adapted by V.L. Ma-
lygin and K.A. Feklisov. It is a validated psychometric
tool that allows for cross-national and cross-cultural
comparisons, which was developed specifically for
adolescents. For the first time, data were obtained on
the prevalence of IA among urban adolescents in Cen-
tral Siberia. Pathological Internet-addicted behavior
was recorded in 6.9% of teenagers from the unbiased
school sample in Krasnoyarsk.

The results of the study demonstrate fairly high
prevalence of Internet addiction and borderline types
of online behavior in adolescents, which confirms
the urgency of the problem of Internet addiction in
adolescents. The obtained data indicate the need for
further study of the characteristics of online behavior
of adolescents and the structure of the content they
consume. Further research should be devoted to inves-
tigation of Internet addiction with account of gender,
ethnicity, characteristics of regional and environmen-
tal living conditions, and risk factors for IA formation
for optimizing treatment and preventive measures in
the adolescent population of Internet users.
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ABSTRACT

The presented review highlights the peculiarities of cardiovascular system damages in burn injury. The
epidemiological data on the incidence of thermal injuries are reported. The pathogenic mechanisms of heart
disorders during various periods of burn injury, as well as pathological changes in the myocardium are examined
in detail. The main clinical manifestations of heart damage on the background of burn disease have been identified
(heart failure, myocarditis, infectious endocarditis, cardiac arrhythmias and conduction disturbances, myocardial
infarction). Special attention is paid to laboratory and instrumental methods for investigation of the heart with
a discussion of the benefits and disadvantages of each method. The manuscript discusses the main therapeutic
approaches for the management of burn patients with cardiac pathology, as well as the possibilities of using and the
effectiveness of modern treatment methods aimed at improving survival, diminishing the severity of cardiovascular
disorders and improving the prognosis of such patients.
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3 Mupnozpaockuil yeHmp nepeutHol MeouKo-CaHumapHot noMouu

Yrpauna, 85323, o. Mupnoepao, ya. Cobopnas, 20

PE3IOME

O0630p MOCBSIIEH 0COOEHHOCTSIM MOPAXKEHUI CepIeTHO-COCYANCTON CUCTEMBI IPH 0XK0roBoi 6oesnu. [Ipusene-
HBI SMHUJEMHUOJIOTHIECKHE JAHHBIC O PacHpOCTPAHEHHOCTH TEPMHYECKUX mopaxeHui. [logpobHO paccMOTpeHs
MaTOTeHETHUECKNEe MEXaHU3MBbl OBPEKACHHS Cep/Ilia B pa3IMIHbIE MEPHOJIBI 0KOTOBOH TPAaBMEL, a TAKXKE I1aTO-
MopdoTornueckue U3MEHEHUsI MHOKap/a. Breienensl oCHOBHBIE KIMHUYIECKHE TPOSIBICHUS OPAKSHUH cepia
Ha ()OHEe 0)KOTOBOH OOJIE3HH (CepieuHas HEeAOCTATOYHOCTh, MHOKAPAUT, HH(EKIIMOHHBIA HIOKAPIHUT, HapyIle-
HUS pUTMa U IPOBOJMMOCTH cepAla, HHpapKT Muokapaa). Ocoboe BHIMaHUE yIeNeHO Ja00paTOPHEIM U HHCTPY-
MEHTAJIBHBIM METO/JaM HCCIIEJOBAHUS COCTOSIHUS CepIIIia C 00CYKAeHHEM PEUMYIIECTB U HETOCTAaTKOB KasKAOTO
MeToa. PaccMOTpeHBI OCHOBHBIE TEPANIeBTUUECKUE IOAXO/IBI BEJEHHS 0)KOTOBBIX OOJIBHBIX C KapANAIbHON 1aTo-
JIoTHeH, a Takke BOSMOXKHOCTH U 3(P(EKTUBHOCTD MCIOJIB30BAHNS COBPEMEHHBIX METOJIOB JI€UEHHsI, HalIPaBJICH-
HBIX Ha yJTydIIeHNe BEDKHBAEMOCTH, BEIPAXXEHHOCTH CEPAeIHO-COCYANCTHIX HApYIICHNH 1 yITydIIeHHe IPOrHO3a
TaKHUX MaeHTOB.

KuroueBbie cioBa: TEPMUYECKUE OKOI'M, OXKOTroBas 60J'Ie3HI), cepaue npu 0’KOTOBOM TpaBM€, cepacqHas
HEAOCTATOYHOCTD, ITATOI'CHES, HaTOMOp(l)OJ'IOFI/Iﬂ, KIIMHWYCCKas KapThuHa, JUarHoCTUKa, JICUCHUE.

KonpaukT naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIMKaLUel HACTOsIIEeH CTaThu.

HcTounuk punancupoBanus. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHY (PUHAHCHPOBAHMSI.

Jast uurupoBanusi: Baryrun H.T., Urnarenko I'.A., Tapaaun I'.I'., Emenxo E.B., I'onuapyk M.C., Kynuko-
Ba C.O. INopaxeHue cepia Mpu 0XKOTOBOI Oose3Hu (0030p NUTEpaTypsl). broatemens cubupckoil mMeouyuHol.

2020; 19 (4): 198-206. https://doi.org/10.20538/1682-0363-2020-4-198-206.

INTRODUCTION

Thermal damage is a serious medical, social and
economic problem. It is related to the high frequency of
burn injuries in everyday life, at work and during mili-
tary conflicts, the complexity and duration of treatment
of the patients, frequent disability and high mortality.
According to the data, 11 million people worldwide
sought medical care for burns in 2004. The risk of burns
tends to increase with lower socioeconomic status, and
up to 90% of burns occur in low- or middle-income
countries. According to WHO, about 180 thousand
cases of deaths caused by burns are registered annual-
ly worldwide [1]. In Ukraine, the overall incidence of
thermal injuries is also quite high and accounts for 152
cases per 100 thousand inhabitants. In the Russian Fed-
eration, 251,480 burns were recorded in 2018, which is
171.2 cases per 100 thousand people [3].

With widespread and deep burns, a clinically pro-
nounced generalized reaction of the body develops. It
begins in the first hours after the injury and lasts not
only the entire period of the wound existence, but also
some time after the complete restoration of the skin
covering. This complex set of interconnected patho-
physiological changes and clinical manifestations that

occurs in response to a burn injury is called a “burn
disease” [4].

Thermal trauma is accompanied by a number of
deviations and disorders in the activities of the body
as a whole and, in particular, cardiac disorders. The
diverse spectrum of morphological changes in the
myocardium is observed in extensive burns. There are
decrease in myocardial contraction, various rhythm
and conduction disturbances, and development of
heart failure (HF). Thus, according to some data, signs
of myocarditis are revealed in 20-40% of cases, and
signs of arrhythmia and heart block are seen in about
35% of cases of burn disease.

Heart damage in burn injury with underlying car-
diovascular diseases can approach significant severity
and not only be the cause of severe HF, but also the
death of injured patients [5]. The initial presence of
cardiopulmonary pathology in the burned patient in-
creases the risk of developing myocardial infarction
(MI) or death by more than 6 times. Nevertheless, de-
spite the high occurrence of burns and common heart
damage, special characteristics of cardiac pathology
are poorly highlighted in the literature, and data on
pathophysiological events, current diagnostic and
treatment methods are revealed scantily.
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PATHOPHYSIOLOGY

The burn disease has a complex multicomponent
pathogenesis, the individual links of which become
prevailing in different time periods after a burn injury.
On the first day after injury, hypovolemia, hemody-
namic shifts and disturbances of microcirculation de-
velop. Then, severe intoxication occurs (the first 1—
2 weeks) and later, infectious complications emerge.
In this regard, four periods are distinguished during
the burn disease: burn shock (first 3—5 days), acute
burn toxemia (5-10 days), septicotoxemia (from 11
days to complete wound healing), and recovery.

In the first hours of the burn injury, even in the ab-
sence of massive shifts in the body’s water spaces, the
severity of the patient’s condition is associated with
pain syndrome and psycho-emotional stress, which
serve as a trigger for the neuroendocrine response.
The primary reaction occurs at the level of the spi-
nal neural-reflex arcs with irritation of the sympathe-
tic nervous system and the release of catecholamines
into circulation, which leads to vasospasm, increased
total peripheral vascular resistance, centralization of
circulation, ultimately resulting in the occurrence of
peripheral tissue hypoxia and acidosis.

These events are exacerbated by impairment of re-
spiratory function (a decrease in the respiratory vol-
ume and vital capacity of lungs), which, in turn, leads
to a decrease in blood oxygen saturation and tissue
oxygenation, the accumulation of underoxidized met-
abolic products, and the development of respiratory
and metabolic acidosis. Simultaneously, there is a
short increase in the stroke and minute volume of the
heart, an increase in blood pressure (BP), which sub-
sequently drops as hypovolemia deteriorates.

An increase in blood coagulability, microthrom-
bosis and alterations in microcirculation occur, which
deteriorates tissue hypoxia and acidosis. In this set-
ting, a paralytic expansion of capillaries emerges,
and microcirculatory and electrolyte disturbances in-
crease. Subsequently, pathological depolarization of
the cell membranes of cardiomyocytes with alteration
of their permeability develops.

Several hours post burn, a profound shock state
develops due to the loss of preload as burn edema ad-
vances [6].

Immediately post burn, cardiac function is in-
hibited due to the pro-inflammatory effect of inter-
leukin-1B and tumor necrosis factor-alpha (TNFa),
which can be blocked by CD14 knockout or slowed
down due to kappa B nuclear factor blockers [7]. In
the 48 hours post burn, tachycardia develops with

increasing cardiac output (CO) and myocardial in-
flammation occurs due to f-adrenergic influence [8].
The decrease in the right ventricular ejection fraction
[9], observed after endotoxemia, can be mitigated by
thromboxane blockade. Initially, after the increase in
total vascular resistance in catabolic phase of systemic
inflammation and sepsis, vasoplegia develops deterio-
rating cardiogenic and redistributive shock leading in
turn to multi-organ failure.

It was established [10] that, in case of burn injury,
acidosis causes the increase in the cytosolic calcium
content in cardiomyocytes, the secretion of pro-in-
flammatory cytokines by these cells, and activation
of the apoptosis and autophagy processes. Myocardial
damage in a burn injury leads to an alteration of its
contractility and the development of HF. Inflamma-
tory cytokines (TNFa, interleukin-6) contribute to the
development of diastolic dysfunction of the left ven-
tricle (LV).

At the moment of thermal exposure to the skin,
a huge number of cells are destroyed and damaged
with the release of a bulk of various biologically ac-
tive substances: inflammatory mediators (kinins, se-
rotonin, histamine, acute phase proteins, complement
factors, etc.). All of them have a vasoactive effect and
significantly increase the permeability of the vascu-
lar wall. In burn patients, metabolic imbalance along
with disorders of the endocrine, respiratory systems
and psychoemotional status affect the cardiovascular
system [11].

Another mechanism of myocardial damage in burn
disease is the hyperproduction of reactive oxygen
species and lipid radicals. An excess of free radicals
causes cardiomyocyte membrane permeability dis-
turbances, change in ionic homeostasis, damage to
their genetic apparatus and activation of programmed
mechanisms of cell death [12].

An imbalance in the acid-base state and the elec-
trolyte content (in particular, hyper- or hypokalemia),
specific to a burn disease, can lead to various distur-
bances in the cardiac conduction and heart rate, in-
cluding life-threatening arrhythmias.

In conditions of tissue destruction caused by burns,
proteins of the injured patient acquire the properties
of autoantigens. In this case, antibodies produced by
the patient’s body interact with both pathologically al-
tered and normal tissue components, cardiomyocytes,
in particular. One of the mechanisms responsible for
the development of autosensitization is the formation
of tissue and microbial antigen associations, in which
the microbial part acts as an adjuvant. All these pro-
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cesses can lead to the development of burn myocar-
ditis.

In the period of burn toxemia and septicotoxemia
due to the initiation of the secondary bacterial infec-
tions, various cardiac infective complications are also
possible. In this setting, myocarditis, pericarditis and
infectious endocarditis (IE) may develop.

PATHOMORPHOLOGY

Morphological examinations also indicate heart
damage in case of the burn disease. Those who died
in the first days of the burn injury the section show
signs of circulatory disorders, edema of the intersti-
tial and perivascular tissue, foci of protein and fatty
degeneration. During autopsy during the period of
septicotoxemia in the burn disease, heart sizes were
enlarged in the transverse direction, its walls became
flabby, the cavities were extended and were filled with
massive variegate blood clots. Histological examina-
tion of such myocardium revealed widespread dystro-
phic changes, especially pronounced in the LV wall,
small damage areas and small-focal myocyte necrosis.

Pathological cardiac changes during septicoto-
xemia of the burn disease are characterized by wide-
spread dystrophic lesions and edema of the intersti-
tial and perivascular myocardial tissue. In persons of
young and middle age, injuries of this nature occurred
most often in the setting of sepsis. In older people with
a previous heart disease, extensive dystrophic myo-
cardial lesions were detected without generalization
of the infection.

CLINICAL PICTURE

Heart failure (HF) plays a significant role in the
clinical picture of heart damage in burn disease. In
small lesions (up to 10% of the total body surface
area (TBSA)), only moderate tachycardia and slight
increase in BP can be observed in the injured. In more
extensive and deeper burns (over 10-15% of TBSA)
in the first period of the burn disease, dyspnea, pal-
pitations and chest pain often occur. Acrocyanosis,
tachycardia and diminishing of the first sound at the
cardiac apex are clinically detected. BP rises slightly
during the erectile phase of burn shock and decreases
in the torpid phase. In some cases indicating an un-
favorable prognosis, refractory arterial hypotension
develops in the early stages after thermal injury. In
patients with initial arterial hypertension, BP during
shock usually drops to normal values and often re-
mains at the same level throughout the subsequent
period of the disease [4].

In toxemia phase injured may remain shortness of
breath, palpitations and chest pain. Due to tachycardia,
systolic murmur at the apex, the decrease in BP and
expansion of the heart borders are often determined.

In the period of septicotoxemia, pericarditis and
endocarditis often develop which may be one of the
reasons for the development and progression of HF. In
these cases, the fluid infusion in large volumes used in
the treatment of burn injured can deteriorate their condi-
tion due to the significant increase in pre- and afterload.

Electrolyte imbalance (hyper- or hypokalemia),
myocardial ischemia and MI, myocarditis or under-
lying cardiac pathology can cause various rhythm
and conduction disturbances in burn injured patients.
These changes can occur within 6-8 hours after the
injury, therefore, the sooner the measures will be
taken to prevent and compensate them, the greater
is the likelihood of a favorable course of the burn
disease and the lower incidence of its serious com-
plications [4].

A relatively rare, but very severe complication of
the burn disease is acute coronary syndrome, includ-
ing the development of MI. Vasospastic forms of acute
coronary insufficiency in burn disease are described,
in the origin of which the release of endogenous nickel
possessing a powerful vasoconstrictor effect is consid-
ered [13]. M. Caliskan et al. [14] have demonstrated
that vasoconstriction of the coronary arteries and ar-
terioles are caused by stress factors and increased ac-
tivity of the sympathetic tone attributable to the burn
injury. Moreover, the authors found that vasoconstric-
tion causes a worsening of systolic and diastolic LV
function, a decrease in the reserve of coronary blood
velocity reflecting microvascular dysfunction in the
absence of obstruction or narrowing of the coronary
arteries lumen [14].

There are also descriptions of cases of the develop-
ment of stress-induced cardiomyopathy (Takotsubo)
with severe hemodynamic abnormalities in setting of
the burn injury. Results of studies confirm the basic
concept of post-traumatic heart damage as stress-in-
duced cardiomyopathy and have demonstrated the po-
tential importance of stress in accelerating fatal out-
come in patients with injuries and thermal burns.

DIAGNOSIS

Laboratory tests. It is known that during the first
3—4 days in burn injured, there is most often an in-
crease in potassium in blood, which can be the cause
of the development of various cardiac rhythm and con-
duction disturbances including life-threatening ones.
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Estimation of troponin levels is currently used as a
standard biomarker for diagnostics MI and acute coro-
nary syndrome [15, 16]. In case of the burn disease, an
increase in blood levels of myocardial damage mark-
ers, such as cardiac troponins and creatine phosphoki-
nase MB-fractions is observed. Moreover, the degree
of their elevation reflects the severity of myocardial
damage.

In this context, it should be noted that an increase
in troponin levels occurs under the influence of a
wide range of non-cardiac and cardiac factors, such
as physical endurance training, sepsis and other seri-
ous diseases, including stroke, pulmonary embolism
[17], pericarditis, myocarditis, Takotsubo syndrome
[18], acute coronary syndrome, acute HF, tachyar-
rhythmias, etc. It is suggested that TNFa increases
the permeability of the cell membrane under stress or
inflammation and is considered a possible mechanism
responsible for increasing troponin levels [15].

Due to the above mentioned non-cardiac causes,
many authors have shown that troponin levels can be
increased in burns of significant areas. The increase
in troponin levels usually occurs in patients with
burns affecting >15% of TBSA and during the first
72 hours after injury. In one study, no patients with
burns <20% of TBSA showed the increase in tropo-
nin, despite matched age, weight, and gender charac-
teristics with those whose burn area exceeded 20%
of TBSA. Data from the prospective study that found
correlation between elevated troponin T levels and re-
gional abnormalities of LV wall movement in patients
with the burn area > 20% of TBSA were presented.
None of the patients with identified regional impair-
ment of LV wall movement showed the normal level
of cardiac troponin. It is noteworthy that in experi-
mental studies and in burn injured, the decrease in the
troponin level was revealed after surgical escharoto-
my (surgical excision of an eschar) [15].

The concentration of brain natriuretic peptide and
its precursor (NT-proBNP) in blood plasma reflects
the degree of hemodynamic load on the heart. There
are suggestions that these indicators can be used to as-
sess the prognosis of burned patients in extremely se-
rious conditions. Thus, the level of NT-proBNP close-
ly correlates with the size of the burn area, the degree
of fluid retention, the severity of organ failure, and
mortality rates. In addition, the determination of the
level of brain natriuretic peptide in the blood serum
is considered to be a simple and informative method
for detecting HF in patients with severe burns during
resuscitation procedures in the setting of shock.

Electrocardiography (ECG). On the ECG records, a
decrease in voltage, sinus tachycardia, various rhythm
disturbances (atrial fibrillation and atrial flutter, pre-
mature cardiac beats, supraventricular and ventricular
tachycardia, ventricular fibrillation), conduction dis-
turbances and pathological changes in the initial and
final parts of the ventricular complex can be deter-
mined. There is often an increase in the QT dispersion
with close correlation of this indicator with severity of
the heart damage. Concerning the heart rate variabi-
lity determined by 24-hour Holter ECG monitoring, it
was found that abnormal heart rate variability during
the immediate postburn period is strongly predictive
of death [19, 20]. In burn injury, the inhibition of the
wave structure of the heart rhythm and the total spec-
trum power indicators are observed [21]. S.Y. Joo et
al. [20] revealed a sympathetic predominance during
daytime and a decreased parasympathetic activity
during nighttime in burn injured patients.

Transthoracic and transesophageal echocardiogra-
phy (TEE) has important diagnostic value in severe
patients, since it allows evaluate the myocardial struc-
ture and function, clarify causes of HF. According to
the results of a systematic review regarding the im-
portance of using TEE in 128 burn patients, the main
pathological findings were deterioration of systolic
and diastolic LV function, detection of vegetation on
the heart valves, pulmonary hypertension, pericardi-
al effusion and right ventricular HF. The advantages
of TEE over transthoracic echocardiography are the
possibility of a more accurate assessment of valve
function, myocardial contractility and, perhaps most
important, monitoring the adequacy of acute hemo-
dynamic recovery and preload in the acute phase of
resuscitation. TEE is especially informative in assess-
ing the structure of heart valves to confirm or exclude
IE and its complications, due to the proximity of the
location of the high-frequency ultrasonic transducer
to the heart. Given the susceptibility of burn injured
to local and general infectious complications, IE can
develop in any patient, regardless of the burn area.
Nevertheless, thorough discussion of the indications
for TEE is necessary considering the relative inva-
siveness of the method, the frequent thermal dam-
age to the oral cavity and pharynx, the infrequent but
existing probability of rupture of the esophagus and
the risk of bacteremia.

Coronary angiography is used in patients with a
clinical picture of acute coronary syndrome or acute
myocardial infarction, which, as already noted, can
develop against a background of the burn injury.
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MANAGEMENT

In addition to the appropriate treatment of burn
wounds during a shock period, the burn disease treat-
ment includes the management of pain and patient
exaltation, hypovolemia amelioration, replacement
of the circulating blood volume, hemodynamic stabi-
lization, metabolic disorders correction and infection
control [22].

Procedural pain complicates the patient manage-
ment and leads to the use of aggressive methods to
combat it such as administration of potent opioids,
ketamine, and regional or general anesthesia. Unfor-
tunately, high doses of opioids are associated with
several serious adverse effects such as depressed con-
sciousness and the risk of developing delirium, hypo-
tension, respiratory depression and not infrequently
obstipation. Therefore, there is an obvious need to
reduce the number of doses of opioid administrating
throughout treatment, and at the same time to provide
a tolerable level of pain [23].

It was shown that intravenous infusion of lidocaine
starting with a bolus dose (1 mg/kg) and then in the
form of a continuous infusion (180 mg/hour) is not
accompanied by adverse effects and had a 25% opioid
sparing effect [23].

Given massive volumes of solution transfusions
during this period, it is recommended to provide ino-
tropic myocardial support with dopamine at a dose of
5-10 mg/kg/min. At this dosage dopamine improves
myocardial contractility and increases CO. When
signs of congestive HF appear, the volume of infusion
therapy should be reduced and diuretics should be ad-
ministered.

Detoxification, the infection control and the cor-
rection of homeostasis are the main targets in the
treatment of burn toxemia [22]. It is necessary to con-
duct timely and adequate correction of the acid-base
state and electrolyte imbalance emerging in patients
with severe burn injury. With the development of
life-threatening disorders of cardiac rhythm and con-
duction (ventricular fibrillation, ventricular tachycar-
dia, asystole, electromechanical dissociation, some
forms of supraventricular tachycardia), active antiar-
rhythmic therapy is indicated and emergency resusci-
tation measures are fulfilled.

Non-emergency antiarrhythmic therapy is pre-
scribed in cases where arrhythmia or heart block
do not influence significantly a patient’s condition.
Therefore, in sinus tachycardia, B-blockers (propran-
olol, bisoprolol) or calcium antagonists (verapamil,
diltiazem) are usually used.

For the treatment of hemodynamically relevant si-
nus bradycardia, atropine (0.5-2.0 mg), isoprenaline
(2-20 pg/min by intravenous administration) or pac-
ing are applied.

Extrasystoles usually do not require active antiar-
rhythmic therapy, since the prognosis for this form of
arrhythmia depends entirely on the basic underlying
process and the degree of structural damage of the
heart. Class II and III of antiarrhythmic drugs, oma-
cor are used to terminate extrasystoles of high grades
(coupled, salvos, early) that cause hemodynamic dis-
turbances in people with severe cardiac pathology
(M1, myocarditis, severe LV dysfunction).

With the aim to terminate atrial fibrillation (AF)
or flutter, electric cardioversion (ECV) or antiarrhyth-
mic drugs (propafenone, procainamide, amiodarone
or sotalol) are administered. If it is impossible to ter-
minate AF, digoxin, verapamil or -blockers are used
to control the ventricular rate. Due to the high risk of
thromboembolic complications, the treatment by anti-
coagulants is considered.

Paroxysms of atrioventricular tachycardia are
stopped by vagal tests, intravenous infusion of ade-
nosine triphosphate (10-30 mg), adenosine (6—12 mg)
or verapamil. Transesophageal pacing and ECV are
also effective. Radiofrequency catheter ablation is
considered as a radical way to treat this arrhythmia.

The most effective treatment for acute coronary
syndrome and MI is an urgent percutaneous coronary
intervention with the maximally rapid restoration of
coronary blood flow.

In recent years, the effectiveness of various ap-
proaches to the prevention of myocardial damage and
dysfunction arising from burns has been actively stu-
died. The possibility of using angiotensin-converting
enzyme inhibitors, drugs that modulate ion channels,
anti-inflammatory agents, antioxidants, metabolic
drugs and cardioprotectors, has been considered for
this purpose.

The issue of prescribing propranolol to adult pa-
tients who suffered thermal injury is being actively de-
bated in order to reduce the hypermetabolic response
[24-27]. Propranolol is being successfully used to
block the effects of endogenous catecholamines which
are involved as the first mediators of the hypermeta-
bolic response. In the first stages of the burn injury,
the level of catecholamines in the blood is increased
by 10 times. The hyperdynamic type of circulation,
an increase in the level of basal metabolism and the
catabolism of skeletal muscle proteins taken togeth-
er produce distinctly negative effect on the patient’s
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organism. The effects of propranolol in the burn pa-
tient include a decrease in thermogenesis, terminat-
ing or slowing down tachycardia, a decrease in CO
and energy consumption at rest. The dosage used is
individual for each patient, however, a reduction in
heart rate by 20% causes a decrease in heart load and
fatty infiltration (secondarily to a decrease in periph-
eral lipolysis). It has been shown that propranolol
enhances the intracellular circulation of amino acids,
which leads to a decrease in atrophy of muscle tis-
sue, thereby increasing muscle mass. Carvedilol may
have additional advantages due to its ability to block
a-adrenergic receptors and remove free radicals [6].

The use of ozone therapy is scientifically grounded
for the treatment of thermal lesions. Medical ozone
has bactericidal and analgesic effects. It improves
microcirculation, normalizes immunity and the oxi-
dative-antioxidant state of blood and cells. There is
the evidence that, during ozone therapy of patients
with severe thermal injuries, the functional activity of
the myocardium and CO increase. Moreover, an an-
tiarrhythmic effect is observed, myocardial ischemia
decreases (with an improvement in the processes of
myocardial repolarization on the ECG), hemodyna-
mic parameters improve.

A number of studies have shown that early surgi-
cal intervention (necrotomy, necrectomy, dermabra-
sion with xenoplasty, autodermoplasty), optimization
of the wound process using a culture of fetal human
embryonic fibroblasts, stem cells [28, 29], adequate
transfusion and antibacterial therapy can reduce com-
plications of the burn disease and decrease mortality.

The beneficial effect of listening to music on the
course of a burn disease is shown. Thus, according to
a meta-analysis [30], which covered 17 randomized
controlled trials and 804 patients with burn injury,
listening to music helped alleviate pain, decrease in
anxiety and reduce heart rate.

PROGNOSIS

Although the most obvious consequences of ther-
mal injury are associated with damage of the skin, sys-
temic reactions that occur during burn disease affect
many organs and tissues, including the heart, often
causing an unfavorable outcome at the onset of the
disease and having a negative effect in the long term.
Therefore, according to data provided by J.M. Duke et
al. [31] who compared individuals without a history
of burns, patients with burn injuries over the age of 45
years were 1.46 times more often (95% confidence in-
terval (CI): 1.36—1.56) and almost 3 times longer (95%

CI: 2.60-3.25) were hospitalized due to pathology of
the cardiovascular system. Patients with a history of
burns were more often hospitalized for coronary heart
disease (1.21, 95% CI: 1.07-1.36), HF (2.29, 95% CI:
1.85-2.82), cerebrovascular pathology (1.57, 95% CI:
1.33-1.84), and had higher mortality rates from car-
diovascular diseases (1.11, 95% CI: 1.02—1.20). Simi-
lar data were obtained among pediatric patients under
the age of 15 years who suffered from thermal trauma
[32]. According to L. Knowlin et al. [5] derangements
in cardiac function can last for two years in pediatric
patients post burn.

CONCLUSION

In summary, it should be emphasized that timely di-
agnosis of heart damage in burn disease, treatment and
prevention of its occurrence, including correction of
electrolyte disorders, adequate antibiotic therapy, and
the use of cardiovascular drugs can improve the quality
of treatment and reduce the mortality of such patients.
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ABSTRACT

Implementation of virtual patients allows avoiding risks for patient safety, using the standardized clinical
situations repeatedly, and providing remote access to information. In order to create virtual patients, the project
team comprised of specialists competent in the diverse subject areas. Every virtual patient is a structural model for
a diagnostic and treatment process of a real patient augmented with textual and multimedia information. A sample
comprising of 50 archival clinical charts of patients with typical cardiovascular diseases and rare pathology
variants was formed. Textual information from medical records is supplemented with the multimedia results of
instrumental and laboratory studies. Created data and knowledge base of virtual patients was designated for a
demonstration of complete cardiovascular cases to the trainees in linear trajectory with an option of Web-access.
The virtual patient repository will become a factual basis for problem-based distance learning of medical students
and physicians.
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PE3IOME

BupTyasbHble NalMeHThl MO3BOJSIOT M30€XaTh PHCKOB B OTHOIICHWH PEAILHOTO OOJBHOTO, HEOJHOKPATHO
HUCIIOJIB30BATh CTAHAAPTU30BAHHBIC KIIMHUYECKHUE CUTYallnH, 00eCIeunTh y)laﬂeHHbIﬁ JOCTYII K I/IH(bOpMaL[I/II/l. )1.]'[5[
CO3JaHus BUPTYAJIbHBIX NMAllUEHTOB B KOMaHAY IIPOCKTA BKJIFOUCHBI CIICHIUAJIMCTBI C KOMIICTCHIUSAMU B Pa3HBIX
npeaMeTHBIX obnacTsax. Kakaplii BUPTyalubHBIA MAlMEHT SIBISETCS CTPYKTYPHUPOBAHHOH MOJENBIO JedeOHO-
JIMarHOCTHYECKOTr0 HpoIecca peajbHOro 00JILHOT0, HAIOJHEHHON TEKCTOBOW M MyJIbTUMEANIHON HH(pOpMaIIeH.
CcdopmupoBana Beioopka 13 50 apxUBHBIX UCTOPHUil 0OJIE3HH MAIMEHTOB C THITHMYHBIMU CEPIACYHO-COCYIUCTHIMU
3a00JIeBaHUSAMH M PEAKMMH BapHaHTaMH MaTOJIOTHHU. TekcToBas MHpOpMAaLUs U3 UCTOPHH OOJE3HH JOMOJIHEHA
MyJITUMEUHHBIMU pe3yJIbTaTaMi HHCTPYMEHTAIIBHBIX 1 Ja00opaTopHbIX HccienoBanuii. Co3nanHas 6a3a JaHHBIX
1 3HAHHH O BUPTYAJIbHBIX MAUEHTaX MPE€AHA3HAUYCHA I JEMOHCTpAlUU 06yL[a}OHlHMCﬂ 3aBCPLICHHBIX C1yJacB
KapANOBaCKyJSIPHBIX 3a00JICBaHUI B JIMHEHHON TPaeKTOpHU C BO3MOXHOCTBbIO Web-moctyna. Penosutopmii
BUPTYaJIbHBIX MAI[MEHTOB CTaHET (PaKTOJIOTHYECKOW OCHOBOH MPOOJIEMHO OPUEHTHPOBAHHOTO AWCTAHIIMOHHOTO

00y4eHHs CTYAEHTOB U Bpayeil.

KnrodeBble cii0Ba: BUpTyanbHbIC MAMEHTHI, Case-TEXHOJIOTHH, aHAIN3 MPeNeIeHTa, AUCTAaHIHOHHOE 00yUeHue,
CTaHIapTH3aIMsA, MynbTHMeHa, Web-cepBuc, reiMu(UKAIs, peo3NTOpHii, 6a3a TaHHBIX, 0a3a 3HAHHH.
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CBA3aHHBIX C Hy6J'II/IKaIII/I€I71 HacTOHIJ.IefI CTaTbHU.

Hcrounuxu ¢puHancupoBanus. VccrenoBanue BBIIONHEHO IpH moanepxke Poccuiickoro ¢onma ¢pynmnamen-

TaNbHBIX uccnenoBanuii (rpaat Ne 19-013-00231).

Jas uutupoBanus: Kapacs C.U., Apxxanuk M.b., Kapa-Can 5.3., I'pakosa E.B., Bacunsuesa O.4., Ycos B.1O.,
Baunzos B.X., 3aBanosckuit K.B., I'ynseB B.M., baes A.E., Konranos C.O., Kouerkos C.b., [lamok B.B., Kop-
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INTRODUCTION

Problem-based learning is viewed as one of the
principal approaches in medical education focusing on
the development of skills for making clinical and di-
agnostic decisions [1]. These professional competen-

cies are formed in the very process of solving diverse
problems regarding patient health. A trainee should be
directly involved in a treatment of the patient to devel-
op the clinical decision making skills, which may not
coincide with the desires of real-life patients and have
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limitations in terms of medical insurance. The risks of
problem-based learning in medical school can be mi-
nimized by using the descriptions of complete clinical
cases and simulation methods to avoid direct contact
with patients.

In this regard, virtual patients are widely imple-
mented in the medical education abroad. The term
“virtual patient” has various interpretations including
standardized clinical cases performed by actors or vo-
lunteers, computerized robots, and multimedia com-
puter models of clinical situations. Virtual patients
may serve as a basis for learning based on the case
studies and effectively implemented in the clinical
disciplines [2—4]. Conceptual cases may be developed
based on the clinical charts so the virtual patients are
created for further online use [5].

This paper reviews the development of a simula-
tion format that has been used abroad since late 20
century to develop decision making skills of trainees
[6-8]. The computerized multimedia simulations for
diagnosis and treatment allow avoiding the risks of in-
correct or inappropriate actions towards a real patient.
The systematic reviews and meta-analyses demon-
strate the pedagogic effectiveness of virtual patients
as well as the interest of trainees to this educational
technology where the interactivity of trainees increa-
ses and they get motivation for team work with a cer-
tain gamification of clinical training [9—12].

Hereinafter, the term “virtual patient” will be
viewed as a computer multimedia interactive simula-
tion of scenarios for the diagnosis and treatment of
patients [13]. A virtual patient can have a real deper-
sonalized prototype or be a result of developer imag-
ination, i.e. fully virtual. The use of real scenarios
of treatment and diagnostic process is one of the ap-
proaches to creating of virtual patients. An incorpo-
ration of depersonalized data from the clinical charts
and multimedia results of diagnostic studies into this
model results in a complete case virtualization and al-
lows ensuring a remote access to this information.

The aim of this paper is to describe the method for
creation of virtual patients as a model of treatment
and diagnostic process of patients with cardiovascular
diseases.

MATERIALS AND METHODS

Project team for creation of virtual patients com-
prised of the physicians, specialists in radiology and
functional diagnostics, software programmers, and
analysts. The virtual patient was a compilation of
textual and multimedia diagnostic and clinical infor-

mation. The creation of every virtual patient involved
descriptions of a real clinical case. Analytical work al-
lowed to determine the common structure for informa-
tion representation and to develop the user interface
and scenarios for presenting information about virtual
patient to the trainees.

The information basis of project consisted of 50
depersonalized archival medical records of cardiovas-
cular patients and multimedia results of studies stored
in the corresponding databases. Apart from the texts
of complete cases, the test results and medical con-
clusions regarding electrocardiograms (ECG), Holter
monitoring, echocardiography, ultrasound examina-
tions of carotid, femoral, and renal arteries, pleural
cavity, and pericardium, multi-slice computed tomog-
raphy, magnetic resonance imaging, angiography,
X-ray examination, laboratory diagnostics, and treat-
ment tactics were used.

Completeness and consistency of depersonalized
information in each clinical case was evaluated by the
experienced clinical teachers. After expert evalua-
tion, information was transferred to the analysts in the
form of approved textual prototypes and files. They
were systematically named to be posted in the tables
carried out in the PostgreSQL database management
system. Multimedia information model of virtual
patients was developed using Web technologies: Java
Script (framework Vue.js) and Twitter bootstrap.
Database was hosted on a server with an option of
remote access to the information. Successful imple-
mentation of the project was pre-defined by the fact
that the specialists of the team were competent in
diverse subject areas.

RESULTS

In order to create virtual patients, the team of de-
velopers had to answer several essential questions re-
garding the content:

* Where can the required information be obtained
from?

* Which structure would ensure the creation of in-
tegral image of a virtual patient?

* What are the trajectories of virtual patient presen-
tation to users?

Two diagnostic categories were considered while
establishing the sample of archival cases. The first cate-
gory comprised typical, most frequently occurring cas-
es of cardiovascular diseases. Several cases with dis-
tinct comorbidities and treatments were selected within
each clinical entity. One part of clinical charts repre-
sented standard cases, which were essential for training
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of medical residents and inexperienced physicians. The
other part provided an opportunity to demonstrate cre-
ative approach to physicians and was of interest to the
specialists advancing their qualification.

The second subgroup of clinical records repre-
sented the rare occurring variants of cardiovascular
pathology potentially leading to serious consequen-
ces for a patient. The most interesting cases with
rare clinical manifestation were included, which
could hardly be demonstrated to the trainees in real
life. All medical records in the sample were deper-
sonalized.

The next stage was the analysis of a large pool of
textual information present in medical records. De-
scriptions of anamnesis vitae, past medical history,
and pharmacological anamnesis were edited and in-
troduced into the tables of virtual patient database.
However, every clinical chart contains a fraction of
information which does not play an essential role to
clinical decision making. If the results of diagnostic
studies do not provide any new information pivotal for
establishing diagnosis, they may be omitted from the
virtual patient structure.

On the contrary, if a patient has not been investi-
gated for some reason, though study results could be
potentially informative, the results may be extracted
from record of another patient with similar clinical
manifestation, anatomy, and demographic characte-
ristics. Therefore, the necessary multimedia images
and recordings (echocardiography, ultrasound, ECG,
coronary angiography, MRI, angiography, etc.) were
accumulated as a result of a team work of analysts and
medical personnel.

It was decided to withdraw from using the patient
animations, essentially gamifying the training. Infor-
mation model of a treatment and diagnostic process,
i.e. a superposition of interrelated data on its dyna-
mics in the textual and multimedia formats, is primar-
ily necessary to form and improve the skills of clinical
and diagnostic decision making. This superposition is
the information image of virtual patient.

A real process of patient treatment in the hospital
settings involves periodic contacts with the medical
personnel and paraclinical services, periodic labo-
ratory and instrumental studies, periodic treatment
correction, and modification of plans for the future.
This predetermines discretion of the created multi-
media computer model of treatment and diagnostic
process.

Not all the records in a medical chart are equally
important for an attending physician and, therefore,

for the development of medical competencies of trai-
nees. In this context, the analysts made the decision
on discreet representation of information in the form
of discrete units. They were designated for the trainees
as a “visit” and represented information in chronolo-
gical consequence according to the stages of treatment
and diagnostic process of the case. The prototypes of
two virtual patients were created as an example of
this approach to information presentation. After that,
the structure of patient description was redefined,
broadened, and approved by the clinical teachers.

The number of visits may differ in virtual patients
because not all contacts of the patient with medical
personnel generate information useful for the treat-
ment and diagnostic process. The medical records
containing new diagnostic and clinically significant
data were selected and the list of acceptable formats
of textual, graphic, and video information was estab-
lished for virtual patient. This stage of work resulted in
a template where information from the archival med-
ical records and multimedia databases was prepared
for all virtual patients. The information units generally
corresponded to the traditional sections of a clinical
case and served as the basis for the development of
relational database tables.

The analytical work with clinical teachers resulted
in establishing the prototypes of screen forms, which
underwent expertise and, after modification, were im-
plemented as the screen templates for various clini-
cal and diagnostic situations of virtual patients. The
screen forms are supplemented with the tab pages
containing all information components of the visit; the
day of a hospitalization is designated on the tab page
to allow an accurate evaluation of the events course by
the trainees (Fig. 1). The tab page of the first visit is
slightly different because it represents information at
the moment of admission (patient anamnesis vitae and
case history, results of previous diagnostic studies and
physical examination at admission, differential diag-
nosis, administered symptomatic treatment, and plan
of the following diagnostic procedures).

The structure and pattern of information units on
the tab pages of follow-up visits do not change, but the
volume of information may differ. Anamnesis vitae
and case history are available on the pages of all vir-
tual patient visits. However, data regarding the com-
plaints, administered studies, differential diagnosis,
prescribed drugs, etc. are specified for the given visit,
The number of tab pages (similar to the number of
visits) is non-constant; the trainee may shift between
tab pages along a free trajectory.
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Chronologically, the last tab page of a case corre-
sponds to the situation of patient discharge and ulti-
mately contains the document with epicrisis of a pa-
tient stay in hospital (Fig. 2). The images and video
recordings of diagnostic examinations are placed on
the tab pages for the visits following their adminis-
tration.

The results of instrumental and laboratory meth-
ods are incorporated into the virtual patient structure

as the scanned ECG recordings, fragments of video
recordings for echocardiography, angiography, and
vascular ultrasound, tomography images, and X-ray
pictures with the textual medical specialist opinion
(Fig. 3 and 4). Based on the current guidelines of the
European Society of Cardiology and the Russian Car-
diology Society, compendiums of drugs are created
with specification of doses and dosage frequency for
treatment of a patient.
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DISCUSSION

The implementation of virtual patients is a definite
innovation for Russian higher medical education. This
educational technology has several advantages com-
pared with education requiring contact with real pa-
tients or computerized mannequins. It also has some
limitations. Considering this debate, one may discuss
the optimality of virtual patients for the formation of
clinical and diagnostic competencies. In medical edu-
cation, the patient safety, pedagogic effectiveness, and
costs may be considered the most essential characte-
ristics.

First of all, the formation of competencies for de-
cision making and their evaluation using the computer

simulations are absolutely safe for the real patients.
There is no need to receive patient permission for a
trainee to participate in the treatment and diagnostic
process; there is no need to wait for a rare in-hospital
case; and there is no need to apprehend the sanctions
of an insurance company if “something goes wrong”.

An opportunity to repeat the same clinical situation
indefinite number of times is a very essential aspect of
physician training as it is impossible to achieve with
real-life patients. The standardization of terms and
criteria for evaluation of task performance is the ad-
vantageous characteristic of virtual patient education
technology, which is hardy achievable in a framework
of teaching the clinical disciplines. The presence of
real comprehensive results of instrumental studies in
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the standardized formats (.dcm, .avi, .jpg, etc.) allows
importing them into the computer models of treatment
and diagnostic process, i.e. virtual patients.

Pedagogic effectiveness of virtual patients is shown
in a significant number of publications. There are not
only the developed recommendations for their creation
[14], but the certain proposals for the development of
virtual patient-based clinical thinking skills [15]. The
virtual cases, compared with the traditional medical
records on paper, stimulate interaction between the
trainees who are actively involved in the process. The
branching trajectory makes virtual patient more rea-
listic and useful for trainees, but it complicates the task
and increases the frequency of mistakes [16]. All par-
ticipants of pedagogic process notice the prospects of
virtual patients for the medical education, whereas the
capabilities of distance learning and decision-making
skill testing make this technology unique.

The cost aspect of this educational technology
is quite essential. The cost of development for each
virtual patient case is one of the limiting factors for
their widespread implementation in higher educa-
tion and constitutes at least $10,000-20,000 abroad
[17]. Average prime cost of creating one virtual pa-
tient with a linear trajectory of demonstration in this
project was less than $1,000 with one-year imple-
mentation period.

The limitations of computer simulations in the
clinical training include the absence of contact with
patients and, as a consequence, the unawareness of
patient psychological features and insufficient aware-
ness of other personal characteristics. Even without
animation, this educational technology gamifying the
learning process, which results in attenuation of es-
sential motivating factors and responsibility level of
the trainees for their decision-making.

Upon comparing expected advantages and disad-
vantages, one may consider the virtual patients an op-
timal educational technology in clinical disciplines in
the distance and face-to-face electronic formats.

The next step of ongoing project will be the deve-
lopment of with branching structure. It would simu-
late different variants of treatment and diagnostic pro-
cess with integrated rating system for the evaluation
of trainee decisions. The informational basis for the
clinical and diagnostic tasks will be the materials from
virtual patients. In a framework of branching clinical
and diagnostic tasks, there will be an opportunity for
changing the trajectory of presenting information to
the trainees. The interactivity of educational techno-
logy will significantly expand and will consist in ma-

king the step-by-step solutions affecting the choice of
further trajectory for completing the task.

Linear and branching multimedia models of the
treatment and diagnostic process will be included in
the repository of virtual patients with access for us-
ers in the form of Web-service. This resource will be-
come the factual basis for problem-based technology
of distance learning and advanced medical training of
physicians.

CONCLUSION

The employed multimedia model of treatment and
diagnostic process is designated for demonstration of
complete cases of cardiovascular cases to the trainees
along a liner trajectory. The interactivity of product
is minimal and implies free choice of an information
unit visit or (and) multimedia recording depending on
the level of knowledge and interest of trainees. The
software product complies with the technical design
specification developed earlier. It passed the preli-
minary testing of content quality, clinical and diag-
nostic information sufficiency, and friendliness of in-
formation presentation on screen forms and browsing
trajectory of educational content. Web-access to the
materials of virtual patient is technologically imple-
mented, which may be used for an in-person electron-
ic learning format and distance advanced professional
training of physicians.

As a result of the project competing, 50 virtual pa-
tients have been created to date for the higher medi-
cal education and postgraduate medical training. This
database is hosted on the server at http://virtual.car-
dio-tomsk.ru as a component of factual basis for the
problem-based learning technology and continuous
medical education of physicians.
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ABSTRACT

The article discusses modern ideas about the role of extracellular matrix (ECM) and cellular elements of connective
tissue (CT) in tissue homeostasis in normal and pathological conditions. The works of recent years reflect a shift
of interests concerning the study of many pathological processes, particularly carcinogenesis, to the state of the
ECM and CT cells, which are considered as active components of the tissue that determine the processes of cellular
proliferation, differentiation, migration, and apoptosis. The most important properties of the ECM attracting the
attention of researchers include mechanotransduction, leading to the activation of cytoskeletal mechanisms and various
cell signaling pathways; modeling of the effects of various cytokines, growth factors, and hormones; maintenance
of the stem cell niches; influence on the emergence and course of the tumor process, in particular, formation of a
cancerized field and premetastatic niches; and the epithelial-mesenchymal transition (EMT). Currently, CT cells
are also an important object of study, in particular, fibroblasts, which are the main producers of ECM components.
The attention of researchers is directed primarily to cancer-associated fibroblasts, the phenotype of which forms in
the tissue long before the tumor appears. New knowledge about the role of ECM and CT cells in tissue homeostasis
determines new approaches to treatment of many diseases, such as systemic sclerosis, tumors, etc.

Key words: extracellular matrix, epithelial-stromal relations and carcinogenesis, fibroblast, field cancerization,
premetastatic niches.
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DKCTpaLeANIoAAPHBbIM MAaTPUKC Kak MHPOPMALIMOHHAA KAeTOYHaA MUKpocpeaa

Haymosga J1.A., CrapoaymoBa B.A.

Cypeymckuii eocydapcmeennbiii ynueepcumem (Cypl'y)
Poccus, 628412, Xanmuvi-Mancuiickuti asmonomuuiil okpye — FOepa, 2. Cypeym, yu. Jlenuna, 1

PE3IOME

PaccMaTpuBaroTcsi COBpeMEHHBIE MIPEICTaBIEHHs O POJIH SKCTpaLEILIIIIpHOro Marpukca (OLIM) U KIeTOYHBIX
aneMeHToB coeanHuTenpHOM Tkauu (CT) B TKaHEBOM roMeocrase B HOpMe U MaToyiornu. PaboThl OCISHUX JIeT
OTpaXkaroT CMEIIEHNE UHTEPECOB NPH UCCIEIOBAaHUM MHOTUX I1aTOJIOIMYECKUX IMPOLECCOB, B YACTHOCTH OITyXO-
JIEBOTO pOCTa, B 00nacth coctostuust DM u knetok CT, koTopble paccMaTpUBAIOTCS KaK aKTHBHBIE KOMIOHEHTEI
TKaHH, ONPeIeIITIoNIHe MpoLiecchl mpoiaudepannd, qudGepeHIMPOBKH KIIETOK, MUTPAlMH U anonTo3a. K BaxHel-
MM cBoifctBam OLIM, npuBnekaronM BHUMaHUE HcceaoBaTeneil, OTHOCUTCA MEXaHOTPAHCAYKIIMS, BeayInas K
AKTHMBAIIUH LUTOCKEJICTHBIX MEXaHH3MOB U Pa3JIMYHBIX CUTHAIBHBIX KIETOUHBIX ITyTei; MoAenupoBaHue 3pGpeKkToB
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[IUTOKHUHOB, ()aKTOPOB POCTA M TOPMOHOB; MOAJIEPIKAHUE HHIII CTBOJIOBBIX KJIETOK; BIMSHHE Ha BOSHUKHOBEHUE U
TEUSHHUE OITYyXO0JIEBOTO IPOIIECCa, B YaCTHOCTH (JOPMHUPOBAHHE OIyXOJIEBOTO MOJS M MPEMETACTATHICCKUX HHUIIL, a
TaKXe MUTETNO-ME3eHXUMAIbHbIN nepexo. BaxxHbIM 00bEKTOM HCCIeJOBaHUS B HACTOSILEE BPpeMs SBISIOTCS U
wietku CT, B yacTHOCTH (prOPOOIACTHI — OCHOBHBIE MPOAYLIEHTH KoMoHeHToB D1[M. BHumanue uccnenopate-
Jiell IPHUBJICKAIOT, IPEXK/IE BCETO, OMTYyXO0JIb-aCCOLMUPOBAaHHbIE (HHOPOOIaCTbI, (PEHOTUIT KOTOPHIX (OPMHUPYETCS B
TKaHH 3aJ10JIT0 J10 MOABJIEHUS onmyxouu. Pacmupenue npencrasnenuid o poiau OLIM u kinetouHsix snemenToB CT
B TKaHEBOM I'OMEOCTa3e ONpeJeisieT HOBbIE MOJXO0/bl K JEUSHNUI0 MHOTHX 3a00JIeBaHUN — OPTaHHBIX CKJIEPO30B,
OIyXoJieH U APYTHuX.

KiioueBble ¢10Ba: 3KCTPALEIUTIONISPHBIN MaTPUKC, SIUTEIHO-CTPOMAJIBbHbIE OTHOIICHHS M KaHILeporeHes, (u-
Opo0IacT, OImyxoyeBoe MoJe, MPEeMETaCTATHIeCKUE HUILIH.

KOHq).]'IPIKT HHTEPECOB. ABTOpI;I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq;).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6III/IKaHI/IeI71 HACTOSIICH CTaThH.

Hcrounuk puHaHCHPOBAHUS. ABTOPHI 3asIBISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHMUSL.

Jns uurupoBanusi: Haymosa JI.A., CrapogymoBa B.A. DKcTpaneuIronspHbIii MATPUKC KaKk WHPOPMAIIMOHHAS
KIIETOYHAst MUKpocpena. broinemens cubupcrou meouyunsi. 2020; 19 (4): 215-225. https://doi.org/10.20538/1682-
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0363-2020-4-215-225.

INTRODUCTION

In recent years, ideas about extracellular matrix
(ECM), which was previously considered mainly as
a physical scaffold for cells and tissues, have changed
significantly. Numerous studies confirm that the ECM
is a physiologically active component of living cells
and tissues that is responsible for the most important
processes in them. The ECM (fibrous structures and the
ground substance) along with various cellular elements
(fibroblasts, macrophages, lymphocytes, mast cells, en-
dothelium of microvessels) belongs to the components
of connective tissue (CT) that functions under normal
and pathological conditions on the basis of the feed-
back and cooperative interaction of its cells with one
another, ECM, blood cells, and organ parenchyma (or
epithelium of the mucous membranes) [1-3].

Due to communication between cellular elements
and their microenvironment, which evolves during the
development of tissues, a unique molecular compo-
sition of the ECM is formed, which has a powerful
effect on the biochemical and biophysical processes
in cells through adhesive contacts between cells and
ECM proteins and determines the epithelial-stromal
interactions [4].

The most important properties of the ECM that are
attracting the attention of researchers at present in-
clude the mechanotransduction, which leads to the ac-
tivation of cytoskeletal mechanisms and various cell
signaling pathways; modeling of the effects of various
signaling molecules, which makes it possible to con-
sider the CT system as the most important information

environment of the body [2]; maintenance of stem cell
niches; influence on the emergence and course of the
tumor process, in particular, formation of a cancer-
ized field and premetastatic niches; and the epithelial-
mesenchymal transition (EMT). New knowledge
about the role of the ECM and cell elements of CT
in maintaining tissue homeostasis is essential for un-
derstanding the treatment strategy in many diseases,
including the tumor process.

EXTRACELLULAR MATRIXAS A
PHYSIOLOGICALLY ACTIVE COMPONENT
OF THE LIVING TISSUE

ECM is a complex which has a three-dimension-
al composition represented by fibrous structures, or
different types of collagens (28 types are currently
known), and various proteins of the ground substance
(glycoproteins and proteoglycans), which forms a cel-
lular microenvironment determining intercellular and
cell-matrix adhesive contacts and is responsible for
cell polarity, phenotype, proliferation, migration, and
intercellular communication processes [4—06].

ECM components are created and arranged by resi-
dent cells in accordance with the characteristics of the
tissue. Thus, type I and V collagen predominate in the
interstitial stroma and type IV collagen predominates
in the basement membranes. The main producers of
ECM components are fibroblasts, the most important
CT cells [4, 7].

Being a network of proteins to which various sig-
naling molecules can bind, the ECM controls the most
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important processes in living cells and tissues through
modeling the effects of growth factors (GF), cytokines
(CK), and hormones. At the same time, the ECM is a
highly dynamic structure; it is constantly remodeled
by matrix metalloproteinases (MMPs) with participa-
tion of their tissue inhibitors and various GFs [4, 7, 8].

Most post-translational modifications in the ECM
are not encoded by DNA but are the result of phy-
siological and pathological processes in the tissues.
Factors of post-translational changes in the ECM in-
clude changes of MMP activity (during inflammation,
fibrosis), nitrosylation and glycosylation of the ECM
proteins, as well as cross-linking and isomerization,
which significantly change the viscosity, elasticity,
and rigidity of the ECM. Post-translational remo-
deling of the ECM can be both a consequence of the
pathological process, and a link in its pathogenesis,
for example, in development of fibrosis and cancer.
Therefore, the products of degradation of type II col-
lagen, which are formed during rheumatic diseases
and enter the systemic circulation, acquire the pro-
perties of signaling molecules [4], and endostatin that
is produced from degradation of type XVIII collagen
becomes the most powerful anti-angiogenic factor [7].

The main functional modifiers of the ECM include
proteoglycans, or proteins containing glycosamino-
glycans (GAGs), which are covalently linked to them.
GAGs are long, negatively charged repeating disac-
charide units that are represented by heparin sulfate,
chondroitin/dermatan sulfate, hyaluronan, or keratan
sulfate. Transmembrane proteoglycans (integrins,
syndecans, discoidins), pericellular proteoglycans
(perlecan, decorin, etc.), and extracellular proteogly-
cans (hyalectans and five classes of proteoglycans
containing leucine, or small leucine-rich proteogly-
cans (SLRPs)) are distinguished [4].

Proteoglycans play a major role in transmission
of signals from the ECM to the cell and are, in fact,
cell receptors for the adhesive molecules of the ECM.
They are responsible for the interaction of the cell
with the microenvironment, or for intercellular and
cell-matrix interactions, participate in tissue hydration
and formation of collagen, modulate the effects of GF
and CK, and influence cell proliferation, cell adhe-
sion, reparative processes, and tumor growth [4, 7, 8].

Laminin and fibronectin are among the most im-
portant glycoproteins of the ECM. Laminin is a
three-dimensional glycoprotein consisting of a, §, and
y-chains. It can form up to 60 unique laminins, but
only 16 combinations are currently known. Due to in-
tegrin binding, laminins are able to create a dynamic

connection between the cell and the ECM. Fibronectin
as a multi-domain protein provides mechanosensitive
interaction between the cell and the ECM and forma-
tion of the fibrillar network [4].

Thus, protein molecules of the ECM are consi-
dered as paracrine signaling molecules, which, along
with GFs, CK, and hormones, have a profound effect
on tissue homeostasis.

MECHANICAL PROPERTIES
OF THE EXTRACELLULAR MATRIX

A cell cannot exist or undergo proliferation and
differentiation without its mechanical environment.
The cells assess the stiffness of their microenviron-
ment using lamellopodia and universal transmem-
brane proteins of the ECM: integrins and syndecans.
Integrins, which are the main mechanosensors of the
cell, bind to fibronectin, laminin, and collagens of the
ECM through various combinations of their heterodi-
mers. On the other hand, they bind to the intracellular
actin cytoskeleton through vinculin, talin, and other
proteins, mechanically integrating extracellular and
intracellular compartments. Recognition of the me-
chanical properties of the microenvironment by a cell
and its reaction to the biophysical properties of the
ECM are called mechanotransduction [4, 9].

Conformational changes in the integrin cytoplas-
mic domains lead to activation of several cell signa-
ling pathways associated with the activity of kinas-
es and phosphatases, in particular, mitogen-activated
proteinkinases (MAPs) and guanosine triphosphate
phosphatases (Rho GTPase). The association of syn-
decans with fibronectin leads to synergy of the effects
of integrin and syndecan with respect to the activation
of signaling cascades through focal adhesion kinase
(FAK) and subsequent stabilization of the focal ad-
hesion complex. Tissue cells have diverse receptors
for various components of the ECM [4, 6, 10]. Thus,
CD34 is a receptor for hyaluronan, 67kDa-laminin is
the receptor for laminin, and discoidin domain recep-
tor (DDRs) is the receptor for collagen [4, 5, 11].

The mechanosensitivity of adhesion complexes
formed by integrins and syndecans is currently an area
of active research, yet much remains to be learned
about the pathways providing ECM-mediated cellular
responses [4, 7, 9].

To transmit external information, biochemical and
biophysical repeaters work together. It is assumed that
simultaneous interaction of thousands of intregrin re-
ceptors with binding sites in networks of anisotropic
ECM allows cells to have a topological description
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of the chemical and mechanical properties of the mi-
croenvironment, with subsequent conversion of this
information into intracellular signals generating ap-
propriate cellular responses, such as position, cell po-
larity, differentiation, growth, protein synthesis, and
regulation of energy processes [9]. One striking exam-
ple of a mechanosensitive genetic regulator is a pair
of transcriptional coactivators: the yes-associated pro-
tein (Y AP) and the transcriptional coactivator with the
PDZ-binding motif (TAZ). The role that YAP/TAZ
(which are proto-oncogenic transcriptional regulators)
play in cellular processes reflects the importance of
mechanotransduction both in normal conditions (re-
generative processes) and in pathology, in particular,
in the development of fibrosis and cancer [4, 7, 12].

It was found that during cultivation, the differenti-
ation of mesenchymal stem cells (MSCs) into osteo-
cytes, myocytes, or neurons depends on the elasticity
of collagen matrices, i.e., mechanotransduction. When
blocking myosin II, a key molecule of mechanotrans-
duction signaling pathways, MSCs become insensi-
tive to ECM elasticity and its effect on differentiation
processes. The composition of the ECM, or the ad-
hesion gradient (haptotaxis), is a coordinated process
between adhesion and anti-adhesion which significant-
ly affects the rate of cell migration. Thus, pronounced
migration of fibroblasts is observed during cultivation
on fibronectin, and it is absent during cultivation on a
mixture of fibronectin/laminin or laminin [4].

In fact, the ECM exhibits a dynamic plan of cell
development, which is best reflected by the pheno-
mena of branching, budding and formation of tubular
structures during embryogenesis [4].

Therefore, spatial orientation of cells and tissue
homeostasis as a whole are determined by mechano-
transduction or biophysical signals from the ECM,
which are transformed into biochemical signals reg-
ulating gene transcription in the cell. Dysregulation
of ECM remodeling, in particular, during the forma-
tion of fibrosis, significantly changes the fate of cells
and leads to development of various diseases, such as
disorders of the cardiovascular and musculoskeletal
systems and tumor growth [4, 8, 9, 11].

EXTRACELLULAR MATRIX IN THE
MAINTENANCE OF STEM CELL NICHES

The most important property of ECM is maintenance
of stem cell niches [4, 13]. A niche is formed by an en-
semble of stromal cells and components of the ECM
produced by them. A niche is characterized primarily
by spatial organization and provides intercellular and

cell-matrix interactions necessary for implementation
of appropriate differentiation of embryonic stem cells,
which give rise to various cell lines, or somatic stem
cells, which are necessary for tissue repair [14].

Maintaining stem cell niches is crucial for normal
functioning of the epithelial tissues which belong to
the border tissues of the body and are characterized
not only by high intensity of physiological regenera-
tion, but also by high frequency of damage and inten-
sive reparative regeneration [3, 13, 14]. At the same
time, in tissues which cells were previously consi-
dered post-mitotic, a low level of cell renewal is main-
tained throughout life due to stem cells niches [14].

A niche is represented by stem cells, their progeny
and specific niche ECM. The niche provides integra-
tion of various signals received by stem cells (auto-
crine, paracrine, systemic, and cell-matrix signals)
through adhesion and mechanotransduction receptors,
which allows to coordinate the responses of stem cells
to changing tissue needs. Stromal cells, in particular
fibroblasts, play an essential role in maintaining ni-
ches of resident stem cells through activation of Wnt,
Notch, and BMP signaling pathways [13].

The methodology for preservation of stem cell
niches proves that adhesion to the basement mem-
brane alone is insufficient for their maintenance; the
proliferative capability of cells is related to their spa-
tial location and the influence of mechanical force, in
particular rotational force which ensures the mitotic
spindle orientation during the final phase of the cell
cycle [15]. The function of many stem cells decrea-
ses during life, which may underlie aging of the body
[14], as well as formation of various types of patho-
logy. Thus, it was found that the development of ha-
bitual miscarriages is largely associated with aging of
endometrial stem cell niches [16].

Progress in understanding the principles of stem
cell niche existence (identification of niche factors and
signaling pathways) can be of great importance for re-
generative medicine and tissue engineering [13, 14].
Although some intercellular and cell-matrix interac-
tions in the niches of resident stem cells are well-stu-
died (such as stem cell niches of the skin, intestines,
hair follicles, mammary gland, and nerve trunks),
many components of stem cell niches are still under-
studied. [14]. So, the question of cell dedifferentiation
or regress of differentiated cells to a less differentiated
state within their cell line with loss of stem cell niches
in this tissue for implementation of the reparative pro-
cesses (in particular, in the gastric mucosa) remains
relevant [13].
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EXTRACELLULAR MATRIX AND
EPITHELIAL-MESENCHYMAL TRANSITION

The most striking example of the influence of
the physicochemical properties of ECM on the phe-
notype and behavior of cells is the epithelial-mesen-
chymal transition (EMT), or the trans-differentiation
phenomenon, when epithelial cells acquire a mobile
fibroblastoid/ mesenchymal phenotype. The EMT
program, along with the endothelial-mesenchymal
transition (EndMT), revealed commonality of mech-
anisms working both in embryogenesis and wound
healing, and in carcinogenesis, in particular during the
formation of cancer stem cells and at the stage of in-
vasive tumor growth [8, 17-19].

Activation and expression of transcription fac-
tors causing EMT occur through various signaling
pathways, such as the Wnt-pathway, Sonic Hedge-
hog (Shh), Notch, and others, which can be triggered
by different GFs (transforming growth factor beta
(TGFp), bone morphogenetic protein (BMP ), epi-
dermal growth factor (EGF), fibroblast growth factor
(FGF), insulin-like growth factor 1 (IGF1), hepatocyte
growth factor (HGF), platelet growth factor (PDGF)),
signals from the ECM, and effects of hypoxia. Cells
can integrate certain signals differently or respond to
extracellular molecules with different sensitivity, de-
pending on their state and microenvironment [18].

EMT is associated with loss of the apical-basal
polarity in epithelial cells, tight intercellular contacts
involving adhesive molecules (claudins, occludin,
E-cadherin), which ensure the formation of an epithe-
lial layer that is located on the basement membrane
normally represented by type IV collagen and laminin,
as well as by loss of expression of epithelial markers —
cytokeratins. Epithelial cells acquire a fibroblastoid or
mesenchymal phenotype due to the loss of intercellu-
lar contacts and a change in cell polarity. The ECM
composition changes in parallel; fibronectin, N-cad-
herin, type I and III collagens begin to prevail, and the
cells that have already changed their phenotype begin
to express mesenchymal markers, such as vimentin,
fibroblast-specific protein-1 (FSP-1), and a-smooth
muscle actin (a-SMA). The acquired mobile mesen-
chymal phenotype allows the cells to invade through
the basal layer with subsequent migration along the
secreted fibronectin matrix [17, 18].

It is possible that EMT and reverse mesenchy-
mal-epithelial transition (MET) exist as binary states
of the cell. The flexible nature of the epithelial/mes-
enchymal state makes this process difficult to observe
[18].

During EMT, the amount of type I and III collagen
drastically increases in the ECM. Placing epithelial
cells on matrices containing these types of collagen
can induce EMT through various signaling pathways.
The pathways of signal transmission also induce the
expression of genes encoding MMP-2 and MMP-9
which cleave type IV collagen in the basal plate, facil-
itating tumor invasion [8, 18, 19].

As the composition of the ECM changes, the num-
ber of integrins on the cell surface increases, which
contributes to the progression of EMT. Binding of
latent TGF to integrins aVb6 and aVb8 induces pro-
teolytic release of latent associated peptide (LAP) and
activation of TGFp. In response to TGFf signaling,
synthesis of type I collagen and fibronectin increas-
es, which makes an additional contribution to EMT.
Therefore, local accumulation of TGF is associated
with the risk of initiating tumor growth through the
development of EMT, while a decrease in the ex-
pression of TGFp weakens EMT, invasion and tumor
transformation itself.

Type I collagen, in turn, causes phosphorylation of
IkB (inhibitor of kB) via integrin-linked kinase (ILK),
leading to an increase in the amount of NF-xB local-
ized in the nuclear region (kappa B nuclear transcrip-
tion factor), which stimulates expression of Snaill
and lymphoid enhancer-binding factor-1 (LEF1) and
induces EMT. An increase in the amount of type I
collagen also activates the JNK pathway, the pharma-
cological inhibition of which cancels collagen-medi-
ated migration and metastasis of breast cancer cells.
The interaction of integrin bl subunits with type I
collagen in ECM correlates with direct suppression
of E-cadherin and induction of N-cadherin [18, 19].
ECM remodeling not only changes the types of matrix
proteins that interact with the cell membrane, but also
affects the environment of soluble cytokines that pro-
mote EMT [18].

EMT precedes the emergence of stem cell proper-
ties in tumor cells [17, 20], which represent a small
part of tumor cells capable of self-renewing, generating
heterogeneity of the tumor cell population, metastasi-
zing [21-23], and generating secondary tumors [24].

THE IMPORTANCE OF DYSREGULATION OF
EXTRACELLULAR MATRIX MOLECULES IN
THE DEVELOPMENT AND PROGRESSION OF
CANCER

Modern ideas about carcinogenesis are shifting
towards the crucial role of the ECM in this process,
forming the cellular microenvironment and actively
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regulating cell proliferation, adhesion, migration, and
apoptosis [4, 18, 25-27]. The effect of ECM on cell
differentiation has been proven, in particular, by re-
turn of the breast tumor cells to a normal phenotype
during their culture on a basement membrane created
on the basis of 3D substrates coated with antibodies
blocking B1-integrin [4].

The main components of ECM interacting with
tumor cells include fibronectin, laminin, collagen,
proteoglycans, and glycosaminoglycans, in parti-
cular hyaluronic acid (HA). HA plays a crucial role
in determining the compression properties of most
tissues, participates in constant remodeling of ECM
during embryogenesis and repair through interaction
with cells of the immune system, is involved in tumor
angiogenesis, and is an important modulator of the
behavior of various cells in the tumor microenviron-
ment [27]. HA is both a signal inducer for EMT and a
substrate for cell migration; therefore, a change in the
concentration of HA in some tissues (breast, prostate
gland) is considered as a predictor of malignancy [4,
8, 27].

The formation of the HA-CD44 complex causes
activation of the RhoGTPase signaling, leading to
structural changes in actin assembly, cytoskeleton re-
organization, transcription activation, growth of tumor
cells, their migration and invasion, and disruption of
the endothelial barrier. Many exact mechanisms of the
effect of HA on immune cells are not known yet, but
this interaction can both stimulate tumor angiogenesis
and inhibit tumor growth through the induction of ac-
tive immunity. One of the effects of the HA-CD44 sig-
naling is involvement of f-catenin, the main protein of
the Wnt-signaling pathway that controls cell polarity,
proliferation, and a number of angiogenesis factors,
such as VEGF-A97 and I1-898. The development of
anti-angiogenic tumor therapy is based on the study of
these mechanisms; moreover, such therapy is more ef-
fective in combination with a-interferon and chemical
inhibitors of HA synthesis [27].

The most important role in tumor-stroma inte-
raction is attributed to cancer-associated fibroblasts
(CAFs), which are a heterogeneous cell population
formed from various cells, including resident stromal
fibroblasts, endothelial and smooth muscle cells, adi-
pocytes, and vascular pericytes [28—-30]. It is possible
that the source of CAFs can also be epithelial cells that
underwent EMT [30]. An important role in the forma-
tion of CAFs is assigned to bone marrow stromal cells
recruited into the tumor microenvironment under the
effect of chemokines secreted by tumor cells (CCL12,

CCL16, etc.) and giving rise to MSCs [28, 29, 31].

Cross-talks between tumor epithelial cells and
CAFs are formed by means of exosomes, extracellular
vesicles from 30 to 100 nm in diameter, which are re-
leased by cells into the intercellular space and transmit
information due to diverse biomolecules contained in
them, such as proteins, DNA fragments, lipids, va-
rious GFs, miRNAs, and proteolytic enzymes [8, 17,
30, 32]. Exosome exchange determines the change in
the spectrum of genes expressed by fibroblasts, the
VCAM-1 integrin a4 signaling pathway is activated,
the level of fibronectin in the ECM is increased, and
the expression of VCAM-1 receptors in endothelio-
cytes is enhanced [17]. CAFs begin to secrete va-
rious CKs (TGFp, CCL-10, CCL-5, etc.) that model
the behavior of both immune cells (macrophages, lym-
phocytes) and tumors [17, 30, 33]. For example, CD9
positive fibroblast exosomes in scirrhous gastric can-
cer stimulate the migration and invasion of tumor cells
associated with increased expression of MMP-2 [32].

Thus, CAFs begin to play an active role in tumor
progression and metastasis, causing loss of E-cadhe-
rin expression and development of EMT [34]. During
angiogenesis, formation of the immune status of the
tumor microenvironment, and development of drug
resistance, they become the main cells in the tumor
stroma and can be important therapeutic targets [29—
31, 33].

Moreover, in recent years it has been shown that
changes in the stroma and the emergence of a CAFs-
like fibroblast phenotype can precede the formation
of a tumor, or the appearance of malignant epitheli-
al cells. CAFs-secreted factors increase proliferative
activity and mutagenesis in epithelial cells, activate
angiogenesis, disrupt intercellular adhesion contacts,
and suppress apoptosis, initiating a malignant pheno-
type in morphologically and genotypically normal ep-
ithelial cells [30].

It was found that CAFs-like fibroblasts are cha-
racterized by a decrease in the expression of CD36
(glycoprotein expressed on the surface of most cells)
associated with high production of collagen and fi-
bronectin [30]. Such CAFs-like fibroblasts were
obtained, in particular, from healthy women with
increased mammographic density; compared with fi-
broblasts obtained from women with low breast den-
sity, they were characterized by a pronounced ability
to form desmoplasia [35]. With precancerous changes
in the stroma, a decrease in the expression of CD36
and impairment of their functional state are observed
in different stromal cells (adipocytes, fibroblasts, en-
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dotheliocytes, immune cells). Thus, suppression of
CD36 in endotheliocytes is accompanied by an in-
crease in the angiogenesis; in preadipocytes, suppres-
sion of CD36 is associated with impairment of their
differentiation into adipocytes; and in immune cells, it
is accompanied by an increase in the population of M2
macrophages [30].

Repression of CD36 is associated with epigene-
tic changes, such as DNA methylation, modification
of histones and nucleosome structure, or changes in
miRNA expression, leading to a change in gene ex-
pression typical of CAFs [30, 36]. The phenotype
of CAFs is associated with dysregulation of various
signaling pathways, such as TGFp, BMP, Wnt, Sonic
hedgehog (Shh), PDGF, and some others [30].

Immune modulation and the development of in-
flammation caused by CAFs are considered as one of
the mechanisms contributing to the growth and me-
tastasis of the tumor. The immunosuppressive effect
of CAFs in the tumor microenvironment is mediated
by the activation of glycoprotein Chitinase 3Likel
(Chi3Il) in them, which determines the ability of fi-
broblasts to control the behavior of the tumor and its
pro-inflammatory and immune environment and pro-
motes tumor growth and a shift in the balance of the
immune system to type 2 immunity [33].

CAFs can be the main cellular component of the
tumor stroma and the main source of connective tissue
components in ECM and various classes of proteolytic
enzymes. Thus, in breast and pancreatic cancer, CAFs
can make up to 80% of the tumor mass, causing pro-
nounced desmoplasia [8, 30].

With an increase in the mass of tumor cells, their
tissue microenvironment begins to experience the so-
called solid stress, which causes compression of the
blood and lymph vessels, deformation of healthy tis-
sues and an increase in its resistance, which, in turn,
causes solid stress in the tumor cells, leading to a
change in gene expression and an increase in the rate
of tumor cell proliferation and migration. The micro-
vascular compression in the tumor area also results in
a decrease in the effectiveness of chemotherapy and
immunotherapy [4, 8].

Severe desmoplasia in pancreatic cancer is associ-
ated with the activation of stellate myofibroblast-like
cells accompanied by an increase in the mechanical
density of the microenvironment, that reflects the for-
mation of positive feedback. Lysyl oxidase (LOX) se-
creted by tumor cells is responsible for cross-linking
of collagen and elastin and an increase in the ECM ri-
gidity, which leads to activation of integrins and a rise

in Rho-generated tension in the cell and its facilitated
movement along thickened and straightened collagen.

Inactivation of the ability of the stellate cells to re-
model the ECM prevents mechanical release of TGF[3
from its latent form. Persistent tumor rigidity induces
high expression of TGFB and EMT. Solid stress en-
hances hypoxia in the tumor cells, their proliferative
activity, and resistance to chemotherapy. Inactiva-
tion of mechanosensory and remodeling ability of the
stellate cells may be one of the areas in the treatment
strategy. As such, all-trans retinoic acid suppresses the
mechanosensitivity of stellate cells by decreasing the
contractility of actomyosin (MLC-2), which disables
the positive feedback between the increased ECM ri-
gidity and stellate cell activation, resulting in reduced
fibrosis and invasiveness of tumor cells [4].

The modulating effect on the tumor microenvi-
ronment is exerted by various ECM components and
stromal cells (macrophages, dendritic cells, various
populations of lymphocytes). So, an increase in the
number of cancer-associated macrophages in the tu-
mor microenvironment leads to an increase of the syn-
thesis of type I, VI, and XIV collagen by fibroblasts.
By modeling the activity of MMPs, it is accompanied
by deposition, cross-linking, and straightening of col-
lagen fibers, which facilitates the invasion of tumor
cells [37]. Mast cells also affect remodeling of ECM,
invasion and metastasis of tumor cells, and angioge-
nesis via neutral proteases (chymases, tryptases) se-
creted by them, which change the activity of MMPs,
secretion of histamine, heparin, various growth factors
(VEGF, FGF, TGFp), tumor necrosis factor (TNF-a),
and individual interleukins (IL-1, IL-6, IL-8) [38].

Therefore, tumor cells change the microenviron-
ment in which they grow, interacting with cells of
CT and ECM, and vice versa, which can cause both
favorable conditions for tumor growth, invasion, and
metastasis, and unfavorable conditions, in particular
through activation of the immunity. Findings of re-
cent studies drastically contrast with historically es-
tablished ideas about the initiation of tumor growth in
epithelial cells due to their mutations. In some types
of cancer, the stroma goes beyond the role of a me-
diator in the tumor process. The changes in the sig-
nal and transcriptional program of stromal cells can
precede (or act independently of) changes in epithelial
cells and actually act as a driver of the tumor process
[25, 27, 30, 35], that dramatically shifts the focus of
the treatment strategy towards returning the original
phenotype to the stromal elements. Such therapy can
be aimed at removing CAFs by interfering with their
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survival or normalizing their phenotype through
pro-tumorigenic signal management [20, 30].

EXTRACELLULAR MATRIX AND FIELD
CANCERIZATION

The concept of field cancerization formulated by
R. Willis back in 1953 and actively developed at the
present time is closely related with the system of CT,
its cellular composition, the nature of the ECM, the
spectrum of signaling molecules, and the activity of
MMPs [39-43]. The main provisions of the concept
are well confirmed in practice and include non-in-
stantaneity of transformation; mosaic histological
picture; tumor growth both due to transformation of
cells entering the field zone and tumor proliferation;
relapses caused not so much by non-radical treat-
ment, but by maintaining this field or forming a new
one with the emergence of a tumor according to the
same laws [39, 44].

Zones of dysplasia and formation of blood vessels
are considered as the first signs of field cancerization,
while the size of the field can occupy both a part of
the organ and extend to the entire organ. According
to some authors, the field is associated with genetic
and epigenetic lesions of the epithelium bordering
the tumor growth zone [45—47], while others believe
that the formation of the field is associated with the
expression patterns of proteases and their inhibi-
tors, inflammatory mediators, and immune signaling
molecules. Big importance is attributed to the present
macrophage line, accumulation of Treg lymphocytes
[40—43], and the metabolic and hormonal status in the
peritumoral zone [48].

The theory of field cancerization is constantly
revised and updated and generally based on com-
plex interaction between stromal and tumor cells by
means of various signaling molecules changing the
microenvironment of the tumor (GFs, CK, chemok-
ines). Recently, great importance has been attributed
to impairment of the regulatory role of miRNAs in-
volved in posttranscriptional regulation of genes [34,
43]. So, in gastric cancer, an increase in the activity
of some miRNAs (hsa-miR-10a, hsa-miR-483; hsa-
miR-664a), which regulate cancer suppressor genes
APC, RUNXI, PTEN, TP53, etc., is observed, which,
in turn, is a consequence of chronic inflammation de-
veloping in the peritumoral zone [47].

A manifestation of field cancerization is evolution
of somatic cells, as a result of which they acquire in-
dividual phenotypic characteristics (focal hyperplasia,
metaplasia, dysplasia), which do not yet fully corre-

spond to the tumor phenotype. The basis of this evolu-
tion is pro-oncogenic mutations which determine the
formation of a mutant clone growing with formation
of fields of cells predisposed to progression of changes
to tumor cells; the cellular microenvironment plays a
crucial role [43, 46]. In this context, precancerous di-
seases characterized by an increased risk of develop-
ing a tumor are an example of field cancerization [43,
46]. This is best illustrated by such precancerous dis-
eases as Barrett’s esophagus, prostatic intraepithelial
neoplasia, and ductal carcinoma in situ in the breast,
reflecting the growth of mutant cell lines evolving
along the way to cancer [43].

An indirect indicator of field evolution or a high
risk of tumor transformation is genetic or clonal di-
versity of cells within the field. The existence of field
cancerization raises a number of practically important
questions. Is medical modification of field canceriza-
tion possible, for example, the use of non-steroidal
anti-inflammatory drugs that reduce the frequency of
mutations in Barrett’s esophagus or aspirin and 5-ami-
nosalicylates in inflammatory bowel diseases, to pre-
vent colorectal cancer? In addition, the effectiveness
of treatment within the tumor field in precancerous
diseases has been proven with respect to squamous
cell carcinoma of the skin [46]. Is it necessary to re-
move the tumor field, which causes the risk of meta-
chronous tumors, simultaneously with the tumor? Be-
sides, the question of methods for visualizing the field
(dysplastic lesions) during surgery also arises [43].

EXTRACELLULAR MATRIX IN THE
FORMATION OF PREMETASTATIC NICHES

In recent years, ideas about the interaction between
the tumor and the ECM during its progression and me-
tastasis have significantly evolved. It has been shown
that primary tumors have the ability to induce at a
distance such microenvironment that will support the
growth of tumor cells that have entered it. This new
microenvironment formed away from the primary tu-
mor site is called a premetastatic niche (PMN) [4, 49,
50]. Tumor cells entering the bloodstream from the
primary focus die in large numbers, and only a part
of them are able to survive and progress, being in the
PMN [8, 49].

Tumor-derived secreted factors (TDSFs) and tu-
mor exosomes, as well as stromal, immune cells and
bone marrow-derived cells, through complex intercel-
lular communication, determine the development of
processes in niches, such as matrix remodeling, angio-
genesis, immunosuppression, organotropism, and the
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nature of biomarkers expressed by niche cells [4, 49].

It is assumed that remodeling of the ECM (accu-
mulation of fibronectin, cross-linking of collagen us-
ing LOX) in the PMN occurs before tumor cells from
the primary focus migrate into them, and then tumor
cells that enter the vessels accumulate in the niches,
that are characterized by higher tissue rigidity (this
process is known as durotaxis) [4, 49]. An important
role in ECM modification also belongs to prolyl 4-hy-
droxylase (P4HA), the expression of which increases
under the effect of hypoxia and / or TGFf and which
causes deposition of high-stability collagen.

Fibronectin and hyaluronan in the ECM determine
directional migration and increase the metabolic ac-
tivity in the tumor cells. Fibronectin also promotes
recruitment of bone marrow monocytes that turn into
macrophages expressing VEGFRI1. Neutrophils ap-
pearing in PMN due to leukotriene signaling (in par-
ticular, in lung PMN) also participate in the formation
of an immunosuppressive environment by inhibiting
CDS8 + T-lymphocytes [49].

Many mechanisms of PMN formation are still not
clear, in particular, the mechanism of metastatic tro-
pism to certain organs, although recent studies have
shown that tumor exosomes have specific integrin
expression patterns that determine organotropism.
Exosome proteomics revealed that oc6p4 and a6P1
exosomal integrins are closely associated with lung
metastasis, and avB5 exosomal integrins are closely
associated with liver metastasis. Targeted removal of
these integrins reduces the absorption of exosomes by
resident tissue cells and decreases metastasis to the
lungs and liver [4].

It is assumed that cancer treatment can become
more effective when it is targeted to various mecha-
nisms of metastasis, in particular to the exosome-me-
diated mechanism. Exosomes can probably be used
as a means of drug delivery to tumor cells, but many
functions and mechanisms of exosome exchange have
to be studied [4, 49, 50].

CONCLUSION

Thus, the works of recent years reflect a shift in
the study of many pathological processes, in parti-
cular, tumor growth, to the area of the ECM state and
CT cellular elements. The extracellular matrix and CT
cells, primarily fibroblasts, are considered as active
tissue components that determine cell proliferation,
differentiation, migration, and apoptosis, as well as
progression and metastasis of tumors, and initiation
of tumor growth.

In recent years, the tissue (as well as its constituent
elements) has been considered as a integrated struc-
ture, which is more than a simple sum of its constitu-
ents. The unique properties of the tissue arise from the
collective behavior of its constituent components, and
the architectural (structural), temporal, and dynamic
aspects of tissue existence are integrated through feed-
back loops, which is clearly reflected in the formation
of a cancerized field [30]. This understanding of the
tissue, in particular cell-matrix interactions, defines a
completely new treatment strategy in many diseases,
including cancer.
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PE3IOME

]_IeJIb! aHaJIN3 U3BECTHBIX MapKEPOB Hponn(i)epaunn, alrorTosa, ayToq)arI/H/I M AaHT'HOI'€HE3a B IMTaTOrCHE3€ IMUIICBO-
Ja BappeTTa 1 aACHOKapUWHOMBI MUIIEBOAA UTA YITYUIICHUA Ka4€CTBa JUArHOCTUKU U JICUCHUA.

MaTtepuaJjibl H MeTOAbl. AHAIN3 JOCTYIHOI! JIUTEPAaTYPbl POCCUHCKUX U 3apyOEKHBIX aBTOPOB.

3akoueHue. CprKTprIpOBaHBI JaHHBIC 110 U3BECTHBIM MapKe€paMm, KOTOPLIC B z[aaneI?ImeM TJIaHUPYETCS BHE-
JAPUTH B KIIMHUYECKYIO MIPAKTUKY NPU AUArHOCTHUKE U JICHEHU U IMHUIIEBOAA BappeTTa " aACHOKaPpIUUMHOMBI ITUIICBO-
Jla Ha pa3HbIX CTalUsIX pa3sBUTUA 3a00JIeBaHHIA.

KuroueBble ciioBa: nmiuieBo bapperra, aneHoKapIHOMA MHIIEBOAA, IPOIH(EpaIys, anonTo3, ayroharus, aH-
THOTEHE3, MapKephl.

KonpaukTt uaTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk puHAHCHPOBAHMSA. ABTOPHI 3asBIAIOT 00 OTCYTCTBUM (PUHAHCHPOBAHHSL.

Jnsa uurupoanus: [lerenéra E.C., Canmvmuna A.b., bepnaukos C.1., Canmun B.B., A6pamos B.I'., Mensene-
Ba H.H., Cemuues E.B. [lumeBon bapperra n ageHokapurHOMa MHIIEBOA: OHOMapKepsl MPOTUQepannu, arnor-
TO3a, ayTodaruu u aHruorenesa (0030p nuTeparypsl). broaremens cudupckou meouyunsl. 2020; 19 (4): 226-234.

https://doi.org/10.20538/1682-0363-2020-4-226-234.

INTRODUCTION

Barrett’s esophagus is a pathological condition
in which, under the influence of refluxate (stomach
contents: hydrochloric acid, digestive enzymes, bile
acids), the non-keratinizing squamous epithelium of
the distal esophagus is replaced with specialized co-
lumnar epithelium with goblet cells, with the formation
of areas with metaplasia and epithelial dysplasia. Ac-
cording to different authors, the frequency of Barrett’s
esophagus (BE) in the population is 2.44% and is a
“precancerous disease”, therefore, the problem of di-
agnosis, early detection of BE and monitoring of these
patients is extremely important due to the high risk
of malignization. In turn, esophageal cancer accounts
for 3% and ranks 6th in the structure of all malignant
diseases and is the third most common type of tumor
of the gastrointestinal tract (after cancer of the sto-
mach and rectum) [1]. The neoplastic progression of
BE is expressed by the appearance of areas of metapla-
sia andan increase in the degree of epithelial dysplasia
(low-grade dysplasia — high-grade dysplasia) [2—4].
With the continued effect of refluxate on the esopha-
geal mucosa, in the absence of treatment, esophageal
adenocarcinoma (EAC) develops. It is rarely detect-
ed in the initial stages of the disease due to the late
onset of clinical symptoms which include pain syn-
drome (which, in clinical practice, is often perceived

as a manifestation of other pathological conditions/di-
seases of the cardiovascular or bronchopulmonary sys-
tems), dysphagia, and respiratory issues in the form of
a paroxysmal dry cough, and aggravation after eating
and in the supine position. In this regard, the possibi-
lity of surgical treatment at the time of diagnosis usu-
ally does not exceed 50% [4]. The incidence of EAC
against the background of BE is steadily increasing,
amounting to up to 5% of patients with BE per year,
while the five-year survival rate of patients with EAC
is extremely low and, according to various sources, is
no more than 15% [1, 2, 4]. Predicting malignization,
a clear definition of markers will make it possible to
track the course of BE, predict the transition to EAC,
and, accordingly, facilitate early detection and timely
treatment of this pathology.

The search for appropriate markers for the diag-
nosis of PB is inseparable from the pathogenesis of
the disease. The pathogenesis of BE is not well under-
stood. Metaplasia is considered a consequence of the
long-term gastroesophageal reflux disease (GERD),
in which there is constant contact of aggressive reflux
factors with the stratified squamous epithelium of the
esophagus.

The main risk factors are male gender, age over
50, clinical symptoms of GERD. Additional factors
include Caucasian race, hiatal hernia, obesity (abdom-
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inal type), smoking, family medical history and gene-
tic predisposition.

Considering the above, it can be assumed that BE is
a stage in the development of EAC. The reasons trig-
gering the development of metaplasia and dysplasia,
as well as the molecular mechanisms of the pathogen-
esis of these conditions, are still poorly understood.
There are several theories of the BE development, and
discussions continue regarding the mechanisms of the
pathogenesis of this pathology.

It is known that in the presence of acid reflux, the
flat non-keratinizing epithelium in the damaged mu-
cous membrane of the esophagus is replaced by meta-
plastic columnar epithelium [2] (Fig. 1-4).

Fig. 1. The esophagus of a healthy person. Stained with
hematoxylin and eosin, X200

Fig. 2. The area of transition of the esophagus into the stomach
in a healthy person. Stained with hematoxylin and eosin,
%200

Fig. 3 The mucous membrane of the distal esophagus of
a patient diagnosed with BE. Metaplastic type of mucous
membrane. Stained with hematoxylin and eosin, x200

Fig. 4. The mucous membrane of the distal esophagus of
a patient diagnosed with BE. Metaplastic type of mucous
membrane. Kreiberg mucin staining, x200

However, daily intraesophageal monitoring of pH
and bilirubin revealed that mixed acid-biliary reflux
predominates in up to 90% of patients with BE, which
causes more severe damage to membranes and inter-
cellular contacts due to the synergistic effect of hydro-
chloric acid, gastric acid enzymes and bile acid con-
jugates [4]. Conjugated lipophilic bile acids increase
the permeability of apical cell membranes, thereby
facilitating the diffusion of hydrogen protons into the
tissue, which ultimately has the main damaging effect.
Damage to the cells of the surface layer of the epi-
thelium stimulates the regeneration and compensatory
thickening of the epithelial layer under the influence
of the epidermal growth factor, which leads to an in-
crease in the length of the proliferation zone, the for-
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mation and elongation of the papillac of the proper
plate of the esophageal mucosa [6, 7]. At this time, the
stem cells of the basal layer at the height of the papil-
lae are exposed to acid, enzymes and bile acids. In
this regard, the basal epithelial progenitor cell, being
pluripotent, can differentiate not into a flat, but into
a cylindrical epithelium that is more resistant to the
influence of refluxate components (a “defense mecha-
nism” against the action of aggressive reflux factors).

There are other theories of the mechanism of Bar-
rett’s metaplasia development. One of the first hy-
potheses for the development of BE, which consisted
of the ascending migration of gastric epithelial cells
from the esophageal-gastric junction as a reparative
mechanism for replacing damaged acid and other
components of esophageal mucosa refluxate, has by
now yielded to the point of view that PB de novo de-
velops from cells inherent in the esophagus and not
migrating from the stomach [4].

According to modern concepts, factors in the for-
mation of a malignant neoplasm include the ability
of carcinogenic agents to cause damage to the cell
genome. Malignant progression of any localization
is characterized by an increase in proliferation and
a decrease in apoptosis [8]. The esophagus is no ex-
ception in this regard. Neoplastic progression occurs
in patients with acquired genetic instability, in which
pathological clones of cells appear, in which aneuploi-
dy is determined, which allows us to consider aneu-
ploidy in PB as a marker of a high risk of malignant
progression [9].

The progression of BE also affects the barrier
function of the esophageal epithelium. Dysregulation
of the complex of molecules of E-cadherin and B-ca-
tenin, which are responsible for cell adhesion, and
a decrease in their expression on the cell membrane
occurs at the late stages of dysplasia development. In
Barrett’s esophagus, a decrease in the expression of
E-cadherin and B-catenin is observed with an increase
in dysplasia [10]. Moreover, the more the expression
of these proteins is reduced, the worse the prognosis
in EAC is.

With an increase in the expression of cyclooxygen-
ase-2, cell adhesion decreases, angiogenesis and pro-
liferation increase, and apoptosis decreases [11].

Another potential point of studying the progression
of BE in EAC is the expression of a marker such as
maspin. Research in this area has shown that lesions
of each pathological grade can be divided into sub-
types that show different patterns of the subcellular
distribution of maspin, including nuclear only (Nuc),

combined nuclear and cytoplasmic (Nuc + Cyt), only
cytoplasmic (Cyt) and in general negligible (Neg).
Thus, the Cyt subtype of the maspin expression pat-
tern can serve as a molecular marker of early EAC
[12].

According to the literary sources, studies of differ-
entially expressed genes (DEG) are being conducted
as potential markers of the “transition” of Barrett’s
esophagus to esophageal adenocarcinoma. Consider-
ing the results of some studies, it can be assumed that
a panel of differentially expressed genes can occur in
cases of high sensitivity to the effects of “risk factors”
in the development of EAC, as well as in the progres-
sion of this pathological condition [5].

There is data on the study of p504s and CD133
markers, which can act as markers of proliferation and
in the future will be used for the differential diagnosis
of benign metaplasia and EAC [2].

Phosphorylated histone H3 is a potential marker by
which it will be possible to differentiate between low-
and high-grade dysplasia and EAC. According to the
literary sources, adenocarcinoma had higher rates of
mitosis (in terms of phosphorylated histone H3) than
high-grade dysplasia [13].

Autophagy is of some importance in the pathogen-
esis of BE. Autophagy is a highly conserved mecha-
nism that is activated during cellular stress. Presum-
ably, autophagy can be caused by acid reflux, which
causes damage and inflammation and, therefore,
contributes to the development of BE and EAC [49].
Currently, the role of autophagy in BE and EAC is
poorly understood. According to various researchers,
autophagy functions to improve cell survival after re-
fluxate damage. Thus, autophagy may play a decisive
role in the pathogenesis and progression of BE, which
requires further study [14, 15, 40].

Another important and actively studied area is the
mechanism of epigenetic drift is a gradual change
in the DNA methylation profile with the age of the
organism [16]. Presumably, this is a consequence of
dysregulation of the molecular apparatus that main-
tains the normal methylation profile, which consists
of the attachment of a methyl group to the cytosine in
the CpG dinucleotide at position C5 of the cytosine
ring [16-18]. Methylation in the promoter region of
a gene usually leads to suppression of transcription of
the corresponding gene. Methylated cytosine, in turn,
can then be oxidized by special enzymes, which leads
to its demethylation back into cytosine. Knowing that
EAC is, as a rule, a consequence of BE, where nor-
mal squamous cell epithelium is replaced by intestinal
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epithelium in response to chronic gastroesophageal
acid-biliary reflux, and both of these conditions are
characterized by loss of heterozygosity, aneuploidy,
specific genetic mutations and clonal diversity, ge-
nome and epigenomic analyses can increase the accu-
racy of risk stratification [17]. Tests for detecting mo-
lecular changes associated with tumor progression can
be used to improve the pathological assessment of BE/
EAC and to select patients at high risk of developing
these pathologies for more intensive follow-up [16].

One should also consider that the development of
BE and, in the future, EAC is associated with certain
demographic and behavioral factors, including gen-
der, obesity/increased body mass index (BMI) and
smoking [17-19].

Thus, the pathogenesis of BE is currently not ful-
ly understood; it is most likely to be multifactorial.
Because of the strong relationship between EAC and
BE and between BE and GERD, factors involved in

the development of GERD have been the focus of
attention in recent years in an attempt to explain the
observed increase in the prevalence of EAC. The pro-
cesses of increased proliferation and suppression of
apoptosis, damage to the factors of the barrier function
of the epithelium play an important role in the patho-
genesis of BE and its progression into EAC.

According to the data we have analyzed, the fol-
lowing markers are most often used to diagnose and
assess the prognosis in BE and EAC:

— Ki 67 protein expression,

— p53 gene mutation,

— BE aneuploidy,

— increased expression of COX-2 (low specificity,
actively studied as a marker involved in the pathoge-
nesis of PB),

— VEGFR (a marker of angiogenesis).

Table 1 summarizes the characteristics of some of
the molecular markers.

Table 1

Markers of Barrett’s Esophagus and Esophageal Adenocarcinoma

MUC-1

progression of BE, its expression in cells increases [20].

"Intestinal" mucin. Its diagnostic sensitivity in BE is 95%. In 55% of cases, it is found in goblet cells. With severe dysplasia, i.e.

Ki-67

It is a classic marker of cell proliferation. Its expression makes it possible to isolate cells that are in the active phase of the cell cycle
throughout its entire length (G1-, S-, G2- and M-phases). Ki-67 is absent only in the GO-period. If Ki-67 is less than 15%, the tumor is
considered less aggressive; if it is more than 30%, the tumor is considered highly aggressive [21.22].

CCK2R

Cholecystokinin-2 (CCK2R) receptors are overexpressed in various malignant diseases and therefore attract some attention as potential
markers for studying the progression of Barrett's esophagus into EAC [24].

TFFI1, TFF2

Trefoil factors are found in the secretions of goblet cells and Paneth cells and
provide regulation of proliferation, differentiation and apoptosis [24].

SATBI

SATBI influences the expression of hundreds of genes, including some that are involved in the pathogenesis of human cancer. These data
suggest that SATB1 may be involved in carcinogenesis and/or progression of human malignant tumors.
SATBI shows promise as a prognostic biomarker and a novel therapeutic target based on its expression level in solid tumors [25-27].

Proliferation markers

Mcm?2

Minichromosome maintenance protein is involved in all stages of cellular cycle.
Representation in adenocarcinoma is 28.4% to 3.4% in non-progressive forms [28].

P53

In the presence of mutations, accumulation occurs, including that in the nucleus of cells. The presence of the marker varies from 5% (no
dysplasia); 10-20% for low-grade dysplasia, over 60% for high-grade dysplasia, and over 70% for adenocarcinoma [29, 30].

PCNA

(Proliferating cell nuclear antigen) is a nuclear non-histone protein required for DNA synthesis. It is an auxiliary protein for DNA
polymerase alpha, which increases during the G1/S phase of the cell cycle. Expression of PCNA can be used as a marker of cell
proliferation since cells proliferate for a longer time in the G1/S phase. In addition, this protein plays an important role in the metabolism
of nucleic acids as a component of the mechanism of DNA replication and repair [10].

P27

Inhibits the E/Cdk2 complex, which prevents the onset of the S stage of the cell cycle.
The main types of damage are hypermethylation, decreased heterozygosity [28].
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Table (continued)

TGFa
They stimulate VEGF secretion by acting on metaplastic PB cells [31].

EGFR
EGFR is an oncogene that encodes a transmembrane tyrosine kinase receptor. Its dysregulation has been linked to several types of human
cancers [31].

TGFp

It is central in the epithelial homeostasis, regulating both proliferation and differentiation. In normal cells, one of the functions of TGFf}
is to induce cell-cycle block, and many epithelial tumors are resistant to this response. In contrast, TGFp is involved in the epithelial-
mesenchymal transition in tumor cells, especially at invasive margins, where this change in phenotype is believed to promote invasion
and metastasis. Expression of TGFp is increased in EAC compared to the normal esophagus and BE [31].

erbB-2/Her2 receptor
is amplified in approximately 10-50% of esophageal adenocarcinoma, with concomitant overexpression of mRNA or protein. Presumably,
this lesion is a late stage in the carcinogenesis of Barrett's esophagus [31].

Cyclooxygenase-2 (COX-2)

is a key enzyme in the prostaglandin synthesis pathway. It is believed that chronic inflammation can stimulate tumor development, at
least in part due to mediators such as prostaglandins, which suggests that COX-2 promotes carcinogenesis in BE. Increased expression
of COX-2 is found during the progression from BE to EAC and is associated with proliferation and decreased survival [30, 31].

MicroRNA

E
ia: MicroRNA (miRNAs), a class of endogenous and single-stranded RNA, is a subfamily of small non-coding regulatory RNA, 18-22
g nt in size, involved in various physiological and pathological processes. miRNAs play an important role in oncogenesis by directly or
g | indirectly regulating the expression of various oncogenes or tumor suppressors [32].
S | CYFRA2I-1
ﬁ One of the structural elements of epithelial cells, which forms their framework (cytoskeleton), and numerous cytokeratin proteins. There
E are about 25 types of proteins, and Cyfra 21-1 is used to diagnose some cancerous tumors [33].
Fibronectin 1
Fibronectin 1 (FN1) is a member of the glycoprotein family located on the 2q35 chromosome. It has been reported that FN1 is activated
in many tumors, and its expression is negatively associated with the prognosis and survival of cancer patients [34].
Leptin
It has been demonstrated that the expression of leptin and its receptor is present in cell cultures of some types of esophageal cancer, and
the addition of recombinant leptin to these cell lines leads to a significant dose-dependent increase in cell proliferation and suppression
of apoptosis [35].
P21
The exact role of p21 in carcinogenesis has not yet been fully established. Studies show that in some types of tumors, loss of p21 is a sign
of a poor chance of survival. However, situations are known when an increased concentration of this protein in cells positively correlates
with the aggressiveness of the tumor and its ability to metastasize. This is particularly the case when p21 accumulates in the cytoplasm,
and not in the cell nucleus [22, 31].
CDX2
The cdx2 gene encodes a specific transcription factor; its protein is expressed in the early stages of small intestine development and
may be important in the regulation of proliferation and differentiation of small intestinal epithelial cells. It is expressed in the nuclei
of intestinal epithelial cells from the duodenum to the rectum. The protein is expressed in primary and metastatic tumors of the large
intestine and is detected in intestinal metaplasia of the stomach and intestinal type of gastric cancer. It is not found in normal epithelial
cells of the stomach [28, 36].
VEGEF, VEGFR
Provide neorevascularization of metaplastic tissues which is one of the early events supporting the tumor progression of BE [37].
12}
% | VEGFR-1,2
E gc)n VEGFR-1 regulates angiogenesis through mechanisms that include ligand uptake, homo- and heterodimerization of receptors. Its function
5 'c% in angiogenesis may include its ligand-binding extracellular region, acting as a VEGF trap to modulate the function of VEGFR-2 (which
= S | in turn is a receptor for vascular endothelial growth). The study of these markers plays an important role in the creation of "compounds"
aimed at suppressing vascular
growth in tumors [37].
P16
w“ The main types of damage are hypermethylatlon, decrleased heterozygosﬁ){, mutations, and promotor methylation.
© .Z | Adecrease in heterozyosity is observed in 75% of patients with adenocarcinoma [31].
= Q
< & | NF-kb
§ & | (Nuclear Factor kappa B) is activated in various types of cancer. This mediator of carcinogenesis forces malignant tumor cells to avoid

apoptosis from the checkpoint of the cell cycle. In recent years, many studies have been performed demonstrating that miRNAs and NF-
kB play an important role in the development and progression of tumors [34].
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Table (continued)

Markers of autophagy

mTORCI1 complex

regulates the signaling pathway leading to the activation of autophagy by phosphorylation and inhibition of the kinase activity of ULK1
(Unc-51-like kinase 1). After nutrient deprivation, mMTORC] repression is attenuated, and active ULK1 forms a complex with mAtg13,
FIP200 (or RBICC1), and Atg101, which leads to activation of autophagy [38].

UV Radiation Resistance Associated Gene (UVRAG) is a tumor suppressor involved in autophagy.

UVRAG, originally identified as a BECN1-binding macroautophagy/autophagy protein, UVRAG directs a variety of cellular processes to
maintain homeostasis and genetic stability, including ER-Golgi transport, endosomal degradation, DNA repair, and centrosome integrity.
Consequently, tumor cells may "seek to inactivate" UVRAG in some contexts to remove an important barrier to cancer development
[15, 39, 45].

ATG

is a gene associated with autophagy. ATG8 protein is involved in autophagosome formation, load recognition, and recruitment to
autophagosomes. At least seven homologues of ATG8 (mammalian ATGS, mATG8) are expressed in human cells. They are usually
divided into two subfamilies of GABARAP (Gamma-aminobutyric acid receptor-associated protein A) proteins, including GABARAP /
-L1/-L2, as well as LC3, which includes LC3A (a, b) / B/ C [14, 41-43].

ULK1

is recruited into the Beclin-1-ATG14L-VPS34 complex through its interaction with ATG14L. Beclin-1 is activated by the phosphorylation
of ULK1, and, therefore, the PI3 activity of the VPS34 kinase stimulates the production of PtdIns P, which is necessary for the formation
and/or maturation of autophagosomes [37,38, 40].

Lipid kinase VPS34 is an important mediator of many aspects of intracellular transport through the formation of phosphoinositide-3-

phosphate (PI (3) P) on membranes [40, 44].

Based on the analysis of the literature available to
us, it was revealed that studies in the field of etiolo-
gy, the pathogenesis of BE and EAC, as well as ver-
ification of these pathological conditions, prognosis
and choice of treatment methods, remain incomplete.
There is a situation of untimely detection and, accord-
ingly, late initiation of BE treatment, in connection
with which the risk of EAC development increases.
The literature analyzed shows a rather high risk of de-
veloping EAC against the background of BE which
opens up new opportunities for us in the diagnosis and
treatment of these pathological conditions. From our
point of view, the most urgent are the issues of a de-
tailed study of the markers of proliferation, apoptosis,
autophagy and angiogenesis, the selection of the most
significant of them for the early diagnosis of esopha-
geal pathology and the use of markers as a possible
immunobiological therapy for Barrett’s esophagus
and esophageal adenocarcinoma. Consequently, the
study of this problem does not lose its relevance and
requires further research.
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ABSTRACT

Huntington’s disease (HD) is an autosomal dominant progressive neurodegenerative disease. Its molecular cause
is a cytosine-adenine-guanine (CAG) trinucleotide repeat dynamic expansion in the huntingtin (H77) gene. Alleles
with 36-39 CAG-repeats are incompletely penetrant, as individuals might develop symptoms but typically with a
later age of onset. When repeats are equal or greater than 40, the symptoms of the disease occur. It is considered
that CAG-repeats in the “intermediate” alleles (2735 repeats) also cause the symptoms of the HD.

We present here the case of a patient who has clinical phenotype and family history of Parkinson’s disease (PD),
but 27 CAG-repeats. The feature of this patient is early development of non-motor manifestations such as cognitive
impairment, psychotic disorders, early dystonia in a hand, camptocormia and poor response to levodopa. It is
believed that the intermediate allele of HT7T gene might modify the clinical phenotype of PD in this patient.

Key words: parkinsonism, Parkinson’s disease, motor disorders, Huntington’s disease, differential diagnosis,
expansion of CAG-repeats, HTT, neurodegenerative diseases; genetics.
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60/1e3H1 T@HTUHI TOHa Yy NaLMeHTKM ¢ aanenem 27 CAG-noBTopos B reHe HTT
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PE3IOME

Bonesns 'entnnarrona (bI') — ayTocoMHO-IOMIHAHTHOE IIPOTpeccHupyollee HelpoiereHepaTuBHOe 3a00IeBanHue,
MOJIEKYJIIPHOI IPUUUHOI KOTOPOTr0 IBJIAETCS AUHAMUYECKas My Tallus, CBSI3aHHAs C 3KCIIaHCUEH TPHHYKJICOTUIHBIX
CAG (uuTo3nH-aIcHUH-TyaHUH) TIOBTOPOB B reHe TeHTHHrTHHA (HTT). Amnemn ¢ 36-39 CAG-noBTopaMu npu-
BOJIIT K HETIOJTHOH IIEHETPAaHTHOCTH U OoJee MO3HEMY Havally 3a00JIeBaHMs, TOT[a KaK KIMHUYECKAE CHMITOMBI
3a0oJeBaHMs 003aTEIBHO PAa3BUBAIOTCS IIPH KoJIMdecTBe MOBTOPoB 40 u Gonee. B moceHee BpeMst mosiBisieTcst
Bce OoJplre noka3arensbeT o cBs3u CAG-IIOBTOPOB B quanazone ot 27 110 35 (MpoMeXyTOUHBIE aJlIeIIH) C OTIeIb-
HBIMU KIIMHUYECKUMHU IIPOSBICHUAMY, XapaKTepHbIMU Juisd BI'.

Hamu ommcan kmuHWYeCKWi ciydaid manueHTKH ¢ ¢eHotunoMm Oonesnu [lapkmucona (BII), oraromeHHbIH
ceMEeWHBIM aHAMHE30M O JAHHOU MATOJIOTHH U IPOMEKYTOUHBIM ajuienieM ¢ 27 CAG-noBropamu. OcoOeHHOCTHIO
OBLIO paHHEE pa3BUTHE B Ae0I0TE OONE3HH TAKMX HEMOTOPHBIX MIPOSBICHHH, KAK KOTHUTHBHBIE M IICHXOTHIECKHE
paccTpoicTBa; paHHSS AUCTOHUS B KHCTH M KAMIITOKOPMHUS, a TaKkxKe cra0bIif oTBeT Ha neojoiy. [Ipexnomnaraer-
cs1, 4TO MpoMexKyTouHbIi ayutens reHa HTT mogudunupyer kmuandeckuit ¢penotun BI1 y 3Toit manmeHTKH.

KonroueBble cioBa: mapkuHcoHU3M, 00e3Hb [lapkuHCcOHa, ABUTATENBHBIE PacCTPOHCTBA, O0JIe3Hb | eHTHHTTOHA,
skcnancust CAG-niosropos, HTT, HeliponerenepaTnBHbIe 3a001€BaHNUs, TCHETHKA.

KoHdaukT uHTEpecoB. ABTOPHI ACKIAPHUPYIOT OTCYTCTBUE SBHBIX U MOTCHIMAIBHBIX KOH(PIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKAIME HACTOSIICH CTAThH.

Hcrounuk ¢puHancupoBanus. VccnenoBaHue BBINONHEHO Npu nojaepkke CoBera Mo rpaHTaM Ipe3uJieHTa
Poccwuiickoit ®enepanuu (rpanT «KITMHAKO-3THIEMHAOIOTHIECKAE 0COOCHHOCTH HEHPOJICTeHEPATHBHBIX 3a00I1e-
Banmii Tomckoit obmactm»y Ne MK-813.2019.7).

Jas nurupoanusi: Hukutuna M.A., Bparuna E.1O., Tomboesa /I.E., Hazapenko M.C., XKykosa H.I"., Hypxa-
HoBa K.@., Ilentp H.B., Anmudpuposa B.M. Arunuunoe TeueHue 6ose3un [apkuHCOHA ¢ KJIMHUYECKHUMU MPOSB-
neHussMu 6osie3uu ['eHTHHTTOHA y TanueHTku ¢ auiesiem 27 CAG-noBTopoB B rene HTT. broiiemens cubupckoil
meouyunst. 2020; 19 (4): 235-240. https://doi.org/10.20538/1682-0363-2020-4-235-240.

INTRODUCTION

Huntington’s disease (HD) is an autosomal domi-
nant disease developing as a result of a mutation as-
sociated with a pathological increase in the number of
CAG repeats in the first exon of the huntingtin gene
(HTT) mapped at the 4p16.3 locus. On the basis of the
mutant HTT gene, a large protein of the same name is
synthesized, which has an elongated chain of gluta-
mine residues in its composition, resulting in the for-

mation of pathological connections between mutant
huntingtin and other proteins that contribute to the
cytotoxicity and selective death of striatum neurons
which is characteristic of the disease [1, 2]. HD is the
most common monogenic neurodegenerative disorder
in populations of European origin [1].

The number of copies of CAG repeats in healthy
individuals varies from 10 to 35, and the presence of
at least one allele with 36 CAG repeats in the HTT
gene leads to the development of HD. Carriers of
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alleles within 36-39 CAG repeats are characterized
by incomplete disease penetration, and the expansion
of 40 or more CAG repeats leads to the development
of a complete clinical picture of HD. The severity of
symptoms and early onset of the disease correlate pro-
portionally with an increase in the number of CAG
repeats [3].

The carrier state of the so-called “intermediate” al-
leles (IAs) within the range of 27-35 CAG repeats is
a characteristic of phenotypically healthy individuals.
However, in recent years, some studies have appeared
that note the correlation of “intermediate” alleles with
a barely noticeable (subclinical), and sometimes ex-
plicit phenotypic manifestation of HD in some cases
[3, 4]. A typical motor disorder in HD is characterized
by both hyper- and hypokinesia, the latter is more pro-
nounced in the early stages of the disease. However,
hypokinesia prevails from the very beginning in the
primary akinetic-rigid form of HD, a rare variant of
Westphal, manifesting most often in the first two de-
cades of life and characterized by a particularly unfa-
vorable outcome [5].

Alleles with 36-39 CAG repeats that are asso-
ciated with incomplete HD penetrance occur with a
fairly high frequency among the general population.
Thus, according to Kay C. and co-authors’ study there
is one carrier of the HD mutation for every 400 peo-
ple among 7,315 individuals of European origin from
the United States, Scotland, and Canada (this corre-
sponds to a prevalence of 250 per 100,000 population)
[6, 7]. Most often, individuals with the number of
3637 CAG repeats were found in the studied cohorts
(36 — 0.096%; 37 — 0.082%; 38 — 0.027%; 39 —
0.000%; > 40 — 0.041%). The obtained data indicate
an underestimation of the true prevalence of HD [8].
Unfortunately, similar estimates of CAG-repeat ex-
pansion prevalence in residents of different Russia re-
gions are limited, which makes it necessary to conduct
an all-Russian epidemiological study.

Regarding the “intermediate” alleles of the HTT
gene, it was found that one IAs carrier with (27-35
CAG repeats) accounts for 16 examined individuals.
It is especially important because IAs carriers are the
source of the de novo HD mutation (sporadic cases
of the disease) in subsequent generations, reaching
5-14% of the patients with HD total number [9]. Ac-
cording to an epidemiological study, the frequency of
the intermediate alleles is 2.6% in Russian residents
[10]. A fairly high frequency of “intermediate” alleles
is also registered among patients with other neurolog-
ical diseases: up to 3.5% among patients with HD,

reaching the maximum frequency of 6.0% in patients
with Alzheimer’s disease [11, 12].

This article presents a clinical case of a patient
with a phenotype that is largely compatible with the
akinetic-rigid form of Parkinson’s disease, but with
features suggesting that an “intermediate” allele of the
HTT gene (27 CAG repeats) modified the classic Par-
kinson’s disease phenotype.

CLINICAL CASE

Patient K., female, 54 years old, noted general
weakness, fatigue, and slowness of movements, which
she associated with the stress, so she did not seek
medical help. Over the next two years (up to the age of
56 years), poor left-hand control followed, interfering
movements and performing any purposeful actions,
with involuntary flexing of the fingers. Additionally,
there was a tremor of the head and eyelids, increased
hypokinesia in all types of activities, deterioration
of handwriting, increased constipation, increased ol-
factory disfunction up to anosmia, and a constantly
reduced mood background. Hypokinesia and hypo-
mimia were present during the examination, as well
as a slight inclination of the body forward (camp-
tocormia) and slightly to the right (Pisa syndrome),
small, shuffling step gait, disruption of balance control
(rare falls up to once in 3—6 months) and clumsiness in
fine motor skills. Symptoms of the disease prevailed
on the left side of the body and in the left extremities.

The patient was examined. MRI of the brain: signs
of microangiopathy with expansion of the basal cis-
terns, moderate atrophy of the frontal and parietal
lobes cortex, rhinosinusitis. Electroencephalography:
due to the high motor activity the EEG is overlaid by
a myogram. Certain elements of epileptiform activi-
ty were registered for hyperventilation in the form of
acute potentials, acute-slow wave complexes in the
left central temporal area; irritation signs of subcor-
tical and brainstem structures. Laboratory tests: an-
tibodies to the thyroid-stimulating hormone receptor
(TSH) in the blood: 2.3 mME/l; free thyroxine T4 in
the blood: 12.7 nmol/l; anti-TPO in the blood: 3.3;
hepatitis B virus antigen in the blood: negative; hep-
atitis C virus antigen in the blood: negative. General
and biochemical blood tests: no pathology was detect-
ed. Ultrasound examination of the thyroid and para-
thyroid glands: diffuse changes in the thyroid gland
were detected. Duplex scanning of brachiocephalic
arteries with color Doppler mapping of blood flow:
signs of carotid atherosclerosis without significant ste-
nosis; tortuosity of the carotid arteries on both sides
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with compression of the jugular veins; signs of extra-
vasal dynamic impact on the vertebral arteries. Com-
plex ultrasound examination of abdominal organs:
moderate diffuse changes in the liver; signs of chronic
cholecystitis. Radiography of the hands: deforming
osteoporosis of the 1st degree. Ophthalmologist con-
sultation: hypertensive arteriosclerosis; initial cataract
in both eyes; destruction of the vitreous body of both
eyes. Consultation of a general practitioner: hyperten-
sion of the 2nd stage; chronic heart failure of 0 stage,
risk 2; hypertensive heart disease with a primary heart
lesion without congestive heart failure. Surgeon con-
sultation: constipation; scoliosis of the thoracic and
lumbar spine levels.

The diagnosis of PD was established on the basis
of physical and other examinations, since the signs
and symptoms corresponded to the main diagnostic
criteria of the disease: the presence of severe hypo-
mimia, hypokinesia, rigidity and a sense of clumsiness
with a symptom predominance in the left half of the
body and limbs, as well as gait disorders of the “Par-
kinsonian” type, and the presence of postural insta-
bility. The patient has no children. According to the
patient, her mother’s brother also suffered from PD at
the age of about 65. However, the patient’s relative’s
medical history is not available. Dopamine receptor
agonists and amantadine were prescribed (pramipexol
4.5 mg/day, amantadine 150 mg/day).

Six months later (at the age of 57), the woman
noted a significant deterioration in the form of an
increased severe body inclination to the right and
forward. During the examination, there was a slight
postural and kinetic tremor of the upper extremities
without a rest tremor, slight tremor of the head and
eyelids. Rigidity was observed with a predominance
in the left extremities. Bradykinesia was moderate,
but obvious, and the gait was shuffling. Postural re-
flexes were impaired (falls started to occur), but it
was still possible to walk without assistance. Ac-
cording to validated clinical tools: the MDS-Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS)
III was 39 points, and the Unified Huntington’s Di-
sease Rating Scale (UHDRS) III was 24 points. Due
to the deterioration of condition (increased stiffness
and hypokinesia), the drug levodopa/carbidopa/enta-
capon (at a dose of 300 mg per day) was added to the
antiparkinsonic therapy scheme, along with physical
therapy. This pharmacological approach gave a slight
improvement of the condition: slightly decreased ri-
gidity, slightly decreased camptocormia, slightly
improved gait. There was no clinically significant

positive result after botulinum toxin injections for
camptocormia correction.

Despite the presence of major symptoms, corre-
sponding to PD (bradykinesia, rigidity and postural
instability), the patient had several PD not correspon-
ding non-motor manifestations after four years of the
motor symptoms onset: pronounced cognitive impair-
ment (13 points on the MoCA test and 18 points on
the MMSE, which corresponds to moderately severe
dementia), expressed anxiety and depressive disorders
(according to HADS: subscale “anxiety” — 12 points,
“depression” — 13), the presence of suicidal thoughts
without suicidal behavior (according to the question-
naire C-CSSR) and no hallucinations. The young age
of the onset is also notable (it is believed that the ave-
rage age of PD onset is 65 years, the disease debuts
earlier only in 10-15% of cases [13]). Such motor
symptoms as camptocormia developed within three
years from the onset of the disease, head tremor and
the presence of involuntary flexor movements in the
fingers of the left hand before the beginning of anti-
parkinsonic therapy were among motor disorders not
filling the clinical picture of the disease.

In order to make a differential diagnosis of PD with
other motor disorders manifesting as parkinsonism, a
number of neurological tests were performed: there
was a slight slowdown in initiation and hypometria of
saccades, but eye movements were in full (in contrast
to progressive supranuclear paralysis, in which pos-
tural instability is also observed). The patient could
hold her tongue stuck out for 10 seconds without
much effort (unlike Wilson — Konovalov’s disease).
Only mild vegetative symptoms were observed (dif-
fuse hyperhidrosis, hypersalivation, moderately dry
mouth, constipation in contrast to multi-system atro-
phy). For differential diagnosis between HD and PD,
the Wartenberg glabellar reflex was tested, manifes-
ting as a pronounced closing of the eyelids when a
hammer strikes on the glabella (bridge of the nose)
and considered an obligate sign of parkinsonism. The
patient’s glabellar reflex showed rapid habituation and
the absence of pronounced closing of the eyelids when
hitting the glabella.

Due to the lack of dramatic response to levodopa
(although very high doses were not tested) and the
presence of clinical manifestations not typical for pa-
tients with PD, but more characteristic for HD, molec-
ular genetic analysis of the gene HTT was performed,
in which the alleles associated with 27 and 20 CAG
repeats were identified. The molecular genetic study
of the number of HTT gene CAG-repeats was per-
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formed using a polymerase chain reaction with fluo-
rescently labeled primers according to the M. Bastepe,
W. Xin, 2015 [14].

CONCLUSION

The phenotype of the patient K. basically corre-
sponded to the PD. Taking into account the clinical
diagnostic criteria of the International Parkinson and
Movement Disorder Society for PD, she was found
to have hypokinesia, asymmetric muscle rigidity, and
postural instability - three of the main PD characteris-
tics. However, one of the exclusion criteria (“red flag”)
was found: early-developing dementia with memory
and speech disorders. In a clinical study, the symp-
toms of the disease were more fully evaluated using
the UPDRS scale, in comparison with the UHDRS.
The clinical picture also met the supporting criteria,
and therefore the diagnosis of clinically established
PD was verified.

Considering the fact that the “intermediate” al-
leles of the HTT gene have a noticeable effect on the
deterioration of motor and cognitive functions [1], it
seems likely that the presence of IAs in the patient’s
genotype modifies the classic phenotype. According
to this fact, the results of the patient’s glabellar reflex
showed rapid habituation, as well as in patients with
HD, whereas in PD no habituation was observed [2,
4]. Moreover, although the clinical phenotype of the
patient mostly corresponded to PD, however, there
was early dystonia, when the patient did not receive
dopaminergic antiparkinsonian drugs.

Thus, taking into account early dystonia, poor re-
sponse of motor symptoms to levodopa, and the results
of neuropsychological testing indicating the presence
of HD inherent signs, as well as clinical criteria, it can
be concluded that the IAs carriage of the HTT gene
modifies the PD phenotype in this patient. In world
practice, several similar cases have been described,
that is certainly of interest from the point of view of
the need for medical and genetic counseling, both for
differential diagnosis of the disease and risk assess-
ment in the patient’s family members, but at this stage
it is important to accumulate data on the features of
clinical manifestations of the huntingtin gene “inter-
mediate” alleles carriers for a more complete charac-
terization of subphenotypes.
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A case of myocardial metastasis of bladder cancer

Shatov D.V., Grigoriev P.E., Shalanin V.V.

V.1. Vernadsky Crimean Federal University
4, Vernadsky Av., Simferopol, 295007, Russian Federation

ABSTRACT

The case of metastatic heart damage manifesting by a clinical picture of acute myocardial infarction in a patient with
urothelial carcinoma of the urinary bladder is described. A 69-year old patient was admitted with the symptoms of
acute myocardial infarction from the neurological department, where he was hospitalized due to a space-occupying
lesion of the right hemisphere of the brain, which manifested in a convulsive episode with the development of left-
sided spastic hemiparesis. After coronary angiography, percutaneous coronary intervention was performed for the
lesions of the anterior interventricular branch of the left coronary artery. Despite the complex of the therapeutic
measures, the patient died. A pathological study revealed urothelial carcinoma of the bladder with distant metastases
to the brain and myocardium. This clinical case demonstrates the situation of intravital diagnosis of metastatic
myocardial lesions, which requires a determination of the treatment approach in the described category of patients.

Key words: urothelial carcinoma of the bladder, metastases, metastatic heart damage, metastatic brain damage,
myocardial infarction, heart lesion.
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Cay4yaii MeTacTasMpoBaHUA paka MOYEBOro Ny3blpA B MMOKAapA,

Wartos. A.B., Fpuropbes I.E., LlananuH B.B.

Kpvimckuii ghedepanvruiii yrueepcumem umenu B.U. Bepraockoeo
Poccus, 295007, Pecnybauxa Kpvim, 2. Cumgpeponons, np. Beprnadckoeo, 4

PE3IOME

IIpencraBiieHHbIN KIMHUYECKUH cIy4ail METaCTaTUYECKOrO MIOPaskeHUs Ceplilia y MalMeHTa IPOsIBUICS KIMHUKON
ocTporo uH(papKTa MUOKap/a IpH ypOTEeIHAIbHOH KapiuHOME MO4YeBOro my3bips. [lanment 69 jer moctymnui ¢
KJIMHUKOM O0CTpOro MH(papKTa MHOKapia U3 HEBPOJIOTMYECKOT0 OT/ICJICHUS], T1€ HAaXOAMIICS O TOBOYy 00BEMHOTO
00pa30BaHus IPABOTO HOJYHIAPHUS TOJIOBHOIO MO3Ta, MAaHU(ECTUPOBABLIET0 CyJOPOKHBIM SITU300M C Pa3BUTHEM
JIEBOCTOPOHHETO CIIACTMYECKOI0 FeMHITape3a.

IMocne mpoBenenust KopoHaporpaduu ObIIO BBHITIOIHEHO YPECKOKHOE KOPOHAPHOE BMEIIATENILCTBO IO ITOBOJY
MOpaKeHUN NepeaHed MEeXOKeIyJA0YKOBOM BETBH JIEBOW KOpoHapHOH aprepuu. HecMoTpst Ha HpoBeAEeHHBIH
KOMIUIEKC JIedeOHBIX MEpONpPHUATHH, WAlMeHT CKOHJancs. [IpH IaToIoroaHaTOMHYECKOM HCCIEIOBAHIH
oOHapyKeHa ypoTelHanbHas KapITHOMa MOYEBOTO My3BIpS C OTAAICHHBIMH METacTa3aMH B TOJOBHOW MO3T M
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muokapa. KiHMHHYecKHil ciiydail JEeMOHCTPUPYET CHTYAIHI0 TPUKH3HEHHOW IHATHOCTHKH METAaCTaTHYECKHX
HOpaXeHUIT MUOKap/a, KOTopast TpeOyeT onpeesIeHHs IedeOHOro II0IX0/a y ONUCAHHOMN KaTeropuy MalueHTOB.

KimloueBble cj0Ba: ypoTeIHaNbHBIM pPak MOUYEBOTO ITy3bIps, MeTacTas3bl, MeETacTa3sHpoBaHHE B CepIlle,
MeTacTa3upoBaHKE B TOJIOBHOM MO3T, HH(PAPKT MUOKap/a, MOpakeHHe Cepla.

Konpaukt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBs3aHHBIX C Hy6HI/IKaHI/I€I71 HaCTOSIICH CTAThH.

Hcrounuk GpuHAHCHPOBAHMS. ABTOPHI 3asBIAIOT 00 OTCYTCTBUHM (DMHAHCHPOBAHHSL.

Jas uutupoBanus: Ilaros /I.B., I'puropses I1E., lllananna B.B. Ciydait MmeTacTa3upoBaHus paka MOYEBOTO
My3bIpsi B MUOKapA. bronnemens cubupckoti meduyunvt. 2020; 19 (4): 241-246. https://doi.org/10.20538/1682-

0363-2020-4-241-246.

INTRODUCTION

Metastasis of urothelial bladder cancer (UBC)
in the heart is a rare and dangerous case in clinical
practice. To date, only 5 descriptions of UBC-meta-
stasis in the heart have been discovered [1-5]; another
9 cases of metastases of the urogenital cancer (UC)
in the heart with primary localization of the tumor in
the urinary bladder (UB) were described in the arti-
cle [6]. The clinical manifestations in such patients
consist of impaired conduction, progression of heart
failure due to obstruction of the exit tract of the right
ventricle, effusion pericarditis with symptoms of peri-
cardial tamponade and embolism of the pulmonary
artery. In most of the cases described, patients lived
(with rare exceptions) for no more than 1 month from
the moment of verification and receiving medication,
although in some cases pericardiocentesis, cytoreduc-
tive surgery and implantation of artificial pacemaker
were performed. The cases described in the litera-
ture, as a rule, had other distant metastases; however,
among them there were no patients with metastasis to
the brain, which is why the case described in our arti-
cle is relevant and significant.

The aim of the research was to describe the clinical
case of metastasis of bladder cancer in the myocardi-
um, taking into account the manifestation of the dis-
ease with neurological symptoms, which has not been
previously described.

CLINICAL CASE

A 69-year old patient was admitted to the cardio-
logy department with intensive care units of the N.A.
Semashko Republican Clinical Hospital with com-
plains of intense burning pains behind the sternum,
which suddenly appeared 3 hours previous, dyspnea,
general weakness, and sweating.

Prior to this, he was admitted to another medical
institution with a diagnosis of the space-occupying
lesion of the right hemisphere of the brain, a convul-
sive episode, and left-sided spastic hemiparesis. Com-
puted tomography revealed the presence of extraaxial
space-occupying formation adjacent to the parietal
bone, measuring 4.5x3.0x7.0 cm, with density of 40—
45 HU, accumulating contrast medium up to 80 HU,
and mass effect with deformation of the right ventricle
and surrounding structures. Decrease in the density of
the brain substance to 18 HU was found perifocally
(Fig. 1).

Over the past three days the patient was suffe-
ring from short-term episodes of sternal pain, which
stopped on their own. On the day of admission, a pro-
longed pain attack occurred with the development of
ST-segment elevation in I, II, 111, aVL, V -V . Taking
into account the contraindications for thrombolytic
therapy, he was sent to the cardiology department for
emergency coronary angiography and to determine
the further treatment measures.

The general condition at admission was regar-
ded as severe. Consciousness was clear. The skin was
pale pink, dry, warm. The legs were pasty. The apical
beat was in the 5th intercostal space. The boundaries
of relative cardiac dullness were extended leftwards
to the midclavicular line. The heart sounds were dull,
regular. Blood pressure was 90/60 mm Hg, heart rate
is 90 per minute. Respiratory rate was 18 per minute.
Breathing during auscultation was rough, weakened in
the lower parts on the right; at the same place crepita-
tion was heard. The abdomen was painful in the lower
sections. There were no signs of peritoneal irritation.
The lower margin of the liver was located at the level
of the costal arch and was painless. On electrocardiog-
raphy the elevation of ST-segments in I, II, III, aVL,
V-V, was found (Fig. 2).
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Fig. 1. Computed tomography of the patient’s brain: @ — without contrast enhancement; b — with contrast enhancement
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Fig. 2. Electrocardiogram of the patient during admission: speed 25 mm/s; voltage 10 mm

The following diagnose was made: CHD, circu- 22.4*10°/L due to neutrophils (metamyelocytes 3%,

lar myocardial infarction with ST-segment elevation, stabs 42%, segmented 39%, toxigenic granularity of
atherosclerosis of the coronary arteries, Killip II. neutrophils — 50%). In the biochemical analysis of
Complete blood count: hemoconcentration (hemo- blood: urea — 17.7 umol/L, creatinine — 126 pmol/L,

globin 169 g/L, hematocrit 47%), leukocytosis up to total protein —49 g/L, albumin —28.9 g/L, potassium —
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3.97 mmol/L, sodium — 124,7 mmol/L, cholesterol —
2.71 mmol/L, triglycerides — 2.27 mmol/L, HDL —
0.62 mmol/L, LDL — 1.42 mmol/L, LDH — 866
units/L, creatine kinase — 727 units/L. Coagulogram:
PTI — 69.8%, INR — 1.44, fibrinogen A — 4.53 g/L,
APTT - 31.7 sec., thrombin time — 20.1 sec.

30 minutes after admission, emergency coronarog-
raphy was performed; it revealed atherosclerosis of
the coronary arteries, the right type of coronary cir-
culation. Stenosis of the orifice of the anterior inter-

ventricular branch (AIB) is about 50%, stenosis of the
proximal third of the AIB is more than 70% with an-
giographic signs of instability, the intramural course
of the distal third of the AIB in systole is more than
50%, stenosis of the proximal and middle thirds of the
right coronary artery is about 40%. According to the
results of coronarography, pre-dilatation, stenting and
post-dilatation of stenosis of the proximal third of the
AIB with good angiographic result were performed.
The ECG after the intervention is shown in Fig. 3.

Fig. 3. Electrocardiogram of the patient after pre-dilatation, stenting and post-dilatation of stenosis of the proximal third of the AIB:
speed; 25 mm/s.; voltage 10 mm

In the postoperative period, a chest X-ray and
echocardiography were performed: aortic diameter in
the ascending part is 4.6 cm, at the root — 3.5 cm, ope-
ning of the aortic valve cusps — 1.8 cm, the chambers
are not enlarged, left ventricular wall hypertrophy is
present (posterior wall — 1.3 c¢m, interventricular sep-
tum — 1.4 cm), ejection fraction — 54%, anteroposte-

rior shortening — 22%, stroke volume — 29 ml, mitral
and tricuspid insufficiency of the 1st degree are pre-
sent. Disturbances of segmental contractility were not
reliably detected due to tachycardia (heart rate — 140
per minute). Separation of pericardial layers along the
contour of the left ventricle is 12 mm, along the con-
tour of the right ventricle — 14 mm.
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In the postoperative period, the symptoms of heart
failure continued to progress, despite the ongoing
therapy. 12 hours after the intervention, the patient
died.

The autopsy revealed urothelial bladder cancer G2
(T,N,M)) with metastases to the brain, heart, liver,
kidneys, lungs, paraaortic lymph nodes, pelvic lymph
nodes, pericardial carcinomatosis complicated with fi-
brinous-purulent pericarditis. In the brain, edema of
the pia mater, severe dystrophy of glial cells, rarifi-
cation fields, severe perivascular, pericellular edema,
numerous metastases in the vessels of the pia mater
and brain tissue, and plethora of the vessels were ob-
served (Fig. 4). In the heart: the epicardium is thic-
kened and edematous, with severe leukocyte infiltra-
tion and accumulations of fibrin, perivascular metasta-
ses; the muscular fibers are moderately hypertrophied
and have a coiled course; dystrophy of myocardio-
cytes, focal fragmentation of muscle fibers; in the
parenchyma — extensive areas of metastatic growth;
around them — edema of the stroma of cardiomyo-
cytes, signs of karyolysis and karyopyknosis; oxy-
philia of the cytoplasm, focal swelling and clumpy
decomposition of muscle fibers; loose leukocyte inter-
muscular infiltration, spasm of part of arterioles with
reorientation of the endothelium, focal pronounced
hyperemia, especially in the subendocardial vessels;
signs of small focal perivascular intermuscular sclero-
sis; the walls of the vessels of the heart are unevenly
thickened, dissociated, fibrous, sclerotic, the vessels
are full-blooded (Fig. 5,6). In the urinary bladder: in-
filtrating growth of urothelial cancer G2 with the inva-
sion of all layers of the wall.

Fig. 4. Metastasis of urothelial bladder cancer in the brain
(arrow); Hematoxylin and eosin stain <100
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Fig. 5. A fragment of the patient’s epicardium and pericardium.
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Fig. 6. Metastasis of urothelial bladder cancer (on the left) to
the myocardium (on the right); hematoxylin and eosin stain
%100

DISCUSSION

The described clinical case is unique in the mani-
festation of UBC with a convulsive seizure and focal
right hemisphere symptoms. Against the background
of the progression of the disease in the form of the
development of severe protein-energy insufficiency
and the leukemoid reaction, the patient developed a
clinical picture of acute circular myocardial infarction
with ST-segment elevation, which required surgical
intervention. Among the previously described cases,
in one case under the metastasis being found in the
myocardium, a two-chamber stimulator for resyn-
chronization therapy was implanted, and 17 months
after the manifestation of metastasis against the back-
ground of pains of ischemic genesis the patient died
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from a urothelial cell carcinoma: a commented case report.
Cardiovasc. Pathol. 2014; 23 (3): 178-180. DOI: 10.1016/.
carpath.2014.01.005.

4. Blagova O.V., Aliyeva LN., Bezrukov E.A., Ippolitov L.I.,
Polunin G.V., Kogan E.A., Sedov V.V., Mershina E.A., Sinit-
syn V.E., Sarkisova N.D., Nedostup A.V., Fomin V.V. Acute
decompensation of hypertensive heart disease in a patient with
malignant urinary bladder paraganglioma: stages of diagnos-

during the consideration of palliative stenting of the
branch involved in metastasis [1].

The given clinical case raises the question about
the extents of invasive care for patients with distant
heart metastases, which requires an individual ap-
proach to avoid the exposing of the patients to unnec-
essary suffering.
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MPO®ECCOP CUBIMY CO34AJ1 YYEBHUK
Nno ®APMAKOJIOInuA
ANA POCCUNCKUX MEAIBY30B

YyebHuK «Papmakonorua»
nop, aBTOPCTBOM 3aBepgytoLlero Kadpeapoin
dapmakonorum, [OKTOpa MeAULUHCKUX
HayK, 3aCny>KeHHOro paboTHuKa Bbicliei
wKonbl PP, noyetHoro npodeccopa Cubup-
CKOTO rocyAapCcTBeHHOro MeauLMHCKOro

yHuBepcurteta AnekcaHapa BeHrepoBsckoro
ony6AMKOBaH B O4HOM U3 KPynHEULWnxX
POCCUIMCKUX MEeAULUHCKUX U3[aTeNbCTB
«MOTAP-Megua» (Mocksa).

B y4ebHMKe OCBELLAOTCA COBPEMEHHbIE NPObAEMbI
obLuelt 1 yacTHoW hapmakonorum, GapmaKkonormyeckme
CBOWCTBA COBPEMEHHbIX JIEKAPCTBEHHbIX CPEACTB, 0COBEH-
HOCTW UX MPUMEHEHUA B MEAMLMHCKOMN MPAKTUKE U KAUHM-
YecKue noaxoabl K GapmakoTepanum 3abonesanuit. [en-
CTBME JIEKAPCTBEHHbIX CPEACTB MPEACTaBAEHO B CPABHM-
Te/IbHOM NAaHe, NpuBesAeHa MHGOPMALIMA O HOBbIX
npenaparax.

M3aaHne peKoMeHA0BaHO NS 0BYYeHUs CTYAEHTOB
cneumnansHoctel "JleyebHoe geno" u "Megunatpua”, a
TaKKe MOXKET 6bITb UCMONb30BAHO CTYAEHTAMU MEAULIMH-
CKUX BY30B Apyrux cneLuansHocTe. YuebHoOMY U3gaHuio
AnekcaHapa WcaakoBuya npucsoeH rpud MuHuctepctea
HayKu U BbicLwero obpasosaHus PO.

«®apmaKonorusa — 0aHa U3 OCHOBOMO/IArAOLLMX M
BaXKHEMLIMX AUCLMNANH B NPOdECCMOHAbHON NOATOTOBKE
MEAMLMHCKMX CNEeLMannCcToB, Kotopas bypHO pa3BMBaeTcs
¥ UMeeT LUMPOKME nepcnekTmBbl. Y TOMCKOM WwKonbl dap-
MaKO/10r0oB C/1aBHas UCTOpUA. Bbixog, B CBET y4ebHOro
U3[,aHUA 3HAMEHYET NPEEMCTBEHHOCTb €€ JIYYLLMX TPa-
[OVMLUMIA M pa3BuTHE KX B cTeHax CMBUPCKOro rocyaapcTBeH-
HOrO MEAMLMHCKOTO YHUBEPCUTETAY, - MOAYEPKHYA
AnekcaHap Wcaakosuu.

M3paHue B 3N1eKTPOHHOM BapuaHTe JOCTYMHO Ha
caitte usgarenncrsa «[I0TAP-Meamna» 1 Ha 0bpa3oBa-
TenbHOM pecypce «KoHCynbTaHT cTyaeHTay. MNeyaTHan
Bepcua yuebHuka «Papmakonorma» noasutca B HayuHo-
MeAMLUMHCKoW bubnnoteke C6IMY B bankaiiuee Bpems.

AnekcaHap BeHrepoBcKuii ABasAeTCA aBTOpoM 9
MoHorpaduid, 11 yuebHMKOB 1 y4ebHbIX nocobuii, bonee
160 cratei, ony6/MKOBaHHbIX B BEAYLLMX POCCUNCKUX U
3apybexHbIxX XKypHanax. B 2016 roay AnekcaHapy
McaakoBurYy 6b11I0 NPUCBOEHO 3BaHME «MOYETHbIN
npodeccop CM6IMY» 3a BblAatoLWMeECH [OCTUNKEHMUA B
Hay4HO-Nesarornyeckom AeATeNbHOCTU U 3HAUUTENbHBIN
BK/1aZ, B Pa3BUTHE HayKM 1 06pa3oBaHuA By3a.

Hanomuum, B8 2012 rogy 4-e usgaHue y4ebHoro
nocobua AnekcaHgpa Wcaakosnya «dapmakonorus. Kypc
JIEKLMIA» 6bl110 0NYyBANKOBAHO B U3L,ATE/IbCTBE
«0TAP-Meauna», oTMeYeHO nNpemueit B chepe meanLmH-
CKoro v dbapmaLieBT1Yeckoro 0bpaszoBaHmnsa Poccum no
utoram 2012 roga Kak ny4liee yuebHoe nsgaHue o
CTYLEHTOB, 06y4atoLLMXCA MO CneLmanbHoCTY «JleyebHoe
faeno», B 2016 roay no pesynbratam perTuHra HayyHo-me-
ANUMHCKOM 6ubanotekn CbIMY cTano cambim nonynsp-
HbIM 3/IEKTPOHHBIM U3,aHUEM CPeay unTaTenen (Konude-
CTBO MPOCMOTPOB CTPaHUL, — 9225).

Kadeapa dbapmakonorum CubrMY cosgaHa s 1891
rogy Ha meauuMHcKom dakynbtete Mmnepatopckoro
TomcKoro yHuBepcuTeTa Brepsble B Cbupu. Ha 6ase
Kadeapbl chopmmposanacb TOMCKan Hay4Has WKona
bapmakosorun — ogHa u3 ctapeiwux 8 Poccun. OcHoBo-
NOJIOKHMKOM CMBUPCKOI LWKOAbI PapMaKoNOroB ABAAETCA
y4eHuk npodeccopa M.B. BypuHckoro, akagemmk AMH
CCCP, 3acny»keHHbI geatenb Hayku PCOCP, naypeat
TocyaapcTBeHHoM (CtanmHckoi) npemun CCCP Hukonai
BeplumHuH. H1konait BacunbeBuny co3pan yuebHMK
«®apMaKonorvMa Kak OCHOBa Tepanuu», KOTOPbIM
BblaepKan 11 u3aaHui u 6bin 06s3aTesIbHbIM PYKOBOA-
CTBOM A1 CTYAEHTOB MeAMUMHCKKX By30B CCCP n
Kutaiickolt HapogHoi Pecnybauku.
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