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HAYYHO-NMPAKTUYECKUE KOHOEPEHLIUUN CUBIMY B 2021 r.
Bcepoccmiickaa HayuyHO-NpakTuyeckasa KoHpepeHuua

TUMNOBLIE NATO/IOTMYECKUE NMPOLECCHI:
COBPEMEHHbIE TPEHAbI B HAYKE

MNoceAweHa 130-neTuio cTapeniueint B asmaTckom Yactu Poccum
Kadenpbl natopusnonorum UmnepaTopckoro (rocyaapcrBeHHOro)
TomcKkoro yHuBepcuTeTa — TOMCKOro MeAuLMHCKOrO MHCTUTYTa —

Cnbupckoro rocyaapcTBEHHOIO MeaULMHCKOro YHUBEpCUTEeTa
1 75-neTuio co AHA POXKOEHMA 3aCNYKEeHHOro aeatens Hayku PO,

akagemuka PAH Bayecnasa Buktoposuya HoBUUKOrO.

MEPONPUATUA B PAMKAX KOH®EPEHLIMA
BbICTYNNEHMA BblAAOLMXCA POCCUNCKMUX YHEHbIX C aKaAeMUYECKUMMN IEKLUAMMU;
NAEHapHbIE U YCTHbIE AOKNaAbl YYEHbIX — BEAYLLMX CNEUnanncToB B 061acTn natono-
rMKn 1 NaTonorudeckom Gpusnonoruu;
obcykaeHue HOBble NOAXOAOB B npenofasaHuu NaTtoPpUsMONOrMKU B POCCUINCKUX
BY3aX M MHHOBALMIA B BbiCLeM 0bpa3oBaHuy;
MY3EeM1HbIN Yac 06 NCTOPUKN HayYHO-MEeANLMUHCKUX WKon CubIrMY.

Bpemsa npoBeaeHus: 7-8 centabpna 2021 r.
Mecto nposegeHusa: Cublrmy, r. Tomck, MocKoBCKuUiA TpakKT, 2..
e-mail: kaf.pat.fiziolog@ssmu.ru

UHdopmaLma o 4oCTyne K OHNaWH-TPAHCAALUU MEPONPUATUIA KOHbEpPEeH LMK
byaeTt pasmewleHa 15 asrycrta 2021 r. Ha caiite CubrMy
Ha CcTpaHuLLe Kadeapbl NaToGMU3NONOIUK MO CChINKE
https://www.ssmu.ru/ru/obrazovanie/departments/patfiz/

MepcoHanbHasa nHbopmaLMa 0 JOCTYNe Ha NAOWAAKY NpoBeaeHUA KoHbepeHuuu
ANA yAANeHHbIX NQYETHbIX rOCTei U Y4aCTHUKOB C OHNIAWH-A0KN3A3aMM
GyAeT pasocnaHa JONONHUTENBHO.
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ABSTRACT

The data on the protective properties of the Prunella grandiflora L. extract were obtained when used together
with the anticancer drug etoposide on the experimental strain of Drosophila melanogaster. The combined use
of etoposide and 10% extract of P. grandiflora decreased mortality in D. melanogaster individuals to 15% and
doubled the average individual fertility compared to the use of this cytostatic drug without the extract. Using the
SMART method, the presence of the antigenotoxic effect was identified, which manifests itself through the absence
of chromosomal aberrations.

Key words: medicinal plants, antigenotoxic effect, Drosophila melanogaster, protective properties, etoposide,
SMART.
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Drosophila melanogaster
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HOM JIMHKH XKUBOTHBIX Drosophila melanogaster. Ilpu coBMecTHOM npuMeHeHnH dTono3uaa u 10%-ro skcTpakra
P. grandiflora noxa3ano CHWXeHHe JIETAIBHOCTH Yy ocobeit D. melanogaster 1o 15% u yBennueHne cpeaneii n-
JMBUYaTbHOH IUIONOBUTOCTH B JIBa Ppa3a B CPABHEHHUHM C MCIIOJIb30BAaHUEM JaHHOTO IIMTOCTATHKA Oe3 3KCTpaKTa.
Metonom SMART ycTaHOBIICHO HaJIM4Ke aHTHTCHOTOKCHYECKOT0 3 dekTa, KOTOPHIi MPOSBIISETCS B OTCYTCTBHU
XPOMOCOMHBIX abeppaiuii.

KioueBble ci10Ba: JeKapCTBEHHBIE pacTEHHs, aHTUTEHOTOKCHYECKUH dddext, Drosophila melanogaster, mpo-
TEKTOPHBIE CBOMCTBA, dTono3na, SMART.

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbHu.

Hcrounuk ¢punancupoBanus. Pabora BeimonHeHa npu ¢uHAHCOBOU moanepxke [IpasurenscTBa Poccuiickoit
Deneparmu (moctanosnerne Ne 211, kortpakt Ne 02.A03.21.0006).

Jnsa murupoBanusi: AHtoctok O.H., Bomorauk E.B., IloctoBamoBa A.C. I[IpoTekropHblil 3ddekT 3KkcTpak-
ta Prunella grandiflora L. OTHOCHUTENBHO TOKCHYECKOTO BO3JCHCTBHS 3TONO3MIA Ha mpumepe Drosophila
melanogaster. broitemens cubupcxou meduyunst. 2021; 20 (2): 7-11. https://doi.org/10.20538/1682-0363-2021-

2-7-11.

INTRODUCTION

Due to the high prevalence of cancer in the human
population, the search for medicinal drugs, protectors,
and adaptogens is an extremely important area of re-
search. Cytostatics used in chemotherapy are charac-
terized by the presence of both the main (antitumor)
effect and many side effects, in particular, general
toxic and genotoxic ones. To reduce side effects, var-
ious protectors are being studied, most of which are
extracts from medicinal plants with a complex of var-
ious components [1].

When using an extract from medicinal plants as
a protector, it is important to establish whether it it-
self has any toxic and genotoxic effect. In this regard,
it is necessary to analyze the extract separately and
together with a cytostatic drug. The use of medicinal
plant extracts is widespread, a lot of such studies are
carried out in India, China, and other countries where
traditional medicine is common [2—4]. However, the
search for protectors based on raw plant materials
grown in Russia is relevant.

In this aspect, plants of the genus Prunella L.
growing in the Ural Region are of considerable inter-
est. The genus Prunella belongs to the family Lamia-
ceae Juss. which representatives have high biological
activity and can be used to obtain valuable medicinal
raw materials. Prunella vulgaris L. (common self-he-
al) is an official medicinal plant in Chinese medicine
[5]. The extract from the aerial parts of P. vulgaris has
antioxidant [6, 7], anti-inflammatory, antibacterial,
antifungal [8, 9], and antitumor properties [10].

To prove these data, an article appeared in 2019
showing that P. vulgaris root extract inhibits in vi-

tro and in vivo carcinogenesis in human breast car-
cinoma cells [11]. In Russia, P. vulgaris is still not
a pharmacopoeial species, but in recent years it has
been mentioned in the literature as a plant produc-
ing the most important classes of biologically active
substances (BAS) [12—14] and has been studied as a
component in pharmaceutical preparations [15]. Me-
dicinal properties of Prunella grandiflora (L.) Schol-
ler (large-flowered self-heal) are poorly studied, its
extract shows antifungal and antibacterial properties
and has biological activity during hypoxia [16, 17].
However, according to our assumptions, the P. gran-
diflora extract may show protective properties against
anticancer drugs, as some peculiar features were re-
vealed in the content of the main groups of BAS.

In particular, rosmarinic acid (70—89%) was found
to dominate among the phenolcarboxylic acids in P.
grandiflora. 1t was observed that, regardless of the
harvest year, the content of rosmarinic acid was higher
in P. grandiflora than in P. vulgaris [12, 18]. Rosma-
rinic acid has antitumor, antiproliferative [19], and an-
ticyclooxygenase activity [20] and can protect against
cancer and radiation sickness [21]. Thereafter, the aim
of the study was to identify the protective properties
of P. grandiflora in relation to the toxic and genotoxic
effects of etoposide.

MATERIALS AND METHODS

The P. grandiflora herb was collected in the flow-
ering phase in the Krasnoufimsk district of the Sverd-
lovsk region to the north of the Mariyskiy Ust-Mash
village, on the Mokraya Mountain (N 56°09°22.0"’,
E 058°32°19.6”’) in 2018. The plants were dried in
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well-ventilated rooms. The dried raw material was
ground to the size of particles passing through a Imm
sieve. A weighed portion of large-flowered self-heal
in the amount of 0.8 g was extracted in 10ml of 70%
alcohol for 24 hours. Then, 2.4 ml of 10% extract was
added to 17.6 ml of nutrient medium. Ethyl alcohol
(70%) was added to the nutrient medium in the 10 : 90
ratio, respectively, or 2.4 ml of ethyl alcohol per
17.6 ml of the nutrient medium.

We used a 20 mg / ml solution of etoposide for in-
jections (Vero-pharm Ebave, Russia) at the concentra-
tion of 800 ug / kg of the nutrient medium. The chosen
concentration of the cytostatic agent demonstrated a
pronounced genotoxic effect [22]. The Oregon R labo-
ratory line was used to assess the viability and overall
mortality. For crossing, individuals were selected that
were grown under the standard laboratory conditions
at the temperature of 24 °C, with moderate humidity
and light, in the nutrient medium containing 250 ml
distilled water, 25 g glucose, 25 g yeast, and 2 g agar.
For the study, the D. melanogaster species were used
that eclosed from the puparium within no later than 6
hours (virgin females). To evaluate fertility, 25 indi-
vidual pairs were placed in 25 test-tubes with a hollow
lid, filled with agar medium and covered with yeast.

The laid eggs (F)) were collected daily from the
surface of the lids using a dissecting needle and placed
on Petri dishes with an agar layer for further develop-
ment. From the total number of eggs laid per day, the
percentage of eggs that did not develop at the early
stage (< 6 hours, white color) and at the late stage
(> 6 hours, brown color) was calculated. To deter-
mine the mortality rate of the larvae in the parental
generation of D. melanogaster, they were grown
on the nutrient media with the extract, etoposide or
the extract and etoposide combined in the amount
of 300 individuals each. The overall mortality was
determined by the number of individuals that died
at the larval and pupal stages. At the larval stage,
the difference between the number of individuals
placed on the nutrient medium and the number of
puparia was determined, which indicates death of
unpupated larvae. Lethality at the pupal stage was
identified by the presence of filled puparia in the
sample, which indicates death of individuals within
the puparium.

The genotoxic effect was determined using the
SMART (Somatic Mutation And Recombination Test)
technology. For this, females from the yellow mutant
line (yellow body color, the yellow gene located on
the X chromosome) were crossed with males from

the white singed 3 mutant line (white eyes and singed
bristles on the body, the genes are also located on the
X chromosome), placing them on the test medium for
72 hours. After 72 hours, the parental generation of
the flies was removed, and hybrid offspring (F)) de-
veloped from the eggs they laid. Hybrid females of
the wild phenotype (brown and gray body, straight
bristles, red eyes) were used for the analysis, since the
males had the yellow phenotype inherited from mater-
nal individuals following the criss-cross phenomenon.
The bristles on the female bodies were examined, and
the number of bristles that were not typical of the nor-
mal phenotype in color and shape were noted, namely,
yellow and / or singed ones. The area containing such
bristles was recorded in the table as a single spot “y”
(yellow) or “sn” (singed), or a double spot “y sn”. Sta-
tistical analysis was performed using Statistica (data
analysis software system) v. 8.0., Serial Number: JP-
78031371720ARCN-6, StatSoft, Inc. When compa-
ring and analyzing the samples, the Mann — Whitney
test and the chi-square test with Yates’ correction
were used.

RESULTS AND DISCUSSION

To determine the general toxic effect, two para-
meters were used: determination of the overall mor-
tality of D. melanogaster species and their average
individual fertility. The assessment of survival and
mortality rates was carried out in three groups of the
D. melanogaster species receiving the extract and
etoposide separately or together during the entire
period of development. After 10 days, the survival
rate of the D. melanogaster individuals in the group
grown on the nutrient medium containing the 10%
Prunella grandiflora extract and etoposide was 72%
(Fig. 1).

Figure 1 shows that the combined use of etopo-
side and the extract reduced the mortality rate by 20%
compared to the control group and by 15% compared
to the group receiving the cytostatic drug without the
extract. When the P. grandiflora extract alone was
added to the nutrient medium, no decrease in the mor-
tality rate was found as opposed to the controls. Un-
der the effect of 70% alcohol, the mortality rate was
36.33%. Thus, this concentration of alcohol does not
have a pronounced general toxic effect and is suitable
as an extract base. Consequently, the analysis of the
overall mortality of individuals grown on the nutri-
ent medium containing the 10% extract of Prunella
grandiflora L. and etoposide showed a positive effect
on their survival.
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Fig. 1. The overall lethality of individuals of the Oregon-R line of Drosophila melanogaster, grown on the nutrient medium with
addition of various components: * values that significantly differ from the corresponding parameters in the control group, p <0.001
(chi-square test)

The parameters of viability of the Oregon-R line
were assessed, such as the average individual fertility
(AIF), and the frequency of early and late lethality of
the offspring at the embryonic stage (up to 6 hours of
development — early embryonic lethality (EEL), after —
late embryonic lethality (LEL)). Figure 2 demon-
strates the improvement in fertility rates when etopo-
side and the extract were used together and when the
extract was used alone.

=0

Cuantity of lakd eggs, psc
b

-

Control ' Etoposide Extract Etoposide+  C,HSOH 70%
P. grandiflora L. Extract 70%

P. grandiflora L.

= Average =Max =Min
Experimental groups of individuals of Drosophila melanogaster

Fig. 2. Average individual fertility of the Oregon-R line of

Drosophila melanogaster grown on the nutrient medium with

addition of various tested substances: * values that significantly

differ from the corresponding parameters in the control group,
p <0.05 (Mann — Whitney test)

A decrease in the general toxic effect was re-
gistered under the effect of the extract, which man-
ifested itself through a change in the AIF indicator:

when receiving etoposide, the AIF was 9.03; when
the cytostatic and the extract were combined, it went
up to 18.27. In addition, the comparative charac-
teristics of AIF in the studied flies showed that the
maximum number of laid eggs was recorded when
the extract was used with etoposide. Therefore, the
extract neutralizes the toxic effect on fertility poten-
tial. However, such pronounced effect does not apply
to the mortality rate of the offspring at the embryonic
stage. Perhaps this is explained by the short duration
of the positive effect of the extract for changing the
lethality index F . It should be noted that the results
of AIF obtained using 70% alcohol, which is the base
of the extract, are comparable to those obtained using
etoposide.

The genotoxic effect of etoposide was also ana-
lyzed using SMART lines. An increase in the frequen-
cy of mutations and recombinations with a rise in the
concentration in the nutrient medium was observed
(Table). Table 1 shows that the extract itself does
not change the frequency of mutations and recombi-
nations, thus, it does not show genotoxic properties,
while etoposide has a clear genotoxic effect, which
complies with the results of other studies [23].

The genotoxicity of 70% alcohol manifests itself in
the form of single singed spots, and therefore, it can be
assumed that its action specifically damages the chro-
mosome in the periventricular region. The absence
of females with yellow spots allows to suppose that
the eliminated chromosome region was not exposed
to the active effect of alcohol. At the same time, the
chi-square value in the experimental group receiving
etoposide 400 pg / kg, as opposed to the controls, was
close to the critical one.
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Table 1
Characteristics of somatic mosaicism in Drosophila melanogaster using yellow (y) and singed (sn) markers
Number of individuals with mutant spots
Test groups Sample N a Other mutant Sample V2] ®)
y s ys phenotypes proportion, %

Control 573 1 2 0 0 0.52 — -
Etoposide (400 pg / kg) 499 0 11 0 0 22 4.615 0.032
Etoposide (800 ng / kg) 196 0 0 0 9 4.59 13.199 <0.001
P, grandiflora extract, 10% 176 0 0 0 1.14 0.118 0.731
Alcohol, 70% 227 0 0 0 3.08 6.68 0.010
P. grandiflora extract, 10%
+ etoposide (800 ug / kg) 230 1 5 1 0 3.04 6.55 <0.011

In addition, when using etoposide at the concentra-
tion of 800 pg / kg of nutrient medium, a large num-
ber of non-characteristic mutant recessive phenotypes
was recorded that resulted from the pseudodominance
phenomenon, which indirectly demonstrates the effect
of this cytostatic agent on the frequency of chromo-
somal aberrations. According to A.N. Sortibran et al.,
an increase in chromosomal rearrangements does in-
deed take place [24].

When the extract and etoposide were used toge-
ther, no change was found in the genotoxic properties
of etoposide in relation to the frequency of spot occur-
rence, however, the antigenotoxic effect was recorded
in relation to the frequency of chromosomal aberra-
tions. Therefore, it can be asserted that the extract is
selective for the genotoxic properties of etoposide.
Since extracts of other medicinal plants were used
both in high and low concentrations for the mani-
festation of antigenotoxic properties [25], it seems
reasonable to test this hypothesis with respect to the
P. grandiflora extract used in this study.

CONCLUSION

The discovery of a positive effect of the 10%
P. grandiflora extract on antigenotoxicity, overall
lethality, and viability of the Oregon-R D. melano-
gaster individuals exposed to etoposide and the ex-
tract makes further testing of this extract reasonable.
The data obtained allow to consider the possibility of
using the P. grandiflora extract as a component in the
diet of patients undergoing certain therapeutic treat-
ment.
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ABSTRACT

Aim. To summarize the experience of organizing and evaluating the efficiency of the Medical Center for Remote
Monitoring of patients with COVID-19 and community-acquired pneumonia in Tomsk.

Materials and methods. The project of the Medical Center for Remote Monitoring was developed on the basis of
data from theoretical and empirical analyses of the current state of the healthcare system in the Tomsk region and
the epidemiological situation with regard to COVID-19. The Center efficiency was assessed based on the analysis
of quantitative and time indicators of the load on the emergency medical service and outpatient service. Statistical
processing of the results was carried out using the Statistica 12.0 software package.

Results. On October 20, 2020, in Tomsk, on the premises of the Emergency Medical Unit,, a Medical Center for
Remote Monitoring was established. It was aimed at providing remote consultations for patients with COVID-19
and community-acquired pneumonia. According to its algorithm, operators of the Center assessed a patient’s
condition on a point scale using standardized speech modules to make a decision on the tactics of their support.
During the second wave of COVID-19, when the Center operated, a statistically significant decrease in the load
on the ambulance service (average number of calls per day, average waiting time for all calls and coronavirus-
related calls) as well as on the outpatient service (average number of house calls per day, including calls for acute
respiratory diseases) was registered.

Conclusion. The work of the Medical Center for Remote Monitoring based on the described model is associated
with a decrease in the load on the healthcare system in an unfavorable epidemiological situation due to high
COVID-19 incidence. This experience can be spread to other regions of Russia and adapted for other categories
of citizens.

Key words: telemedicine technologies, remote monitoring, new coronavirus infection, COVID-19, lean
technologies, effectiveness, emergency medical care, outpatient service.
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MeAVLUHCKUIA LEHTP YAa/I€EHHOrO MOHUTOPUHra nauueHTos ¢ COVID-19:
OfbIT OpraHM3aLumn U oueHKa 3GPeKTUBHOCTH

Bouikos B.A.', BapaHosckas C.B.!, lees U.A.!, Tapanyxa E.B.?, ln6ankos W.MN.",
Ba6ewnHa M.A.2

I Cubupcruii 2ocyoapcmeennuiii meouyunckuil ynugepcumem (Cu6I’ MY)
Poccus, 634050, 2. Tomck, Mockogckuti mpakm, 2

2 Bonvnuya Ne 2
Poccus, 634041, 2. Tomck, yn. Kapmawosa, 38

3 [Monuxaunuxa Ne 1
Poccus, 634050, 2. Tomck, np. Jlenuna, 51

PE3IOME

Hens. OOoOmIeHNE OMBITA OPTaHM3AUMM M OLEHKA 3(P(PEKTHBHOCTH AEATENPHOCTH METUIUHCKOTO IIEHTpa
yaaneHHoro MoHutopuHra (mamee Llentp) mis mamuertoB ¢ COVID-19 u BHEOONEHUYHBIME ITHEBMOHUSIMH B
r. Tomcke.

Marepuajbl M MeToabl. Pa3paborka mpoekTta L[eHTpa OcylIeCTBIISIIACH HA OCHOBE JaHHBIX TEOPETHYECKOTO
U OMIIMPUYECKOTO AHAM3a TEKYIIEro COCTOSHUS CHCTEMbl 3/paBOOXpaHeHHs TOMCKOH oOmactu ¥u
snuaemuonoruueckoit curyauun mo COVID-19. DddexkTHBHOCTh AeSTeIbHOCTH MOApa3IelCHUs] OLCHHBAIACH
[0 pe3y/bTaTaM aHajlnu3a KOJIUYECTBEHHBIX U BPEMCHHBIX IIOKa3aTeNell Harpy3KH Ha CHCTEMY OKa3aHHS CKOPOii
MEIUIIMHCKONW TOMOIIM U aMOyJaTOpHO-IIOJIMKIMHUYECKYIO cIy)0y. CraTuctuyeckas oOpaboTKa pe3ynbTaToB
MPOBOAMIACEH C TOMOLIBIO MTAaKeTa MPHKJIAAHBIX IporpaMm Statistica 12.0.

PesyabTatsl. B r. Tomcke Ha 6a3e OI'AY3 «Craniust ckopoii MemunuHckoi momoru» 20.10.2020 opranu3osan
LleHTp, anropuTMOM paboOThl KOTOPOTO MPETyCMOTPEHA OLICHKA ONepaTOpaMH COCTOSHUS HallMeHTa 110 0aIbHOW
LIKajie ¢ MCIOJIb30BaHMEM CTAaHAAPTU30BAHHBIX PEUYEBBIX MOIYJEH A NPUHATHA DPELIEHUs O TaKTHKE ero
conpoBoxenus. Ha ¢one pabotsl nozapasnenenus B nepuon «BTopod BoiHe COVID-19 3apeructpupoBaHo
CTaTUCTUYECKU 3HAYMMOE CHIDKEHUE YPOBHS MOKa3aTeNe Harpy3ku Ha CHCTEMY OKa3aHHs CKOPOH MeJULIMHCKON
MOMOIIM (CpeHee KOJMYECTBO OOpalleHHi B CYTKH, CpeHee BpeMsi 0)KMJAHHUS 10 BCEM BBI30BAM U BBI30BaM,
csizanHbIMU ¢ COVID-19, u aMOynaTopHO-NONMHKINHUYECKYIO CITyKOy (CpeljHee KOJMYECTBO BEI30BOB Ha JOM B
CYTKH, B TOM YHCJIE MO IOBOJLY OCTPBIX PECIUPATOPHBIX 3a00JIeBaHHN ).

3akumouenne. Pabora LleHTpa 110 npeacTaBieHHON MOIENTN aCCOIMUPOBAHA CO CHIDKCHUEM HArpy3Kd Ha CHCTEMY
3/IpaBOOXPAHEHUSI B MEPUOJ] HEONAroMpUATHOH snuaemMuonorndeckoit curyanuu mo COVID-19. [laHHbIi ONBIT
MOXeET OBITh PACIPOCTPAHEH Ha IPYTUe PEeruoHbl Poccru v alanTUpoBaH MO WHBIC KATETOPHH TPaXKIaH.

KawueBsble ci10Ba: TeleMEIUIMHCKIE TEXHOJIOTUH, YAJICHHBI MOHUTOPHHT, HOBasi KOPOHABUPYCHAsI HH(EKIIHUS,
COVID-19, 6epesxiuBbie TeXHOIOTUH, 3)(HEKTHBHOCTD, CKOPas MEIUIIMHCKAS TTOMOIIb, aMOYyJIaTOPHO-TTOJIUKIIH-
HUYecKas ciryxoa.

KoHpaukT nHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIMAIBHBIX KOHQOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

HUcTounuk q)ﬂHchHpOBaHﬂﬂ. ABTOpLI 3asIBIISIIOT 00 OTCYTCTBUU (l)I/IHaHCI/IpOBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.

s uutupoBanusi: boiikos B.A., bapanosckas C.B., [leeB U.A., Tapanyxa E.B., lllu6ankos M.I1., babemmu-
Ha M.A. MeauuuHCKUi LIEHTp yAaJIeHHOro MOHUTOpUHTa nanueHToB ¢ COVID-19: onbIT opraHu3anny 1 oLeHKa
adpdexruBHoCTU. broatemens cubupcrkou meduyunst. 2021; 20 (2): 12-22. https://doi.org/10.20538/1682-0363-
2021-2-12-22.
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INTRODUCTION

Active implementation of telemedicine has been
one of the significant global trends in healthcare de-
velopment in recent years. The new coronavirus
(COVID-19) pandemic has given a new impetus to the
use of remote technologies in the field of health pro-
tection, which came to be seen not only as an auxiliary
tool to reduce financial and time costs of medical care
provision and increase its accessibility for residents of
remote areas, but also as an integral part of compre-
hensive measures to combat COVID-19, contributing
to social distancing and prevention of cross-infection,
reducing the load on the healthcare system, and saving
personal protective equipment [ 1-3].

An all-round revision of organizational approaches
to medical care delivery, involving the expansion of
existing and the launch of new telemedicine programs,
affected the primary healthcare system, the system of
specialty care, and the work of palliative care insti-
tutions. One of the examples may be experience of
Toronto Cardiac Clinic (Canada), where an expanded
remote monitoring program for heart failure patients
was launched in March of 2020. It intended to replace
the majority of face-to-face meetings with a doctor
with video conversations or phone calls and to use the
Medly mobile application for remote clinical support
[4]. Other examples include restructuring of the tele-
medicine program at the Federico II University Hos-
pital of Naples (Italy), where 75% of outpatient visits
of patients with chronic liver diseases were replaced
with remote appointments during the lockdown [5],
and provision of online antenatal care in China [6].

In the context of the pandemic, the care for
COVID-19 patients has become an independent field
of application of remote monitoring technologies.
However, insufficient knowledge about the clinical
and epidemiological aspects of COVID-19, nonexis-
tence of procedures for handling such patients remote-
ly and apparent resource constraints have set a chal-
lenging task for public health officials — to develop
effective solutions from scratch by trial and error. In
the absence of clear regulation, the implemented ac-
tivities differed significantly with respect to the groups
of patients, the tools used, and the categories of med-
ical professionals involved. These activities encom-
passed opening telemedicine centers for COVID-19
treatment and consulting patients with negative PCR
test results [7], COVID-19 virtual monitoring cli-
nics for obstetric patients [8]; organizing of centra-
lized hotlines for screening of patients with suspected

COVID-19 [9]; setting up telerehabilitation units for
patients who have had this infection [10].

Now Russia has already gained significant ex-
perience in using remote technologies to combat
COVID-19. At the beginning of the pandemic, ac-
cording to the requirements specified in the Order of
the Ministry of Health of the Russian Federation “On
the temporary procedure for organizing the work of
medical organizations in order to implement measures
to prevent and reduce the risks of spread of the new
coronavirus infection COVID-19”, which is a key in-
dustry document governing medical care delivery in
the conditions of the COVID- 19 spread [11], remote
consultation centers for anesthesiology and resusci-
tation were established for adults and children. They
operated in the doctor-doctor format both at the
federal and regional levels.

It is worth noting that until November 23, 2020,
this order did not regulate the issues of remote me-
dical care delivery directly to patients with the new
coronavirus infection, i.e. in the doctor-patient for-
mat. For this reason, relevant units were established
in the regions and functions were assigned to them
taking into account solely regional specifics, such as
resource constraints; the existing experience in using
remote monitoring technologies and the general level
of computerization of the industry; the existing system
of interaction between healthcare organizations and
laboratories, territorial bodies of the Russian Federal
Service for Surveillance on Consumer Rights Protec-
tion and Human Well-Being (Rospotrebnadzor), and
the Statutory Health Insurance Fund, etc.

Taking into account the ongoing pandemic and
the risks of such epidemiological threats in the future,
the analysis of unique regional practices and foreign
experience of using remote monitoring technologies
for COVID-19 patients seems to be a relevant area of
research, the results of which can serve as the basis
for development of appropriate guidelines and opera-
ting procedures both at regional and federal levels.
The Tomsk region was one of the first to organize
centralized remote care for this category of patients.

The aim of this article was to summarize the ex-
perience of organizing a Medical Center for Remote
Monitoring of patients with COVID-19 and commu-
nity-acquired pneumonia on the territory of Tomsk
and assess its effectiveness.

MATERIALS AND METHODS

The information base used for the development
of the basic provisions for the Medical Center for

14 Bulletin of Siberian Medicine. 2021; 20 (2): 12-22



Original articles

Remote Monitoring of patients with COVID-19 and
community-acquired pneumonia (hereinafter referred
to as the Center) encompassed the data derived from
theoretical and empirical analyses of the current state
of the healthcare system in the Tomsk region and the
existing epidemiological situation regarding the new
coronavirus infection COVID-19.

The population of the Tomsk region as of
01.01.2020 accounted for 1,079,271 people, of which
597,819 people reside in Tomsk. At the time of the
project launch, there were 72 state healthcare organi-
zations in the region (69 of them were regionally go-
verned), including 53 institutions in the city of Tomsk
(50 of them were regionally governed). The capacity
of outpatient organizations accounted for 16,816 vi-
sits per shift, the bed / population ratio was 85.4 per
10,000 people. In accordance with the requirements
specified in the Order of the Ministry of Health of
the Russian Federation “On the temporary procedure
for organizing the work of medical organizations in
order to implement measures to prevent and reduce
the risks of spread of the new coronavirus infection
COVID-19” and regional enactments approved on its
basis in the Tomsk region, all the necessary measures
were taken to adapt the medical infrastructure to the
pandemic (re-profiling of hospitals, allocation of re-
spiratory emergency medical teams (EMT) and indi-

vidual medical workers in outpatient organizations to
provide medical care for patients with symptoms of
acute viral respiratory infections (AVRI)).

To assess the epidemiological situation regarding
COVID-19, the research used data from “stopcoro-
navirus.rf”’, an official Internet resource designed to
inform the population about the coronavirus infec-
tion (COVID-19). Effectiveness of the Center was as-
sessed by analyzing quantitative performance indica-
tors as well as by studying the dynamics in indicators
of the load on the EMT and outpatient service.

Indicators were monitored in the period from
01.07.2020 to 19.01.2021 based on the operational
data of the Healthcare Department of the Tomsk Re-
gion (HDTR) and subordinate healthcare institutions.
Statistical processing of the research results was car-
ried out using the Statistica 12.0 software package.
Data are presented as the median and the interquartile

range Me (Q,; 0,).

RESULTS

To assess the potential load on the healthcare sys-
tem associated with the progression of the COVID-19
pandemic, we analyzed average monthly values of a
daily increase in confirmed cases of the new corona-
virus infection in the Tomsk region in the period from
July 2020 to January 2021 (Fig. 1).

Center opening *
*| 201 193 **
173 |

. lj \129 .
100 * /

250

200

T
1
1
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0 . . . ! . . .
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Fig. 1. Dynamics of average monthly values of the daily increase in confirmed cases of the new coronavirus infection in the Tomsk
region: * p <0.0001 in comparison with the previous month, ** p <0.0001 in comparison with October 2020

The time trend of this parameter was characte-
rized by rather low values in the summer months, an
increase in September 2020 and a drastic increase in
October 2020. The maximum values of the indicator
were recorded in November 2020, after which the
trend curve began to decline. All changes between
the average levels of the time series were significant
in contrast to the previous period (p < 0.0001). It is
worth noting that, despite a significant decrease in the
average number of infected people per day in Decem-

ber 2020 against November 2020, the December level
remained significantly higher than the October one
(» <0.0001), i.e. in the first months after the opening,
the Center operated in a worsening epidemiological
situation regarding COVID-19, under the conditions
of the so-called second wave of the new coronavirus
infection.

For the Tomsk region and for most regions, the in-
tensity of the second wave of COVID-19 jeopardized
the stability of the healthcare system. Almost all areas
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of work with citizens were on the verge of destabi-
lization, from information support (HDTR regional
hotline for AVRI, influenza, and the coronavirus in-
fection operating in the region experienced serious
overloads) to the emergency medical care delivery.

Despite the taken measures involving the en-
gagement of medical workers and deployment of
additional capacities to provide care for people with
COVID-19, a drastic increase in the number of affect-
ed people provoked an obvious shortage of resour-
ces, which was determined by a rise in the number
of COVID-19 cases among medical workers and their
sickness leaves. The situation was aggravated by in-
creased panic among the population due to the inabil-
ity to reach medical organizations and increased wai-
ting time for a doctor and EMT. Moreover, while in
the districts of the Tomsk region, the problems were
less pronounced due to the small size and low density
of the population, in the regional center, the situation
was critical and required immediate decisions, one of
which was the establishment of the Center.

By the decision of the operational headquarters,
the project for the establishment of the Center was de-
veloped urgently. The algorithm of work of the Center
was approved by the order of the HDTR 0f 19.10.2020
No. 1085 “On the organization of work of the Medical
Center for Remote Monitoring”. The Center was set
up on the premises of the Emergency Medical Unit
(EMU) and started functioning on 20.10.2020.

The organizational structure of the Center included
the Director, operators (graduate students of the medi-
cal university and resident doctors who performed the
main scope of work on remote consulting of patients),
and chief on-call doctors (mainly specialists over 65
years old as well as those with contraindications for
working directly in medical organizations, whose
main task was to provide methodological support for
operators and advice for citizens who inquired about
treatment issues, for example, to explain doctor’s pre-
scriptions, etc.). Everyone employed in the Center
underwent advanced training in provision of medical
care for COVID-19 patients at Siberian State Medi-
cal University in the amount of 36 hours. Based on
the results of the first month of the Center’s operation,
the functionality of senior operators was added. Their
duties included advising ordinary operators in case of
difficulties, induction training of new employees, and
writing internal reports on the activities of the unit.

The main task of the Center was to provide remote
consultations for patients with COVID-19 and com-
munity-acquired pneumonia, who were already put

under observation on an outpatient basis or in a day
care hospital. It was done in order to reduce the load
on polyclinics and EMT and to make resources avai-
lable to serve patients in need of initial medical ex-
amination. Patients were informed about the activities
of the Center by means of specially designed leaflets,
containing contact information, reasons for contacting
the Center, and advice on preparing for a remote con-
sultation, as well as via the media and social networks.

The key reasons for contacting the Center included:
deterioration of a patient’s condition; the emergence
of symptoms in asymptomatic patients; lack of face-
to-face or remote monitoring of the patient’s condi-
tion by a healthcare organization in which the patient
was kept under observation. The internal processes
of the Center were organized using lean management
methods and tools, such as work standardization, visu-
alization, and value stream mapping.

It is worth noting that the work of the operators
was carried out in the medical information system of
the Tomsk region (MIS TR): patient identification,
creation of a medical record for the provided service
“Consultation of the operator of the Medical Center
for Remote Monitoring”, which was also available to
a doctor who followed up on a patient in the outpatient
setting. That ensured the continuity of information
between the Center and outpatient clinics.

Operation of the Center in a test format (the first
week) proceeded during the daytime with a subsequent
switch to a round-the-clock service. The main task of
the operator was to assess the patient’s condition in or-
der to make a decision on further patient management
tactics. The project team members developed speech
modules for adults and children, that included grading
of the severity of the patient’s condition based on their
inclusion in risk groups, complaints, and a number of
objective parameters available for measurement by
the patient independently (blood pressure level, res-
piration and heart rate, glucose meter readings in pa-
tients with diabetes mellitus, etc.).

So, with a total score of less than 7, the patient’s
condition was assessed as stable, and oral recommen-
dations were given regarding continuation of the pre-
scribed treatment. If there were questions not related
to the clinical aspects of the patient’s condition, for
example, the need to obtain reference information on
the rules of self-isolation, working hours of health-
care facilities in high alert mode, etc., the patient’s
call was forwarded to the HDTR hotline for AVRI,
influenza, and coronavirus infection for information-
al support.
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With a total score of 7-14, the patient manage-
ment tactics involved transfer of the appeal to an out-
patient clinic in order to organize a personal doctor’s
visit. The appeal was transferred by an operator in
the medical information system of the Tomsk region
(MIS TR). For this purpose, each polyclinic set up
“virtual respiratory rooms” and appointed employees
responsible for handling the transferred calls. During
the period of the maximum incidence rate (from No-
vember 23, 2020), these appeals, according to the ap-
propriate agreement, were transferred by the Center
to the emergency medical service of a private orga-

nization (Medika—Tomsk LLC) and processed within
two hours.

A total score of 15-26 in adults and 15-30 in chil-
dren required transfer of the appeal to the EMU to
organize a visit of the EMT and provide emergency
medical care.

Regardless of the patient management option, the
patient was informed about the need to contact the
Center in case of deterioration of the general condition
and if they had additional questions.

The general scheme of the Center’s operation is
shown in Fig. 2.

Incoming call from a patient

¥

Medical Center for remote
monitoring

Work of operators In MISTR

i
Rechin - it 5 Medika-Tomsk
Aanaatio FAREAr 1o the LLC + Informational ................
by phone HOTR hotline S > EmMu
Recommendations ; Recommendations Recommendations
: Inl?.arm;lrli}n i # Hospitalization
PP call 1o the Cender

call to the Center

call o the Center

Fig. 2. The general scheme of the Center’s operation

The control over the appeals transferred to out-
patient clinics and EMU was carried out on a dai-
ly basis by a senior on-call doctor in the Center in
the MIS TR. For each unhandled call, the opera-
tor made an outgoing call to the patient in order to
clarify the severity of their condition and make a
decision on patient management tactics in accor-
dance with the above-described scoring system. The
Director of the Center daily carried out a summary
analysis of its performance and sent this informa-
tion to the HDTR and the operational headquarters
of the Tomsk region to ensure the ability to quickly
respond to emerging problems and develop propo-
sals for further improvement of the Center’s perfor-
mance.

Analysis of the Center’s performance indicators.
From 20.10.2020 to 19.01.2021, the Center received
70,883 calls. 94 calls were transferred to EMU,
1,514 calls — to outpatient clinics, and general rec-
ommendations were given during 69,275 calls.

4,801 calls in total (both during and after a remote
consultation) were redirected to the HDTR hotline for
AVRI, influenza, and coronavirus infection.

The average duration of one consultation in the test
mode of the Center reached 11.05 (7.12; 15.08) mi-
nutes, and due to the measures implemented to achieve
the target interaction between the Center and health-
care organizations, it decreased to 5.5 (4.95; 5.92)
minutes by November 2020 and thereafter did not
change significantly.

Reasons for contacting the Center were the fol-
lowing: deterioration of the condition — 7,936 calls
(11.2%); a doctor failed to come / call — 3,577 calls
(5.1%); asymptomatic COVID-19 course — 475 calls
(0.7%); newly detected COVID-19 — 2,621 calls
(3.7%); onset of symptoms in asymptomatic pati-
ents— 5,404 calls (7.6%); problems with a sickness leave
certificate — 7,319 calls (10.3%); problems with the
PCR test, including the inability to find out its results —
13,530 calls (19.1%); contact with a COVID-19
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positive person — 4,966 calls (7.0%); other reasons —
25,055 calls (35.3%). The “other reasons” category in-
cluded a wide range of issues not related to assessment
of COVID-19 patient condition, such as receiving sub-
sidized medicines; forced time extension for receiving
high-tech medical care; the need for volunteer help;

negative result of a COVID-19 PCR test for the em-
ployer; the possibility of receiving free drugs, etc.

Analysis of the load on the EMT. The data of the
load parameter analysis on the EMT at the time of the
Center’s operation are set out in Table 1 and Figures
3 and 4.

Table 1

Dynamics of the load parameters on the EMT, Me (Q,; 0.)

Number of EMT Number of Number of EMT Waitine time for all Number of served Waiting time for
Month, year calls, served EMT calls transferred to EMTgcalls min calls related to EMT calls related to
units/day calls, units/day | the next day, units ’ ’ COVID-19, units/day | COVID-19, min.
July, 1,044.00 (966.00; | 547.00 (522.00; (g?)?) (zggg 104.00 158.03 (102.03;
2020 1,129.00) 567.00) 2.00) 85.03) (91.00; 113.00) 204.03)
* * *
August, 974.00* (868.00; | 548.00 (528.00; 0.00 53.03 88.00 73.02
2020 1.053.00) 569.00) (0.00; (41.03; (74.00; (63.03;
T ’ 0.00) 62.03) 97.00) 118.04)
3k * *
September, (11’107555(?0 589.50%* ?60(;)0_ (75415033 130.00* (117.00; 157.82%* (68.25;
2020 1,295.00) (558.00; 614.00) 24.00) 90.03) 145.00) 239.32)
1,857.00*
October, (1,559.00; 566.00 (548.00; 187.00* (139.00; 123.04* (101.03; 192.00* (182.00; 282.03* (216.03;
2020 2,035.00) 608.00) 208.00) 172.03) 209.00) 349.03)
%
November, 1,225.00* 547.00 (523.00; 3((1)88 99.04* 193.50 (176.00; 139.53* (95.04;
2020 (977.00; 1,618.00) 596.00) 164 06) (68.03; 125.03) 204.00) 230.03)
* * *
December, | 942.00* (862.00; | 545.00 (517.00; 0.00 51.03 171.00* (145.00; 70.04
2020 982.00) 592.00) (0.00; (38.03; 185.00) (46.03;
’ ’ 0.00) 55.03) ’ 90.03)
January, 994.00 (913.00; | 531.00 (520.00; 0.00 45.05 124.00* (111.00; 62.06
2021 1,083.00) 583.00) (0.00; (37.05; 133.00) (40.05;
e ’ 0.00) 59.06) ’ 96.06)
* p <0.05 in comparison with the previous month (here and in Table 2)
2000 - THET 18L03
1800 300,00 +
1600 250,00 +
1400 - 200,00 +—HSRA—— 14T R
1200 150,00 +
1000
100,00 -
800 - —=— ak LA9.5 EhG0 &470) 5450 5300 50.00
600 - 2 Sa it == - N T . 453 4105
400 0,00 L. 4505
200 —— Mk it 13,0 1230 1328 1710 124,10 July August  Seplember Ooiober November December Jamuary
10.7€ e P Tl £ e Y AT I~ T 2020 028 2010 2020 020 2020 2021
0" Ji}‘ ' “'\m g,m;hr October 'N_"_m Dﬂlnbu J'-n;:.-r}' == Average waiting time for all EMT calls, min.
020 Hoie a0 1020 020 010 i == Average waiting time for EMT calls related to COVID-19, min.

=== Average number of calls to EMT perday, units
= Average number of served EMT callsper day, units
Average number of EMT calls transferred to the next day, units
=== Average number of served EMT calls related to COVID-19 per day, units

Fig. 3. Dynamics of quantitative indicators of the load on the
EMT

The average number of calls to EMT per day in
August 2020 significantly decreased as opposed to the
previous month, and from September, there had been
a significant parameter increment with a peak value

Fig. 4. Dynamics of time indicators of load on the EMT

in October 2020, which reflected a drastic increase in
the load on the EMT caused by the second wave of
the pandemic. However, in November and December
2020, a significant decrease in the average number of
calls to EMT was recorded as opposed to the previ-
ous periods, despite the unfavorable epidemiological
situation with the COVID-19 incidence. In January
2021, the parameter level stabilized, showing no sig-
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nificant changes in comparison with December 2020.
A significant decrease in the average number of calls
beginning from November 2020 confirmed effective
performance of the Center, which took upon itself the
reception and processing of part of the calls, earlier
received directly by the EMU.

The average number of served EMT calls per day
during the researched period did not show statisti-
cally significant dynamics (except for a significant
increase in September 2020 in comparison with the
level in August 2020). No further parameter incre-
ment in the conditions of the deteriorating epidemi-
ological situation as well as its subsequent decrease
due to the opening of the Center can be explained by
the limited maximum number of EMT on duty per
day, related among other things to COVID-19 cases
found among medical professionals of EMU during
the peak of the pandemic. For example, throughout
the study, the daily number of EMT on duty varied
from 35 to 42.

During the period of active work of the Center (No-
vember 2020), there was also no significant decrease
in the dynamics of the average number of served EMT
calls related to COVID-19 per day for a similar rea-
son. A subsequent significant decrease is mainly asso-

ciated with a natural decrease in the load on the EMT
due to a decline in the number of cases.

At the same time, the average number of EMT
calls transferred to the next day, as an indicator of an
obvious failure of the adaptive capabilities of the sys-
tem under the conditions of the extreme load, signifi-
cantly decreased during the first weeks of the Center
performance (by November 2020) after a rise in the
incidence rate in October 2020. Moreover, these calls
have not been registered since December 2020.

The time parameters of the EMT work had big
sensitivity in terms of reflecting the load on the EMT
against the background of the Center operation. An av-
erage waiting time for all EMT calls after a significant
increase in September and October 2020, compared to
the previous months of the Center operation, signifi-
cantly decreased in November and December of the
same year, while the average number of COVID-19
cases continued to increase. A similar trend was ob-
served in the analysis of the average waiting time for
EMT calls related to COVID-19.

Analysis of the load on the outpatient clinics. The
data of the analysis of the load on outpatient organiza-
tions against the background of Center operation are
set out in Table 2.

Table 2

Dynamics of load parameters on the outpatient service, Me (0 ; Q.)

Month, year units/day

Average number of house calls,

Average number of house calls regarding acute respira-
tory diseases, units/day

July, 2020

1,186.00 (355.00; 1,280.00)

308.000 (117.00; 345.00)

August, 2020

1,060.00* (288.00; 1,191.00)

278.000 (125.00; 352.00)

September, 2020

1,391.50* (560.00; 1,571.00)

567.000* (282.00; 711.00)

October, 2020

2,562.00* (1,177.00; 2,965.00)

1,034.000* (557.00; 1,356.00)

November, 2020

2,249.00 (730.00; 2,465.00)

904.500 (365.00; 1,048.00)

December, 2020

1,723.00* (656.00; 1,900.00)

594.000* (272.00; 663.00)

January, 2021

Dynamics of the parameters of the load on the out-
patient clinics as a whole showed the same trends as
parameters of the load on the EMT, but without a sig-
nificant difference between the levels in October and
November 2020. This can be explained by the fact that
in the first weeks of the Center operation, its activi-
ties were designed exclusively for providing remote
consultations for patients with confirmed diagnosis of
COVID-19 infection with clinical manifestations of
the disease to determine patient management tactics.
At the same time, a large number of visits to the out-
patient clinics was associated with the need to moni-
tor the condition of asymptomatic carriers and people
after COVID-19 exposure. Transfer of these functions
to the Center in November 2020 significantly reduced

708.00* (552.00; 1,449.00)

299.000* (228.00; 452.00)

the burden of the outpatient clinics, which was con-
firmed by a significant decrease in the values of both
analyzed parameters under the conditions of the in-
creased COVID-19 incidence.

DISCUSSION

Performing a retrospective assessment of the ex-
perience in establishing the Center, the following fac-
tors can be pointed out that have made a significant
contribution to its successful performance. First, the
existence of a medical university in the region, which
made it possible to urgently recruit the main team of
operators from graduate students and resident doctors.
Publicly available sources describe different approach-
es to staffing of such organizations: from engaging
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volunteers [7] to official employment of specialists as
medical personnel, which happened in many Russian
regions [12—14].

The legal basis for the performance of duties by
operators in the Tomsk region was a civil law con-
tract. We believe that in the context of the rapidly
growing pandemic and the need to quickly create a
new structure, this legal basis is optimal. On the one
hand, it provides legal guarantees for both parties in
the contract. On the other hand, it allows for flexible
management of the Center structure by changing the
proportion of doctors and operators and the number
of employees depending on top-priority tasks. The
second factor was high level of IT development in
the industry. The third factor was regional experi-
ence of using lean technologies in healthcare, which
was repeatedly described in our previous articles
[15—19]. The use of proven lean management tools
made it possible to quickly set up and standardize
the main processes of the Center already at the start
of its work.

In the Tomsk region, the Center was organized on
the premises of EMU. This site was selected due to
suitable floor spaces and the ability to ensure prompt
transfer of the most complicated calls requiring emer-
gency medical care delivery. As alternative options
for the placement of such structures, a Medical Pre-
vention Center [12], a Physical Therapy and Sports
Medicine Center [20], and a Clinical Hospital [13] can
be considered.

In some regions of the Russian Federation, health
authorities decided not to use the centralized format
of organizing medical assistance for this category of
patients using telemedicine technologies, developing
them instead on the premises of all medical organiza-
tions providing primary health care [14]. Obviously,
the issue of location does not have a universal solution
and shall be resolved in each particular case individ-
ually, taking into account the regional specifics, such
as available resources and epidemiological situation.
In our opinion, centralization would be preferable if
the region has a sufficient level of IT development and
widespread implementation and sufficient functional
capabilities of regional medical information systems.
In addition to the traditional advantages, this approach
is associated with resource saving and increased man-
ageability and enables to create a single input chan-
nel for information about the most urgent problems
arising in the process of medical and informational
support of patients included in monitored groups. A
detailed analysis of these groups can form the basis

for both selective prompt response measures and long-
term systemic improvements.

Despite the apparent obviousness, the issues of the
effectiveness of such centers are not so unambiguous.
In theory, introduction of a new structure and involve-
ment of additional staff should relieve the existing
healthcare system in the fight against COVID-19. How-
ever, the risks of the opposite effect are always high in
reality: creation of an additional load on the primary
care and the EMT system due to transfer of irrelevant
cases (overestimation of the severity of the patient’s
condition, transfer of a call to an outpatient clinic for
which only informational support is needed), lack of
continuity in the transfer of information, and duplica-
tion of functions of the telemedicine center and outpa-
tient clinics following an imperfect interaction scheme.

The analysis of the Center performance given in
this article confirms its effectiveness both for redu-
cing the load on the system of emergency medical care
delivery and for optimizing the work of the outpatient
service in the region. In addition to the general factors
described above, a number of organizational decisions
also contributed to the improvement of the Center
performance.

As mentioned earlier, the vast majority of calls
were processed by providing general recommenda-
tions on the phone, i.e. they did not require face-to-
face contact between a patient and a medical profes-
sional, and the category “other calls” had the largest
share in the structure of reasons to contact the Cen-
ter. To ensure high-quality counseling by operators
on this block of issues, the project team carried out a
preliminary analysis of the most common reasons for
contacting call centers of hospitals, EMU, or HDTR,
which could potentially be processed by the Center.
Response measures were thought out and appropriate
scripts were developed for quick response to frequent-
ly asked questions.

As a temporary measure aimed at ensuring the
availability of medical care during the periods of the
most dramatic rise in disease incidence, handling of
house calls was outsourced to private medical orga-
nizations. It is worth mentioning that the majority of
the available scientific studies on the use of teleme-
dicine technologies in relation to COVID-19 patients
mention the clinical efficacy and safety of these tools
[21] and describe individual quantitative indicators
of work of such units [7, 8]. At the same time, there
are practically no publications that would assess the
systemic effects of their performance, which increases
the value of our results.
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In our opinion, the prospects for the Center ope-
ration are associated with the possibilities of its adap-
tation for remote monitoring of patients with chronic
non-infectious diseases. Currently, the region is al-
ready conducting a comprehensive review involving
the use of the resources of the Center for these pur-
poses. Scientific substantiation and assessment of the
effectiveness of the measures implemented in this area
will be the object of our further research.

CONCLUSION

The conducted research shows a positive syste-
mic impact provided by the Center activities, which
is manifested through a decrease in the load on the
primary health care system and EMT during the un-
favorable epidemiological situation following high
COVID-19 incidence. The experience of the Tomsk
region in organizing a system for remote monitoring
of patients with COVID-19 and community-acquired
pneumonia can be recommended for use in other re-
gions of the Russian Federation, taking into account
the proven effectiveness. It is advisable to adapt the
solutions used within the described project to deliver
remote consultations to other categories of citizens.

REFERENCES

1. Baudier P., Kondrateva G., Ammi C., Chang V., Schiavone F.
Patients’ perceptions of teleconsultation during COVID-19: A
cross-national study. Technological Forecasting and Social
Change. 2021; 163: 120510. DOI: 10.1016/j.techfore.2020.
120510.

2. Wong A., Bhyat R., Srivastava S., Lomax L.B., Appireddy R.
Patient care during the COVID-19 pandemic: use of virtual
care. Journal of Medical Internet Research. 2021; 23 (1):
€20621. DOI: 10.2196/20621.

3. Hare N., Bansal P., Bajowala S.S., Abramson S.L., Chervin-
skiy S., Corriel R., Hauswirth D.W., Kakumanu S., Mehta R.,
Rashid Q., Rupp M.R., Shih J., Mosnaim G.S. Work group
report: COVID-19: Unmasking telemedicine. Journal of
Allergy and Clinical Immunology: In Practice. 2020; 8 (8):
2461-2473. DOI: 10.1016/j.jaip.2020.06.038.

4. Wali S., Margarido M.G., Shah A., Ware P., McDonald M.,
O’Sullivan M., Duero Posada J., Ross H., Seto E. Expanding
telemonitoring in a virtual world: A case study of the expansion
of a heart failure telemonitoring program during the COVID-19
pandemic. Journal of Medical Internet Research. 2021; 23 (1):
€26165. DOI: 10.2196/26165.

5. Guarino M., Cossiga V., Fiorentino A., Pontillo G., Morisco F.
Use of telemedicine for chronic liver disease at a single
care center during the COVID-19 pandemic: Prospective
Observational Study. Journal of Medical Internet Research.
2020; 22 (9): €20874. DOI: 10.2196/20874.

6. Wu H., Sun W., Huang X., Yu S., Wang H., Bi X., Sheng J.,
Chen S., Akinwunmi B., Zhang C.J.P., Ming W.K. Online
antenatal care during the COVID-19 pandemic: opportunities

and challenges. Journal of Medical Internet Research. 2020;
22 (7): e19916. DOI: 10.2196/19916.

7. KimD.S.,ChuH.,MinB.K.,Moon Y., Park S., Kim K., Park S.H.,
Kim Y.D., Song M., Choi G.H., Lee E. Telemedicine Center
of Korean Medicine for treating patients with COVID-19: a
retrospective analysis. Integrative Medicine Research. 2020; 9
(3): 100492. DOLI: 10.1016/j.imr.2020.100492.

8. Krenitsky N.M., Spiegelman J., Sutton D., Syeda S., Moroz L.
Primed for a pandemic: Implementation of telehealth outpatient
monitoring for women with mild COVID-19. Semin Perinatol.
2020; 44 (7): 151285. DOI: 10.1016/j.semperi.2020.151285.

9. Crane S.J., Ganesh R., Post J.A., Jacobson N.A. Telemedicine
consultations and follow-up of patients with COVID-19.

Mayo Clin. Proc. 2020; 95 (9S): S33-34. DOI: 10.1016/j.
mayocp.2020.06.051.

10. Tannaccone S., Castellazzi P., Tettamanti A., Houdayer E.,
Brugliera L., de Blasio F., Cimino P., Ripa M., Meloni C.,
Alemanno F., Scarpellini P. Role of rehabilitation department

for adult individuals with COVID-19: the experience of the
San Raffaele Hospital of Milan. Arch. Phys. Med. Rehabil.
2020; 101 (9): 1656—1661. DOI: 10.1016/j.apmr.2020.05.015.

11. On the temporary procedure for organizing the work of medical
organizations in order to implement measures to prevent and
reduce the risks of the spread of the new coronavirus infection
COVID-19: Order of the Ministry of Health of the Russian Fed-
eration of March 19, 2020 No. 198n. URL: http://docs.cntd.ru/
document/564482310 (access date: 18.02.2021) (in Russ.).

12. Order of the Moscow Department of Healthcare of April 6,
2020 No. 356 “On the use of telemedicine technologies when
organizing consultations on the issues of the coronavirus in-
fection COVID-19 and the selection of personnel for medical
organizations in the city of Moscow.” URL: http://docs.cntd.
ru/document/564612722 (access date: 18.02.2021) (in Russ.).

13. Order of the Ministry of Health of the Sverdlovsk Region of
April 16, 2020 No. 621-p “On the use of telemedicine tech-
nologies when organizing consultations on the issues of the
coronavirus infection COVID-19” (as amended on December
4, 2020). URL: http://docs.cntd.ru/document/570743231 (ac-
cess date: 18.02.2021) (in Russ.).

14. Order of the Health Committee of the Government of St. Pe-
tersburg of December 4, 2020 No. 876-r “On the organiza-
tion of medical care delivery using telemedicine technologies
to patients with the new coronavirus infection COVID-19,
ARVI, influenza and community-acquired pneumonia in St.
Petersburg.” URL: http://docs.cntd.ru/document/573047265
(access date: 18.02.2021) (in Russ.).

15. Deev 1.A., Boykov V.A., Kanonerker L.M., Kobyakova O.S.,
Kulikov E.S., Novikova 1.Y., Osihov I.A., Sivolobova T.V.,
Taranov A.A., Titova M.A., Shibalkov I.P. Application of lean
management in medical examination of children in Tomsk re-
gion. Manager of Health Care. 2019; (9): 30-36 (in Russ.).

16. Deev L.A., Kobyakova O.S., Shibalkov I.P., Protasova L.M.,
Boykov V.A., Baranovskaya S.V., Suvorova T.A., Babeshi-
na M.A. Optimization of patient flow routing as a basis for
improving organizational efficiency of outpatient care (expe-
rience of the Tomsk region). The Siberian Journal of Clinical
and Experimental Medicine. 2020; 35 (4): 95-102 (in Russ.).
DOI: 10.29001/2073-8552-2020-35-4-95-102.

BlonneTteHb cMbnpckon MeguuuHbl. 2021; 20 (2): 12-22 21



Boykov V.A., Baranovskaya S.V., Deev L.A. et al. Medical Center for Remote Monitoring of COVID-19 patients

17. Deev LLA., Kobyakova O.S., Boykov V.A., Shibalkov I.P., Ba- Applying lean manufacturing technologies to optimize ambu-
ranovskaya S.V., Protasova L.M., Shnaider G.V., Suvorova lance operations amid the spread of COVID-19. Manager of
T.A. Results of the Standard’s implementation on organizing Health Care. 2021; (1): 24-32 (in Russ.).
outpatient care delivery in the Tomsk region. Social aspects of 20. Order of the Department of Health of the Vladimir Region of
population health [serial online]. 2020; 66 (6): 1. URL: http:// November 13, 2020 No. 774 “On remote monitoring of the
vestnik.mednet.ru/content/view/1210/30/lang,ru/ (in Russ.) health status of patients with the new coronavirus infection
DOI: 10.21045/2071-5021-2020-66-6-1. COVID-19.” URL: http://docs.cntd.ru/document/570985152

18. Suvorova T.A., Deev L.A., Kobyakova O.S., Boykov V.A., (access date: 18.02.2021) (in Russ.).

Baranovskaya S.V., Koshel A.P., Taukina N.V., Shibalkov L.P. 21. Martinez-Garcia M., Bal-Alvarado M., Santos Guerra F.,
Application of lean production tools in the organization of Ares-Rico R., Suarez-Gil R., Rodriguez-Alvarez A., Pérez-
medical examinations of certain groups of the adult popula- Lépez A., Casariego-Vales E.; en nombre del Equipo de Se-
tion. Vestnik Roszdravnadzora. 2020; 5 (2): 4-9 (in Russ.). guimiento Compartido TELEA-COVID Lugo; Equipo TE-

19. Deev I.A., Kobyakova O.S., Babeshina M.A., Baranov- LEA COVID-19 (Lugo). Monitoring of COVID-19 patients
skaya S.V., Boykov V.A., Masunov V.N., Milkevich M.N., by telemedicine with telemonitoring. Rev. Clin. Esp. 2020;
Rodionov N.V., Suvorova T.A., Taranov A.A., Shibalkov L.P. 220 (8): 472-479. DOI: 10.1016/j.rce.2020.05.013.

Authors contribution

Boykov V.A., Baranovskaya S.V. — conception and design; formation of the database, analysis and interpretation of data; drafting of
the article. Taranukha E.V., Babeshina M.A. — formation of the database; analysis and interpretation of data. Shibalkov I.P. — formation of
the database, analysis and interpretation of data; drafting of the article. Deev I.A. — conception and design; final approval of the manuscript
for publication.

Authors information

Boykov Vadim A., Cand. Sci. (Med.), Associate Professor, Healthcare and Public Health Management Division, SSMU, Tomsk,
Russian Federation. ORCID 0000-0001-7532-7102.

Baranovskaya Svetlana V., Cand. Sci. (Med.), Associate Professor, Healthcare and Public Health Management Division, SSMU,
Tomsk, Russian Federation. ORCID 0000-0003-2587-2545.

Deev Ivan A., Dr. Sci. (Med.), Professor, Intermediate-Level Pediatrics Division with a Pediatric Diseases Course, SSMU, Tomsk,
Russian Federation. ORCID 0000-0002-4449-4810.

Taranukha Elena V., Head of the Outpatient Department No. 2, Hospital No. 2, Tomsk, Russian Federation.

Shibalkov Ivan P., Cand. Sci. (Econ.), Senior Lecturer, Healthcare and Public Health Management Division, SSMU, Tomsk, Russian
Federation. ORCID 0000-0002-4255-6846.

Babeshina Marina A., Deputy Chief Physician for Organizational and Methodological Work, Polyclinic No. 1, Tomsk, Russian
Federation. ORCID 0000-0003-2390-7935.

(<) Baranovskaya Svetlana V., e-mail: sv-baranovskaya@yandex.ru.

Received 26.02.2021
Accepted 02.04.2021

22 Bulletin of Siberian Medicine. 2021; 20 (2): 12-22



YAK 615.272.4.065:616.74-009.54-021.6-07
https://doi.org/10.20538/1682-0363-2021-2-23-28

New experimental possibilities for statin-associated myopathy diagnosing
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ABSTRACT

Aim. To identify the relationships between structural proteins of myocytes, as well as indicators of antioxidant
defense and metabolites of glycolysis against the background of using statins in animals in the experiment for
clarifying the diagnosis of statin-associated myopathy.

Materials and methods. The study was conducted on outbred male rats, which were divided into 3 groups.
The control group consisted of intact animals, and there were two experimental groups: group 1 — animals with
induced hypercholesterolemia, group 2 — animals with induced hypercholesterolemia treated with simvastatin.
In the muscles of animals from the studied groups, the content of structural proteins of the sarcomere, titin and
nebulin, was analyzed, and the concentration of glycolysis metabolites (pyruvic acid and lactate) and the activity of
antioxidant defense enzymes (superoxide dismutase (SOD) and catalase) were determined.

Results. The use of simvastatin in the animals led to a decrease in the content of NT- and N2A-titin isoforms and an
increase in the content of the T2-proteolytic fragment. Complete absence of nebulin was also noted, which reflects
the presence of dystrophic changes in the muscle tissue. Long-term administration of simvastatin caused metabolic
changes in the rats, characterized by impaired supply of cells with molecular oxygen. However, as opposed to
the animals with hypercholesterolemia that were not given statins, a decrease in hypoxia-induced shifts was
observed. Abnormalities in the performance of the antioxidant defense (AOD) system and multidirectional changes
in the activity of the antioxidant pair “SOD — catalase” were noted. The correlation analysis revealed a positive
relationship between the content of the NT-titin isoform and the SOD activity and negative correlations between
the content of the N2 A-titin isoform and the level of lactate, as well as between the T2-proteolytic fragment of titin
and the level of lactate.

Conclusion. The study revealed a complex set of biochemical changes in the muscles that underlie myotoxicity of
statins during their long-term use. Additional biochemical parameters were found, such as SOD activity and lactate
concentration, changes in which, along with the determination of titin and nebulin concentrations, indicating tissue
hypoxia, will make it possible to more accurately diagnose statin-associated myopathy.

Key words: statins, statin-associated myopathy, simvastatin, hypercholesterolemia, skeletal muscle, titin, nebulin.
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HoBble BO3MOXXHOCTHU ANArHOCTUKH CTaTUHOBOM MMONATUU B SKCcnepuMeHTe

BuHorpaposa E.B., MukawmHosuny 3.U., benoycosa E.C.

Pocmoscxuii cocyoapcmeennulil meduyunckuti ynugepcumem (Pocml MY)
Poccus, 344022, 2. Pocmos-na-/jony, nep. Haxuuesanckuii, 29

PE3IOME

ue.l]b. BeIsIcHHTE B3aMMOCBSI3H MEXKAY CTPYKTYPHBIMH Oenkamu MHOIOHUTOB, 4 TAKXKC ITOKa3aTCIIIMH aHTUOKCH-
JaHTHOM 3aIIMTHI K MeTaboJINTaMH1 TJIMKOJIN3a Ha q)OHe MPUMEHCHUA CTATUHOB y JKUBOTHBIX B 3KCNEPUMEHTE JJIA
YTOYHCHUS NIOCTAHOBKU JUArHo3a «CTaTUHOBAss MUOIIATHS» .

Marepuajbl U MeToAbl. VcciaenoBaHue MPOBOIMIOCH Ha OECIOPOAHBIX CAMIAX KPBIC, KOTOPBIX pa3lIeIiin
Ha TpH rpynmsl. KOHTpoOnbHAs Tpynna — MHTAKTHBIC JKUBOTHBIE M [BE JKCIEPUMEHTAJbHBIC TPYIIIBL: CPYIIIa
1 — >KHBOTHBIE C WHIYLHMPOBAHHOW THUIEPXOJECTEPUHEMHEH, Ipymma 2 — JKHUBOTHbIE C HHIYLHUPOBAHHOW
THIIEPXOJIECTEPUHEMHUEH, TTOJTyYaBIIne CHMBACTATHH. B MBIIIIaX JKUBOTHBIX HCCIIEAYEMbIX TPy ObUT IPOBEICH
aHaJN3 COJePIKAHMUs CTPYKTYPHBIX OSIKOB capkoMepa — THTHHA U HeOyJIMHa, a TAKXKe ONpe/ieeHa KOHIICHTPALHS
MeTabOoJIUTOB TIIMKONIK3a (MIHPOBUHOTPAAHON KHUCIOTHI U JIAKTATa) U aKTHBHOCTH (PEPMEHTOB aHTHOKCHIAHTHOM
3amuThl (cynepokcugaucmyTassl (CO/l) u kaTamassl).

Pe3yabTaThl u o0cyxaenue. [[pumeHeHne ciMBacTaTHHA Y )KUBOTHBIX MPUBOMIIO K YMEHBIIEHUIO COJCPHKAHUS
NT- u N2A-u30(opM TUTHHA, YBEIUYECHHUIO COJEPIKaHUs IPOTEOIUTHIECKOro (parmenTa T2, Takke OTMEUanoch
MOJTHOE OTCYTCTBHE HEOYJIHHA, YTO OTPaKaeT HATMYUE MUCTPOPHUCCKUX HM3MEHCHHUN B MBIIICYHONW TKAHU.
JlnuTenbHOEC BBEICHHE CHMBACTATHHA BBI3BIBAIIO Y KPBIC METa0OIMYECKHE W3MEHEHUS, XapaKTepU3YIOUIHECs
HapyIICHHEM OOCCIIEYCHHUSI KIECTOK MOJICKYJISPHBIM KHCIOpoaoM. OIHAKO, MO CPaBHEHHIO C JKUBOTHBIMH C
THIIEPXOJIECTEPHUHEMHEH, KOTOPhIM CTATHHBI HE BBOJIWIIM, HAOIIOMATOCH YMEHBIICHUE THIIOKCHYCCKUX CIABHUIOB.
OTMeYeHBl HapyUICHHS B pabOTe CHUCTEMBbl AHTHOKCHAAHTHOW 3alllUThl, Pa3HOHAMPABJICHHBIC H3MEHCHHE
aKTUBHOCTH aHTHOKcuAaHTHOU napel «COJl — karanaza». [IpoBeieHHBINH KOPPEISIMOHHBINA aHATN3 BBISBUII I10JIO-
JKHUTEIBHYIO 3aBUCUMOCTh MexAy coaepkanueM NT — uzodopmbl TuTiHA U akTHBHOCTHI0 COJI, oTpHUIaTenbHbIe
KOPPEJSIIIMOHHBIE 3aBUCHMOCTH MEXKAY cojepkaHueM N2A-u30hOpMbl THTHHA W YPOBHEM JakTaTa, 12-
MPOTEOTUTUIECCKOTO (hparMeHTa TUTHHA M YPOBHEM JIaKTaTa.

3akioueHue. BBISBICH CIIOKHBIH KOMILIEKC OMOXUMHUYECKUX U3MEHCHHI B MbIIIIax, JeKalnux B OCHOBE MUO-
TOKCUYHOCTHU CTAaTHHOB IIpU UX NJIATCIIbBHOM IPUMEHCHUU. OGHapy)KCHI)I JOIOJHUTCIIbHBIC OMOXMMHYECKHUE T10-
Ka3aTcjii — aKTUBHOCTb COZ[ 1 KOHLICHTpalus JIaKTaTa, USMCHCHUS KOTOPLBIX, HApPSIAYy € ONIPEACIICHUEM TUTUHA U
He6yIII/IHa, CBUACTCIILCTBYIOIIUE O THIIOKCUYCCKOM IMOBPECKACHUU TKAaHU, IMO3BOJIAT 0oJiee TOYHO JAUArHoCcTupo-
BaTb CTaTUHOBYIO MHUOIIATHIO.

Ki1ioueBble ¢JIOBa: CTaTHHBI, CTATUHOBASI MUOTIATHS, CAMBACTATHH, THIIEPXOJIECTEPUHEMHSI, CKEJICTHBIC MBIIIIIBI,
TUTUH, HEOYJIMH.

Kondaukt nunrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢uHAHCHPOBAHUSA. ABTOPHl 3asBIAIOT 00 OTCYTCTBMM (DHHAHCHPOBAHHUS IPU IPOBEACHUH
HCCIIeJOBAHMS.

CooTBeTcTBHE NMPUHIHUNAM 3THKH. VccienoBaHue omo6peHo JOKaIbHBIM 3THYECKUM KOMHTETOM POCTOBCKOTO
roCyIapCTBEHHOTO MEIUIUHCKOTO yHUBepcuTeTa (nmporokon Ne 21/15 ot 10.12.2015).

Ja nutuposanus: Bunorpanosa E.B., Muxamunosuy 3.11., benoycosa E.C. HoBble BO3MOXKHOCTU TUarHOCTH-
KH CTaTHHOBOW MHOIIATUH B 3KCHEpUMeHTe. bromiemens cubupckoii meouyunst. 2021; 20 (2): 23-28. https://doi.
org/10.20538/1682-0363-2021-2-23-28.

INTRODUCTION itself in different ways: from mild myalgia to life-

To date, statins are actively prescribed to patients threatening rhabdomyolysis [2]. The development
with cardiovascular diseases as effective lipid- of muscle damage symptoms is the main reason for
lowering agents [1]. However, the use of this group patients’ refusing from statin therapy, and, according
of drugs can cause statin-induced muscle damage — to some authors, their number reaches 75% within 2
statin-associated myopathy, which can manifest years from the start of therapy [3].
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The diagnosis of statin-associated myopathy
is complicated by the fact that in some cases it is
asymptomatic, or the symptoms are not pronounced and
are mostly subjective. There is currently no universal
diagnostic test that would make it possible to make
such a diagnosis. One of the methods for diagnosing
myopathies is to determine the activity of creatine
phosphokinase (CPK) in the blood serum. A drastic
increase in the CPK activity in blood is an indicator
of damage to myocytes. However, often in statin-
associated myopathy, an increase in its activity may
either not be observed, or is insignificant [4]. Therefore,
identification of additional biochemical parameters that
would make it possible to increase the efficiency of
diagnosing statin-associated myopathy is relevant.

Current literature provides experimental research
data proving that the development of muscular
dystrophy is accompanied by a decrease in the content
of giant sarcomeric proteins titin and nebulin in
myocytes due to their increased proteolysis. At the
same time, the elasticity and contractility of muscle
tissue decrease [5].

In our earlier studies, metabolic changes in eryth-
rocytes and skeletal muscles of rats were presented
against the background of prolonged use of simvasta-
tin, which proved the prooxidant effect of statins.

The aim of the study was to identify the relationship
between the structural proteins of myocytes, as well
as indicators of antioxidant defense and metabolites
of glycolysis against the background of statin use in
animals in the experiment for clarifying the diagnosis
of statin-associated myopathy.

MATERIALS AND METHODS

The study was carried out on outbred male rats aged
12—14 months and weighing 300-350g. The animals
were kept in accordance with the Order of the Ministry
of Healthcare of the Russian Federation No. 708N of
23.08.2010 “On approval of the rules of laboratory prac-
tice” and sanitary rules of the joint venture 2.2.1.3218-
14 “Sanitary and epidemiological requirements to the
equipment and maintenance of experimental biological
clinics (vivariums) of 29.08.2014”. During the experi-
ment, the animals were divided into control and exper-
imental groups.

The control group (35 rats) adhered to a standard
vivarium diet for 3 months and received 0.5 ml of
distilled water through the esophageal tube once a day.

The experimental groups consisted of 70 rats.
Essential hypercholesterolemia was induced in these
animals by feeding them with a diet rich in animal

fats (ghee) and fast-digesting carbohydrates (cane
sugar, semolina) for 3 months. It was diagnosed by
the level of total cholesterol (CS) on the “Bayer”
analyzer (Germany) after the specified period. Then
these animals were divided into 2 equal groups. The
animals of group 1 received food without added drugs
for 2 months, and once a day they received 0.5 ml
of distilled water through the esophageal tube. The
animals of group 2, in contrast to group 1, received
simvastatin (Zocor, 20 mg) once a day for 2 months,
(0.0012 g / 100 g of body weight) in the form of an
aqueous suspension through the esophageal tube.

The animals were eliminated from the experiment
by decapitation. All manipulations were in compliance
with generally accepted ethical standards (Protocol
No. 21/15 of the Local Independent Ethics Committee
of Rostov State Medical University of 10.12.2015).

Fragments of animal skeletal muscles were used for
the study. A muscle tissue homogenate was prepared in
the ratio of 1 g of tissue : 9 ml of chilled saline, centrifu-
gation was carried out at 3,000 rpm, and the supernatant
was used to determine the concentration of glycolysis
metabolites and the activity of antioxidant enzymes.

The pyruvic acid (PVA) concentration was
determined by the formation of a colored compound
upon interaction with 2.4-dinitrophenylhydrazine [6].
The lactate concentration was determined by the color
reaction of paraoxidiphenyl with acetaldehyde formed
from lactate in the presence of sulfuric and phosphoric
acids and copper ions [7]. The activity of superoxide
dismutase (SOD) was determined by a method based
on the ability of the enzyme to inhibit autooxidation
of adrenaline in an alkaline medium at pH = 10.2 [8].
The catalase activity was determined by the decrease
in the substrate — hydrogen peroxide per unit time —
by the reaction with ammonium molybdate [9].

The study of the content of giant sarcomeric
proteins (titin and nebulin) was carried out by sodium
dodecyl sulphate—polyacrylamide gel electrophoresis
(SDS-PAGE) with the addition of agarose according
to R. Tatsumi, A. Hattori (1995) [10] modified by
I.M.Vikhlyantsev, Z,A. Podlubnaya (2017) [11] at the
Institute for Theoretical and Experimental Biophysics
of the Russian Academy of Sciences (Pushchino).

Statistical processing of the obtained results was
performed using the STATISTICA 10.0 and Excel
Microsoft software. The significance of differences
in the considered parameters of the compared groups
was assessed using the Student’s t-test after checking
the distribution for normality using the Shapiro — Wilk
test. When conducting the correlation analysis, the

BlonneTteHb cMbnpckoi MeguuuHbl. 2021; 20 (2): 23-28 25



Vinogradova E.V., Mikashinowich Z.1., Belousova E.S.

New experimental possibilities for statin myopathy diagnosing

parametric Pearson’s coefficient was used, since the
samples were in compliance with normal distribution.
Differences were considered statistically significant
at p < 0.05. Data are presented as the mean and the
standard error of the mean (M + m).

RESULTS AND DISCUSSION

Keeping animals of the experimental groups on a
diet enriched with animal fats and carbohydrates led to
a statistically significant increase in cholesterol levels
compared to the control group. Administration of
simvastatin to the animals of group 2 for two months
contributed to a decrease in the level of cholesterol in
the blood serum to 1.637 mmol / 1, which did not differ
significantly from the values in the control group.

To assess the structural and functional state of the
skeletal muscles of the animals that were injected with
simvastatin for a long time, changes in the qualitative
and quantitative composition of titin and nebulin in
m. biceps of animals of the studied groups were studied
(Table 1). The levels of titin and nebulin were evaluated
in relation to the content of myosin heavy chains.

Table 1

Changes in the content of titin and nebulin in the muscle tissue
of animals in the studied groups, M + m

Groups Control group, Experimental group
Parameters n=235 group 2, n =35
0.137 £ 0.0024
T2-fragment 0.113 +0.002 <0001
N2A-isoform 0.136 = 0.002 0.094 + 0.0025
£<0.001
NT-isoform 0.026 £ 0.0015 0.016 = 0.0017
»<0.001
Nebulin 0.031 £ 0.0023 Absent

Note. p — significance level of differences relative to the parameters
in the control group.

The levels of titin and nebulin in m. biceps of the
animals in group 1 did not differ significantly from
those in the control group. At the same time, studies
showed that long-term use of simvastatin in the
animals with induced hypercholesterolemia caused
a decrease in the content of the NT-titin isoform by
38.46% (p <0.001) and N2 A-titin isoform by 30.88%
(» < 0.001). In addition, against the background of
simvastatin use in the animals, an increase in the
level of the T2-proteolytic fragment by 1.2 times
was noted in their muscle tissue, as well as complete
absence of nebulin relative to the animals that did not
receive the drug.

The obtained results are in line with the studies
of modern scientists who prove that myopathies of

various origins are accompanied by a decrease in
the content of structural proteins of the sarcomeric
cytoskeleton, such as titin (primarily its NT-
isoforms) and nebulin, and, as a consequence, lead to
deterioration of contractile properties of the muscles
[5]. Based on this, it can be assumed that a decrease
in the level of titin and nebulin with prolonged use of
simvastatin is an indicator that reflects the presence of
degenerative processes in the muscle.

To elucidate the nature of myotoxicity of statins,
an analysis of the parameters of energy metabolism
and the activity of antioxidant defense enzymes in the
muscle tissue of the animals in the studied groups was
carried out. Glycolysis metabolites — pyruvic acid and
lactate — are indicators of the efficiency of molecular
oxygen supply to the cells. As a result of the study, in
the muscles of the animals in group 1, an increase in
the concentration of lactate by 73.23% (p < 0.001) and
a significant increase in the concentration of pyruvic
acid by 247.11% (p <0.001) were noted relative to the
control group (Table 2).

It can be assumed that the increase in the
concentration of glycolysis metabolites may be
associated with an excess of fast-digesting and rapidly
oxidized carbohydrates in the diet of the rats in this
group. At the same time, a very high level of lactate
indicates development of tissue hypoxia, which triggers
a cascade of metabolic disorders in the muscle tissue of
the animals. According to D.A. Kruse (1997), a drastic
increase in the concentration of lactate can serve as a
marker of the pathological process severity [12].

Table 2

Levels of glycolysis metabolites in the muscle tissue of animals
in the studied groups, M + m

Groups | Control group, Experimental group
Parameters n=35 group 1,n=35| group2,n=35
Lactate 4.64+£0.491
+
(umol /ml | 3.96+ 0.447 6‘82 0%‘(?157 »>0.05
protein) p=o p,<0.01
Pyruvic acid 3.28 £0.269
(umol /ml | 2.25+0.024 7'85 %‘317 0 »<0.001
protein) PP p,;<0.001

Note. p — significance level of differences relative to the parameters
of the control group; p, — significance level of differences relative to
the parameters of group 1.

In the group of animals with induced
hypercholesterolemia against the background of
simvastatin use (group 2), we observed a decrease
in the concentration of lactate by 32.36% (p, < 0.01)
and a fall in the level of pyruvic acid by 58.0%
(p, < 0.001), respectively, as opposed to the animals
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in group 1. Relative to the control group, the
concentration of pyruvic acid increased by 45.77%
(» < 0.001), and there was also a slight increase in
the concentration of lactate by 17.17% (p > 0.05).

Based on the obtained data, it can be concluded that
in the animals of group 2, a tendency to normalization
of carbohydrate metabolism was observed against
the background of simvastatin use, compared with
the animals of group 1. However, compared with
the animals of the control group, the concentration
of glycolysis metabolites still remained elevated. On
the one hand, preservation of an increased level of
glycolysis metabolites may reflect the inferiority of
adaptive mechanisms and require additional measures
aimed at reducing hypoxia-induced shifts. On the
other hand, attention is drawn to the pronounced
increase in the level of pyruvic acid, as opposed to the
lactate concentration. According to the experimental
data of Z.I. Mikashinovich (1989), an increase in the
level of pyruvic acid under conditions of hypoxia
improves microcirculation in tissues and contributes
to a decrease in pathobiochemical shifts [13].

SOD and catalase play an important role in the
antioxidant defense of almost all cells in the body,
including myocytes. As a result of the study, in the
group of animals with induced hypercholesterolemia,
an increase in the catalase activity by 82.66%
(» < 0.001) was noted, and the SOD activity did not
significantly change relative to the control group
(Table 3).

Table 3

Activity of SOD and catalase in the muscle tissue of animals in
the studied groups, M + m

E imental
Groups Control group, Xpeirlmen a group2
Parameters n=35 group %, group =
n=35 n=735
Superoxide dis- 0.219 £ 0.024
+
mutase [conv. unit | 0.446 = 0.049 0'502 O(()).;)% p<0.001
/ mg protein] p=0 p,<0.001
gp 1
Catalase 2.786 £ 0.438
+
[mKat / mg 1.494 £0.211 2'72<9 0 (())(')1162 »<0.001
protein] p=5 p,>0.05

Note. p — significance level of differences relative to the parameters
of the control group; p, — significance level of differences relative to
the parameters of group 1.

The revealed increases in catalase activity in the
animals with hypercholesterolemia with unchanged
SOD activity, according to O.I. Dotsenko et al., are
possibly associated “with the activation of peroxisomal
reactions or other parallel processes that require
increased catalase activity” [14]. Administration

of simvastatin to the animals with experimental
hypercholesterolemia contributed to a decrease in the
SOD activity by 56.2% (p, < 0.001), while the catalase
activity remained practically unchanged relative to
the parameters of the animals that did not receive
simvastatin. Relative to the parameters of animals in
the control group, a significant decrease in the SOD
activity by 50.89% (p < 0.001) was revealed, and the
activity of catalase increased by 86.47% (p < 0.001).

According to the literature, such a multidirectional
change in the activity of the antioxidant pair “SOD —
catalase” is also a sign of hypoxia development in
the muscle tissue [14]. The antioxidant pair “SOD —
catalase” is characterized by cross regulation, when
high activity of one of the enzymes inhibits the activity
of the other by the feedback mechanism. A decrease in
the SOD activity poses a potential danger of oxidative
damage to the most important macromolecules, due to a
decrease in disproportionation of the superoxide anion
radical and its transformation into a more aggressive
hydroxyl radical by the Haber — Weiss reaction.

A correlation analysis was carried out to reveal the
relationship between the parameters of carbohydrate
energy metabolism, the activity of antioxidant defense
enzymes, and giant sarcomeric proteins (titin and
nebulin) in the muscle tissue of animals with induced
hypercholesterolemia against the background of
long-term use of simvastatin. As a result, a positive
correlation was found between the content of the NT-
titin isoform and the SOD activity, » = 0.34, p = 0.05
(» < 0.05). Negative correlations were also noted
between the content of the N2A-titin isoform and the
level of lactate, » = —0.35, p = 0.04 (p < 0.05), and
between the content of the T2-proteolytic fragment
of titin and the level of lactate, » = —0.35, p = 0.04
(p <0.05).

CONCLUSION

According to the literature, titin, a giant protein
of the sarcomeric cytoskeleton, is a template for
correct assembly of proteins [15]. The study showed
that the use of simvastatin in animals with induced
hypercholesterolemia leads to a decrease in the
content of giant proteins — titin and nebulin — in
myocytes due to their increased proteolysis. As a
result of degradation of structural proteins, a decrease
in the contractile ability of skeletal muscles occurs,
which is observed in pathological conditions, such as
muscular dystrophies [16]. On this basis, the levels of
titin and nebulin in the muscle tissue can be used as an
early marker of statin-associated myopathy.
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The analysis of energy metabolism parameters and
their relationship with the dynamics of titin isoforms in
animals after prolonged administration of simvastatin
made it possible to determine a number of indicators
that informatively reflect destructive changes in the
muscle tissue. The revealed additional biochemical
indicators, such as the SOD activity and the lactate
level, along with the determination of titin and
nebulin concentrations, indicating hypoxic processes
in tissues, will make it possible to more accurately
diagnose statin-associated myopathy.
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The role of free radical oxidation in the kidneys in the nephroprotective
action of eplerenone, a mineralocorticoid receptor antagonist,
in experimental diabetes mellitus
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ABSTRACT

Aim. To study the effect of eplerenone on the activity of free radical oxidation and renal function in rats with
experimental diabetes mellitus induced by streptozotocin.

Materials and methods. Experiments were carried out on 36 male Wistar rats. Diabetes mellitus (DM) was
simulated by a single intraperitoneal injection of streptozotocin at a dose of 65 mg / kg. Eplerenone was injected
into the stomach at a dose of 50 mg / kg.

Results. It was found that eplerenone in experimental diabetic nephropathy (DN) significantly attenuated
proteinuria: the concentration of protein in the urine became 4 times lower than in untreated DN (p < 0.001). In
the kidneys, eplerenone therapy normalized the structure and function of renal glomeruli and restored the podocyte
number, which was reduced by 37.8% in the DN model. Free radical oxidation (FRO) in the kidneys of rats
treated with eplerenone increased — the concentration of thiobarbituric acid reactive substances rose by 1.5 times
(»p = 0.009), and changes in the activity of antioxidant enzymes, such as superoxide dismutase (a decrease
by 2.4 times, p = 0.002), catalase (an increase by 1.8 times, p < 0,001), and glutathione peroxidase (an increase
by 1.5 times, p < 0.001) were observed, as opposed to the values in the controls.

Conclusion. In streptozotocin-induced experimental diabetic nephropathy in rats, eplerenone had a nephroprotective
effect, but increased oxidative stress in the kidneys. The increase in FRO could be determined by the nongenomic
effect of aldosterone, which accumulates under conditions of prolonged mineralocorticoid receptor (MR) blockade.
The nephroprotective effect of eplerenone can be associated with the weakening of the genomic effects of
aldosterone, realized with the participation of MR.

Key words: eplerenone, free radical oxidation, diabetes mellitus, diabetic nephropathy.
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Po/1b cBO60HOpPaAMKaZAbHOrO OKMC/IEHUA B NOYKaxX B HEGPONpPOTEKTOPHOM
AencTBumn 6/10KaTOopa MMHEPA/ZIOKOPTUKOUAHBIX PELLenTOPOB 3M/epeHoHa

npu 3KCNEPUMEHTA/IbHOM CaXapHOM ,a,ua6eTe

Kapukos A.10."?, OunuHosa C.0.', Ma3ko O.H.', Makaposa O.l'.},
bo6pos W.MN.', BpoxaHos B.M.'

I Anmatickuil 2ocyoapcmeennoiil meOuyunckutl ynueepcumem (AIMY)
Poccus, 656038, 2. bapnayn, np. Jlenuna, 40

2 Hayuno-ucciedosamenbCkuii uncmumym Qusuono2uu u gynoamenmanvrot meouyunsl (HUHDDPM)
Poccus, 630117, e. Hosocubupck, yn. Tumaxosa, 4

PE3IOME

llenb. I/ISY‘{I/ITL BJIMSTHUEC JIJIEPEHOHA HAa aKTUBHOCTDH csoGom—xopa;mKaanoro OKHMCJICHUA U (I)yHKLU/lI/l ITOYECK KPBIC
IpU SKCIIEPUMEHTAJIBHOM CaXapHOM 111/1366T6, BbI3BAHHOM CTPENTO30TOLIMHOM.

MarepuaJbl 1 MeTOABI. DKCIIEPUMEHTHI IPOBEICHEI Ha 36 camiax Kpsic TuHUK Bucrap. CaxapHblii 1naber Mo-
JIETTMPOBAJIM OJJHOKPATHBIM BHYTPHOPIONIMHHBIM BBEJJCHHUEM CTPENTO30TOLMHA B 7103 65 MI/KT. DIUIEpEeHOH BBO-
JIATA B KETYIO0K B 103¢ SO MI/KT.

Pe3yabTaThl M 00CyKIeHHe. YCTaHOBICHO, YTO SIUICPEHOH IIPU 3KCIIEPHMEHTAIBHON TuabeTHyeckoil Hedpo-
natuu (JIH) cyliecTBeHHO ocliabisieT IPOTEHHYPHIO: KOIMYECTBO Oelka B MOYe CTAHOBHTCS MeHbLIE B 4 pasa,
geMm nipu HeneueHoit JIH (p < 0,001). B moukax mox BIMSIHUEM TEPaNHH SIUICPEHOHOM HOPMAIIU3YIOTCSI CTPYKTY-
pa ¥ QyHKIMH MOYEYHBIX KIyOOYKOB, B TOM YHCIE BOCCTAHABIMBAETCS KOJIMYECTBO IIOJOIUTOB, yMEHBLUICHHOE
npu mogemn JIH Ha 37,8%. AxtuBHOCTH cBoOOgHOpamuKansHOro okucieHns (CPO) B modkax KpbIC, MOTydaB-
IIUX SIUICPEHOH, YCUIIMBACTCS: YBEIHYMBACTCSl KOHIEHTpALUs THOOApOUTYpaTpeakTHBHBIX IPOAYKTOB B 1,5 pasa
(» = 0,009) 1 u3MeHsIeTCS O CPAaBHEHUIO C MOKA3aTENSIMH KOHTPOJS aKTHBHOCTh AHTHOKCHIAHTHBIX (epMEH-
TOB — CYNEpPOKCHAINCMYTa3bl (CHIKaeTcs B 2,4 pasa, p = 0,002), karanassl (yBemmuusaercs B 1,8, p < 0,001) u
[Ty TaTHOHIIEpOKCH a3l (yBenmunBaeTcs B 1,5 pasa, p < 0,001).

3axmouenue. [Tpu sxcnepumentansaoit J{H, BBI3BaHHOW Y KPBIC BBEACHHEM CTPENTO30TOLMHA, SIUIEPEHOH OKa-
3bIBa€T HE()PONMPOTEKTOPHOE NEHCTBHE, HO YCHIMBAET OKCHUIATHUBHBIN cTpecc B moukax. Ycwienune CPO morio
ObITh 00YCIIOBIEHO HETEHOMHBIM MEMOPAaHHBIM JEHCTBHEM albAOCTEPOHA, KOMIEHCATOPHO HAKAILTMBAIOIETOCS
B YCJIOBHSX JUIMTEIBbHOM O0Kaapl MUHEpanoKopTHKouAHbIX peuentopoB (MKP). HedpomnporektopHoe neiicTue
3IJIEPEHOHA MOKHO CBA3AThH C OcialieHneM TeHOMHBIX 3()(heKTOB allb0CTepOHa, peaan3yeMbIX npu yaactun MKP.

KiaroueBrble ci1oBa: SIUIEPEHOH, He(prHpOTeKTOpHOC HeﬁCTBHe, CBO6OZ[HOpaZII/IKaJII)HOB OKHUCJICHHUE, SDKCTICPUMEH-
TajlbHas }JI/Ia6€TI/I‘I€CKaSI He(i)pOHaTI/IH.

KoHduMKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M IOTCHINAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk q)HHaHCHpOBaHI/ISI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI IpyU OPOBEACHUU UCCIIE0-
BaHUA.

CooTBeTcTBHE MPHHIMNAM ITHKH. VcciaenoBanue 000peHO JIOKANBEHBIM dTHYeckuM KomuteToM AIMY (mpo-
Tokoi Ne 4 or 30.04.2020).

s mutupoBanus: Xapuxos A.lIO., ®umnnoa C.O., Masko O.H., Makaposa O.I'., bo6pos W.I1., Bproxa-
HOB B.M. Ponb cBOOGOHOpAINKATEHOTO OKHCIEHHS B MOYKAaX B HE(PPOMPOTEKTOPHOM AeicTBHM OGI0KaTOpa MH-
HEPaTOKOPTUKOMIHBIX PEIENTOPOB AIEPEHOHA MPH SKCIIEPUMEHTAIBLHOM caxapHOM auabete. broinemens cubup-
ckoui meouyunst. 2021; 20 (2): 29-35. https://doi.org/10.20538/1682-0363-2021-2-29-35.

INTRODUCTION

Oxidative damage to the kidneys makes a signi-
ficant contribution to the development of diabetic ne-
phropathy (DN) [1], therefore, the study of the me-
chanisms of peroxidation in the kidneys, the search

for new targets for targeted antioxidant therapy, and
the development of new pharmacological approaches
to DN treatment on their basis are relevant.

There are four main mechanisms of oxidative stress
development in the kidneys in DN: direct inhibition of
cellular antioxidant systems by glucose and its metabo-
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lites, accumulation of advanced glycation end products
(AGEs), activation of protein kinase C, and activation
of the renin-angiotensin-aldosterone system (RAAS)
[2]. NADPH oxidase catalyzing the formation of reac-
tive oxygen species (ROS) is activated in the kidneys [3].
When searching for new effective methods of drug the-
rapy in DN, an important question remains unresolved:
which mechanism contributes the most to the oxidative
stress development? The answer to this question would
contribute to targeted and more effective development of
new pharmacological approaches to DN therapy.

We studied the effect of RAAS drug inhibition on
oxidative damage to the kidneys and the course of
DN in experimental diabetes mellitus (DM). For this
purpose, eplerenone was chosen as a pharmacological
tool, which is a non-steroidal aldosterone antagonist
previously studied as a nephroprotector in DN [4].

The aim of the study was to investigate the effect
of eplerenone on the activity of free radical oxidation
and renal function in rats with experimental, strepto-
zotocin-induced DM.

MATERIALS AND METHODS

Experiments were conducted on 36 male Wistar
rats aged 2—3 months and weighing 300-350 grams.
The study was carried out in accordance with Direc-
tive 86/609/EEC, the Declaration of Helsinki, and the
“Rules for Work Using Experimental Animals”. The
study was approved by the local Ethics Committee at
ASMU (Protocol No. 4 of 30.04.2020). The rats were
placed in individual metabolic cages adapted for urine
collection. The animals were kept under natural light
conditions, at room temperature and could freely con-
sume water and “Chara” feed produced by Assorti-
ment-Agro LLC. All manipulations with animals were
carried out from 9 AM to 12 AM.

According to the design of the experiment, the an-
imals were divided into 3 groups: a control group and
an experimental group each consisting of 13 animals
and a group of intact rats containing 10 animals. In
the control and experimental groups, the rats were ad-
ministered intraperitoneally with 1 ml of streptozoto-
cin solution (Applichem, Germany) at a single dose
of 65 mg / kg in the citrate buffer to model DM. For
more accurate modeling of type 2 DM, the rats were
previously injected intraperitoneally with cytoflavin
solution at the nicotinamide rate of 115 mg / kg. The
administration of nicotinamide weakens streptozoto-
cin-induced damage to the islets of Langerhans and
allows for moderate hyperglycemia without massive
cytolysis of pancreatic cells [5].

In the experimental group for DN treatment, eple-
renone (Polpharma, Poland) was injected in the stom-
ach at a dose of 50 mg / kg once a day daily for 3
weeks, starting from the 5th week after the strepto-
zotocin injection. The dose of eplerenone was chosen
according to the results of previous studies on the ne-
phroprotective effect of the drug in the DM model [4].
In preliminary studies, we showed that typical signs of
nephropathy in rats develop only by the end of the 4
week after streptozotocin administration [6].

To assess renal functions in rats of the control and
experimental groups, the concentrations of glucose,
protein, and creatinine in urine were determined and
their excretion with urine was calculated prior to the
start of DM modeling and then weekly. The glucose,
protein, and creatinine levels in the urine were mea-
sured using the DIRUICS-T240 automatic bioche-
mical analyzer (Dirui Industrial Co., Ltd., China) with
biochemical kits (DIACON-DS, Russia).

After 8 weeks of the experiment, the animals were
euthanized by ether, their kidneys were extracted
and washed with isotonic sodium chloride solution.
One kidney was used for morphological studies, the
second one was used to study the activity of FRO. Ac-
cording to the methods given in the manual [7], the
activity of FRO was evaluated by the concentration of
thiobarbituric acid reactive substances (TBARS) and
the activity of antioxidant enzymes, such as catalase
(CAT), superoxide dismutase (SOD), and glutathione
peroxidase (GPx), in the kidneys.

For morphological studies, Sakkura (Japan) devices
were used. The kidneys were fixed in 10% neutral forma-
lin solution. The material was dehydrated in isopropyl
alcohol using the carousel-type machine TISSUE-TEK
VIPTM6 (Japan). The material was poured into pa-
raffin using the paraffin filling station TISSUE-TEK
TEC 5 (Japan). 5-7 pm-thick histological sections
were obtained using the semi-automatic rotary micro-
tome Accu-Cut SRM (the Netherlands) and stained
with hematoxylin and eosin and according to the Van
Gieson’s method in the TISSUE-TEK Prisma automa-
ted slide stainer (Japan). Neutral glycosaminoglycans
were determined histochemically using Schiff reagent
according to McManus. The slides were placed under
film in the TISSUE-TEK Film coverslipper (Japan).

Morphometric studies were performed using a com-
puter image analysis system consisting of the Leica
DME microscope (Germany), the Leica EC3 digital
color camera (Leica Microsystems AG, Germany), a
personal computer, and Video Test Morphology 5.2
software. The area of renal glomeruli and the area of
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capillary lumina were measured, and after special com-
puter processing of digital photos, the total area of the
vascular bed, the area of the mesangium, and the num-
ber of podocytes in the glomerulus were calculated.

The results were processed statistically using
the Statistica 13.3.1 software (license JPZ906I-
448517FAACD-K). The results of the biochemical
studies are presented by the median and the interquar-
tile range (Me (25%; 75%)). The results of the mor-
phometric studies were presented by the mean and the
standard error of the mean (M + m). Statistical com-
parisons between the groups were carried out using
the nonparametric Mann — Whitney U-test, compari-
sons within the group were performed using the non-
parametric Wilcoxon test [8].

RESULTS

The experiments showed that during 8 weeks
in rats of the control and experimental groups, the
amount of excreted urine and renal excretion of glu-
cose and creatinine statistically significantly exceeded
the initial levels and did not differ between the groups
(not shown in the tables and figures).

In the control and experimental groups during
the first 28 days of DM modeling, renal excretion

of protein significantly increased (Fig. 1): in the
control group — from 2.7 (1.8; 8.7) to 11.0 (5.9;
15.3) mg / day (p = 0.004), in the experimental group —
from 3.0 (0.6; 3.8) to 10.2 (9.9; 13.4) mg / day (p =
0.002). Statistically significant differences between
the groups were not recorded. From the 5th to the 8™
week of the experiment, protein excretion in the con-
trol group continued to increase and peaked by the end
of the experiment — up to 36.0 (28.6; 43.2) mg / day,
which was 13.3 times higher than before the exper-
iment (p = 0.001). After the start of eplerenone ad-
ministration, the increase in renal protein excretion
stopped, and until the end of the experiment, the
excretion did not change compared to the indicator
measured on the 28th day. As a consequence, at the
6-8™ week of eplerenone administration, renal pro-
tein excretion was statistically significantly lower
than in the control group during the specified periods
of time: after 6 weeks, it decreased by 2.3 times to
5.0 (3.2; 7.5) mg / day as opposed to 11.6 (5.3; 14.8)
mg / day (p = 0.018), after 7 weeks — by 1.8 times
to 7.7 (2.6; 10.3) mg / day as opposed to 13.8 (11.6;
16.0) mg/ day (p = 0.002), after 8 weeks — by 4 times
to 9.0 (3.5; 15.0) mg / day as opposed to 36.0 (28.6;
43.2) mg/ day (p < 0.001).
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Fig. 1. Dynamics of protein excretion in urine: * indicates statistically significant differences compared to the initial level, the sign
# indicates statistically significant differences between the groups

Morphological studies of the kidneys of experi-
mental animals allowed to establish that in the control
group, renal glomeruli were enlarged and the inter-
capillary space in the glomeruli increased due to the
accumulation of periodic acid-Schiff (PAS)-positive
material in the mesangium (Fig. 2). The lumina of the
glomerular capillaries were narrowed, the basement
membranes of the capillaries and the Browman’s

capsule were thickened. Podocytes increased in size,
swelling of their nuclei occurred. In the renal intersti-
tium, foci of nephrosclerosis were found; in these ar-
eas, the tubular basement membranes were thickened.
The tubular nephrocytes were flattened, the tubular
lumen was dilated. Most nephrocytes were in a state
of hyaline-drop dystrophy. In some regions, lympho-
cytic-plasmacytic infiltration was identified.
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In rats of the experimental group who received
eplerenone, the area of renal glomeruli decreased
(Fig. 3). A focal increase in the intercapillary space
and deposition of PAS-positive material were weak-
ly pronounced. The lumina of the glomerular capi-
llaries were mostly wide, congestion of the capilla-
ries was noted. Podocytes were small in size, with

Fig. 2. Rat kidney tissue in the control group: a — increase in

the size of glomeruli, staining with hematoxylin and eosin,

x100; b — increase in the intercapillary space and narrowing of
the capillary lumina, McManus staining, x1,200

rounded small nuclei. In the renal interstitium, ne-
phrosclerosis phenomena were minimal. The mor-
phological structure of nephrocytes approached nor-
mal one, hyaline-drop dystrophy phenomena were
absent at most sites. The intergroup comparison of
quantitative morphometric parameters is presented

in Table 1.

Fig. 3. Ratkidney tissue in the experimental group: a — decrease
in the size of glomeruli, staining with hematoxylin and eosin,
x100; b — decrease in the intercapillary space and dilation of

the capillary lumina, McManus staining, x1,200

Morphometric parameters of renal glomeruli in experimental animals, M + m

Table 1

Parameters Intact rats Control group Experimental group
4,810.4 +£202.6
i 9
Area of renal glomeruli (um?) 6,174.7 £257.5 7,758.65 £329.5 p <0.001
P, <0.001 ¢
in P, <0.001
1,148.5 £ 107.65 1,569.65 + 282.05
2 + > El
Total area of the glomerular vessels (um?) 2,900 £27.4 p,.<0.001 P, <0.001
. 2425+ 1.65 314+24
2 +
Area of glomerular capillary lumen (um?) 47.5+3.7 P, <0.001 p.=0.004, p_=0.001
Area of the glomerular mesangium (um?) 4,738.7+43.3 5,609.9 + 823.1 3,733.3+505.9
Podocytes 7.4+0.6 11.8+£0.5
+
(particles) 102+020 P,,,<0.001 p,<0.001

Note. p, — level of statistical significance as opposed to intact rats, p_ — level of statistical significance in the experimental group as opposed

to the control group (here and in Table 2).
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Table 2

Activity of free radical oxidation in the kidneys of rats in experimental groups, Me (25%; 75%)

Intact rats

Control group Experimental group

TBARS concentration (pmol / mg) 6.1 (5.4;6.9)

8.5 (6.2;9.9)

6.0 (4.8; 6.6) p..= 0,005, p. 0.009

32.7(23.0;37.7) 60.1(30.5:64.0)

CAT activity (%) 14.4 (10.2;15.6) p,,<0.001
Py 0:001 .<0.001
. 8.8 (7.7;10.3) 3.7(3.4;5.5)
0, .
SOD activity (%) 18.2 (13.0; 18.5) . =0.003 p,.<0.001, p. = 0.002

GPx activity (%) 38.5(25.2;41.6)

In the kidneys of rats in the control group, CAT ac-
tivity increased by 2.3 times, GPx — by 1.5 times, SOD
activity decreased by 2.1 times as opposed to values in
the intact animals (Table 2). The TBARS concentra-
tion did not change.

In the experimental group of animals receiving
eplerenone, contrary to expectations, FRO increased:
TBARS concentrations increased by 1.4 times com-
pared to the value in the intact and control rats; CAT
activity became 4.2 times higher than in the intact rats
and 1.8 times higher than in the controls. SOD activity
decreased by 2.4 times compared to the value in the
control group and by 4.9 times compared to the in-
tact rats. GPx activity was 2.3 times higher than in the
intact animals and exceeded the value in the control
group by 1.5 times.

DISCUSSION

The rats with the DN model developed oxidative
stress. A month after the streptozotocin administra-
tion against the background of FRO, the activity of the
main antioxidant enzymes (GPx and SOD) increased
[9]. This appears to be compensatory in response to
ROS generation. Two months after the DM mode-
ling, the SOD activity decreased, whereas the GPx
and CAT activity increased. It is possible that as FRO
intensity progresses, the activity of SOD is depleted,
and the GPx and CAT activity undergoes substrate
stimulation by a large amount of ROS. The treatment
cycle with eplerenone in experimental DM increased
oxidative stress in the kidneys, but had a nephropro-
tective effect. This allows us to conclude that RAAS
inhibitors normalize the functions of the renal glome-
ruli and their filtration barrier, regardless of the effect
on FRO activity in the kidneys in DM.

FRO enhancement in the kidneys upon eplerenone
administration can be explained by a compensatory

58.7 (57.5; 60.3) 89‘; (8<8(‘)463 11'2)

int
,,<0.001 < 0,001

increase in aldosterone production and a rise in its le-
vel in the kidneys [10]. Under the conditions of mi-
neralocorticoid receptor blockade, aldosterone ex-
hibits nongenomic activity in the form of membrane
effects [11]. One of such effects is known to be activa-
tion of protein kinase C [12]. This enzyme triggers a
cascade of ROS generating reactions [2].

The mineralocorticoid receptor antagonist eplere-
none can weaken the genomic effects of aldosterone
upon prolonged administration. The main reason for
proteinuria development in DN is a decrease in the
number of podocytes and weakening of their functions
[13]. Numerous studies indicate a direct link between
mineralocorticoid receptor activation and damage to
podocytes [14]. In our study with the DN model, eple-
renone normalizes the number of podocytes and their
functional state and, therefore, reduces proteinuria.

CONCLUSION

In the DN model, the nephroprotective effect of
eplerenone is determined by the blockade of the geno-
mic effects of aldosterone and is not associated with the
effect on FRO activity in the kidneys. Eplerenone en-
hances FRO in the kidneys following the accumulation
of aldosterone and its nongenomic membrane effect.
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Patterns of conjunctival and scleral regeneration after intraoperative
application of cyclosporin A solution in rabbits with steroid-induced
glaucoma
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ABSTRACT

Aim. In an in vivo experiment, to study the effect of local intraoperative application of 0.05% cyclosporin A solution
on the conjunctival and scleral regeneration after surgery on the rabbit eyes with steroid-induced glaucoma.

Materials and methods. At the first stage of the experiment, a model of steroid-induced glaucoma was reproduced
for 29 male Californian rabbits by injecting 0.5 ml of a 0.4% solution of dexamethasone subconjunctivally in both
eyes once a week for 3 months (12 subconjunctival injections for each rabbit). At the second stage of the experi-
ment, after the development of steroid-induced glaucoma, the rabbits were divided into the main group, consisting
of the subgroup “a” (n = 8) and the subgroup “b” (n = 8), and the comparison group (» = 8). In all animals, a pene-
trating incision of the conjunctiva and a non-penetrating incision of the sclera of one of the eyes were performed.s.
A hemostatic sponge impregnated with 0.05% cyclosporin A solution was applied to the intervention area in the

main group, in the subgroup “a” — for 3 minutes, in the subgroup “b” — for 6 minutes. In the comparison group, the
cytostatic was not used.

Results. The use of 0.05% cyclosporin A solution led to a decrease in the infiltration of fibroblasts and inflamma-
tory cells in the area of surgical injury. On the 4th day after the surgery, cell density in the intervention area in the
subgroup “a” with 3-minute application of cytostatic — antimetabolite solution was 2.7 times lower (p = 0.043) than
in the comparison group, while exceeding the values in the subgroup “b” by 3.2 times (p = 0.036). The number of
fibroblasts in the subgroups “a” and “b” was 3.6 (p = 0.043) and 12.8 times (p = 0.031) less than in the comparison
group, and a shift in the cellular composition of the infiltrate towards the fibroblastic population occurred only on
the 14th day after the surgery.

Conclusion. Intraoperative application of 0.05% cyclosporin A solution significantly slows down the course of

regeneration, reducing infiltrative inflammation in the intervention area, which prevents excessive scarring.

Key words: antiglaucoma surgery, scarring of the outflow pathways of the intraocular fluid, antimetabolites, cyc-
losporine A.
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3aKOHOMEPHOCTU pereHepauun KOHbIOHKTUBbI U CK/1€PbI NOC/1E
WHTpaonepayMOHHOM anM/IMKaL MM PacTBOPa LMK/AOCMOPUHA A Y KPO/IMKOB
CO CTEPOMAHOUN MOAE/bIO I/1TAYKOMBbI

HKuranbckaa T.A.", istomaH A.H.", KpbinoBa A.A.', KpuowewnHa O.U.", XnycoB U.A." 2

I Cubupcruii 2ocyoapcmeennulii meouyunckuil ynugepcumem (Cubl’ MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

2 Hayuonanvuwitl uccnedosamenvckuti Tomexuil nonumexnuyeckutl ynusepcumem (HU TITY)
Poccus, 634050, 2. Tomck, np. Jlenuna, 30

PE3IOME

Hens. B sxcnepumenTe in vivo U3y4nTh BIUSHIE MECTHOH HHTpaoneparuonHoi anmukarun 0,05%-ro pactBopa
(p-pa) IMKJIOCTIOpHHA A Ha pPereHeparuio KOHBIOHKTUBEI M CKJIEPHI ITOCIIE OIEePaIiy Ha IJ1a3aX KPOJIUKOB CO CTe-
POUIHOM TTTayKOMO.

Marepuaibl u MeToabl. Ha I stane skcriepumenTa 29 caMiiaM KpoJHKOB Kaar(OPHUICKON TOPOABI MOJCTHPO-
BaJIU CTEPOUAHYIO IIAyKOMY ITyTeM BBEIECHUS MO/ KOHBIOHKTUBY 000ux rias3 0,5 mi 0,4%-ro p-pa 1ekcameTa3oHa
1 pa3 B Hen B TeueHue 3 mec (12 nawvexumit). Ha Il aTane skcnepumenTa, mocie pa3BUTHS CTEPOUIHON IITayKOMBI,
KPOJIMKOB pa3/eliiId Ha OCHOBHYIO T'PYIITy, COCTOSIIYIO M3 NOATPYNIEl «a» (n = 8) u moarpymmnsl «by» (n = 8),
U Tpymniy cpaBHeHUs (n = 8). BceM »KUBOTHBIM BBITIONIHSIIM CKBO3HOM pa3pe3 KOHBIOHKTUBBI M HEMPOHHUKATOIIHHA
HaJpe3 CKJIEpBI 0JJHOTO U3 ra3. Ha o0macTs BMenIaTenbCcTBa B OCHOBHOM IPyIIE HAKIIAIbIBATIM TEMOCTATHYECKYIO
ryOKy, nporuranuyo 0,05%-M p-poM LUKIOCIOPHHA A, B IIOATPYIIIE «a» HA 3 MHH, B TOArpye «by» — Ha 6 MUH.
B rpymnne cpaBHEHUS HUTOCTATHK HE UCIIONB30BANN.

PesyasTatsl n o6cyxaenne. [Ipuvenenne 0,05%-ro p-pa HUKIOCIOPHHA A TPHUBEIIO K YMEHBIICHUIO HUHOUIb-
TpaIMU 30HBI XUPYPIHYECKOIl TpaBMBI BOCIIAIMTENILHBIME KJIeTKaMu 1 Gudpobdiactamu. Ha 4-e cyt mocie ore-
palyy KJIECTOYHas IUIOTHOCTh B OOJIACTH BMEIIATENBCTBA B HMOATPYIIE «a» OCHOBHOW TPYIIBI ¢ TPEXMHUHYTHOM
anIuIMKanuen p-pa DUTocTaTHKa-aHTUMeTabonuTa Obia B 2,7 pasa mensiue (p = 0,043), yeMm B rpymnme cpaBHEHUs,
HpeBbILIas IPY 9TOM ITOKa3aTeN! MoArpyIsl «by» B 3,2 pasa (p = 0,036). Uucnennocts pubpo01acTOB B HOArPYII-
nax «a» u «b» 6bu1a B 3,6 (p = 0,043) n 12,8 paza (p = 0,031) Hmxe, yem B rpymie cpaBHeHus. [1pu sToM caBur
KJIETOYHOTO COCTaBa MH(UIbTpaTa B CTOPOHY (pHOPOOIACTHUESCKON TOIMYIIALNH [IPOU30IIET TOIBKO Ha 14-¢ cyT
MOCJIE OTIEPALIUH.

3akaouenne. MHTpaonepanuonHas ammmkanus 0,05%-ro p-pa HUKIOCTIOpHHA A CyIIECTBEHHO 3aMeJUIseT Teue-
HHE BOCIIAINTENbHO-PENapaTHBHON pereHepanuy, yMeHbIIas HHQUIBTPATHBHOE BOCIIAJICHUE B 30HE BMEIIATEIb-
CTBa, YTO IPEJOTBPAIIACT M3IHIIHEE pyOIIeBaHNE.

KuroueBble clioBa: aHTHIIIayKOMHas oriepaliys, pyOlieBaHne MmyTeil OTTOKA BHYTPUTIIA3HOM JKUJIKOCTH, aHTHME-
Ta0OJIUTHI, HIUKIJIOCTIOPUH A.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HWHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIIEH CTaThH.

Hcrounuk ¢puHaHCHPOBAaHUSA. ABTODBI 3asBJIAI0OT 00 OTCYTCTBMH (UHAHCHUPOBAHMS MPU IPOBEACHUH HCCIIENIO-
BaHUAL.

CooTBeTCTBHE MPUHOHIAM 3THKH. VccrnenoBanue omg00peHO JOKaIbHBIM ITHYECKUM KoMuTetoM Cuol'MY
(nporokout Ne 4346 ot 16.11.2015).

Jsa uutuposanus: JKuransckas T.A., [Isroman A H., Kpeuosa A A., Kpusomenna O.H1., Ximycos U.A. 3akoHo-
MEPHOCTH pereHepaniy KOHBIOHKTHBEI U CKJICPHI TIOCIIe HHTPAOTIEPAIIHOHHON aNTUIMKAI[IH PAacTBOPA IIUKIIOCIIO-
pUHA A 'y KPOJIIMKOB CO CTEPOHTHOIN MOJIENBIO TIIAYKOMEL. brosiemens cubupckoti meouyunsl. 2021; 20 (2): 36-43.
https://doi.org/10.20538/1682-0363-2021-2-36-43.
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INTRODUCTION

According to modern concepts, glaucoma is a
group of diseases characterized by intraocular pres-
sure (IOP) above the tolerant level with development
of optic neuropathy and a typical decline in visual
functions [1]. Despite a wide choice of antihyperten-
sive drugs and the use of various laser interventions,
surgical treatment of this pathology remains the most
effective method to compensate for increased IOP [1].
The success of filtration surgeries is determined by the
duration of functioning of surgically created intraocu-
lar fluid outflow pathways. Scarring in the area of sur-
gery leads to a significant decrease in the hypotensive
effect [1, 2].

To provide a stable and prolonged hypotensive
effect after antiglaucoma surgery, antimetabolites
(5-fluorouracil, mitomycin C) are often used to pre-
vent tissue proliferation in the intervention area with
scarring of artificially created intraocular fluid out-
flow pathways [2—6]. However, widespread use of an-
timetabolites is limited by the risk of complications,
such as secondary maculopathy, keratopathy, cataract
progression, and hypotension, in the postoperative pe-
riod [2].

Therefore, the search for a drug that has an anti-
proliferative effect with minimal toxic properties and
prevents scarring of surgically created intraocular flu-
id outflow pathways after antiglaucoma surgery is one
of the urgent problems of modern ophthalmic surgery.

The aim of the work was to study the effect of local
intraoperative application of a 0.05% cyclosporin A
solution on conjunctival and scleral regeneration after
surgery on the rabbit eyes with induced glaucoma in
an in vivo experiment.

MATERIALS AND METHODS

The study was carried out at the SSMU Laboratory
of Biological Models (supervisor—Vladimir V. Ivanov,
Cand. Sci. (Biology)). The protocol of the experiment
was approved by the local Ethics Committee at SSMU
(No. 4346 of 16.11.2015). The in vivo experiment was
performed on 29 Californian rabbits (male), weighing
3.5-4.0 kg, which were preliminarily quarantined in
the vivarium for 1 week on a standard diet. At the first
stage of the experiment, the model of steroid-induced
glaucoma was reproduced for all rabbits by injecting
0.5 ml of a 0.4% solution of dexamethasone (Belmed-
preparaty, the Republic of Belarus) subconjunctivally
in both eyes once a week for 3 months (a total of 12
subconjunctival injections for each rabbit) [7]. The
IOP level in the rabbits was measured weekly using a

Maklakov’s tonometer with the plunger weighing 7.5
g. 2 weeks after the 12th injection of the steroid solu-
tion, 5 randomly selected animals were removed from
the experiment, followed by enucleation of their eyes.
The obtained material was fixed for light microscopy.

The second stage of the in vivo experiment was
performed on 24 rabbits with steroid-induced glauco-
ma. 4 weeks after the last subconjunctival injection
of 0.4% dexamethasone solution, in the upper part of
the right eyeball of all the animals, a penetrating in-
cision of the scleral conjunctiva and a non-penetrat-
ing incision of the surface layers of the sclera were
performed under general anesthesia with sevoflurane
(Baxter Healthcare SA, Puerto-Rico, USA) in the op-
erating room according to aseptic and antiseptic rules.
The paired eye of the animals remained intact.

Depending on the course of the surgery, the rabbits
were divided into 2 groups: the main group (16 animals)
and the comparison group (8 animals). During the sur-
gery, after performing the incisions of the conjunctiva
and the superficial layers of the sclera, a hemostatic
sponge soaked in 0.05% cyclosporin A solution (Aller-
gan, USA) was placed on the surgical area in all rab-
bits of the main group. Depending on the antimetabolite
application time, the animals of the main group were
divided into 2 subgroups: subgroup “a” (8 rabbits) — the
application time of the drug was 3 minutes; subgroup
“b” (8 rabbits) — the application time of the drug was 6
minutes.

A hemostatic sponge without cyclosporin A solu-
tion was placed on the surgical area for 3 minutes in
the rabbits of the comparison group (8 animals). At
the end of the application, the hemostatic sponge was
removed in rabbits of all groups. The scleral conjunc-
tiva incision was stitched with 2 interrupted sutures,
and tobrex solution was instilled. In the postoperative
period, all animals received one intramuscular injec-
tion of gentamicin sulfate solution (MICROGEN,
Russia) at the rate of 5 mg / kg of the animal’s weight,
and tobrex solution was instilled into the conjunctival
cavity of the operated eye 3 times a day. On days 4,
10, 14, and 21 after the surgery, 2 rabbits from each
group were removed from the experiment, followed
by enucleation of their eyes.

At all stages of the experiment, the animals were
euthanized in compliance with the rules and norms
of the European Society (86/609EEC), the Declara-
tion of Helsinki, and orders of the Ministry of Health
of the USSR (No. 742 of 13.11.1984 and No. 48 of
23.01.1985). The rabbits were removed from the ex-
periment by carbon dioxide inhalation. The material
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was fixed and then stained with hematoxylin and eosin
and according to the Mallory technique for light micros-
copy at 100- and 200-fold magnification. Using Canon
Power Shot G10 digital camera (Japan), 10 random
fields of view were photographed for each slice. Digi-
tal photographs were subjected to morphometry using
the ImageJ 1.46 program (http://rsbweb.nih.gov/ij/)
and the Cell Counter plug-in, which were used to calcu-
late the absolute and relative content of cells in the con-
junctiva and sclera of the rabbits in the surgical area.
Statistical processing of the obtained data was car-
ried out using the IBM SPSS Statistics 20 software.
The Kolmogorov — Smirnov test was used to assess
the normal distribution of the results. If the distribution
of the indicators did not correspond to normal distri-
bution, the Mann — Whitney U-test was used. The re-
sults were presented as M + SD, where M is the sample
mean, and SD is the standard deviation. The differences
were considered statistically significant at p < 0.05.

RESULTS

All rabbits (100%) had the initial IOP level wit-
hin the normal range for this kind of animals, amount-
ing to 13.7 + 4 mm Hg [8]. After modeling steroi-
dinduced glaucoma, all experimental animals showed
an increase in the IOP level in both eyes by 3.5 times
compared to the initial value — up to 47 £ 6 mm Hg (p
= 0.041). Examination of the ocular fundus in all rab-
bits showed gradual expansion and deepening of the
physiological excavation of the optic disc with the for-
mation of glaucomatous excavation by the end of the
3rd month of the experiment, which was confirmed by
the light microscopy findings. According to light mi-
croscopy, at the anterior chamber angle of the experi-
mental animals, pathomorphological changes specific
to glaucoma were revealed, such as partial lysis of the
trabecular plates of the rabbit eye drainage system with
the formation of dense conglomerates between the

A g i

-

plates and obliteration of cracks between them. Areas
of local ectasia of the Schlemm’s canal were found,
alternating with areas of its complete obliteration.

After instrumental and morphological confirma-
tion of steroid-induced glaucoma development in the
rabbits, the analysis of the second stage of the in vivo
experiment started — the study of the effect of intra-
operative application of 0.05% cyclosporin A solution
on conjunctival and scleral regeneration of rabbits
with induced glaucoma.

According to light microscopy, on the 4" day after
the surgery, all rabbits from the subgroup “a” of the
main group with intraoperative application of 0.05%
cyclosporin A solution for 3 minutes had local con-
junctival epithelium destruction in the surgical area.
In the stroma, there were edema and fragmentation of
collagen fiber bundles, between which multiple spaces
were formed. In the sclera in the area of the surgical
wound, the bundles of collagen fibers were located
in mutually perpendicular directions, but the fibers
were homogeneous and quite tightly adjoined each
other, there were practically no gaps between them.
Single vessels of the sclera were dilated and sanguin-
eous (Fig. 1, @). Mononuclear leukocytes (MNL) pre-
vailed in the cellular composition in the intervention
area — 819 = 54 cells (53.9%) in the field of view, the
number of polymorphonuclear leukocytes (PML) and
fibroblasts was 182 + 24 (12.2%) and 516 £ 57 cells
(33.9%) in the field of view, respectively.

In animals from the subgroup “b” of the main
group, on the 4th day after thesurgery in the inter-
vention area with the application of the antimetabo-
lite solution for 6 minutes, pronounced damage to the
conjunctival epithelium was detected. In the stroma,
significant edema, fragmentation of collagen fibers,
and multiple extravasal conglomerates of erythrocytes
were detected. In the sclera, edema, hemorrhages, and
fibrin clots were identified (Fig. 1, b).

= B %
C

Fig. 1. The state of the conjunctiva and sclera of the experimental animals in the area of intervention on the 4th day after the surgery:
a — after a 3-minute application of 0.05% cyclosporin A solution, b — after a 6-minute application of 0.05% cyclosporin A solution,
¢ — without application of the antimetabolite solution. Staining with hematoxylin and eosin, x 100
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In the cellular composition, MNL prevailed —
283 = 51 cells (59.1%). The number of PML was
53 £ 4 cells (33.9%) in the field of view. The number
of fibroblasts was 143 + 22 cells (29.8%), which is
3.6 times less than the level in the rabbits from the
subgroup “a” of the main group (p = 0.038).

In the rabbits of the comparison group, on the 4th
day after the surgery, in the intervention area without
application of the antimetabolite solution, thinning
and flattening of the conjunctival epithelium were
found. In the sclera, edema and stratification of col-
lagen fibrils were detected (Fig. 1, ¢). In the cellular
composition, MNL and fibroblasts dominated with
1,961 + 236 cells (47.0%) and 1,836 + 218 cells
(44.1%) in the field of view, respectively. The number
of fibroblasts exceeded that in the rabbits of the sub-
groups “a” and “b” by 3.6 times (p = 0.043) and 12.8
times (p = 0.031), respectively. The PML density was
375 £ 15 cells (8.9%) in the field of view.

On the 10th day, in the animals from the subgroup
“a” of the main group, in the intervention area with
the application of 0.05% cyclosporin A solution for
3 minutes, local conjunctival defects were complete-
ly epithelialized due to stratified squamous epithe-
lium. The stroma of the conjunctiva of the eye was
loose and thickened due to diffuse edema; closer to
the sclera, longitudinally located cavities were found
in it, lined with a single layer of squamous epitheli-
um. In the sclera in the area of intervention, the bun-
dles of collagen fibers were stratified. However, these
bundles looked structured. Fibroblasts predominated
in the cellular composition — 948 + 49 cells (68.4%)
in the field of view, while their number increased by
1.8 times compared to the level on the 4th day after
the surgery (p = 0.038). The number of PML was
21 £ 4 cells (1.5%) in the field of view, which is 8.9
times (p = 0.046) less than the level on the 4th day af-
ter the surgery. The density of MNL decreased by 2.0
times (p = 0.037) compared to the value on the 4th day
after the surgery, amounting to 417 + 36 cells (30.1%)
in the field of view.

In the rabbits from the subgroup “b” of the main
group, on the 10th day after the surgery with the appli-
cation of 0.05% cyclosporin A solution for 6 minutes,
the areas of the conjunctival epithelium destruction
decreased, and the stroma of the membrane was ex-
tremely thinned. The conjunctival vessels of the op-
erated eye were moderately dilated. In the sclera, the
collagen fiber bundles were oriented parallel to each
other, but had different thickness. Fibroblasts predom-
inated in the cellular composition — 779 + 35 cells

(68.2%) in the field of view, which was 5.4 times
(p = 0.045) higher than the level on the 4th day after the
surgery. The cell density of the fibroblastic population
was 1.2 times lower than in the rabbits from the sub-
group “a” of the main group on the 10th day after the
intervention (p = 0.035). The number of PML decreased
by 2.2 times (p = 0.042) compared to the value in the
animals of the subgroup “b” on the 4th day after the
surgery, amounting to 24 £ 3 cells (2.1%) in the field
of view. The number of MNL increased to 340 = 17
cells (29.7%) in the field of view, which was 1.2 times
higher (p = 0.039) than the level in the rabbits from the
subgroup “b” on the 4th day after the operation.

In the rabbits of the comparison group, on the 10
day after the operation without application of 0.05%
cyclosporin A solution, the conjunctival structure in
the area of surgical injury appeared normal, collagen
bundles in the sclera were thick and tightly adjoined
each other. Fibroblasts predominated in the cellu-
lar composition — 3,174 = 149 cells (80.0%) in the
field of view, which was 1.7 times (p = 0.034) high-
er than their level on the 4th day after the interven-
tion, as well as 3.3 times (p = 0.031) and 4.1 times
(» = 0.027) higher than the values in the rabbits of the
subgroups “a” and “b” on the 10th day after the surgery,
respectively. The PML density decreased by 2.4 times
(» = 0.031) compared to the level on the 4th day after
the surgery, amounting to 159 + 8 cells (4%) in the
field of view. The number of MNL was 634 + 31 cells
(16%) in the field of view, decreasing by 3.1 times
(p = 0.043) compared to their level on the 4" day.

On the 14th day after the surgery, the animals of
the subgroup “a” of the main group with the appli-
cation of the antimetabolite solution for 3 minutes
had a normal structure of the conjunctival epithelium
in the intervention zone. However, in some regions,
areas of surface layer thinning and thickening of the
stroma due to residual edema were found. Closer to
the sclera, in the conjunctival stroma, longitudinally
located channels lined with a single layer of squamous
epithelium were revealed. In the sclera, in the area
of the surgical injury, stratification of collagen fiber
bundles was observed. In the cellular composition, fi-
broblasts dominated — 1,311 £ 124 cells (69.5%) in
the field of view, and their number increased by 1.4
times (p = 0.035) compared to the level in the rabbits
of the subgroup “a” on the 10th day after the surgery.
The density of PML was 84 £ 5 cells (4.4%) in the
field of view, and their number increased by 4.1 times
(» = 0.039) compared to the value in the animals of
the subgroup “a” on the 10th day after the surgery.

40 Bulletin of Siberian Medicine. 2021; 20 (2): 36-43



Original articles

The MNL level decreased to 492 + 20 cells (26.1%)
in the field of view, while there were no statistically
significant differences from the level in the subgroup
“a” of the main group on the 10th day after the surgery
(p =0.062).

In the rabbits of the subgroup “b”, on the 14th day
after the intervention with the application of the anti-
metabolite solution for 6 minutes, the conjunctiva in
the area of the surgical injury was covered with stra-
tified squamous epithelium, and slight subepithelial
edema was found. The conjunctival stroma was loose.
The collagen fiber bundles of the sclera in the area of
intervention were loose. Fibroblasts predominated in
the cellular composition with 867 = 44 cells (65%) in
the field of view, and there was no statistically signi-
ficant difference (p = 0.053) from their density in the
animals of the subgroup «b» on the 10th day after the
surgical manipulation. The MNL level was 413 + 32
cells (31%) in the field of view; there was no statisti-
cally significant difference (p = 0.057) compared to
the value in the rabbits of the subgroup “b” on the 10th
day after the surgery. The number of PML increased
to 53 + 2 cells (4%) in the field of view, exceeding by
2.2 times (p = 0.029) the value in the rabbits of the
subgroup “b” on the 10th day.

In the rabbits of the comparison group, on the 14th
day after the surgery without application of the anti-
metabolite solution, the conjunctiva of the eye in the
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intervention zone had a normal structure and tightly
adjoined the superficial layers of the sclera. Scleral
fibers were located tightly to one other. Among the
cells in the area of the surgical injury, fibroblasts pre-
dominated with 1,972 £+ 112 cells (84%) in the field
of view, which exceeded the value in the subgroups
“a” and “b” on the 14th day by 1.5 times (p = 0.047)
and 2.3 times (p = 0.038), respectively. The density
of PML decreased to 117 £ 5 cells (5%) in the field of
view, which was 1.4 times (p = 0.047) lower than that
on the 10th day. The MNL level was 258 + 14 cells
(11%) in the field of view, decreasing by 2.5 times
(» =0.038) compared to the indicator on the 10th day.

On the 21st day, in the animals of the subgroup
“a” after application of 0.05% cyclosporin A solu-
tion for 3 minutes, the conjunctiva of the eye in the
area of the surgical injury had a normal structure and
was separated from the underlying sclera by a narrow
slit-like space. The collagen fibers of the sclera were
structured (Fig. 2, @). Fibroblasts predominated in the
cellular composition with 839 + 44 cells (69.7%) in
the field of view, which was 1.6 times (p = 0.036) less
than on the level on the 14th day after the surgery. The
number of PML and MNL was 20 + 2 cells (1.7%)
and 344 + 11 cells (28.6%) in the field of view, re-
spectively. Moreover, the PML level decreased by 4.3
times (p = 0.042), and the MNL level — by 1.4 times
(»p =0.031), compared to those on the 14th day.

Fig. 2. The state of the conjunctiva and sclera of the experimental animals in the area of intervention on the 21st day after the

surgery: a — after a 3-minute application of 0.05% cyclosporin A solution, b — after a 6-minute application of 0.05% cyclosporin

A solution, ¢ — without application of the antimetabolite solution. Staining: @, b — with hematoxylin and eosin, x 100; ¢ — according
to the Mallory method, x 100

In the animals of the subgroup “b” of the main group
on the 21st day after the surgery with the application of
0.05% cyclosporin A solution for 6 minutes, the con-
junctiva of the eye in the area of the surgical injury had
a normal structure and was separated from the under-
lying sclera by a narrow-slit space. In the conjunctival
stroma, structured channels lined with a single layer of
squamous epithelium were revealed. In the sclera, in

the area of the surgical intervention, the collagen fiber
bundles were loose, but they were oriented parallel to
one another (Fig. 2, b). Fibroblasts predominated in the
cellular composition with 799 £+ 13 cells (69.3%) in
the field of view, with no statistically significant dif-
ferences (p = 0.058) compared to this indicator on the
14" day. The number of MNL decreased by 1.3 times
compared to the 14th day, amounting to 320 = 14 cells

BlonneTteHb cMbupckoin meguumHbl. 2021; 20 (2): 36-43 41



Zhigalskaya T.A., Dzyman A.N., Krylova A.A. et al.

Patterns of conjunctival and scleral regeneration after intraoperative

(27.7%) in the field of view (p = 0.044). The number of
PML decreased by 1.5 times (p = 0.042) to 35 + 3 cells
(3%) in the field of view.

In the rabbits of the comparison group, on the
21st day after the surgery without local application
of 0.05% cyclosporin A solution, the conjunctiva of
the eye in the area of the surgical injury had a normal
structure and tightly adjoined the underlying sclera
(Fig. 2, ¢). Fibroblasts predominated in the cellular
composition — 1,209 =+ 132 cells (83%) in the field of
view. The cell density of this population decreased
by 1.6 times compared to the value on the 14th day
(p = 0.045), however, it exceeded this indicator by 1.4
times (p = 0.048) in the subgroup “a” and by 1.5 times
(»p =0.046) in the subgroup “b” of the main group. The
number of PML was 116 £ 5 cells (8%) in the field of
view, with no statistically significant difference from
the value on 21th day (p = 0.059). The number of
MNL decreased by 2.0 times (p = 0.037) compared to
the level on the 14th day, amounting to 131 £+ 7 cells
(9%) in the field of view.

DISCUSSION

According to the results of the experiment, the
course of the inflammatory-reparative response in the
conjunctiva and sclera in the rabbits of the compari-
son group with steroid-induced glaucoma after the eye
surgery was characterized by a consistent change of
cell phases in the surgical area with scarring of the
conjunctiva and sclera on the 21st day. Local appli-
cation of 0.05% cyclosporin A solution during the in-
tervention had a significant effect on the postoperative
period depending on the application time.

For example, a decrease in the migration of cells
responsible for the inflammation intensity to the area
of the surgical injury was revealed. On the 4th day af-
ter the surgery, the cell density in the intervention area
in the subgroup “a” of the main group was 2.7 times
lower (p = 0.043) than in the comparison group, while
exceeding the value in the subgroup “b” by 3.2 times
(p = 0.036) (Table). Similar dynamics was observed
up to the 14th day after the surgery (Table).

Table

Dynamics of the cell density of the infiltrate in 1 mm? section in rabbits of
the experimental groups with steroid-induced glaucoma, M + SD

Experimental groups
Observation period, days Main group .
Comparison group
Subgroup “a” Subgroup “b”
4 1,518 + 51#/** 479 £ 22%* 4,172 + 181
10 1,386 +43* 1,143 + 47* 3,967 + 172
14 1,887 + 84 1,333 + 78* 2,347 + 124
21 1,203 + 54 1,154 + 56 1,456 +97

* p < 0.05 when comparing to the values in the rabbits operated without local application of 0.05% cyclosporin
A solution (comparison group); ** p < 0.05 when comparing the values in the subgroup “a” (application of the
antimetabolite for 3 minutes) with the values in the subgroup “b” (application of the antimetabolite for 6 minutes)

of the main group.

Intraoperative application of the antimetabolite had
a pronounced inhibitory effect on the migration of fi-
broblasts to the area of the surgical injury. On the 4th
day after the surgery, the density of fibroblasts in the
intervention area in the subgroup “a” was 3.6 times
lower (p = 0.043) than in the comparison group, while
in the subgroup “b”, it was 12.8 times lower (p =0.031)
than in the comparison group. On the 10th day after the
surgery, the number of fibroblasts in the area of the
surgical injury in the comparison group increased by
1.7 times (p < 0.05). In the subgroups “a” and “b” of
the main group, a shift in the cellular composition in
the intervention area towards the fibroblastic popula-
tion occurred only on the 14th day after the surgery.

As aresult, on the 21st day after the surgery, in the
rabbits of the subgroup “a” of the main group, in the
area of the surgical injury, only partial adhesion be-
tween conjunctiva and sclera was formed, in contrast
to the animals of the comparison group. In the rabbits
of the subgroup “b” of the main group, even on the
21st day after the surgery, a slit-like space between
the conjunctiva of the eye and the underlying sclera
remained in the intervention zone. Probably, the sup-
pression of T-lymphocyte activation by cyclosporin A
following the formation of bonds with cyclophilins in
the cell cytoplasm and blocking of the catalytic and
regulatory subunits of calcineurin leads to a decrease
in the synthesis of proinflammatory cytokines. There-
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fore, this slows down the course of the inflammato-
ry-reparative response in the intervention zone [9].

CONCLUSION

Local application of 0.05% cyclosporin A solution
during surgery on the conjunctiva and sclera of the
eyes of rabbits with steroid-induced glaucoma signifi-
cantly slows down the course of the inflammatory-re-
parative response in the intervention area, reducing
the cell density by 2.9-3.5 times and preventing tissue
scarring. The severity of the antiproliferative effect of
the drug depends on the application time: when ap-
plied for 3 minutes, the density of fibroblast distribu-
tion in the surgical area is 3.6 times lower than in the
rabbits of the comparison group, and when applied
for 6 minutes, it is 12.8 times lower than in the com-
parison group. The obtained results are of interest for
development of methods to prevent scarring after an-
tiglaucoma surgeries.
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ABSTRACT

Background. Peritoneal carcinomatosis (PC) is one of the most unfavorable factors of ovarian cancer progression.
It is often accompanied by accumulation of fluid in the abdominal cavity, which is called ascites. However,
prognostic factors associated with malignant ascites are not well understood.

The aim of this study was to evaluate dissimilar populations of EpCAM-positive cells in ascitic fluid and their
relationship with the presence of invasive peritoneal implants and the prevalence of carcinomatosis on the Predictive
Index Value (PIV) scale in ovarian cancer patients.

Materials and methods. The prospective study included 22 patients aged 3676 years with newly diagnosed FIGO
stage [c—IV ovarian cancer, who were admitted for treatment to Cancer Research Institute of Tomsk NRMC. The
study material included EDTA-stabilized ascitic fluid sampled during laparoscopy.

Various populations of ascites tumor cells were identified by laser multicolor flow cytometry. The degree of
carcinomatosis was determined according to the PIV scale.

Results. The study identified twelve populations of EpCAM-positive cells in the ascitic fluid of ovarian cancer
patients. Epcam+CD45-CD44-CD24+CD133—Ncadherint+ cells (» = 0.58; p = 0.004) and atypical (hybrid)
EpCam+CD45+CD44+CD24+/-CD133+/-Ncadherin+/- cells (== 0.51; p = 0.01) had a positive correlation with
the PIV index.

Conclusion. The obtained results show a high degree of heterogeneity of tumor cells in the ascitic fluid of ovarian
cancer patients. Identified atypical (hybrid) forms of EpCam-positive cells are of great interest for cell biology and
require further investigation.

Key words: heterogeneity of tumor cells, carcinomatosis, Predictive Index Value (PIV), ascitic fluid, ovarian
cancer, liquid biopsy.
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PasanyHble nonysAagyuum EpCam-nonomMTeanblx K/1€TOK B aCLI,MTVI‘-IECKOI‘;I
XNAKOCTUY 60/1bHbIX PaKOM AUYHUKOB: CBA3b CO CTEMEHbKO KaHUEPOMATO3a

Kanropogosa E.B." 2, OunpoB M.O.', MonuaHoB C.B." Poraues P.P.%, ibakos [1.A.%,
YepHbiwosa AJl.', Linunésa O.B.', Kosanes O.U.%, BropywuH C.B." 2

! Hayuno-uccreoosamenvckuil uncmumym (HHUH) onxonozuu, TomMckuli HAYUOHATbHBLIL UCCIe008AMENbCKULL
meouyunckuil yewmp (HUMI]) Poccuiickoii akademuu Hayk (PAH)
Poccus, 634009, 2. Tomck, nep. Koonepamugnviii, 5

2 Cubupcxuii 2ocydapcmeenuviii meouyunckuti ynusepcumem (Cubl’' MY)
Poccus, 634050, 2. Tomck, Mockoeckuii mpakm, 2

PE3IOME

BBenenue. KaHHepOMaTO3 6pIOI_HI/IHI)I SIBJISICTCSL OOHUM U3 Hauboee He6J’[aFOHpI/I$[THI)IX (baKTOpOB nporpeccu-
poBaHUA paKa IUYHUKOB. OH yacto COIIPOBOKAACTCA HAKOIUICHUEM KUIKOCTU B 6pIOHIHOﬁ II0JIOCTHU — aCLIUTOM.
HpOrHOCTI/I‘IeCKHe (I)aKTopI)I, CBA3aHHBIC CO 3JIOKQYCCTBEHHLIM aCLIUTOM, U3YUCHBI HEIOCTATOYHO.

Henn. OneHka pa3nuyHbX nomy iyl EpCam-1mooKUTeNbHbIX OIyXOJEeBBIX KIETOK B ACIIUTHYECKOH KHUAKOCTH,
UX CBSA3b C HATHYHEM MEPUTOHEANBHBIX «MHBA3HBHBIX» HMILIAHTATOB U CTETICHBIO PACTIPOCTPAHEHHOCTH KaHIIEPO-
Mato3a o mkane Predictive Index Value (PIV) y 601pHBIX pakoM SSHUHHKOB.

MartepuaJjibl 1 MeTObl. B ImpocrekTHBHOE HCCIIE0BAaHNE BKIIOYEHBI 22 OONBHBIE C BIIEPBBIE JHATHOCTUPOBAH-
HBIM PaKOM SWYHHUKOB, ¢ Ic—IV cragusamu no cucteme FIGO, B Bo3pacte 36—76 jeT, IOCTyNUBIINE HA JEYCHUE B
HUMU onxonorun Tomckoro HUMII. Martepuanom i HccleqOBaHUA CIIy>KUIa aCHUTHYECKas! )KUAKOCTb, CTabu-
nusupoBanHasg DJTA, B3aTast BO BpeMs JIaIapOCKOMUH.

Konn4iecTBO pa3inyHBIX MOMYJISIAN OMyXOJEBBIX KJIETOK B aCHUTHYCCKOM KHUIKOCTH ONPEICIISUIIA METOJIOM MHO-
TOIBETHOU MPOTOYHOM IIUTOMETPUH U MMPOTOYHON IIUTOMETPHH C BU3yanu3anueil. CTerneHb KaHIIepoMarTo3a orpe-
nensuy o mkane PIV.

PesyabTarhl. [Ioka3aHo, 4TO KJICTOYHBIH COCTAB ACUUTHUYECKOI YKHUIKOCTH OOJBHBIX PAKOM SIMYHHKOB IIPEJ-
craBisieT coboil rereporeHHyro momyisuuio. [lonoxkurenbHas KoppessiuoHHas cBsi3b ¢ PIV, xapakrepusy-
IOIMM CTEIICHb PaCIpPOCTPAHEHHOCTH KaHIIEpPOMAaTo3a, HaONIoanach y acHUTHYECKHX KIETOK ¢ (eHOTHIIOM
EpCam+CD45-CD44-CD24+CD133-Ncadherint (» = 0,58; p = 0,004) 1 y aTHIUYHBIX / THOPHIHEIX (POPM KIETOK
EpCam+CD45+CD44+CD24+/-CD133+/-Ncadherint/- (r == 0,51; p = 0,01).

3akurouyenue. [TomyueHHbIE pe3yIbTaThl IOKa3bIBAIOT OOJBIIYIO T€TEPOreHHOCTh OMYXOJIEBbIX KIETOK B aCLUTH-
YECKOM JKHIKOCTH OONBHBIX pakoM sMYHUKOB. OOHapyKeHHbIH (aKkT HANUYUs aTHIHYHBIX (THOPUAHBIX (GopMm)
EpCam-nosnoXuTenbHbIX KIETOK HPEICTABISET HHTEPEC Ul KIETOYHOH OMOoNoruu u TpedyeT AaJIbHeHIINX Hc-
CIICZIOBAaHUI.

KniodeBble cj10Ba: reTeporeHHOCTH OITyXOJICBBIX KJICTOK, KaHIepomaros, Predictive Index Value, acuntnueckas
JKUJIKOCTB, PAaK SIMIHUKOB, KUAKOCTHASI OHOTICHSL.

KonpaukT uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

Hcrounuk punancupoBanus. VccnenoBanue BeIOIHEHO TpH puHaHCOBO#M nonepxke [Ipesunenta PO (rpant
Ne M1-2017.2020.7).

CooTBeTcTBHE MPUHIMMIAM dTHKH. Bce manueHTs! moanucani HHPOPMUPOBAHHOE COTJIACHE HA YYacTHE B HC-
cienoBannu. MccnenoBanue og00peHo TOKaIbHBIM dTHdeckuM komuteroM HUM onkonorun Tomckoro HUMIL
(mpotoxout Ne 4 ot 02.04.2018).

s uutupoBanus: Kaiiroponosa E.B., Ouupos M.O., Momgyanos C.B., Porages P.P., [IpsixoB JI.A., YepHsbI-
moBa A.JL., lHmunésa O.B., Kosanes O.B., Bropymun C.B. Paznuunsie nonmymnsuun EpCam-monoXUTenbHbIX
KJICTOK B aCLIUTHYECKON UIKOCTH Y GOJILHBIX PAKOM SIMYHUKOB: CBSI3b CO CTEICHBIO KAHLIEPOMATO3a. broanemens
cubupckoi meduyunst. 2021; 20 (2): 44-53. https://doi.org/10.20538/1682-0363-2021-2-44-53.

INTRODUCTION accumulation of fluid in the abdominal cavity, which

Ovarian cancer is characterized by a unique meta- is called ascites. Ovarian cancer accounts for up to
static process. The earliest and most common route of 38% of ascites cases associated with malignancies in
metastasis is implantation. It is often accompanied by females. Ascitic fluid is a promising biological mate-
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rial to get information about the nature of the tumor.
Unlike serum, ascitic fluid is more informative, espe-
cially at early stages of the malignant process [1].

In general, ascites is a multicomponent, dynamic
system where all elements combined facilitate the for-
mation of a proinflammatory and immunosuppressive
environment. Ascites consists of a complex mixture
of cell populations and a rich cytokine profile [2]. The
variety of cells is related to several factors. The first
factor is phenotypic plasticity arising from the influ-
ence of soluble factors and microenvironment signals
from immune and stromal cells. Secondly, hetero-
geneity is associated with hydrodynamic forces that
significantly change cell morphology [3]. Thirdly, the
source of cancer cells in ascitic fluid is the tumor, and
in ovarian cancer, in particular, it is a heterogeneous
cell population [4].

Currently, the heterogeneity of tumor cells is eva-
luated based on their antigenic properties, spectrum
of various cell surface markers, and activity of the
key signaling pathways. If circulating tumor cells
(CTCs) are detected, the epithelial cell adhesion mol-
ecule (EpCAM) is widely used as a specific biomark-
er, because it is overexpressed in more than 70% of
ovarian cancer cases, and its level is closely associat-
ed with malignant ascites, chemoresistance, and de-
creased survival in patients. The role of EpCAM is not
limited to cell adhesion; there is abundant evidence of
its involvement in the epithelial-mesenchymal tran-
sition (EMT) [5]. The EMT is known to enable cells
to separate, lose their apical-basal polarity typical of
epithelial cells, demonstrate enhanced resistance to
apoptosis, and return to a more mobile mesenchymal
phenotype that promotes peritoneal dissemination.
This molecule is also used as a marker of cancer stem
cells (CSCs) [6].

Along with EpCAM, the CD44 receptor, widely
present on the surface of tumor cells, is used to iden-
tify CTCs. It mediates attachment of ovarian cancer
cells to the peritoneal mesothelium by binding to hy-
aluronic acid (HA). CD44, as a biomarker, has seve-
ral advantages. Firstly, normal cells have a low level
of CD44 expression and poor adhesion to hyaluronic
acid. Secondly, HA is one of the main components of
the tumor extracellular matrix that, along with binding
to the CTCs, supports cell integrity [7].

Another CTC marker in ascitic fluid is CD24,
which is expressed in 70.1% of ovarian cancer cases
and is an independent predictor of survival. CD24 in-
creases the metastatic potential of tumor cells, because
it is a ligand of P-selectin, an adhesion receptor on

activated endothelial cells. In addition, CD24 induces
EMT, which leads to the formation of a highly proli-
ferative phenotype and resistance to chemotherapy via
activation of PI3K/Akt, NF-kB, and ERK signaling
cascades [8].

A common EMT feature is reduced expression of
epithelial cadherin (E-cadherin) and a concomitant
increase in or de novo expression of neural cadherin
(N-cadherin). This so-called “cadherin switch” is as-
sociated with increased migratory and invasive behav-
ior of tumor cells. Increased expression of N-cadherin
in solid tumors promotes collective cell migration, en-
hances transmission of fibroblast growth factor(FGF)
signals, and modulates the canonical Wnt signaling
pathway, which leads to the formation of an aggres-
sive phenotype [9].

CD133 is the most commonly used cell surface an-
tigen for detection and isolation of CSCs in various
malignant diseases, including ovarian cancer. High ex-
pression of CD133 in tumors is considered a prognos-
tic marker of disease progression. Despite the fact that
the functional role of CD133 in malignancies is not
fully understood, most studies suggest that CD133 has
a significant prognostic value for assessing overall and
progression-free survival in various cancer types [10].

Peritoneal dissemination caused by ascites is one of
the most unfavorable factors for progression of malig-
nancies. In 2006, Italian authors proposed a Predictive
Index Value (PIV) scale for assessing the prevalence
of carcinomatosis, taking into account the condition
of the parietal peritoneum, diaphragmatic peritoneum,
mesentery of the intestine, omentum, intestinal wall,
stomach, and liver. The authors showed that with PIV
> 8, the probability of RO resection is practically equal
to 0, therefore, neoadjuvant chemotherapy (NACT) is
recommended [11].

In connection with the foregoing, the aim of this
study was to investigate various populations of tumor
cells in the ascitic fluid of ovarian cancer patients and
their relationship with the presence of invasive perito-
neal implants and the prevalence of carcinomatosis on
the PIV scale.

MATERIALS AND METHODS

The study was approved by the local Ethics Com-
mittee at Cancer Research Institute of Tomsk NRMC.
The prospective study included 22 patients aged
36-76 years with newly diagnosed FIGO stage Ic—IV
ovarian cancer, who were admitted for treatment to
Cancer Research Institute of Tomsk NRMC. For the
purpose of surgical staging, all patients included in
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the study underwent laparoscopy using a Karl Storz
laparoscopic unit (Germany), followed by morpho-
logical examination of biopsy specimens and ascitic
fluid. PIV prevalence was also evaluated. The study
material included 5 mL EDTA-stabilized ascitic fluid
sampled during laparoscopy.

DETERMINING THE PIV INDEX

The PIV index in patients with ovarian cancer was
calculated using video materials obtained during lapa-
roscopy with the Karl Storz unit. The PIV scale (Fagot-
ti score, range 0—14) allowed to assess the prevalence
of carcinomatosis, taking into account the condition

of the parietal peritoneum, diaphragmatic peritoneum,
mesentery of the intestine, omentum, intestinal wall,
stomach, and liver (Table 1) [11].

Assessing populations of tumor cells in ascitic
fluid by multicolor flow cytometry. Different popula-
tions of ascites tumor cells (with stemness traits, with
EMT traits, without stemness and EMT traits, with a
combination of these traits, as well as atypical (hy-
brid) cell populations) were identified by laser multi-
color flow cytometry on a BDFACSCanto apparatus
(USA) using a molecular panel of EpCam, CDA45,
CD44, CD24, CD133, and N-cadherin markers and
BD FACSDiva software.

Table 1

Determination of the PIV for assessing the prevalence of carcinomatosis

Parameter Score =2

Score =0

Peritoneal carcinomatosis

Unresectable massive peritoneal damage

Carcinomatosis of isolated regions that
can be surgically removed during perito-
neoectomy

Diaphragmatic peritoneum

Widespread infiltrating carcinomatosis or confluent nodules in most
of the diaphragmatic peritoneum

Focal damage to the peritoneum

Mesentery of the intestine

Big infiltrating nodules or involvement of the mesenteric root

Small nodules that are potentially
resectable using argon plasma coagulation

Omentum

Tumor diffusion up to the large curvature of the stomach

Focal damage to the omentum

Infiltration of the bowel

Bowel resection is assumed to be required or miliary carcinomatosis —

Infiltration of the stomach

Neoplastic damage to the stomach wall -

Liver damage

For this purpose, ascitic fluid was incubated with
fluorochrome-labeled monoclonal antibodies to
CD45: clone HI30 (APC/Cy7) (Biolegend, USA),
EpCAM clone 9C4 (PE) (Biolegend, USA), CD44
clone BJ18 (FITC) (Biolegend, USA), CD24 clone
MLS5 (PE/Cy7) (Biolegend, USA), N-cadherin clone
8C11 (PerCP/Cy5.5) (Biolegend, USA), and CD133
clone AC-133 (APC) (Miltenyi Biotec, USA). Then,
erythrocytes in the sample were lysed with a BD Facs
lysing solution and washed twice with CellWash buf-
fer. Next, 1 ml of BD Flow was added to the cell pel-
let. All samples were stored in the dark at 4 °C and
analyzed on a flow cytometer within an hour. The cell
level was expressed as the number of cells per 1 ml
of ascitic fluid.

High-resolution imaging flow cytometry. Cells were
incubated with fluorochrome-labeled monoclonal an-
tibodies to CD45: clone HI30 (APC/Cy7) (Biolegend,
USA), EpCAM clone 9C4 (PE) (Biolegend, USA),
CD44 clone BJ18 (FITC) (Biolegend, USA), CD24
clone ML5 (PE/Cy7) (Biolegend, USA), N-cadherin
clone 8C11 (PerCP/Cy5.5) (Biolegend, USA), CD133

Any surface lesions

clone AC-133 (APC) (Miltenyi Biotec, USA), and
DAPI (ZytoVision, Germany). The aliquots were
analyzed with an ImageStream Mk II Imaging Flow
Cytometer (Luminex, Poland). All data were saved as
raw image files for analysis in IDEAS software (ver-
sion 6.2).

Statistical analysis. The obtained data were pro-
cessed by variance statistical methods. All the statis-
tical analyses were performed using Statistica 10.0
software package (StatSoft, Inc., USA). Assessment
of the normal distribution of the results was per-
formed using the Kolmogorov — Smirnov test. The
significance of differences was assessed using the
nonparametric Mann — Whitney test (for independent
samples). Spearman’s correlation analysis (7) was also
used. The data were presented as the median and the
interquartile range Me (Q1—Q3). The differences were
considered statistically significant at p < 0.05.

RESULTS

Multicolor flow cytometry of ascitic flu-
id of ovarian cancer patients revealed 12 popu-
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lations of Epcam-positive cells. These included
ascites tumor cells without stemness and EMT traits —
Epcam+CD45-CD44-CD24-CD133—Ncadher-
in— (AC-1); ascites tumor cells without stemness
traits and with EMT traits — Epcam+CD45-CD44—
CD24-CD133—Ncadherint+ (AC-2); ascites tumor
cells with stemness traits, without EMT traits, and
with  phenotypes  Epcam+CD45-CD44+CD24—
CD133+/-Ncadherin—  (AC-3);  Epcam+CD45-
CD44+CD24+CD133+/—Ncadherin— (AC-6);
Epcam+CD45-CD44—-CD24+CD133+/-Ncadherin—
(AC-8); ascites tumor cells with stemness and EMT
traits — Epcam+CD45-CD44+CD24-CD133+/-Ncad-
herint (AC-4); Epcam+CD45-CD44+CD24+C-
D133+Ncadherin+ (AC-5); Epcam+CD45-

CD44-CD24+CD133+Ncadherin+ (AC-7);
Epcam+CD45-CD44+CD24+CD133—Ncadherin+
(AC-9); Epcam+CD45-CD44-CD24+CD133—Ncad-
herin+ (AC-10); atypical (hybrid) cells without stem-
ness traits — Epcam+CD45+CD44-CD24-CD133-
Ncadh+/— (AC-11); and atypical (hybrid) cells with
stemness traits: Epcam+CD45+CD44+CD24+/—
CD133+/—Ncadh+/—(AC-12).

In patients with invasive peritoneal implants, the
number of cancer stem cells with phenotypes Ep-
cam+CD45-CD44+CD24+CD133—Ncadherin+ and
Epcam+CD45-CD44-CD24+CD133—Ncadherin+ in
ascitic fluid significantly exceeded the one in ascit-
ic fluid of ovarian cancer patients with non-invasive
peritoneal implants (Table 2).

Table 2

The level of various populations of EpCAM-positive cells in the ascitic fluid of ovarian cancer patients with non-invasive or invasive
implants, cells/ml, Me (Q —Q,)

Phenotype of ascites tumor cells Invasive peritoneal implants, n =13 Non-invasive peritoneal implants, n =9
AC-1 55 (0-420)
EPCam+CD45-CD44-CD24-CD133-Ncadherin- 290 (110-4,270) p,,=0.082
AC-2 170 (0-320)
EpCam+CD45-CD44-CD24-CD133-Ncadherin+ 40 (0-1,220) p,,=0.84
AC-3 10 (0-530) 0 (0-80)
EpCam+CD45-CD44+CD24-CD133+/-Ncadherin- p,,=0.35
AC-4 40 (0-90)
EpCam+CD45-CD44+CD24-CD133+/-Ncadherin + 300 (30-720) P, ,=0.126
AC-5 110 (0-283)
EpCam+CD45-CD44+CD24+CD133+Ncadherin+ 360 (160-740) p,,=0.160
AC-6 0 (0-140)
EpCam+CD45-CD44+CD24+CD133+/-Ncadherin- 50/(0,00-1,100) p,,=0.640
AC-7 0 (0-10)
EpCam+CD45-CD44-CD24+CD133+Ncadherin-+ 312 (20-940) P, ,=0.064
AC-8 0(0-30)
EpCam+CD45-CD44-CD24+CD133+/-Ncadherin- 170 (0-1,030) p,,=0.194
AC-9 150 (0-540)
EpCam+CD45-CD44+CD24+CD133-Ncadherin+ 2,030 (520-11,420) p,,=0.025
AC-10 10 (0-50)
EpCam+CD45-CD44-CD24+CD133-Ncadherin+ 1,640 (260-3,870) p,,=0.003
AC-11 219 (18-436)
EpCam+CD45+CD44-CD24-CD133-Ncadherint/- 185 (29-716) p,,=0.940
AC-12 907
EpCam+CD45+CD44+CD24+/-CD133+/-Ncadher- 2,476 (813-3,835) (216-1,032)
in+/- p,,=0.016

Figures 1 and 2 present a part of the multicolor flow
cytometry protocol in assessing different populations
of Epcam+ cells in ascitic fluid of the ovarian cancer
patient (Fig. 1) and photographs of the abdominal cav-

ity of this patient obtained during laparoscopy (Fig. 2).
The photos show diffuse infiltrating carcinomatosis,
confluent nodules in different regions of the diaphrag-
matic peritoneum, and big infiltrating nodules.
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Fig. 1. Different populations of EpCam-positive cells in the ascitic fluid of the ovary cancer patient, high-resolution imaging flow
cytometry (Amnis ImageStreamX)

Fig. 2. Photographs of the abdominal cavity of the ovary cancer patient V, 50 years old, T3¢ Nx MO, obtained during laparoscopy
using a Karl Storz laparoscopic unit. PIV index = 8
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We assessed the extent of carcinomatosis using the
PIV scale in our study. The range of the PIV index in
patients included in the study ranged from 0 to 11. The
correlation analysis showed that a statistically signif-
icant, positive relationship with the PIV index was
observed in AC-9 cells with the Epcam+CD45-CD44-
CD24+CD133— Ncadherin+ phenotype (r =—-0.58; p =
0.004) and in atypical (hybrid) cell forms with stemness
features  Epcam+CD45+CD44+CD24+/—~CD133+/—
Ncadherint/— (r =-0.51; p = 0.01) (Table 3).

Table 3

Correlation between the number of dissimilar populations
of Epcam-positive cells in the ascitic fluid of ovarian cancer
patients and the PIV index

A pair of parameters r D

AC1 -PIV 0.32 0.137
AC2 -PIV —0.02 0.92
AC3 -PIV 0.20 0.35
AC4 - PIV 0.19 0.38
AC5-PIV 0.29 0.27
AC6 — PIV 0.12 0.64
AC7 - PIV 0.46 0.07
AC8 - PIV 0.21 0.42
AC9 - PIV 0.34 0.11
AC10 - PIV 0.58 0.004
ACI11 - PIV 0.15 0.49
ACI12-PIV 0.51 0.01
DISCUSSION

Metastasis of ovarian cancer occurs mainly due to
detachment of cells from the primary tumor and their
invasion of the abdominal cavity filled with malignant
ascites. The cells spread widely with fluid flow and
cause secondary tumor growth. At all stages of this
unique process, tumor cells change their phenotype
and co-evolve together with surrounding fibroblasts,
macrophages, adipocytes, endothelial, and other cells.

This study revealed different tumor cell popula-
tions in ascitic fluid: atypical forms (hybrid cells) both
with and without stemness traits, with EMT traits, and
with a combination of these traits and stromal and im-
mune cell populations, identification and characteri-
zation of which may be a useful tool in predicting the
disease course and response to chemotherapy.

According to the literature data, out of 150 dif-
ferent marker combinations, the most common panel
includes three markers: CD44, CD24, and Epcam. Ex-
pression of these molecules in OVCAR-5, SKOV-3,
and IGROV-1 lines corresponded to cells with greater
colony-forming ability. These cells demonstrated a
short in vivo relapse-free interval after xenotransplan-
tation and a greater migratory capacity in an in vitro
invasion study compared to CD44-CD24-Epcam cells.

In addition, doxorubicin, cisplatin, and paclitaxel pro-
moted an increase in this population, which indicates
drug resistance, but Miillerian inhibiting substance
(MIS) effectively suppressed its growth [12].

In our study, we showed that the concentration of
tumor cells with phenotypes Epcam+CD45-CD44+C-
D24+CD133—Ncadherin+ and Epcam+CD45-CD44-
CD24+CD133—Ncadherint+ was higher in the ascitic
fluid of ovarian cancer patients with invasive perito-
neal implants compared to the level of these cells in
the ascitic fluid of ovarian cancer patients with non-in-
vasive peritoneal implants. We also showed the pres-
ence of atypical (hybrid) cells in the ascitic fluid of
ovarian cancer patients. The number of atypical (hy-
brid) cells with stemness features (Epcam+CD45+C-
D44+CD24+/— CD133+/— Ncadherint/—) was also
significantly higher in the ascitic fluid of patients with
invasive peritoneal implants compared to the level of
these cells in the ascitic fluid of ovarian cancer pa-
tients with non-invasive peritoneal implants. It should
be noted that these cell populations are positive for
the CD24 marker. In a study aimed at investigating
the mechanisms of acquired drug resistance, it was
shown that the CD24+ fraction obtained from sam-
ples of tumor tissue from the ovarian cancer patient
was relatively resistant to cisplatin in vitro compared
to its CD24— cells. In addition, the tumorigenici-
ty of CD24+ also surpasses that of CD24— cells, as
evidenced by the shorter period before the appear-
ance of tumors in mice (Nude mice) injected with an
equal number of CD24+ and CD24— cells. It was also
found that CD24+ cells express higher mRNA levels
of several stemness-related genes (including Nestin,
B-catenin, Bmi-1, Oct4, Oct3/4, Notchl, and Notch4,
which are involved in modulating many stem cell
functions) and a lower E-cadherin mRNA level than
CD24— cells [13].

Our clinical trial results are consistent with the
literature. Numerous studies have shown that the Ep-
cam+CD44+CD24+CD133+CD117+ population has
an increased ability to initiate cancer and/or stimulate
metastasis in vivo [13, 14].

In a mouse model (NOD/Shi-scid/IL-2Ry null
mice), CD24+ and CD133+ cells were demonstrat-
ed to be more capable of forming spheres, spreading,
and initiating tumors iz vivo. In addition, CD24+ cells
showed a more mesenchymal phenotype with high-
er expression of Twistl, Snail, and Vimentin, which
relates the CD24 marker to the EMT phenotype. In-
terestingly, CD24- cells are also capable of initiating
tumor growth, albeit to a lesser extent than CD24+.
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This is probably determined by the fact that a subset
of CD24- cells with stemness traits has a lower prolif-
eration rate than CD24+ cells [15].

The hybrid cells and multicellular aggregates
which role in cancer has long been examined [16—18],
were also discovered in our study. Other researchers
revealed fusion of blood cells and epithelial cells in
Lewis lung carcinoma and metastatic epithelial ovar-
ian carcinoma [19]. Similar results were obtained by
A.E. Powell et al. for colorectal cancer [20]. Another
study claimed that their formation and form depend on
the cadherin expression profile. For instance, Ncad+
cells formed stable and dense spherical structures, and
Ecad+ cells — clusters with lower adhesion (compared
to Ncad+) [21].

In our study, we showed that the number of Ep-
cam+CD45-CD44-CD24+CD133— Ncadherin+ cells
and atypical (hybrid) Epcam+CD45+CD44+CD24+/—
CD133+/-Ncadherint/— cells has a direct correlation
with the PIV index, characterizing the prevalence of
carcinomatosis. This index takes into account the con-
dition of the parietal peritoneum, diaphragmatic peri-
toneum, mesentery of the intestine, omentum, intesti-
nal wall, stomach, and liver [11, 22-24]. A. Fagotti et
al. (2006) showed that with PIV > 8§, the probability
of RO resection is practically equal to 0, and NACT is
recommended [11]. The effectiveness of this approach
was subsequently confirmed by a series of randomized
trials.

In 2017, data from a Dutch multicenter random-
ized trial were published, including treatment analysis
for 201 patients with advanced ovarian cancer [24]. A
total of 102 patients underwent laparoscopy with PIV
determination to assess the possibility of performing
primary optimal cytoreductive surgery (treatment
group), and 99 patients underwent primary cytoreduc-
tive surgery without laparoscopic assessment (control
group). The authors considered a decrease in the num-
ber of unjustified laparotomies (diagnostic operations,
suboptimal cytoreductions), that reduce the effective-
ness of treatment in this category of patients, as one of
the main advantages of the proposed technique [24].

The results obtained in our study showed a direct
correlation between the PIV index and the level of as-
cites tumor cells with EMT traits (AC-10) and atypical
(hybrid) cells with stemness features (AC-12). It can
be assumed that determining Epcam+CD45-CD44-
CD24+CD133—Ncadherin+ and Epcam+CD45+C-
D44+CD24+/-CD133+/—Ncadherin+/— cells in as-
citic fluid will be useful for specifying the treatment
strategy for ovarian cancer patients.

CONCLUSION

The results of the study show high heterogeneity of
tumor cells in the ascitic fluid of patients with ovarian
cancer. The presence of atypical (hybrid) forms of Ep-
cam-positive cells is of interest for cell biology and re-
quires further research. The cell populations identified
in our study (Epcam+CD45-CD44-CD24+CD133—
Ncadherint and Epcam+CD45+CD44+CD24+/—
CD133+/—Ncadherin+/—) and their detection in ascitic
fluid can be useful for determining the treatment strat-
egy for patients with ovarian cancer.

Further study of various populations of tumor
cells in ascitic fluid and their relationship with the
clinical course of the disease and effectiveness of
chemotherapy for patients with ovarian cancer is rea-
sonable and opens up great prospects for practical de-
velopments in the field of targeted therapy and liquid
biopsy.
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ABSTRACT

Background. Despite the progress in diagnosis and treatment of chronic rheumatic diseases in children, the choice
of anti-inflammatory drugs in case of the onset of oligoarticular juvenile idiopathic arthritis (JIA) still remains
relevant. Till present, pediatric rheumatologists have not reached a consensus on this issue yet.

The aim of this study was to search for predictors of early failure of local steroid therapy and assess its feasibility
in patients with oligoarticular JIA.

Materials and methods. In a retrospective study, 92 children aged 11 months—9 years with chronic oligoarticular
JIA without extra-articular manifestations were monitored. The features of the clinical, instrumental, and laboratory
diagnosis during the disease onset were studied, along with the dynamics of the articular syndrome and the
effectiveness of intra-articular administration of corticosteroid drugs.

Results and discussion. The data on 92 children with 164 active joints who received 218 local intra-articular
injections of triamcinolone acetonide at the onset of the disease were analyzed. Intra-articular injections of
triamcinolone acetonide at a dose of 2040 mg were performed with an interval of 3, 6, and 12 months, depending
on the intensity of the disease. In about one third of children with oligoarticular JIA, arthritis became inactive on
average after two intra-articular injections of triamcinolone acetonide. The study did not reveal the predictors of
early ineffective topical corticosteroid monotherapy in children. No clinical, instrumental, and laboratory signs
were identified that would directly indicate the need for early therapy with methotrexate.

Conclusion. Triamcinolone acetonide is an effective and safe drug for children with oligoarticular JIA. Despite the
widespread use of biological, gene, and other innovative therapies, application of local corticosteroids as the first-
line therapy in children with oligoarticular JIA should not be neglected.
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OueHKa 3¢pPeKTUBHOCTHU /I0KA/IbHOM CTEPOUAHOM Tepanum
y AeTel C 0/IMroapTUKY/AAPHBIM BapMaHTOM IOBEHW/IbHOIO apTpUTa:
pe3y/bTaTbl PETPOCNEKTUBHOIO UCC/1I€40BaHUA

KoxxeBHukoB A.H."? MNo3peesa H.A.', Hukutnn M.C.', Mapnuyesa O.H.', Mypawko T.B.’,
Opnosa H.10.’, borgaHoBa C.J1.", HoBuk I'.A.?

! Hayuonanonwiti meduyunckuil uccreoosamenvckuil yenmp (HMHUL]) demckoii opmoneouu u mpasmamonozuu
um. I' Y. Typnepa
Poccus, 196603, 2. Canxm-Ilemep6ype, e. [hywxun, ya. Ilapxosas, 64-68

2 Canxkm-IlemepOypeckuii 2ocydapcemeenuvlii neduampuieckuti meouyurckui ynusepcumem (CII6I'TIMY)
Poccus, 194100, 2. Canxm-Ilemep6ype, yn. Jlumosckas 2

PE3IOME

AKTyanapHOCTb. Hecmomps Ha GONBIIOH NPOZPecc B TUATHOCTHKE W JICYEHHH PEBMATHYCCKUX 3a00JIeBaHMI
y JeTei, Bce eIlle OCTAeTCs aKTyaJbHBIM BOIPOC BHIOOpa MPOTHBOBOCHAJIHMTENHEHON Tepamnuy B ciiydae nedrora
XPOHHUYECKOTI'0 OJIMTOApTpUTA. Enunoro MHEHHS HA 3TOT CUET Y ACTCKUX PEBMATOJIOTOB HET U 110 HACTOSIIUHN JICHB.

Hes. [Touck npenukTopoB panHeil Heap(HEKTHUBHOCTU U OLIEHKA LIEIECO00Pa3HOCTH JIOKAJIBHON CTEPOUIHON MO-
HOTEPAIHH y MAlUEHTOB € 1€0I0TOM OIUTO0APTHKYJIIPHOTO BApHaHTa FOBEHUIBHOTO apTPHTa.

Marepuanbl 1 MeToabl. OCHOBY PETPOCIEKTHBHOTO MCCICIOBAaHMs COCTaBMIIM 92 pebeHka B Bo3pacTe oT 11
Mec 710 9 JIeT ¢ XpPOHHUECKUM OJIMT0apTPUTOM 0e3 IKCTPAapTUKYIAPHBIX NposiBieHnit (ommro-FOA). beum uzyue-
HBI 0COOEHHOCTH KIIMHUKO-HHCTPYMEHTAIBHOM 1 1a00paTOpHOH TNarHOCTHKH B Ae0I0Te 3a00J1eBaHNs, ANHAMHKA
CYCTaBHOTO CHHIpOMA 1 3((EKTUBHOCTh BHYTPHCYCTaBHOT'O BBEJCHUS IITFOKOKOPTHKOCTEPOUTHOTO TIpernapara.

Pe3yabTathl u 06cy:kaenne. [Ipoananm3upoBansl gaHHBIC 92 neteit co 164 «aKTHBHBIMIY CyCTaBaMH, KOTOPBIE
noy4riy 218 N301MpOBaHHBIX BHYTPHCYCTABHBIX MaHUITYJISINI 10 BBEACHHUIO CTEPOUIHOTO IIpenapara (TpHaM-
IHOJIOH arleTOHH ). TpUaMITMHOIOH alleTOHKU BBOIIICS BHYTPHCYCTaBHO B o3¢ 2040 Mr ¢ uaTepBanoM 3, 6,
12 Mec B 3aBUCHMOCTH OT aKTUBHOCTH 3a007eBanust. OKono oHOH TpeTH aeTel ¢ onmuro-FOA 1oCTHTIN HEaKTHB-
HOH cTaauy O0JIE3HU B CPEIHEM II0CTIE IBYKPATHOTO BBEACHHS JAHHOTO Tpernapara. VccineqoBanue He TO3BOJIIIO
BBIIBUTH NIPEAUKTOPOB paHHEH HeI(PEKTHBHOCTH MOHOTEPAITUH JIOKATbHBIMH CTEPOUIHBIMH TIperapaTaMu y Jie-
Tei. He BBISIBIICHO OCTOBEPHBIX KIMHUKO-UHCTPYMEHTANBHBIX U TJa00PAaTOPHEIX MPU3HAKOB, KOTOPHIE HAPSIMYTO
yKa3bIBaIH OB HA HEOOXOAMMOCTh Havya a paHHeH Tepanuy mpemnapaToM «MeToTpekcar.

3akioyenue. TpUaMIIMHOJIOH alleTOHU] SBIACTCS S(Q(EKTUBHBIM U O€30IaCHBIM NPENapaToM y AeTeil ¢ onuro-
apTUKYJSIPHBIM BapHAHTOM IOBEHWJIBHOTO apTpurta. HecMOTpsl Ha MOmyssIpH3aliiio TeHHO-HHKEHEPHOH Onorno-
TMYECKOH Tepamuu, He CIeAyeT MpeHeOperaTh Je4eHHEM JIOKATbHBIMU CTEPOHIHBIMU IpenapaTaMy Kak IepBoi
JIMHUEH TPOTUBOPEBMATUUECKON TEpaIuy y AeTell.

KaroueBble ¢j10Ba: I0BEHUILHBIA apTpuT, XpOHI/I‘{eCKI/Iﬁ OJIMTOApPTPUT, TPUAMIMHOJIOH allCTOHU.

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

HUcTounuk q)ﬂHchHpOBaHP[SI. ABTOpLI 3asIBIISIIOT 00 OTCYTCTBUU (bl/IHaHCI/IpOBaHI/ISI py MPOBECACHUUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE NMPHHIMIIAM 3THKH. Bce ManMeHTH M MX NPEACTaBUTENH MOANUCANIH JTOOPOBOIBEHOE MH(DOP-
MHPOBaHHOE COTJAacHe Ha ydacTHe B mcciemoBaHuu. MccmenoBanne 0100peHO JIOKAIBHBIM STHYECKUM KOMHTE-
ToM HayuHo-HCciIe1oBaTeIbcKoro AeTckoro oproneandeckoro naeruryta uMm. I.W. Typrepa (mporokon Ne 1 ot
20.01.2014).

Js nuruposanms: Koxesuukos A.H., [Tozneea H.A., Hukutun M.C., Mapuuesa O.H., Mypamko T.B., Opio-
Ba H.IO., bornanosa C.JI., HoBuk I'.A. Onenka 3¢ (eKTHBHOCTH JIOKANbHOI CTEPOUAHOM Tepanun y AeTeil ¢ onu-
rOAPTHKYJISIPHBIM BAPHAHTOM FOBEHUJIBHOTO apTPHTA: PE3yJIbTaThl PETPOCIIEKTUBHOTO MCCIIEI0BaHus. broanemens
cubupcroi meduyunst. 2021; 20 (2): 54-64. https://doi.org/10.20538/1682-0363-2021-2-54-64.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a chronic
childhood inflammatory musculoskeletal disease
which progressive course leads to joint contractures
and loss of their function. Increased incidence of JIA
worldwide at the end of the 20th century, joint con-
tractures at the early stage of the disease, and high
disability rate determine the relevance of improving
the methods of diagnosis and treatment of the rheu-
matic pathology. JIA is an autoimmune disorder
characterized by chronic inflammation of the synovi-
um in one or more joints inevitably resulting in ar-
throsis—arthritis [1, 2]. Therefore, rapid achievement
of the inactive stage of arthritis is considered as a
priority goal of drug therapy in JIA. Pediatric rheu-
matologists have not reached a consensus on the best
method of treatment of oligoarticular JIA to this day.

JIA encompasses a group of heterogeneous
forms of arthritis characterized by persistent joint
inflammation of unknown origin lasting longer than
6 weeks. This heterogeneity is determined by dif-
ferent clinical forms of arthropathies, including the
ones with extra-articular manifestations. Chronic
oligoarthritis with simultaneous damage to no more
than 4 joints prevails in children with JIA [3].

Oligoarticular JIA can be persistent (this type af-
fects fewer than four joints throughout the course
of the disease), extended (asymmetric arthritis that
developed from oligoarthritis 6 months after the on-
set of the disease) or have a short-term (abortive)
course. The most common manifestation of oligoar-
thritis is asymmetric lesion of the joints of the lower
extremities (except for the hip joint).

This subtype mostly affects pre-school girls with
the onset at the age of 68 years (peak at the age
of 2—4 years). Besides the knee and ankle joints,
the elbow, wrist, or one or two small joints of the
hand and (or) foot can be remotely involved. More
rarely, the clinical course of oligoarticular JIA may
resemble symmetric arthritis or monoarthritis. Be-
sides high risk of eye lesions, features of oligoartic-
ular JIA include low laboratory disease activity and
variability of clinical symptoms in the joint [4, 5].

Currently, the majority of pediatric rheumatol-
ogists adhere to a stepwise scheme of treatment in
oligoarticular JIA. This method consists in gradual
need for amplification of anti-inflammatory thera-
py, which is determined by the persistence of “ac-

tive arthritis”, progressing articular syndrome, or
uveitis (the exception is systemic arthritis).

This approach to JIA treatment allows to pro-
vide fast inactivation of arthritis and control over
the disease course [6, 7]. The treatment strategy for
JIA without systemic manifestations can be repre-
sented by three main directions: proactive therapy,
actual treatment of clinical symptoms of arthritis,
and orthopedic and surgical elimination of disease
consequences.

Despite the evidence of highly aggressive na-
ture of JIA, a number of unresolved issues regard-
ing the treatment strategy for oligoarticular JIA
remain. It is well known that some children with
uveitis-negative chronic oligoarthritis have ex-
perience in controlling the course of the disease
without systemic disease modifying antirheumatic
drugs (DMARD:s). The opinions of pediatric rheu-
matologists about treatment of this subtype of oli-
goarticular JIA in most cases differ.

The aim of this study was to assess the feasibility
and efficacy of local steroid therapy for the onset of
oligoarticular JIA in children in the Russian Feder-
ation.

MATERIALS AND METHODS

The study included 92 children (85% were girls)
with 164 active joints who were treated at the Or-
thopedics and Rheumatology Department No. 7 of
H. Turner National Medical Research Center for
Children’s Orthopedics and Trauma Surgery from
2012 to 2018. All children met Edmonton ILAR
criteria for oligoarticular JIA and did not have ex-
tra-articular manifestations (ILAR 1997; 2001; the
Edmonton revision 2004). All patients (their repre-
sentatives) signed an informed consent to take part
in the study.

As of the time of inclusion in the study, none
of the patients had received therapy with DMARDs
(Fig. 1). The age of the children ranged from 11
months to 9 years (average age (4.2 + 2.6) years).
Children under 2 years accounted for 32.7% of ca-
ses (30 / 92; all girls), children from 2 to 6 years
accounted for 54.3% (50 / 92; 40 girls, 10 boys),
and a group of older children amounted to 13% (12
/ 92; all girls).

Triamcinolone acetonide at a dose of 2040
mg / joint was administered intra-articularly with-
out ultrasound guidance in no more than 3 joints
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at a time. Extra-articular administration of the drug
was prohibited. The maximum allowable number
of consecutive isolated intra-articular injections (is-
IAI) was 4. The interval between injections varied
from 2 to 12 months.

All children were divided into two groups de-
pending on the intensity of the disease. The first
group contained children with inactive arthritis
resulting from effective local corticosteroid thera-

py. The second group included children who were
prescribed therapy with DMARDs due to low effec-
tiveness of local steroid injections. Joining of eye
lesions and (or) subsequent increase in the active
joint count by 2 or more at this stage of therapy, and
3 or 4 ineffective consecutive intra-articular injec-
tions with corticosteroids in one joint were consid-
ered a reason for the start of parenteral methotrexate
therapy (at the rate of 15 mg / m? / week).

Untreated JIA, 6—12 months after the 12—24 months
without start of therapy after the start
manifestations of therapy

at the onset

92 children aged
up to 9 years //
164 active joints

All children received
L] ONE Or two injections
with triamcinolone

32 children N .
(34.8%) had active Administration
(o] [To[oETataliI(EHPANCII{EN Triamcinolone
and 4 boys

All children had
active arthritis;
methotrexate was
prescribed

In 6 children (6.5%),
delayed eye lesion
was noted

All children achieved
an inactive stage
of the disease

22 children
(23.9%) developed
polyarthritis; 16 girls

and 6 boys

All children achieved
. an inactive stage of
the disease

32 children (34.8%) ]
achieved an inactive JRAdEa
stage of arthritis;
all girls

All children had
the inactive stage
of the disease
> 24 months

Fig. 1. Study design. MTX — treatment with methotrexate

The degree of disease intensity and the dynamics
in the active joint count against the background of
therapy, markers of active inflammation in the blood
serum and synovial fluid, and the nature of the joint
lesion according to instrumental data as of the mo-
ment of the first visit were assessed. Achievement
of inactive disease and clinical remission of JIA
were evaluated according to the criteria proposed
by C. Wallace et al. in 2011 (the disease phase that
lasted no less than 24 months was considered sta-
tistically significant). Assessment of X-ray changes
in juvenile arthritis was performed using a modified
Steinbrocker scoring method (2000).

BlonneteHb cMbnpckon meguuuHbl. 2021; 20 (2): 54-64

The disease intensity and the effectiveness of
treatment of oligoarticular JIA were evaluated by
the clinical Juvenile Arthritis Disease Activity
Score (cJADAS10) adapted for pediatric rheuma-
tology practice [7]. Digital data were statistically
processed using the Microsoft Excel and Statistica
6.0 software package (Microsoft, USA). A compa-
rative analysis of empirical data was presented in
tables. The results were represented as the median
and the interquartile range Me [25; 75].

Immunological research was carried out at the
laboratory of H.Turner National Medical Research
Center for Children’s Orthopedics and Trauma
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Surgery (head — Bogdanova S.L.) and the laboratory
of autoimmune diseases of Saint-Petersburg State
Medical University (head — Lapin S.V.). The con-
centration of tumor necrosis factor alpha (TNF-a)
in the serum and synovial fluid was determined us-
ing enzyme-linked immunosorbent assay (TNF-a-
ELISA-BEST kit; Vector-Best, Russia). The serum
and synovial fluid concentration of interleukin 6
(IL-6) was determined by the electrochemilumines-
cence immunoassay (ECLIA) method on the Cobas
E411 analyzer (Roche, Switzerland). Antinuclear
factor (ANF) in the blood serum was detected by
the indirect immunofluorescence technique using
HEp-2 human epithelial cells derived from a larynx
carcinoma as the substrate (laboratory of Saint-Pe-
tersburg State Medical University).

RESULTS

The efficacy of therapy for oligoarticular JIA in
92 children was studied. The duration of the dis-
ease as of the moment the diagnosis of JIA was
established was 4-5 [3;8] months on average. The

double is-IAI of triamcinolone was performed in
65.2% (60 / 92) of children, the injection was per-
formed three or more times in 34.8% (32 / 92) of
children. Only one joint was treated in 43.5% (40
/ 92) of children, in 39.1% (36 / 92) of cases — two
different joints, and in 17.4% (16 / 92) of children —
three or more joints were treated.

34.8% of children (32 / 92; all girls) achieved
the inactive stage of the disease after the intra-ar-
ticular administration of the corticosteroid; of
them 21.7% (20 / 92) of children had monoar-
thritis, 8.7% (8 / 92) — asymmetric oligoarthri-
tis, and 4.4% (4 / 92) — symmetric oligoarthritis
of the lower extremities (Table 1). The average
number of intra-articular injections in this group
of children was 2 [1.75; 2], The average dura-
tion of the inactive phase of the disease between
two consecutive injections was 7 [5.25; 10]
months.

Table 1

Clinical manifestation of the onset of oligoarticular JIA in
children, abs. (%)

. P t Group 1,n=32 | Group 2, n=60
average patient follow-up was 48 [38;62] months, g zrg;p ( 6’2"50/) zrgép (3’;’30/) <(f o1
. . . D70 ) .
the maximum follow-up period was 98 months. A Monoarthritis 02 (0%) 42 (6.7%) ~0.05
tqtal of 218 actl‘ve joints were 1pj§ctefl with triam- Algymlstlﬁt;i; 80 (25%) 169 26.7%) | 2005
cinolone acetonide: knees — 156 injections, ankles — OUB0aTtIUS
L. . L. . Symmetric oli- 49(12.5%) 129 (20%) >0.05
62 injections. Simultaneous administration of the goarthritis 2 (0%) 42 (67%) | >0.05
corticosteroid in 2 or more joints was performed in Psoriatic oligoar- 09 (0%) 29 (3.3%) >0.05
almost one third of children (simultaneous injection thritis 0S5 (0%) 28(3.3%) =0.05
in 2 or more joints is one manipulation). Single or ~ Note. ¢ — girls, d —boys
Table 2
Clinical and laboratory features at the onset of oligoarticular JIA in children
Parameter Group 1, n=32 Group 2, n=60 p
Girls, abs. (%) 20 (83.3%) 50 (92.6%) <0.01
Age of JIA onset, years, Me [25;75] 2[2; 3] 4[3;7] >0.05
Active joint count, abs., Me [25;75] 1[1;2] 1[1;2] >0.05
JADAS, Me [25;75] 10 [8; 12] 11[8.5; 14] >0.05
ESR, mm / h, Me [25;75] 14 [6; 28] 17 [10; 25] >0.05
CRP, mg /1, Me [25;75] 2.7[1.3;4.5] 22101.8;9.3] >0.05
Hemoglobin, g /1, Me [25;75] 114 [110; 128] 112 [108; 124] >0.05
Leukocytes, 10°/ 1, Me [25;75] 8.0 [6.8; 10.6] 7.4(6.2;10.8] >0.05
Platelets, 10°/ 1, Me [25;75] 442 [416; 476] 438 [408; 466] >0.05
Gamma globulins, %, Me [25;75] 21.6 [19.6; 22.3] 22.3[20.4; 23.5] >0.05
IL-6, pg /ml, Me [25;75] 4.1[2.5;6.75] 5.8 [3.4; 10.5] >0.05
TNFo serum, pg /ml, Me [25;75] 0.6510.2; 0.85] 0.6 [0.1; 0.9] > (.05
ANF > 1/160, abs. (%) 26 (81.25%) 45 (75%) >0.05
ANF > 1/1,280, abs. (%) 12 (37.5%) 14 (23.3%) >0.05

Note.JADAS — Juvenile Arthritis Disease Activity Score; ESR — erythrocyte sedimentation rate; CRP — C-reactive protein; TNFa serum — tumor
necrosis factor alpha in the serum; ANF — antinuclear factor (here and in Table 5).
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The remaining 65.2% of children (60 /92) did
not achieve the inactive phase of the disease af-
ter is-IAI of triamcinolone, which required appli-
cation of conventional anti-rheumatic therapy. In
this group, 23.9% of children (22 / 92; 16 girls and
6 boys) developed polyarthritis after two is-IAI;
in 6.5% of cases (6 / 92; all girls), delayed onset
of uveitis was registered, and in 34.8% of children
(32 7/ 92; 26 girls and 4 boys), active disease per-
sisted after more than three is-IAl. The average
number of intra-articular injections in this group of
children was 3 [2; 4].

The average duration of the inactive phase of the
disease between the first two consecutive injections
was 5.5 [4.25; 7] months and between subsequent
injections — 2 [2; 3] months.

The main treatment-related complications were
post-injection reversible (transient) manifestations
of local atrophy and hypopigmentation of the skin.
Complication rates in the knee and ankle joints
did not exceed 10%. No other complications were
noted. The comparative analysis of the active joint
count and cJADAS-10 score in children of both
groups did not reveal statistically significant differ-
ences in the disease onset.

The main laboratory inflammatory markers
(erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), and the platelet and leukocyte lev-
els) were the same in both groups of children with
oligoarticular JIA. The concentrations of TNFa and
IL-6 in the blood serum and the titer of antinuclear
antibodies (ANA) were comparable (Table 2).

The average IL-6 and TNFa levels in the inflamed
synovial fluid at the onset of inactive and active oli-
goarticular JIA did not significantly differ (Table 3).
Moreover, the nature of the articular lesion and the
frequency of early erosion did not differ significantly,
despite different outcomes of the disease. Dry synovi-
tis, which is considered a rare form of JIA, had almost
the same incidence in both groups (Table 4).

An attempt was made to search for models of
predicting the efficacy of non-systemic steroid
therapy in children. It was revealed that girls with
monoarthritis predominated in the group of chil-
dren with inactive oligoarticular JIA (20 / 62.5% —
achieved remission vs. 20 /33.3% — active JIA;
p =0.0087, y>=2.8). However, the statistical anal-
ysis did not reveal a correlation between monoar-
thritis and the inactive stage against the back-

ground of local steroid therapy (R? (coefficient
of determination) = 0.158, T = 1.23, odds radio
(OR) = 4.01, 95% confidence interval (CI) 0.57—
27.69, p =0.227).

Table 3

Cytological analysis and immunological features of synovial
fluid at the onset of oligoarticular JIA in children

Parameter Group 1, n=32 | Group 2, n =60
Cytosis, 10°/1 43[3.5,7] 4.35[3.7; 6.35]
Lymphocytes, % 54 [31.75;66.5] | 32[26.5;53.5]
Neutrophils, % 18 [12.7; 37.5] 40 [6; 57.3]
Monocytes, % 16 [10; 21.75] 14 [9.2; 19.3]
Synoviocytes, % 1[0; 7] 1[0; 4]
Ragocytes, % 3[2;4] 3[2;7]
LI;/6mslyn0Vial (sIL-6), 2,208 [710: 4,564] 3,213;1,9[(1),22]65;
gﬁ‘lsyn‘mal (sTNFa), 3.3[2.5;3.8] 1.10.6;3.7]

Note. Ragocytes — cells (macrophages, neutrophils) containing large
granules — phagolysosomes, including immune complexes, various
immunoglobulins, and rheumatoid factor; p > 0.05.

A significant positive correlation was not found
in the multiple linear regression analysis between
the efficacy of steroid therapy and different inflam-
matory laboratory parameters (Table 5). The linear
regression analysis revealed a direct relationship
between the ESR (mm / h) and interleukin 6 in the
synovial fluid (p < 0.001; Fig. 2).

Table 4
Clinical and instrumental features of synovitis at the onset of
oligoarticular JIA in children, abs. (%)
Group 2, n =60
28 (46.7%)

Parameter Group 1, n =32

16 (50%)

Exudative synovitis

Exudative and proliferative

‘ " 9 (28.125%)
non-erosive SyIlOVltlS

18 (30.0%)

Exudative and proliferative

0, 0,
erosive synovitis 13:125%) 2(3:3%)
Dry non-erosive synovitis 4 (12.5%) 8 (13.3%)
Dry erosive synovitis 2 (6.25%) 4 (6.7%)

Note.p >0.05.

The analysis revealed a direct correlation be-
tween a short period of disease inactivity after con-
secutive intra-articular injections of triamcinolone
acetonide and a risk of active arthritis development
(with an inactive phase of arthritis lasting less than
3 months, OR = 2.09, p < 0.001; with an inac-
tive phase lasting less than 2 months — OR = 8.9,
p <0.001; Table 6).
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Fig. 2. Linear regression analysis of the direct relationship between ESR (mm/h) and IL-6 in the synovial fluid (pg / ml): ESR —
erythrocyte sedimentation rate, sIL6 — interleukin 6 in the synovial fluid

Table 5

The results of constructing the model of “inactive” arthritis by the method of logistic and multiple linear regression in children with
JIA based on laboratory tests

R? Standard error T-test OR 95% CI P
Parameter
—0.003841 0.009596 —0.400 0.9913 0.8934—1.0998 0.8638
CRP, mg /1 -0.01390 0.02447 —-0.568 0.9443 0.7508—1.1878 0.6246
IL-6 serum, pg /ml —0.03193 0.02386 —1.338 0.8366 0.6151-1.1379 0.2557
TNFa serum, pg /ml 0.1144 0.06898 1.659 2.2208 0.7480- 6.5938 0.1507
I IL-6 synovial, pg /ml —0.000009239 0.00000764 -1.209 0.999 0.9997- 1.0001 0.2913
TNFa synovial, pg /ml 0.02611 0.01474 -1.772 1.1221 0.6138-1.1007 0.1882
Table 6

The results of constructing the model of “active” arthritis by the method of logistic and multiple linear regression in children with JIA
based on the duration of the inactive stage between intra-articular injections of triamcinolone acetonide

Time, months R Standard error T-test OR 95% CI P
More than 6 —0.7745 0.04702 -16.470 5.09 0.956—1.000 <0.001
3-5 0.1311 0.09810 1.337 2.03 0.393-4.643 0.1312
Less than 3 0.5849 0.1249 4.683 2.09 0.534-0.749 <0.001
Less than 2 0.5849 0.1151 5.081 8.9 0.680-0.868 <0.001
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DISCUSSION

Our study analyzed the effectiveness of intra-ar-
ticular injections of long-acting corticosteroids (tri-
amcinolone acetonide) in children with oligoartic-
ular-onset JIA. The main aim of the research was
to find possible predictors (clinical, instrumental or
laboratory) of early ineffectiveness of is-IAl in chil-
dren with chronic oligoarticular JIA. Sample homo-
geneity, the volume of laboratory and instrumental
diagnosis, and management of the participants in
one medical center allowed to study the nature of
the disease onset, the dynamics of the articular syn-
drome, and the effectiveness of monotherapy with
corticosteroids.

Moreover, the parents had a great interest in the
course of the study. It is known that parents do not
agree to early aggressive therapy with methotre-
xate. This opinion is based on the amount of infor-
mation available on the Internet about side effects
of methotrexate, conclusions of specialists not relat-
ed to rheumatology, and a fear of lifelong treatment.
In addition, a small number of affected joints and
seemingly low activity of the disease leave hope for
a favorable outcome or misdiagnosed JIA (in the
opinion of most parents). In this situation, parents
of the child would rather agree to the next intra-ar-
ticular injection of triamcinolone into the inflamed
joint than to methotrexate therapy.

Therefore, this study was aimed at searching
for the clinical, instrumental, and laboratory pre-
dictors that could help to forecast early ineffec-
tiveness of local steroid therapy. However, it is
worth noting that our conclusions do not reflect the
degree of intensity of the disease course, possible
risks of articular syndrome progression and eye
lesion development, and unfavorable outcomes of
the disease.

In the Russian literature, the need for application
of local steroid therapy in children with JIA is most-
ly described in works published earlier than 2010,
despite the fact that the national clinical rheumatol-
ogy guidelines contain this treatment option [8, 9].
.M. Vorontsov and N.N. Kuzmina in their studies
indicated subtypes of JIA with lowly aggressive
course and sometimes complete recovery [10, 11].
A meta-analysis of data from various trials showed
the effectiveness of local intra-articular corticoste-
roid injections in JIA.

These results of retrospective studies on JIA
treatment are available only in English-language
publications [12—14]. Currently, in Europe and the
USA, the long-acting steroid which is approved
and most commonly used in JIA for intra-articular
treatment is triamcinolone hexacetonide (TH). In
the Russian Federation, the drug that is certified and
approved for intra-articular injection in JIA is tri-
amcinolone acetonide (TA).

Triamcinolone acetonide (TA) is a synthetic
corticosteroid with anti-inflammatory properties.
The drug in the form of a sustained-release suspen-
sion is poorly soluble and deposits in the articular
cavity, providing a long-term effect on the inflamed
synovium. Triamcinolone decreases the expression
of proinflammatory cytokines (TNFa, IL-1B3, IL-
6), chemokines, and growth factors (VEGF, IGF,
PDGF, CSF-1), blocks proteolytic activity of ma-
trix metalloproteinases (MMP-2, MMP-3, MMP-
9), and reduces migration of inflammatory cells in
the synovial cavity. Moreover, the drug decreases
the proliferative capacity of synoviocytes associat-
ed with reduction of NF-«kB transcriptional activity
[15-17].

Most multicenter studies have demonstrated
high effectiveness, good tolerance, and safety of
intra-articular injections with triamcinolone hex-
acetonide. Triamcinolone acetonide was viewed
as an alternative form acceptable for intra-articular
injections, that demonstrated good clinical effects
[18-20]. Long-term effectiveness of early local
therapy with triamcinolone hexacetonide / ace-
tonide in JIA was also described in more recent
studies, however, triamcinolone hexacetonide was
preferred [21-23].

In the present study, effectiveness of non-sys-
temic corticosteroid therapy of JIA was related to
a number of determining factors: the first injection
of triamcinolone at an earlier stage of oligoarticu-
lar JIA, solely intra-articular administration of tri-
amcinolone with preliminary dilution of the drug,
and special post-injection regimen. The optimal
timing for is-IAI in children with JIA should be
strictly limited to 6—12 months after the onset of the
disease. The following injections can be performed
in the inflamed joints without signs of disease pro-
gression [24].

Preliminary dilution of triamcinolone and active /
passive joint movements improve the penetration of
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the corticosteroid into the inflamed synovial mem-
brane. Reduced axial loads on the lower extremity
decrease risks of aseptic necrosis and contribute to
prolonged therapeutic effect [25]. Long-term effects
of intra-articular administration of triamcinolone
is related to anti-inflammatory, anti-proliferative,
immunosuppressive, and vasoconstrictive effects
on the synovial membrane. Triamcinolone has the
slowest joint clearance and is the most potent in
producing synovial atrophy. The “scalding” effect
of triamcinolone on the inflamed synovial tissue can
be associated with vasoconstriction of blood vessels
in the subsynovial layers and return of cell sensitivi-
ty to pro-apoptotic factors [26].

The present study demonstrated the effective-
ness and safety of non-systemic corticosteroid
therapy with triamcinolone acetonide in children
with oligoarthicular-onset JIA. The research did
not identify predictors of oligoarticular JIA which
could directly indicate possible ineffectiveness of
steroid therapy beforehand. However, the study re-
vealed that the degree of aggressiveness of JIA was
inversely proportional to the duration of the inactive
phase of arthritis between two consecutive is-IAls.
Moreover, the study revealed a direct relationship
between ESR and the concentration of IL-6 in the
synovial fluid. Summarizing the data of the 7-year
follow-up of children with oligoarticular JIA, we
can state that about one third of the children achieve
stable remission against the background of local
steroid therapy.

CONCLUSION

Local corticosteroids are effective and safe in
children with oligoarticular-onset JIA. Rational use
of isolated intra-articular injections in children with
JIA contributes to assessment of the degree of dis-
ease aggressiveness. Application of treat-to-target
principles and early disease-modifying anti-rheu-
matic drugs in patients with oligoarticular-onset
JIA artificially reduce the effectiveness of steroid
therapy in pediatric rheumatology.
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in patients with coronary artery disease in combination with depressive

disorders in a cardiology department
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ABSTRACT

Aim. To identify the presence of decreased heart rate variability (HRV) and a method for correcting it in patients
with chronic coronary artery disease (CAD) and comorbid depressive disorders (DD).

Materials and methods. 79 patients with CAD (with class II-1II angina pectoris and myocardial infarction that
occurred more than 6 months ago) were divided into two groups. The first group included 50 CAD patients with
depression, and the second — 29 CAD patients without depression. 17 patients received agomelatine (1st subgroup),
12 patients received fluvoxamine and fluoxetine (2nd subgroup), and 21 patients refused to take antidepressants
(3rd subgroup). Initially and after 6 months, the HRV parameters were evaluated using the SCHILLER MT-200
Holter-ECG apparatus (Switzerland).

Results. A significant decrease in HRV was revealed in the patients with depression compared to the patients with-
out it: SDNN (96 [83; 117] ms vs. 110 [98; 127] ms; p = 0.02), SDANN (80.5 [67; 94] ms vs. 91 [79; 102] ms; p
=0.03), SDNNindex (46.5 [38; 56] ms vs. 55 [48; 66] ms; p = 0.006), rMSSD (29 [23; 38] ms vs. 33 [29; 45] ms;
p =0.04), pNN50% (3.9 [2.4; 5,7] vs. 5.7 [2.9; 12.6]; p = 0.03). Initially, the 1st, 2nd, and 3rd subgroups did not
differ in all HRV parameters. Against the background of antidepressant therapy, there were significant differences
between the 2nd and 3rd subgroups in SDNN (110 [96; 140] ms vs. 85.5 [75; 103] ms; p = 0.008), SDANN (93.7
+229msvs. 72.7 + 21.4 ms; p = 0.02), SDNNindex (55.8 £ 16.4 ms vs. 42.4 £ 10.8 ms; p =0.01) and pNN50%
(7.8 + 6.7 vs. 3.6 + 1.8; p = 0.02), as well as between the 1st and 3rd subgroups (SDANN (93.6 = 28.5 ms vs. 72.7
+21.4 ms; p=0.03), tMSSD (36.5 [28.5; 51] ms vs. 26.5 [25; 32] ms; p = 0.02)).

Conclusion. In patients with CAD with comorbid DD, significant impairment of heart rhythm regulation occurs
due to a pronounced decrease in HRV, which can seriously affect the course and prognosis of CAD. Prescribing
modern antidepressants can be used as a method of correcting autonomic dysfunction in patients with CAD with
comorbid depression.

Key words: coronary artery disease, depressive disorders, myocardial infarction, heart rate variability, antidepres-
sants.
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B0O3MOXXHOCTU BbIAB/IEHMA U KOPPEKLMU CHUXKEHHOM Bapuabe/sibHOCTU puTMma
cepaua y 60/1bHbIX MIeMU4ecKkoi 60/1e3HbIO cepgua B COMEeTaHUM
C AENpPeccUAMU B YC/I0BUAX KApAUO/IOTMYECKOro OTAe/IeHUSA

HoHuka T.I'.", Jle6epneBa E.B." 2, PenuH A.H."
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PE3IOME

Hens. BrrButs Hanm4ue U crocod KOPPEKIHH CHIKEHHOH BapuabensHOCTH putMa cepana (BPC) y 6ompHbIX
¢ XpoHHYecKol uiremMudeckoit 6onesnsio cepana (MBC) B couerannu ¢ nenpeccuBHBIMU paccTpoiictBamu (/IP).

Marepuasl 1 Metoabl. bonsnsie ¢ UBC (n = 79, co crenokapauei Hanpspkenus 11111 pyHkunonansHbIX Kiac-
COB U IIepEeHEeCeHHBIM HH(APKTOM MHOKap/a JaBHOCTHIO OoJiee 6 Mec), pacipeaesie bl Ha e rpynmsl: 50 00JIbHBIX
UBC ¢ genpeccuBHBIMU paccTporicTBaMu (niepBast rpynma) u 29 6onsabix MBC 6e3 nenpeccuBHON CHMITOMAaTHKH
(BTOpas rpymma). AHTHACIPECCAHT aroMenatun nony4ann 17 6ompubix (1-s noarpymmna), 12 60abHBIX — (IIyBOK-
camuH, (ayokceTuH (2-s1 moxarpynma). OT mpreMa aHTHIACTIPECCAHTOB OoTKaszajics 21 GombpHOI (3-9 moarpymmna).
Hcxoano u yepe3 6 Mec mposezeHa orerka napamerpoB BPC ¢ momomsio annapara SCHILLER MT-200 Holter-
ECG (IIBeiinapus).

Pe3yabTaThl. Y manueHToB C Jenpeccuel B CpaBHEHHWH C MalieHTaMH Oe3 Hee BBISBICHO 3HAUMMOE CHIDKCHHE
BPC: SDNN (96 [83; 117] mc vs 110 [98; 127] mc, p = 0,02), SDANN (80,5 [67; 94] mc vs 91 [79; 102] mc,
p = 0,03), SDNNindx (46,5 [38; 56] mc vs 55 [48; 66] mc, p = 0,006), rMSSD (29 [23; 38] mc vs 33 [29; 45] mc,
p =0,04), pNN50% (3,9 [2,4; 5,7] vs 5,7 [2,9; 12,6], p = 0,03). Ucxomno 1-, 2-, 3-1 MOArpyMITEI IO BCEM Mapame-
tpam BPC He pasnuuanuce. Ha ¢oHe Tepannu aHTHICTIpECCAaHTAMU MEXy 2-H U 3-i mOArpynmaMu HOSIBHINCH
cymectBernbie oTanyust mo SDNN (110 [96; 140] mc vs 85,5 [75; 103] mc, p = 0,008), SDANN (93,7 + 22,9 mc
vs 72,7 + 21,4 mc, p = 0,02), SDNNindx (55,8 + 16,4 mc vs 42,4 + 10,8 mc, p = 0,01) u pNN50% (7,8 + 6,7 vs
3,6 £ 1,8, p = 0,02), a Taxke mexay 1-it u 3-it moarpynmamu (SDANN 93,6 + 28,5 mc vs 72,7 = 21,4 wmc,
p=0,03), tMSSD (36,5 [28,5; 51] mc vs 26,5 [25; 32] mc, p = 0,02)).

3akaouenne. Y 6onpHbx MBC npu Hanmaun JIP Bo3HKKaeT cephe3H0e HapyLIIeHHEe PETYISIUN CePACIHOTO PUT-
Ma BCJICACTBUE BBIPAXKEHHOIO CHIXKEHUS Nokasarteneil BPC, 4To MoxeT cepbe3HO IOBIUATh HA TEYEHUE U IPOTHO3
KopoHapHOH 6one3nu. Ha3HaueHne coBpeMEHHBIX aHTHETIPECCAHTOB MOKHO HCIIONB30BaTh B KAYECTBE CIIOCO0a
KOPPEKIINY BereTaTuBHOM aucdynkiun y 6onpHbx IBC B coueranuu ¢ aenpeccueil.

KiroueBble ci10Ba: nieMuveckas 00Je3Hb Cep/iiia, IeMpecCHBHbIC PACCTPOICTBA, HHPAPKT — MHOKap/a, Bapua-
GEIBHOCTh PUTMA CEp/Ilia, aHTH/ICTIPECCAHTHI.

KoHduuKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M IOTCHINAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanyeil HaCTOSIIEeH CTaThH.

HUcTounuk quchnp()BaHmI. ABTOpLI 3asIBJISIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OPOBEACHUU UCCIIE0-
BaHUA.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! noanucani nHGOPMHPOBAHHOE COTIIACHE HA yYacTHE B HCCIIe-
noBanun. VccnenoBanne 0100peHO JT0KaIbHBIM dTHYeckuM komutetoM HUU kapaunonorun Tomckoro HUMII,

[ nuruposanusi: Honka T.I'., JleGenena E.B., Penun A.H. Bo3MoHOCTH BBISBICHUS M KOPPEKIIMN CHUKCH-
HOH BapuaOeNbHOCTH PUTMA Cep/la y OONBHBIX HIIEMUIECKON 00TE3HBIO CEpALA B COYETAHUU C JAETPECCHAMHU B
YCIOBHSX KapAHOJIOTHUECKOr0 OTAeNeHUst. broatemens cubupckoti meduyunst. 2021; 20 (2): 65-70. https://doi.
0rg/10.20538/1682-0363-2021-2-65-70.
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INTRODUCTION

Currently, very high comorbidity of two such com-
mon pathologies as cardiovascular disease (CVD) and
depressive disorders (DD) takes place. According
to the World Health Organization (WHO) forecasts,
by 2030, coronary artery disease (CAD) and depres-
sion will become the leading causes of disability in
high-income countries around the world [1, 2].

On the one hand, depression is known to increase
the risk of CAD. On the other hand, it is a strong
predictor of poor prognosis in patients with cardio-
vascular diseases. Severe depressive symptoms are
associated with the risk of death in patients with car-
diovascular pathology [3—5]. Mortality in patients
with myocardial infarction and depression is 3—
6 times higher than in patients without mental disor-
ders, while DD is detected in 35-40% of patients after
myocardial infarction [4].

There has been significant deterioration in the clin-
ical presentation of CAD against the background of
DD, which is manifested by aggravation of angina
pectoris, and a significant decrease in exercise toler-
ance; patients have a lower quality of life [6]. It should
be taken into account, that only 30% of patients have
complaints of psychological nature, leading to devel-
opment of depressive disorders in the future, which
contributes to underdiagnosis of DD and untimely ad-
ministration of appropriate therapy [7, 8]. Therefore,
patients more often seek medical help at a polyclinic,
call an ambulance, and are more often hospitalized [9].

The most important mechanism in the effect of de-
pression on the prognosis of CAD is activation of the
sympathetic-adrenal medullary system. This causes
dysfunction in the regulation of the heart rate, redu-
cing its variability, which increases the risk of develo-
ping rhythm disturbances [10, 11]. The presented data
dictate the need for timely recognition of depression,
correction of psychoemotional factors [12], and ad-
ministration of modern antidepressants in addition to
the first-line therapy for chronic CAD. The beneficial
effect of the antidepressant therapy on the clinical
course of CAD has been proved [4, 5, 11]. However,
there is little experience in studying the effect of anti-
depressants on autonomic dysfunction in patients with
CAD after myocardial infarction in combination with
DD. In turn, it is autonomic dysfunction that plays an
important role in the prognosis of CAD.

Therefore, the aim of the study was to identify the
presence of the decreased HRV and a method for its
correction in patients with chronic CAD with comor-
bid DD.

MATERIALS AND METHODS

At the Department of Cardiology, 79 patients with
chronic coronary artery disease (class II-III angina
pectoris) who had had acute myocardial infarction
more than 6 months prior to the experiment were exa-
mined and included in the study. All patients signed
an informed consent to participate in the study. The
patients were divided into two groups: 50 patients
with CAD with depressive disorders (the first group)
and 29 patients with CAD without depressive symp-
toms (the second group). The average age in the
groups was (57.5 = 6.4) years and (57.5 + 7.4) years,
respectively.

During the examination of the underlying patholo-
gy (CAD), all patients were offered to be tested with
special scales for detecting depression (Hospital Anx-
iety and Depression Scale (HADS) and Beck Depres-
sion Inventory (BDI)). When an increased level of
depression was detected (more than 8 points on the
HADS or more than 19 points on the BDI), the pa-
tients were referred to a psychiatrist. The diagnosis of
DD was confirmed by the psychiatrist, and follow-up
of the patients was also conducted by a psychiatrist
as a member of a multidisciplinary team. When the
diagnosis of DD was confirmed, the patients were pre-
scribed antidepressants.

Therefore, 29 patients with DD were treated with
antidepressants: 17 patients received agomelatine, an
agonist of MT, MT, melatonergic receptors (1* sub-
group), and 12 patients received drugs from the group
of selective serotonin reuptake inhibitors (fluvoxam-
ine, fluoxetine) (2™ subgroup) for 6 months. The dose
was selected by the psychiatrist individually for each
patient. For various reasons, 21 patients refused to
take antidepressants (3 subgroup). During the exam-
ination, all patients, initially and after 6 months, un-
derwent 24-hour Holter monitoring using the SCHIL-
LER MT-200 Holter-ECG apparatus (Switzerland).

We assessed the following HRV parameters
through time domain variables: the percentage of
consecutive intervals differing by more than 50 ms
(pPNN50, %); standard deviation of the RR inter-
val (SDNN, ms); square root of the average sum of
squares of the differences between adjacent normal
RR-intervals (r-MSSD, ms); standard deviation of
the average values of RR intervals for all 5-minute
fragments (SDANN, ms); and mean value of stan-
dard deviations over all 5-minute sections (SDNN in-
dex, ms). HRV was determined only in sinus rhythm.
For normal HRV parameters, time domain variables
for healthy individuals were used (J.T. Bigger et al.,
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1995): pNN50 —9 + 7%, SDNN — 141 + 38 ms, SDNN
index — 54 £ 15 ms, rMSSD — 27 + 12 ms, SDANN —
127 + 35 ms.

Statistica for Windows v.10.0 software (StatSoft
Inc., USA) was used for statistical processing of the re-
sults. The obtained data were presented in the form of
M + SD; n (%); the median and the interquartile range
Me [25%; 75%]. The level of statistical significance of
the differences was p < 0.05. The Shapiro — Wilk test
was used to check the normal distribution of the ac-
tual data. With normal distribution of the sample, the
significance of differences was assessed using the Stu-
dent’s t-test. With nonparametric distribution and the
number of groups equal to two, the Mann — Whitney
test was used. When the number of samples was more
than two, in order to avoid the effect of multiple com-
parisons, the nonparametric Kruskal — Wallis H-test
was used. To compare two dependent samples for any
criterion, the Student’s #-test (with normal distribution
of the sample) and the Wilcoxon test (with abnormal
distribution of the sample) were used. To check the
significance of differences in the qualitative variables,
analysis of contingency tables and the Pearson’s y2
test (at low frequencies — with Yates’ correction for
continuity) were used.

RESULTS

According to the main clinical and demographic
characteristics, the functional class of angina pec-
toris, hemodynamic parameters, and cholesterol
and triglyceride levels, the groups were comparable
(Table 1).

All patients achieved the target values of blood
pressure and heart rate. The patients received the main
groups of drugs for treatment of stable angina pectoris
without significant differences between the first and
second groups (Table 2).

In the analysis of HRV parameters, significant dif-
ferences were initially revealed between the first and
second groups for all parameters (Table 3). In addi-
tion, in both groups in comparison with healthy indi-
viduals, a decrease in SDNN and SDANN was regis-
tered.

Initially, CAD patients with comorbid DD (1%, 2™,
3 subgroups) did not differ in all HRV parameters
(p > 0.05). For 6 months, the patients were taking
the selected basic therapy for CAD. In patients of the
2 subgroup, in comparison with patients of the 3
subgroup, a significant increase in HRV parameters
(SDNN, SDANN, SDNN index and pNN50%) was
observed after 6 months (Table 4).

Table 1

Clinical and demographic characteristics of the groups

First group | Second group
Parameters n=50 n=129 p
Average age, years,
M<SD 57.5+64 57.5+74 0.4
Men, abs. (%) 45 (90) 26 (90) 1
Women, abs. (%) 5(10) 3 (10) 1
Anterior myocardial
infarction, abs. (%) 26(52) 18(62) !
Posterior myocardial
infarction, abs. (%) 24(43) 16 (535) 0.9
Coronary artery disease, 48.0 .
months, Me [25%; 75%] [20.5; 96] 30.0[12;84) 02
Recentness of myocardial
infarction, months, 20.5[7;96] 24 (7, 72] 0.7
Me [25%; 75%)
Hypertensive disease,
abs. (%) 50 (100) 29 (100) 1.0
Hypertension, months, . .
Me [25%: 75%] 90 [24; 162] | 90 [36; 132] 0.8
Smoking, abs. (%) 25 (50) 15 (52) 0.9
Body mass index,
+ +
(BMI), kg/m’, M £ SD 28.4+43 28.5+3.5 1.0
Obesity (BMI > 29.9),
abs. (%) 17 (34) 11 (38) 0.7
History of PCI, abs. (%) 40 (80) 27 (93) 0.1
Single-vessel lesion of the
coronary bed, abs. (%) 1530) 26D 0.9
Double-vessel lesion of
the coronary bed, abs. (%) 20(40) 124 09
Triple-vessel lesion of
the coronary bed, abs. (%) 1530 8(28) 09
FC of angina pectoris,
0, .
abi l(:é’)l'l 38 (76) 24 (83) 0.5
_FCII 12 (24) 5(17) 0.5
Total cholesterol, . .
mmol / 1, Me [25%: 75%] 53[44;64] | 53[4.6;6.3] 1.0
Triglycerides, mmol / 1, . )
Me [25%: 75%] 1.9[1.3;2.3] | 1.6 [1.4;2.0] 0.3
EF, B-mode, %, M + SD 60.9+10.4 61.2+7.7 0.9
EDS/ESS, mm M + SD, 48.7+6.2/ 49.4 £ 4.4/ 0.1/0.4
Me [25%; 75%] 31[28;37] |32.7[29;37]|
105 116
ﬂz\[fzf}s‘;sn/ll] [97: 137 | [100:135) | 0.4/0.5
o 1270 40[33;55] | 44[35;56]
Average DBP, mm Hg,
M < SD 121 £12.4 | 120.5+8.43 1
Average SBP, mm Hg ) .
Me [25%: 75%] 76 [70; 82] 75[73; 78] 0.7
Average daily HR, min, . .
Me [25%: 75%] 65 [61; 71] 64 [61; 67] 0.3

Note. PCI — percutaneous coronary intervention, FC — functional
class, EF — ejection fraction, EDS — end diastolic size, ESS — end
systolic size, EDV — end diastolic volume, ESV — end systolic volume,
SBP — systolic blood pressure, DBP — diastolic blood pressure, HR —
heart rate.
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Table 2
Comparative characteristics of the treatment in the studied
groups

First Second
Parameter group group )4

n=>50 n=29
Beta-adrenergic blockers, abs. (%) | 47 (94) 27 (93) 0.9
ACE inhibitors, abs. (%) 40 (80) | 26(89) 0.3
Disaggregating agents, abs. (%) 50 (100) | 29 (100) 1.0
Statins, abs (%) 50 (100) | 29 (100) 1.0
Calcium antagonists, abs. (%) 15 (30) 7 (24) 0.6

Nitrates, abs. (%) 1(2) 1(3.4) 0.2
Diuretics, abs. (%) 14 (28) 5(17) 0.3

Note. ACE — angiotensin-converting enzyme.
Table 3

Comparison of initial HRV parameters in patients of the first

and second groups
Parameter Firnst:ggc(;up Sec?,n:d ég;oup »
18‘42]\[];5@287’5%] 96[83;117] | 110[98;127] | 0.02
fz’?;l;ﬁ;% ] 80.5[67;94] | 91[79;102] | 0.03
181421\[]?51;?67)(5’«%5’ 46.5[38;56] | 55[48;66] | 0.006
%ii?%?%%] 29[23;38] | 33[29:45] | 0.04
521\[]2;%%7?2] 3.9[24:5.7] | 57[2.9;12.6] | 0.03

Note. Here and in Table 4: pNN50% — the percentage of consecutive
intervals differing by more than 50 ms, -MSSD — the square root of
the mean sum of squares of the differences between adjacent normal
RR intervals, SDANN - standard deviation of the mean values of RR
intervals for all 5-minute fragments, SDNN — standard deviation of
the RR interval, SDNN index — the mean of the standard deviations
over all 5-minute sections.

Table 4

Comparison of HRV parameters in patients of the 2" and 3™
subgroups after 6 months

Second Third
Parameter subgroup, subgroup, P
n=12 n=21
SDNN, ms,

110 [96; 140] | 85.5[75;103] | 0.008

Me [25%; 75%]

SDANN, ms, M + SD 93.7+22.9 727+£21.4 0.02
SDNNindex, ms,

M<SD 55.8+16.4 42.4+10.8 0.01
rMSSD, ms, . .

Me [25%: 75%)] 31 [24; 51] 26.5 [25; 32] 0.4
pNNS50%, ms, M = SD 7.8+6.7 3.6+1.8 0.02

A significant increase in two HRV parameters was
noted in patients of the 1% subgroup in comparison
with patients of the 3™ subgroup who did not receive
antidepressants (SDANN (93.6 + 28.5 ms vs. 72.7 £
21.4 ms, p = 0.03); tMSSD (36.5 [28.5; 51] ms vs.
26.5[25; 32] ms, p =0.02).

DISCUSSION

We have studied one of the major mechanisms of
the influence of affective disorders on the course of
CAD. The study confirmed that patients with CAD
and diagnosed depression have low HRV [10, 11]. The
CAD patients, both with and without depression, had
a decrease in SDNN and SDANN parameters in com-
parison with healthy people, which indicates rhythm
rigidity in patients with postinfarction cardiosclerosis.
A decrease in SDNN indicates a decrease in the ove-
rall HRV activity, and a decrease in SDANN reflects
the activation of sympathetic tone and suppression of
parasympathetic influences.

The CAD patients with depression and without a
mental disorder did not differ in the main clinical and
demographic parameters and concomitant therapy,
which excluded their influence on the HRV parame-
ters. When CAD was accompanied by DD, there was
an increase in sympathoadrenal activity, which affect-
ed heart rate regulation and led to an even greater de-
crease in the main HRV parameters (SDNN, SDANN
SDNNindex, rtMSSD, pNN50%). Thus, the patients
suffering from both CAD and DD have a worse prog-
nosis, which was repeatedly proved in many studies
[3-5].

This is determined by the fact that low HRV is a
predictor of sudden death due to possible development
of life-threatening arrhythmias. Of course, such pa-
tients require more attention and observation, as well
as timely administration of modern antidepressants.
The patients of this study received antidepressants of
two groups — selective serotonin reuptake inhibitors
(fluvoxamine, fluoxetine) and an agonist of MT, MT,
melatonergic receptors (agomelatine). The choice of
such antidepressants is associated with their efficacy
and safety in cardiac patients according to the litera-
ture [4-6, 11].

To assess autonomic dysfunction, a temporary
method of HRV analysis was used, which has high
prognostic value and reproducibility of indicators. In
this study, selective serotonin reuptake inhibitors had
the greatest beneficial effect on autonomic dysfunc-
tion; an increase in most of the analyzed HRV param-
eters (SDNN, SDANN, SDNNindex and pNN50%)
was observed against the background of a six-month
course. The six-month course of agomelatine resulted
in an increase in HRV time domain variables, such as
SDANN and rMSSD. Therefore, the administration of
antidepressants of both groups in addition to the first-
line therapy for CAD can increase the overall auto-
nomic tone and parasympathetic activity and suppress
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sympathetic activity, which can significantly reduce
the risk of heart rhythm disturbances and improve the
clinical course of CAD.

CONCLUSION

The clinical presentation of CAD is accompanied
by an unfavorable prognostic disorder: a decrease in
HRYV parameters in the presence of comorbid DD.
The results of this study showed that prescription of
modern antidepressants can be used as a way to cor-
rect autonomic dysfunction in patients with CAD with
comorbid depression.
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Exacerbation of asthma and neutrophil-dominated airway inflammation in
patients with cold-induced airway hyperresponsiveness
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ABSTRACT

Background. Neutrophils can play a significant role in the formation of bronchial inflammation in asthma
exacerbation in patients with cold-induced airway hyperresponsiveness (CIAHR).

Aim. To evaluate the role of neutrophils in the dynamics of the inflammatory pattern of bronchi in the exacerbation
of asthma in patients with CIAHR.

Materials and methods. In 31 patients (average age (37.2 + 2.7) years) with persistent bronchial asthma (BA)
with moderate exacerbation and previously established CIAHR during cold air isocapnic hyperventilation (CAIH)
(- 20 °C, 3 min), the level of asthma control (Asthma Control Test (ACT), score) and external respiration (forced
expiratory volume in the first second (FEV)), forced expiratory flow between 25% and 75% of the vital capacity
(FEF,; ,,)) were assessed; induced sputum (IS) was examined initially and after 24 weeks of follow-up. At the
time of the examination, the patients were additionally prescribed prednisone orally (at a maximum dose of 30
mg) for the first 10 days in order to stop the exacerbation, and then they continued treatment with a combination of
budesonide / formoterol (640 / 18 ng per day) for 24 weeks.

Results. At the time of the initial examination, the ACT score was 17.0 (13.0; 19.5), FEV, was 89.1 + 3.9%, and
the number of neutrophils in the sputum was 55.9 + 5.6%. At the end of treatment, the ACT score was 22.0 (17.0;
24.5) (p = 0.037), FEV, was 96.2 + 2.9% (p = 0.038), the number of neutrophils in IS decreased, but remained
high enough (40.0 + 5.5%; p = 0.048); and the number of eosinophils did not change. A linear regression equation
was made reflecting the relationship between the initially high number of neutrophils in the sputum, other cellular
elements in the sputum, the level of asthma control, and the degree of severity of the bronchial response after a
bronchoprovocation test with CAIH.

Conclusion. Asthma exacerbation in patients with CIAHR is associated with an increase in the neutrophil pool
of the bronchial inflammatory infiltrate and correlates with the degree of severity of the airway response to
bronchoprovocation with cold and the level of asthma control.

Key words: bronchial asthma, cold-induced airway hyperresponsiveness, exacerbation, neutrophil-dominated
airway inflammation, pattern of bronchial inflammation, asthma control.
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Ob6ocTpeHue acTmbl U HEUTPOPU/IbHBIA CErMeHT BocrnazeHusa 6poHxoB
y NaLMEeHTOB C X0/1040BOM rMNEepPPEeaKTUBHOCTBIO AblXaTe/IbHbIX MyTel
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! Hanenesocmounulil Hayunbvlil yewmp guszuono2uu u namono2uu ovixanus (JJHIL] IIN)
Poccus, 675000, 2. brnazosewenck, yn. Karununa, 22

2 [lepeas appuruposannas kaunuxa, XauHanbCKutl MeOUYUHCKUN YHUGePCUMem
Kumaiickas Hapoounas Pecnybnuxa, e. Xaiikoy, Longhua District, Longhuang Road, 31

PE3IOME

Beenenne. Heitrpoduiel MOryT UrpaTh 3HAYUTEIBHYIO POJIb B OPMUPOBAHHN OPOHXNAIBHOIO BOCIIAIICHHUS TIPH
oboctpennn O6ponxuansHOi acTMbl (BA) y GONBHBIX C XO0JOIOBOW T'MIEPPEaKTHBHOCTHIO ABIXATENbHBIX ITyTEH
(XTAaI).

Heab. OueHnTs poNIb HEUTPOPHUIOB B AMHAMHKE BOCIAIUTEIHHOTO MAaTTepHA OpOHXOB mpu oboctpeHnn BA y
manuentoB ¢ XTI JIT.

Matepunaasl u Meroabl. Y 31 GombHOro (cpemnuii Bospact (37,2 + 2,7) ner) mepcuctupytomeii BA co
CPEHETSDKEIbIM 000CTPEHHEM M paHee YCTaHOBICHHON XOJOJOBOH TMIIEPPEaKTUBHOCTBIO ABIXATENbHBIX ITyTeil
IIpY MIPOBEJICHUU CTAaHAAPTHON N30KATHUUECKON runepBeHTIIALUH Xoia0aHbM (—20 °C, 3 mun) Bozgyxom (UI'XB)
oneHuBaal ypoBeHb KOHTposisi BA (Asthma Control Test, ACT, 6ansl), GyHKIHIO BHEIIHETO IbIXaHUSA (00beM
¢popcrpoBanHOro BbI0XA 32 NIepBYIo cekyHny (OOB, |, MakcumanbHas 00beMHas CKOPOCTE BbIIOXA Ha YPOBHE 25—
75% (opcupoBanHOi sxu3HEHHOH emKocTH Jerkux (MOC,; ..)), uccrenoany HHIYIUPOBaHHYI0 MOkpoTy (VM)
HCXOIHO U uepe3 24 Hex HaOmoneHus. Ha MoMeHT oOcneioBanus OOIBHBIM C [ENbI0 KyIHPOBaHHUS 00OCTPEHHUS B
TedyeHue nepBrix 10 gHEel TOMOTHUTENBFHO Ha3HAYAICA PEAHU30JI0H IEPOpabHO (B MakCUMalbHOM 103e 30 Mr),
3aTeM 24 HeJl OHM MPOIOJDKAIIH JieueHne KoMOuHarmei oyaeconun/popmoreporn (640/18 mxr/cyr).

PesynbraTtel. Ha Moment nepsuanoro obcnenosanus ACT cocrasun 17,0 (13,0; 19,5) 6antos, ODB, 89,1
3,9%, uncio HeHTpodhuiIoB B MOKpoTe 55,9 £ 5,6%. B KoHIIe JieueHns ypoBeHb KOHTPOJISI HAJl aCTMOI COCTaBHIT
22,0 (17,0; 24,5) (p = 0,037), ODB, 96,2 £ 2,9% (p = 0,038), xonuuecTBO HelTpodmnos B UM cHMXANOCH, HO
0CTaBaJIOCh JA0CTATOYHO BBICOKUM (40,0 £ 5,5%; p = 0,048); uncio 303MHOPUIOB HE H3MEHsITOCh. [locTpoeHO
ypaBHEHHE JIMHEWHOIN perpeccuy, IIOKa3aBllee 3aBUCHMOCTh MEXKIY HCXOIHO BBICOKMM KOJMYECTBOM
HEUTPO(DHUIOB B MOKPOTE, IPYTMMH KJIETOYHBIMH 3JIEMEHTaMH MOKPOTBI, YPOBHEM KOHTPOJISI Hal OOJE3HBIO M
CTENEHBIO BRIPA)KEHHOCTH PeaklMK OPOHXOB MOCIIE MPOBEICHNs OCTpol OpoHXonpoBoKkanoHHO! nmpobsr UI'XB.

3akioueHue. O6OCTpeHI/Ie y OOJIBHBIX 6p0HXHaJILHOI>1 acT™Mol ¢ XOHOI{OBOﬁ TUTICPPCAKTUBHOCTBIO AbIXAaTCIbHBIX
HyTeﬁ acCoUUpyeTCs C YBECIMYCHUEM HeﬁTpO(i)PIJII;HOFO myna 6pOHXI/IaJ'II>HOI‘O BOCHTAJIUTCIIBHOTO I/IH(i)I/IJII)TpaTa
1 KOPPEIMPYET CO CTCICHBIO BBIPAKEHHOCTH PEAKIMU HAa XOJIOAOBYIO 6p0HXOHpOBOKaHI/IIO 1 YPOBHEM KOHTPOJIA
Hazx 3a00JIeBaHUEM.

KitroueBble ci10Ba: OpOHXHAIbHAS ACTMA, XOJI0J0Bas TUIIEPPEAKTUBHOCTD bIXaTeIbHBIX My TeH, paza o0ocTpeHus,
HEHTPOMUIBbHBINA CErMEHT BOCIAJICHUS, IATTEPH BOCTIAJICHUS OPOHXOB, KOHTPOJIb ACTMBI.

KOH(‘I).]'IP[KT HHTEPECOB: ABTOpLI JCKIApUPYIOT OTCYTCTBUE ABHBIX U NMOTCHIHUAJIBHBIX KOH(I)J'[I/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/I€I71 HaCTOHIJ.[efI CTaTbHU.

Hcrounuk punancupoBanus. Yccreooganue 8uinoiHeHo npu @uHancosol noddepocke Poccutickozo ¢onoa
dynoamenmanvrvix ucciedosanuil (epanm Ne 18-54-53019).

CooTBeTcTBHE NPUHIMIIAM 3THKH. Bce manueHTs! noamucanrd HHGOPMUPOBAHHOE COTTIacHe Ha y4acTHE B HC-
cnenoBanuu. McenenoBanue ogo0peHo JIOKaJbHBIM KOMUTETOM 1o 6noMeauackoi stuke AHL] ®II/] (mpoto-
ko Ne 120/1 ot 25.10.2017).

Jst mutupoBanus: Iluporos A.B., Ilpuxomsko A.I'., AdanaceeBa E.IO., llenyneko E.I'., T'opuakosa f.I'.,
Wioy C., JTu I1., [Tepensman FO.M. ObocTpenne acTMbl 1 HEHTPOQHIBHBII CErMEHT BOCITAICHHSI OPOHXOB Y Maly-
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INTRODUCTION

The clinical syndrome of cold-induced airway
hyperresponsiveness (CIAHR), associated with con-
stant exposure to such an ecologically conditioned
trigger as low ambient air temperature, is diagnosed
in the majority (60—80%) of patients with bronchi-
al asthma (BA) of any severity [1]. In addition to
other disturbing factors, exposure to low tempera-
tures, associated with cold-induced bronchospasm,
is an inducer of airway oxidative stress, which is in-
terpreted as a typical pathological process that ini-
tiates the development and progression of various lung
diseases [2].

Taking into account the fact that clinical manifes-
tations of BA are modulated by chronic inflammation
[3], a priority role in studying the mechanisms of in-
active control and exacerbations of the disease can be
assigned to the leading cellular effectors of inflam-
mation — eosinophils and neutrophils [4], generating
reactive oxygen species (ROS) and other mediators
of oxidative stress, which are presented as signaling
molecules that regulate the expression of proinflam-
matory cytokines [2]. An increased level of proinflam-
matory cytokines is potentially capable of activating a
cascade of inflammatory reactions that determine the
severe clinical course of BA [5].

It is known that with steroid-resistant asthma in pa-
tients receiving high doses of systemic corticosteroids,
a high level of neutrophils in the bronchoalveolar la-
vage is identified, whereas in patients not receiving
systemic corticosteroids, eosinophilia predominates
[6]. During acute exacerbations and fatal BA attacks,
neutrophil-dominated inflammation proceeds in the
airways [6]. Neutrophilia of the bronchial infiltrate
contributes to aggravation of clinical manifestations
of BA, limits the possibility of achieving the disease
control, and is accompanied by a decrease in airway
patency and an increase in the frequency of airway
response to a cold stimulus [4, 7].

Based on the study of bronchial biopsy specimens
obtained from patients with severe exacerbations of
BA and endotracheal intubation for respiratory fai-
lure, it was found that at the stage of exacerbation the
bronchial mucosa is intensively infiltrated by eosino-
phils and, to a greater extent, by neutrophils [8]. This
does not exclude the fact that such patients have air-

way neutrophilia before the exacerbation — due to the
previous severe course of BA against the background
of treatment with high doses of inhaled corticosteroids
ICS) [9].

The role of the morphological and functional sta-
tus of neutrophils in the manifestation of the inflam-
matory pattern in the bronchi during BA exacerbation
in patients with CIAHR has not been clarified. Since
the response of the bronchi to cold exposure is clearly
associated with a low level of asthma control and diffi-
culties in reducing a cold-induced bronchospasm [10],
the possibility of activation of neutrophil-initiated ox-
idative stress during the exacerbation could result in
loss of control and an increase in BA severity. The
solution to this problem is associated with the search
for methods of appropriate pharmacotherapy for the
neutrophil component of inflammation.

The aim of this work was to assess the dynamics
of changes in the neutrophil component of the inflam-
matory pattern in the bronchi during exacerbation and
without exacerbation of BA in patients with CIAHR.

MATERIALS AND METHODS

The study included patients (n = 31, average age
37.2 + 2.7 years) of both sexes (14 men, 17 women)
with an established diagnosis of persistent asthma
(disease duration > 2 years) and clinical symptoms of
exacerbation, according to the criteria [3], and previ-
ously identified CIAHR during a bronchoprovocation
test with cold air isocapnic hyperventilation (CAIH)
(3 min; — 20 °C) [1].

Before inclusion in the study, the patients received
anti-inflammatory therapy with a combined medica-
tion ICS / long-acting beta(2)-agonists (LABA) at a
daily dose of < 1000 pg equivalent to beclomethasone
for at least 3 months. The therapy was inadequate and
irregular for various reasons, mainly economic ones.
From the start of the study (1% visit) for the entire fol-
low-up period (24 weeks), treatment of patients with
the first-line anti-inflammatory drug budesonide/for-
moterol (Symbicort® Turbuhaler®) was planned in a
stable dosing regimen, at an increased dose of 640 /18
ug per day. To relieve exacerbation symptoms, oral
prednisolone therapy (at a maximum dose of 30 mg)
was used for 5-10 days [3], and then the treatment
with budesonide/formoterol at a stable dose continued
for 24 weeks.
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The study design included assessment of BA se-
verity and determination of the pulmonary function
with analysis of the indices of the forced expiratory
flow-volume curve (forced expiratory volume in the
first second (FEV)), forced expiratory flow between
25% and 75% of the vital capacity (FEF,; ..), forced
vital capacity (FVC), the FEV /FVC ratio, peak expi-
ratory flow (PEF), maximal expiratory flow at 50% of
vital flow capacity (MEF, ), maximal expiratory flow
at 75% of vital flow capacity (MEF_,)) by spirometry
on an Easy on-PC (NDD Medizintechnik AG, Swit-
zerland) with subsequent registration of parameters
after inhalation of a f,-agonist (salbutamol, 400 pg)
initially (1* visit), 10 days after the start of the treat-
ment (2™ visit), and at the end of 24 weeks of the ther-
apy (3" visit ). At the 1* and 3™ visits, asthma control
was assessed using the Asthma Control Test (ACT,
Quality Metric Inc., 2002). The criteria for complete,
good, and insufficient control of the disease were 25,
24-20 and less than 20 points, respectively.

At the 1% and 3" visits, samples of induced sputum
(IS) were collected and studied [11]. The cytosis level
was determined by the number of cells contained in 1
ul of sputum. In order to determine the cellular com-
position, the sputum smears were examined according
to the standard technique using optical microscopy,
with calculation of at least 400 cells in 100 fields of
view in the central and peripheral parts of the spec-
imen. The number of neutrophils, eosinophils, mac-
rophages, lymphocytes, and bronchial epithelial cells
counted in the cytological smears was expressed as a
percentage; according to the results, cytograms were
formed.

Statistical analysis of the obtained results was car-
ried out using the Statistica 10.0 software package
(StatSoft, Inc., USA) and the Automated System for
Scientific Research program [12]. Compliance of the
trait with the law of normal distribution was evaluated
using the Kolmogorov — Smirnov and Pearson — von
Mises tests. With normal distribution, Student’s ¢-test
was used. With the distribution of data other than nor-
mal, the Wilcoxon test was used. Descriptive statistics
of quantitative variables was presented as the mean,
a standard error of the mean (M + m), as well as the
median and the interquartile range Me (Q; Q,). In or-
der to establish the type of dependence and build a
mathematical model between a random variable and
values of several independent variables, stepwise mul-
tiple regression analysis was used with creation of a
regression equation. For all values, the level of p less
than 0.05 was considered statistically significant.

RESULTS

In accordance with the criteria [3], clinical symp-
toms of moderate exacerbation at the time of the
initial examination were present in all patients with
BA included in the study and were characterized by
increased respiratory discomfort, shortness of breath
(92%), an increase in the number of daytime episodes
of shortness of breath and their appearance at night
(64%), suffocation (56%), cough varying in intensity
and nature (88%), wheezing (60%), chest congestion
(50%), and an increase in the need for short-acting
bronchodilators (94%).

Interviewing patients with subsequent assessment
of the severity of the disease using a validated ACT
questionnaire showed a low level of asthma control
and significant improvement in the bronchial patency
(AFEV)) during the bronchodilation test (Table). The
clinical success of the treatment, which was greatly
determined by patients’ adherence to therapy (it was
85% at the final stage of observation), was reflected in
the dynamics of ACT (Table). When assessing ACT
values in the group as a whole at the 3™ visit, a sta-
tistically significant increase in the level of asthma
control was observed (Table). At the final stage of
monitoring (3 visit), 62% of patients reported signs
of achieving asthma control (ACT score > 20), 22% of
patients receiving regular ICS therapy assessed their
condition as the one without changes (ACT score
<19), in 16% of patients, a decrease in ACT compared
to the initial testing (score less than 15) and clinical
signs of repeated exacerbation were observed. 38% of
patients continued to experience the need for the use
of short-acting bronchodilators.

At the 2™ visit, after 10 days of oral prednisolone
(at a dose of 30 mg), there was no change in bronchial
patency parameters (Table). A statistically significant
improvement in the ventilation function of the lungs
with a decrease in the response during the broncho-
dilation test occurred by the 3™ visit, with long-term
regular use of a stable dose of ICS/LABA.

Calculation of the main cellular elements in in-
duced sputum was performed at baseline, before pre-
scribing corticosteroid therapy, and 6 months after
ICS treatment. In all patients included in the clinical
study, sputum induction was carried out increasingly
by means of 7-minute inhalations with 3-, 4- and 5%
sodium chloride solution. To perform the cytological
study, a sample was selected that had a minimum level
of contamination with squamous epithelial cells (less
than 20% of squamous epithelial cells from the total
number of cells).
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Table

Pulmonary ventilation function and the level of asthma control
in patients with BA at runtime, n = 31

Parameter 1t visit 2" visit 3 visit 14 )2

FEV,,1,
3.17+£0.22(3.10£0.16 | 3.43+0.23 | 0.024 | 0.022

M+m
MEF, ¢ 15 66+0242.61024(321+026 0.013 | 0.006
/s, M£tm
FEV /FVC,

%, Al/[:t m 72717 | 748+1.5 | 78.0£1.5 | 0.005 [ 0.008
FEV , % of
pred., 89.1+3.9 | 883+23 | 96.2+2.9 | 0.038 [0.016
M+m
MEF,; ., %
of pred., 64.6+43 | 648+3.1 | 76.0£3.8 | 0.015 [0.006
M+m
AFEV , %, 12.3 11.0 (5.0; 4.5 0018 >
M=+m (6.0;20.0) | 15.0) | (2.0;13.5) | - 0.05
ACT, points, 17.0 3 22.0 0037 3
M=m (13.0; 19.5) (17.0;24.5)|

Note. p — level of significance of the differences between the 1* and
2 visits; p, — between the 2™ and 3" visits.

Relevant sputum samples, which allowed to assess
changes in the cellular pattern of bronchial inflamma-
tion, were obtained in only 26 people. As the results of
the data analysis showed, the pattern of bronchial in-
flammation underwent transformation: from predom-
inantly mixed during exacerbation of BA, with a high
number of eosinophils (>2%) and neutrophils (> 1%)
in the sputum, to eosinophilic, with a pronounced
neutrophil component, without exacerbation of the
disease, at the end of the examination period (Figure).

60 1 o4
50 Visit 1
p=0.048 =0.024

40 - P W Visit 2

30

20

10 4 p=0.045
0 - raca] =

Neutrophils Macrophages Eosinophils Lymphocytes

Figure. Cellular composition of induced sputum (%) in BA
patients at runtime

If the percentage of eosinophils in the sputum at
the 1% and 3" visits did not differ significantly (2.2
(1.5;7.8) and 1.6 (0.8; 3.6) %, respectively, p > 0.05),
the number of neutrophils dramatically decreased
from 55.9 £ 5.6% during exacerbation to 40.0 + 5.5%;
(p = 0.048) without exacerbation, remaining suffi-
ciently high. Additionally, without exacerbation,
the level of lymphocytes decreased (from 4.1 &+ 0.79
to 2.1 £ 0.41%; p = 0.045) and the level of macro-

phages increased (from 23.8 + 2.9 to 39.0 + 6.1%;
p=10.024).

Linear regression analysis was used to build a mod-
el that would best show the relationship between the
studied indices. When assessing the baseline values
of parameters at the time of the initial examination,
a relationship was revealed between the initially high
number of neutrophils (N) in the sputum, other cellu-
lar elements of the sputum (macrophages, M, %), the
level of control over the disease (ACT, points), and
the severity of the bronchial response (AFEV ) after a
bronchoprovocation test with IHCA:

N (%)=93.0-1.4 x M (%) —0.3 x ACT (points) —
0.25 x AFEV1 (%)

The regression is significant with 98.8% probabili-
ty, explains 71.7% of the dispersion. This dependence
disappeared after regular long-term use of [CS/LABA.

DISCUSSION

In our earlier works concerning the relationship
between the clinical manifestations of BA and the
inflammatory pattern in the bronchi in patients with
CIAHR, the negative effect of neutrophils on the
achievement of clinical criteria for disease control
was repeatedly mentioned [4]. Thus, in patients with
persistent mild-to-moderate BA of mixed type, a de-
crease in the clinical and functional features of BA
depended on an increase in the number of neutrophils
and a rise in the level of neutrophil peroxidase in the
inflammatory pattern of the bronchi [4].

The use of a 24-week treatment regimen with a
combination of ICS/LABA in patients with mode-
rate asthma exacerbation did not lead to a controlled
decrease in the number of neutrophils in the airways,
which was interpreted as a risk factor of the possible
loss of the achieved asthma control [7]. The prognos-
tically unfavorable mixed pattern of inflammation in
patients with severe uncontrolled asthma in combi-
nation with CIAHR was characterized not only by a
large pool of neutrophils, but also by a high degree of
activity of oxidative enzymes and destruction and cy-
tolysis of bronchial granulocytes, which was clinically
manifested through a more severe course of the disease
and a more complex problem of asthma control [13].

According to a number of authors, a mixed pat-
tern of inflammation, determined in approximately
10-15% of patients with BA, is combined with more
severe symptoms and more frequent exacerbations
difficult to treat with ICS, compared to the Th2 pat-
tern of bronchial inflammation [14, 15]. Neutrophilia
and a mixed pattern of inflammation are associated
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with increased expression of non-Th2 cytokines — IL-
17 cytokine and proinflammatory IFNy [14]. The ex-
pression of IL-17 is associated with the in vitro and
in vivo identified phenomena of neutrophil NETosis,
which often develops in BA patients according to the
so-called non-lytic pathway with the formation of
enucleated cytoplasts that induce differentiation of
naive CD4" T-helper lymphocytes (CD4* ThO) into a
subpopulation of T-helpers 17 (Th17) — producers of
IL-17 [14, 15].

Enucleated cytoplasts, resulting from disintegra-
tion of the nuclear envelope into many vesicles and
eruption of decondensed chromatin through the rup-
ture in the neutrophil plasma membrane with resealing
of the latter, have a set of rather significant functional
properties. If the discarded double-stranded DNA can
interact with dendritic cells of the airways via TLR2
receptors, which leads to the formation of CD4* Th2,
then activation of dendritic cells by cytoplasts, on
the contrary, causes differentiation of ThO into anti-
gen-specific Th17 [14, 15].

Overproduction of Thl7-related cytokines, includ-
ing IL-17A and IL-17F, is considered to be the main
driving force for recruitment and activation of neutro-
phils through induction of cytokines and chemokines,
such as CXCLS, IL-6, G-CSF and GM-CSF, IL-8,
and CXCL1 and CXCLS, the expression of which
correlates with the severity of BA and bronchial neu-
trophilia [16]. Cytokines and activated enzymes inter-
acting in Th17 and Thl inflammatory responses mod-
ify the structure of the respiratory tract in BA patients
and cause remodeling and an increase in bronchial
obstruction, which contributes to a fall in FEV/ [17].
Differentiation of Th2 cells of the respiratory tract into
double positive cells Th2 / Th17 is of particular inter-
est. In vivo studies showed that the predominance of
double positive Th2/Th17 cells in the bronchoalveolar
lavage of BA patients is associated with a high degree
of airway obstruction and hyperresponsiveness and an
increase in the severity and cortical resistance of the
disease [18].

Comparing the data on the accumulation of neu-
trophils, activation of Th17-associated cytokines, and
the possibility of development of non-Th2 inflamma-
tion during increasing BA severity with identification
of a mixed inflammatory phenotype in patients with
CIAHR in the exacerbation phase, it can be assumed
that deterioration of the clinical characteristics of BA
during exacerbation is associated with stimulation
of neutrophil-dominated inflammation. Without ex-
acerbation, despite the decrease, the number of neu-

trophils in IS in 71% of patients remained quite high
(more than 41%), as a result of which a pronounced
neutrophil component in the inflammatory pattern
was isolated.

Maintenance of relative neutrophilia in the bron-
chi of BA patients with CTAHR without exacerbation
can be explained by the role of budesonide / formo-
terol therapy in the increase in the functional activi-
ty of neutrophils, namely, the antiapoptotic effect of
budesonide on neutrophils. The ability of ICS to sup-
press the cytotoxicity of pulmonary NK cells, leading
to a decrease in the intensity of NK-mediated apop-
tosis in granulocytes, which promotes efferocytosis
in macrophages, was proven [13]. Researchers argue
that neutrophilia in patients with BA can be observed
independently of hormonal therapy, and non-eosino-
philic asthma is the phenotype of the disease that is
characterized by insensitivity to ICS therapy [17].

The mechanisms responsible for the decrease in
the number of neutrophils in the airways of patients
with CIAHR without exacerbation include classical
NETosis — the process of programmed oxygen-de-
pendent cell death, the purpose of which is to form
highly active neutrophil extracellular traps (NETSs)
in response to irritants, which serve as an important
tool for elimination of pathogens and inflammation
products [19-21]. The formation of NETs begins with
priming of neutrophils, triggering of the NADFH-
oxidase enzyme complex and respiratory burst, and
generation of ROS, inducing neutrophil elastase and
PAD-4, which convert arginine and methylarginine
residues into citrulline in histones of the nucleus. As a
result, chromatin decondensation occurs with a simul-
taneous disturbance of the structural integrity of the
cytoplasmic granule membranes. When decondensed
chromatin (DNA strands, histones) is mixed with en-
zymes of lysosomal granules, net-like NETs are se-
creted into the extracellular space [19-21].

Exocytosis of myeloperoxidase (MPO) can take
place not only as a result of neutrophil NETosis. As
it is known, MPO, when interacting with H,0,, cata-
lyzes the oxidation of halides (CI, Br, I"), generating
the production of hypohalogenites (active forms of
halogens (AFH)), hypohalogenite derivatives (HOCI,
HOBr, and HOI), and their ionized forms (hypo-
chlorite, hypobromite, and hypoiodite), resulting in
a link between oxidative and halogenated stress [22,
23]. Being a product of azurophilic granules of neu-
trophils, MPO is secreted into the intercellular envi-
ronment during cell degranulation associated with a
respiratory burst.
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It was shown that degranulation of neutrophils
in IS of BA patients with CIAHR is capable of in-
tensifying to the level of destruction [4, 7, 13]. To-
tal degranulation of cells, which induces destruction
and to the fullest discloses the effector capabilities of
neutrophils with a maximally pronounced respirato-
ry burst, is preceded by enzymatic activation in the
form of enhanced synthesis and intragranular deposi-
tion of MPO, proportional to the needs of bronchial
inflammation in AFH, involved in the prolongation
and maintenance of CIAHR. Enhanced accumulation
of peroxidase reserves in neutrophils, stimulated by
accelerated utilization of highly reactive halogen-con-
taining compounds in the bronchial matrix, ends with
functional depletion of cells, depletion of the perox-
idase-positive granule reserve, intensive destruction,
and cytolysis with destruction of the cytoplasm and
then the nucleus with cell lysis.

Therefore, a slight decrease in the number of neu-
trophils in the inflammatory pattern of the bronchi of
BA patients with CIAHR without exacerbation was a
consequence of ROS-stimulated NETosis, as well as
destructive and cytolytic processes, the manifestation
of which corresponded to the period of exacerbation
associated with the activation of non-Th2 inflammato-
ry response, the prevalence of proinflammatory cyto-
kines, and escalating oxidative stress.

CONCLUSION

It can be concluded that first-line anti-inflammato-
ry therapy, accompanied by the elimination of clini-
cal and functional manifestations of exacerbation and
the increase in the level of control over the disease,
promoted transformation of the mixed inflammatory
pattern in the bronchi into the eosinophilic one. At the
same time, the neutrophil component remained quite
pronounced without exacerbation, which indicated the
limited effectiveness of the proposed therapy in rela-
tion to the regulation of neutrophil-dominated inflam-
mation. This is an evidence of the preserved difficulty
of comprehensive drug control over inflammation in
asthma, in particular, over the pool of neutrophils in
the granulocyte population, infiltrating the bronchi of
patients with CIAHR.
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Clinical characteristics and efficiency of antidepressant therapy of mood
disorders with comorbid alcohol use disorder
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ABSTRACT

Aim. To determine the nosological and clinical features of mood disorders (MD) with comorbid alcohol use
disorder (AUD) and efficiency of antidepressant therapy.

Materials and methods. We examined 88 patients with MD and comorbid AUD — 33 females (37.5%) and 55
males (62.5%). The first group included 31 patients with AUD without comorbid affective symptoms, the second
group contained 29 patients with MD without AUD, the third group included 28 patients with AUD and MD. In
the study, we applied clinical-psychopathological, clinical-dynamic, and statistical methods with Pearson’s y 2 test,
Mann — Whitney U-test (for comparison of independent samples), Kruskal — Wallis test (for more than two inde-
pendent samples), and Wilcoxon test (for comparison of dependent samples). At the level of statistical significance,
no differences between the groups according to the gender — age composition were revealed (p = 0.115 — according
to gender composition, p = 0.248 — according to age composition, Pearson’s y 2 test).

Results. The patients with the diagnosis of AUD with comorbid MD showed worse dynamics of the reduction
of depressive [from 24.0 (18.3; 33.0) to 9.0 (4.3; 12.0) points according to the Structured Interview Guide for the
Hamilton Depression Rating Scale — Seasonal Affective Disorder (SIGH-SAD) (p = 0.001, Wilcoxon test)] and
anxiety [from 20.5 (12.5; 25.0) to 5.5 (3.3; 8.0) points according to the Hamilton Anxiety Rating Scale (HARS) (p
= 0.001, Wilcoxon test)] symptoms against the background of the therapy with initially lower indices compared
to the group with MD alone [from 27.0 (21.0; 36.0) to 6.0 (5.0; 11.0) points according to SIGH-SAD (p = 0.001,
Wilcoxon test) (intergroup differences upon admission p = 0.046; upon discharge p = 0.683, Mann — Whitney
U-test) and from 21.0 (14.0; 29.0) to 5.0 (3; 10.5) points according to HARS (p = 0.001, Wilcoxon test) (intergroup
differences upon admission — p = 0.082; upon discharge — p = 0.825, Mann — Whitney U-test)]. The course of AUD
is characterized by a larger extent of malignancy in the group with a comorbidity: a decrease in pathological alcohol
craving from 31.5 (16.3; 43.5) to 8 (2.3; 14.8) points (p = 0.001, Wilcoxon test) in the group with a comorbidity and
from 29.5 (21.8; 37.0) to 7 (3.0; 11.3) points with AUD alone (p = 0.001, Wilcoxon test) (intergroup differences
upon admission — p = 0.058; upon discharge — p = 0.04, Mann — Whitney U-test on the Obsessive Compulsive
Drinking Scale (OCDS)).

Conclusion. Clinical-dynamic characteristics of MD with comorbid AUD result in therapeutic difficulties
associated with comparatively worse dynamics in reduction of the symptoms of both diseases.

Key words: alcohol addiction, depressive disorders, comorbidity, antidepressant therapy, anti-craving therapy.
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KanHuyeckasa xapaktepuctuka u 3pPpeKTMBHOCTb aHTUAENPECCUBHOM
Tepanuu adpPeKTUBHbIX pacCTPOMCTB NP KOMOPOUAHOCTU C a/IKOr0/IbHOM
3aBMCMMOCTbIO

PowuHa O.B.', Po3un A.U.", CuactHbin E.1.", boxaH H.A.":2

!Hayuno-uccaedosamenvckutl uncmumym (HUHW) ncuxuuecko2o 300poews, ToMCKUl HAYUOHALbHbLLL
uccreoosamenvcxull meduyurckull yeump (HUMIL]) Poccutickoil akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Cubupckuil 2ocyoapcmeennulii meouyunckull ynusepcumem (Cu6l’'MY)
Poccus, 634055, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hean uccieroBaHusi — ONpeICICHHE HO30JI0THYECKOM CTPYKTYPBI, KIMHUYECKUX 0COOCHHOCTEH ad)(heKTUBHBIX
paccrpoiict (AP) npu KOMOPOUIHOCTH C AIKOTOJIBHOM 3aBHCUMOCTEIO (A3) 1 3 (HhEeKTHBHOCTH aHTHICTIPECCHB-
HOU Tepanuu.

Martepuajbl 1 MeTOAbI HcciaeqoBanus. O6cnenosans 88 wemosek ¢ AP u A3 — 33 xenmmns! (37,5%) u 55
(62,5%) myxuns. Ilepsas rpynma — 31 mamuent ¢ A3 6e3 koMopOHAHON ad(HEeKTUBHONH CHMIITOMATHKH, BTOpas
— 29 OONBHBIX C PaCCTPOHCTBOM HACTPOCHUS 0€3 3aBUCUMOCTH OT AJIKOTOJISI, TPEThA — 28 ManueHToB ¢ KOMOPOUI-
HbIM TedeHneM A3 u AP. B uccnenoBaHny HCHONB30BANCS KIMHUKO-TICHXONATOIOTHYECKUH, KIMHUKO-HHAMH-
YEeCKHl U CTATUCTHYECKUI METO/IBI C UCIOIb30BaHeM Kputepues x> [Tupcona, MauHa — YUTHH (U151 CpaBHEHHS
HE3aBHCUMBIX BBIOOPOK), Kpackema — Yommmca (st Oonee IByX HE3aBHCHMBIX BBIOOPOK), BuiikokcoHa (st
CpaBHEHHS 3aBHCUMBIX BEIOOPOK). [0 ypOBHIO cTaTHCTHYECKOH 3HATMMOCTH Pa3INIHi MEXIy TPyIIIaMH IO 110-
JIOBO3PAacCTHOMY cOCTaBy He BbBLiBICHO (p = 0,115 — mo momoBomy cocrtaBy, p = 0,248 — o BO3pacCTHOMY COCTaBy,
KpuUTepHi y°).

PesyabTatsl. [lanuentsr ¢ koMopOuaHbM 1uario3oM A3 U AP 1eMOHCTPHPYIOT XyALIYI0 TUHAMHUKY PelyKIUH
nenpeccuBHoi (¢ 24,0 (18,3; 33,0) mo 9,0 (4,3; 12,0) 6amnoB mo mkane SIGH-SAD (p = 0,001, kpurepuit
Bunkokcona)) u tpeBoxknoit (¢ 20,5 (12,5; 25,0) mo 5,5 (3,3; 8,0) 6amnos no mkane HARS (p = 0,001, kpurepuit
BunkokcoHa)) cuMIITOMaTuky Ha (hoHE JeYEeHUs, MPU W3HAYAIBHO OoJiee HU3KHMX MOKAa3aTeNlsX, B CPABHEHHHU C
rpynmnoit ¢ «uaucteiMm» AP (¢ 27,0 (21,0; 36,0) mo 6,0 (5,0; 11,0) 6amnos mo SIGH-SAD (p = 0,001, kpurepuit
Bunkokcona) (MeXTrpynnoBble pa3anyus npH noctymienud p = 0,046; npu Beimucke p = 0,683, kputepuit Manna —
Yurun) u ¢ 21,0 (14,0; 29,0) mo 5,0 (3; 10,5) 6amnos no HARS (p = 0,001, kpurepuii Bunkokcona) (Mexrpymn-
MoBbIe pa3nuuus npu noctymwieanu p = 0,082; mpu Beimucke p = 0,825, xputepuit Manna — Yutnu). Tedenue
A3 omnnyaerca OonbIIEH 370KaYECTBEHHOCTHIO B TPyMIE ¢ KOMOPOHIHOCTBIO: CHIKEHHE MaTOJIIOTHYECKOTO
BieyeHus K ankoromo ¢ 31,5 (16,3; 43,5) 6amna o 8 (2,3; 14,8) (p = 0,001, xputepnii Bunkokcona) B rpymie
¢ xoMopbuaHocteio 1 ¢ 29,5 (21,8; 37,0) mo 7 (3,0; 11,3) Gamnos mpu «uuctoit» A3 (p = 0,001, kpurepuit
Bunkokcona) (MexXrpynioBble pazanyus npu noctyrieand p = 0,058; npu Beimucke p = 0,04, kpurepuit Manna —
VHUTHH 110 00CECCUBHO-KOMITYJILCUBHOH IIKaJIe YIOTPEOICHUS aIKOT OIS,

3akaovyenne. KImHUKO-IMHAMHYIECKHE XapaKTEPUCTUKU KoMopouHoro coueranus AP u A3 BenyT k Tepares-
TUYECKUM 3aTPYyAHCHUSAM, CONPSDKEHHBIM CO CPaBHUTENBHO XyALIeH AMHAMUKOM pelylUpOBaHUs CUMITOMOB
Ka)K/10Tr0 U3 3a00J1eBaHUH.

KitioueBble ¢/10Ba: aIKOTrOJIbHAsI 3aBUCUMOCTD, JICIPECCUBHBIC PACCTPOICTBA, KOMOPOUIHOCTD, AHTH/ICTIPECCHB-
Hasl Tepanusi, aHTHKPEHBUHIOBasl TePaIIHs.
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CooTBeTcTBHE NPUHIOMINAM JITHKH. Bce manments! noamucanu nHdopMmupoBanHoe cornacue. VccnenoBanue
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3aBUCHMOCTBIO. bromiemens cubupckou meduyunvt. 2021; 20 (2): 79-87. https://doi.org/10.20538/1682-0363-
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INTRODUCTION

In the current concept of comorbidity of alcohol
use disorder (AUD) and mood disorders (MD), co-oc-
currence of two pathologies is regarded as a synergetic
condition, unfavorable for prognosis of each of them
[1, 2]. Taking into account the polymorphism of psy-
chopathological symptoms, a personalized therapeutic
approach is needed, focused not only on the correction
of emotional disturbances but also on the anti-craving
therapy for the dependence syndrome.

Among the main factors influencing formation
of alcohol addiction and unfavorable prognosis of its
course, comorbid mental disorders, primarily of the
schizophrenia and affective spectrum, are distinguished
[3—6]. In both cases, comorbidity leads to worsening of
the disease prognosis [7, 8]. In clinical practice, the
comorbidity of MD and AUD is often unrecognized —
this can be associated with clinical pathomorphism,
when a combination of severe disturbances in one
disease and obliterated manifestations of the other of-
ten look like manifestations of the first, and the second
disorder is either overlooked or ignored [9, 10].

The choice of only one of the existing psychiatric
disorders as a therapeutic target negatively affects the
effectiveness of therapy, increases its duration, and
reduces the duration and quality of remissions. It is
important to determine the clinical features and iden-
tify suicidal behavior in patients with MD in comorbid
mental and somatic diseases [11-13].

MATERIALS AND METHODS

The study included 88 patients admitted to the
clinic of Mental Health Research Institute of Tomsk
NRMC with a verified diagnosis of AUD (F10.2) or
MD (F31.3, F31.6, F32, F33, F34.1) according to
ICD-10. Clinical-psychopathological, psychometric,
clinical-dynamic, and statistical research methods

were used. To evaluate the clinical dynamics, a struc-
tured interview for evaluation of depression severity
according to HARS (1959) and SIGH-SAD (2002)
was used. A risk of alcohol addiction was evaluated
according to the Alcohol Use Disorders Identifica-
tion Test (AUDIT, 1993). The Obsessive Compulsive
Drinking Scale (OCDS, 1995) was applied to assess
alcohol craving.

Statistical data processing was performed using
IBM SPSS Statistics 25 software with the Pearson’s
x 2 test, Mann — Whitney U-test (for comparison of
independent samples), Kruskal — Wallis test (for more
than two independent samples), and Wilcoxon test
(for comparison of dependent samples). The samples
were previously tested for compliance with the law
of normal distribution using the Shapiro — Wilk test,
which tests the hypothesis that there are no differences
between the observed distribution of a trait and the
theoretically expected normal distribution. In case of
distribution other than normal, quantitative data were
presented as the median and the interquartile range
Me (Q1; 03). When testing the hypothesis, the critical
level of significance p was equal to 0.05.

RESULTS

According to the results of the examination, the pa-
tients were divided into three groups. The first group
included AUD patients without comorbid affective
symptoms (n = 31), 87.1% of them were males, the
average age of patients in this group was 44 (40; 53)
years. The second group contained MD patients with-
out alcohol addiction (n = 29), 72.4% of whom were
females, the average age of patients was 50 (36.5; 57)
years. The third group included patients with AUD
and comorbid MD (n = 28), among whom 71.4% were
males, the average age was 44.5 (36.5; 48.75) years.
We did not reveal statistically significant differences
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between the groups according to the gender — age com-
position (p > 0.05, Pearson’s y 2 test). The structure of
MD in the group without comorbid dependence syn-
drome was represented by depressive episodes (DE)
of various degrees of severity in 34.5% of patients,
DE within a recurrent depressive disorder in 31% of
individuals, and DE within bipolar disorder (BD) in
24.1% of cases. The comorbid affective pathology
was represented equally by dysthymia and DE within
a recurrent depressive disorder (32.1% each). Depres-
sive symptoms within BD were revealed in 21.4% of
cases. In 14.3% of cases, the comorbid diagnosis was
DE of moderate (10.7%) or mild (3.6%) severity. The
duration of MD was 5 (2.5; 11.0) years in the group
of patients with affective pathology alone and 7.5
(2.25; 13.0) years in patients with a comorbidity (p <
0.05, Mann — Whitney U-test). The duration of AUD
(since the age of formation of the alcohol withdrawal
syndrome (AWS)) in the groups with AUD alone and
AUD and a comorbidity was 10 (6; 18.5) and 14 (10;
19.75) years, respectively (p < 0.05, Mann — Whitney
U-test).

Based on these terms for disease duration, it can
be concluded that in the group with MD with comor-
bid AUD, substance dependence, as a rule, preceded
the MD manifestation. Alcohol use in both groups had
a pseudo-binge-drinking nature in 100% of observa-
tions. Besides, it is worth noting that the duration of
pseudo-binge-drinking and alcohol tolerance were
statistically significantly lower in patients with MD
and AUD (p < 0.05, Mann — Whitney U-test). So, the
average duration of pseudo-binge-drinking episodes
in patients with MD alone was 7 (4; 17) days, and in
patients with MD with a comorbidity — 5.5 (3.5; 9.5)
days. The tolerance was 16 (11;23)and 11 (11; 17.75)
standard alcohol servings, respectively.

Despite relatively lower volume and duration of
alcohol use by patients with dual diagnosis, the dura-
tion of AWS was compatible to that in patients with
AUD alone: 3 (2; 4) and 3 (2; 5) days, respectively
(p = 0.785, Mann — Whitney U-test). These data in-
dicate poorer tolerance of ethanol effects in patients
with MD with comorbid AUD. In the group of patients
with MD with comorbid AUD, attention is drawn to
the predominance, along with neurovegetative vari-
ant of AWS in 78.6% (n = 22) of observations, of the
psychopathological variant — 14.3% (n = 4), which
manifested itself predominantly through affective
symptoms (depressive, anxious, dysphoric affect). In
the group with AUD alone, the second most prevalent
variant after the neurovegetative one (83.9%, n = 26)

was the cerebral variant of AWS (9.7%, n = 3), which
manifested itself predominantly through cephalgia,
dizziness, and muscle twitching. After AWS manage-
ment, affective disturbances in patients with MD with
comorbid AUD not only remained, but also acquired
apparent clinical presentation.

The main motive for alcohol consumption was the
desire for pleasure in the AUD group: hedonistic moti-
vation was observed in 45.2% (n = 14) of cases, while
in patients with a comorbidity, it was present only in
10.7% (n = 3) of individuals. Half of the patients with
comorbid MD used alcohol with the aim to correct the
emotional state — 50% (n = 14), and among patients
with AUD alone, there were 9.6% of such patients
(n = 3). The duration of AUD remissions in patients
with a comorbidity reached 12 (3; 24) months, while
with comorbid MD, it was 6 (1.25; 34.5) months (p =
0.037, Mann — Whitney U-test). In cases of MD alone
and comorbid MD, these values were 5 (3; 21.75) and
4 (1; 12) months, respectively (p = 0.048, Mann —
Whitney U-test). All patients with a comorbidity not-
ed a pronounced relationship between MD remission
and AUD, that is, the cessation of alcohol use led to
normalization of the emotional state, and stable emo-
tional background reduced alcohol consumption to a
minimum. In this cohort, in 46% (n = 13) of cases,
failure to achieve AUD remission was preceded by
an increase in MD symptoms, and in 32% (n = 9) of
patients — by resumed alcohol use. Symptoms of both
disorders developed simultaneously in 22% (n = 6) of
the respondents.

Based on the complaints presented by the patient
at the time of the initial examination (during the 1st
week of hospitalization, after AWS management, in
case of seeking medical care in AWS), the leading
complaints were identified that characterize the pa-
tient’s subjective assessment of the condition and de-
termine the therapeutic request when seeking medical
care (Table 1).

Table 1
Complaints of the examined patients upon admission
Parameter Patients Patients | Patients with
with AUD | with MD | dual diagnosis
. 75.8%
Alcohol craving (n=123) - -
Low mood 16.2% 51.7% 78.6%
(n=15) (n=15) (n=122)
Emotional lability, irrita- B 10.4% 10.7%
bility, hot temper (n=3) n=3)
Anxiety, feeling of inner 1.6% 37.9% 7.1%
tension (n=1) (n=11) (n=2)
. . 6.4% 3.6%
Anergy, fatigue, asthenia (n=2) - (n=1)
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Probably, depressive symptoms (decreased mood)
in the group of AUD patients were revealed as an
obligate component of post-withdrawal syndrome as
well as an emotional component of pathological alco-
hol craving [ 14]. Asthenic symptoms (anergy, fatigue,
asthenia) in both groups of patients who used alco-
hol could be associated with immediate toxic effect
of ethanol on the central nervous system (CNS) [15].
It is worth noting that the patients with AUD with co-
morbid MD had complaints of the affective spectrum,
that is they named correction of the emotional state as
the reason for seeking medical care, which, in their
opinion, led to excessive alcohol use.

In accordance with the clinical presentation and the
leading symptoms, the patients received psychophar-
macotherapy with antidepressants and mood stabili-
zers (Table 2).

Table 2

The main group of psychopharmaceuticals
Antidepres- Mood
sants stabilizers
Patients with AUD | 22.5% (n=7) | 64.5% (n=20) | 13% (n=4)
Patients with MD | 79.3% (n=23) | 20.7% (n=6) —
Patients with dual
diagnosis

Parameter No therapy

60.7% (n = 17) | 35.7% (n = 10) | 3.6% (n = 1)

For the patients hospitalized in the state of with-
drawal, the treatment was administered after manage-
ment of the withdrawal syndrome, on the 3—5" day of
hospitalization. In the groups of AUD patients, there
were cases with no maintenance psychopharmaco-
therapy, which was associated with contraindications
to its administration due to comorbid physical patho-
logy. In such a situation, the treatment was focused on
symptomatic and psychotherapeutic correction. The
patients with AUD were treated with escitalopram
(15 mg / day) in 71.4% (n = 5) of cases and agome-
latine (25 mg / day) in the remaining 28.6% (n = 2)
of cases. Treatment with these drugs cured sleep di-
sorders induced by alcohol dependence, did not af-
fect the parameters of cardiovascular therapy, and did
not impair sexual functions. As an alternative to anti-
depressant therapy, 75.0% (n = 15) of patients were
prescribed carbamazepine (400 mg / day), and the re-
maining 25.0% (n = 5) — topiramate (100 mg / day).

Treatment of patients with MD in 47.8% (n = 11)
of cases was carried out with vortioxetine (10 mg/
day), in 21.7% (n = 5) of cases — with sertraline (150
mg / day), in 21.7% (n = 5) of cases — with escitalo-
pram (25 mg / day), in 8.8% (n = 2) of cases — with
agomelatine (25 mg / day). The preferential treatment
with these modern drugs had high potential for relie-

ving the main symptoms of depression with their ex-
cellent tolerance. An alternative strategy for correct-
ing affective disorders in the context of bipolar dis-
order was the administration of valproic acid sodium
salts (750 mg / day) in all cases (n = 6).

The patients with a dual diagnosis received vor-
tioxetine (10 mg / day) in 41.2% (n = 7) of cases,
agomelatine (50 mg / day) in 23.6% (n = 4) of cases,
escitalopram (25 mg / day) in 17.6% (n = 3) of cases,
and sertraline (100 mg/ day) in 17.6% (n = 3) of cases.
The multi-target and highly selective mechanisms of
action of these drugs influenced anhedonia, one of the
key symptoms of depressive and addictive disorders,
which was associated with suicidal behavior in these
patients. Another part of the patients received treat-
ment with carbamazepine (400 mg / day) in 70.0%
(n=17) of cases or valproic acid sodium salts (500 mg
/ day) in 30.0% (n = 3) of cases to correct affective
disorders.

According to the follow-up data, after previ-
ous visits for medical care, the majority of patients
(68.9%, n = 18), suffering only from affective patho-
logy, received maintenance psychopharmacotherapy.
In 62% (n = 18) of cases, it was a drug from the group
of selective serotonin reuptake inhibitors (SSRIs):
sertraline (n = 8, 100 mg / day), escitalopram (rn =5,
20 mg / day), fluvoxamine (n = 3, 150 g / day), flu-
oxetine (n =2, 40 mg / day). 6.9% (n = 2) of patients
received a mood stabilizer (valproic acid, 500 mg /
day). The average duration of drug intake was 6 (3;
12) months (p = 0.04, Pearson’s y 2 test).

Among the patients with depression associated
with AUD, only 21.5% (n = 6) of the respondents re-
ceived maintenance therapy. The drug from the SSRI
group was taken by 17.9% (n = 5) of patients: esci-
talopram (n =3, 10 mg/ day), sertraline (n =2, 50 mg /
day); 3.6% (n = 1) of patients received a mood stabi-
lizer (carbamazepine, 400 mg / day). The period of
independent intake of drugs was 3 (2; 11.25) months
(» = 0.03; Pearson’s y 2 test). The presented data in-
dicate low adherence of patients suffering from AUD
(both alone and in combination with another patholo-
gy) to long-term treatment. Patients do not always fol-
low medical recommendations and tend to stop taking
medications earlier than the recommended time [16].

The examined individuals from the group of AUD
patients in 98.4% of cases did not receive any mainte-
nance therapy: either the drug was not prescribed by
the doctor, or the patients themselves refused to take
drugs after discharge from the clinic. Despite the fact
that administration of antidepressants is considered to
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be the therapy of choice for depressive disorders in
the structure of the pathological alcohol craving and
suppression of the pathological craving for substances
is their independent property, regardless of manifesta-
tion of the antidepressant effect, addiction specialists
rarely resorted to prescribing antidepressant psycho-
pharmacotherapy [17]. Anticonvulsants, actively used
by doctors in substance abuse treatment centers, re-
present an alternative for benzodiazepine tranquilizers
for correction of AWS [18]. However, there are no
recommendations on their use in anti-craving therapy
for alcohol dependence. Most of the requests for drug
treatment ended with implementation of one or ano-
ther type of subject-mediated hypnosuggestion of a

ban on alcohol consumption. Such prevalent tech-
niques as aversion therapy, implanting chemicals
under patient’s skin, and implanting an anti-alcohol
placebo-drug are now an officially recognized anach-
ronism prohibited in state institutions and not included
in the Standards for the Provision of Primary Health
Care and Specialized Narcological Aid [19, 20].

The examinations carried out upon admission
(point 1) and discharge (point 2) using the SIGH-
SAD and HARS scales made it possible to objec-
tively assess the severity of depressive (typical and
atypical) and anxiety symptoms (Kruskal — Wallis
test), and their clinical dynamics (Wilcoxon test)
(Tables 3-4).

Table 3
Dynamics of the score on the SIGH-SAD scale
Parameter ‘ Typical symptoms. .Atyplcal symptom.s : Total score ‘
Point 1 Point 2 Point 1 Point 2 Point 1 Point 2
Patients with AUD 7.0 (3.0; 12.3)* 1.0 (0; 4.0) 2.0 (0; 2.3)* 0 (0; 0) 9.0 (4.0; 14.3)** 1.0 (0; 4.0)
Patients with MD 23.0(19.5;29.0) | 6.0 (3.5; 11.0) 4.0 (1.0; 7.5) 1.0 (0; 2.0) 27.0 (21.0; 36.0) 6.0 (5.0; 11.0)
Z;‘;gg;:mh a dual 20.0 (16.0;25.8) | 7.0 (4.0;10.0) | 4.0(1.0;6.0) | 2.0(0.5:42) |24.0(18.3;33.00** | 9.0 (4.3; 12.0)

* p=0.001 (Kruskal — Wallis test) for all cases, ** p = 0.001 (Wilcoxon test) for all cases.

Table 4
Dynamics of the score on the HARS scale
Parameter Point 1 Point 2
Patients with AUD 8.0 (3.8; 14.3)* (**) 1.0 (0; 2.0)
Patients with MD 21.0 (14.0; 29.0)** 5.0 (3; 10.5)
Patients with a dual diagnosis 20.5 (12.5; 25.0)** 5.5(3.3;8.0)

* p=0.001 (Kruskal — Wallis test) for all cases, ** p =0.001 (Wilcoxon test) for all cases.

At the 1st week of treatment, patients in the group
with MD alone noted greater severity of both typical
and atypical depressive symptoms on the SIGH-SAD
scale, as well as anxiety on the HARS scale, com-
pared to the group of patients with a dual diagnosis
(n = 0.046 ; Mann — Whitney U-test for SIGH-SAD
and p = 0.082 for HARS). The levels of anxiety and
depression in patients with AUD alone were initially
significantly lower than in the other groups (p =0.001;
Kruskal — Wallis test for HARS and SIGH-SAD) and
were probably detected within the affective compo-
nent of AWS.

Against the background of psychopharmacothera-
py, by the end of the treatment, there was a decrease
in the intensity of affective symptoms in the groups of
patients with MD (p = 0.001; Wilcoxon test) (with and
without a comorbidity) to statistically comparable va-
lues (p = 0.683; Mann — Whitney U-test for SIGH-
SAD and p = 0.825; Mann — Whitney U-test for

HARS), and there were significant intergroup differ-
ences compared to the group of patients with AUD
alone (p = 0.001; Kruskal — Wallis test). Therefore,
patients with a dual diagnosis demonstrated compara-
tively worse dynamics in the reduction of depressive
(both typical and atypical symptoms) and anxiety
symptoms during treatment with initially lower rates
compared to patients with depression alone.

The AUDIT and OCDS scales allowed to assess
the subjective severity of AUD. The AUDIT test
was developed by the World Health Organization for
screening assessment of alcohol use disorders [21].
The sum of the AUDIT scores in the group of patients
with AUD alone was 24 (19; 28.25). In AUD with co-
morbid MD, this score was higher — 26.5 (20.5; 30.5)
(p = 0.03; Mann — Whitney U-test). In other words,
the patients with AUD with comorbid MD showed a
tendency to more active alcohol use, as well as a high-
er risk of adverse events from alcohol abuse.
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The OCDS scale is designed for self-assessment
of manifestations of attitudes towards alcohol over
the past week. According to OCDS scores, alcohol
craving was higher at both points of examination in
the group with a dual diagnosis (31.5 (16.3; 43.5) and
8 (2.3; 14.8), respectively) than in the group of pa-
tients with AUD alone (29.5 (21.8; 37.0) and 7 (3.0;
11.3), respectively) (upon admission — p = 0.058;
Mann — Whitney U-test, upon discharge — p = 0.04;
Mann — Whitney U-test, intragroup dynamics —
p = 0.001; Wilcoxon test). The analysis of the re-
sults of the study following the OCDS and AUDIT
tests showed that alcohol addiction with a comorbid
affective pathology was characterized by a more ma-
lignant clinical course. Pathological alcohol craving
was more pronounced and less responsive to therapy,
and alcohol consumption was characterized by a more
pronounced risk of developing disorders associated
with alcohol abuse.

DISCUSSION

Earlier, clinical polymorphism and features of
therapy for MD with comorbid AUD were repeated-
ly pointed out [22-27]. At the same time, there is no
consensus regarding the clinical effect of comorbidi-
ty on the course of each disease. According to some
Russian researchers, AUD, as a rule, accompanies
minor depressive disorders, and with an increase in
MD, alcohol abuse may stop altogether [28]. Depres-
sions in AUD are often described as ‘“disharmoni-
ous”, with a large proportion of asthenic-apathetic or
dysphoric symptoms [29]. The results of the study
also showed that the clinical presentation of MD with
comorbid AUD is characterized by lower clinical
severity of MD symptoms (according to the SIGH-
SAD and HARS scales) compared to the group of
patients with affective pathology alone, but by worse
dynamics against the background of psychopharma-
cotherapy.

The commonality of the neurochemical mecha-
nisms in the pathogenesis of the pathological alcohol
craving and depressive disorders determines the de-
pendence of actualization or regression of craving on
the severity of affective symptoms [30]. Alcohol crav-
ing in comorbid patients is much stronger than in the
group with AUD alone (according to OCDS). Prob-
ably, this should be considered not only as patient’s
perception of alcohol as a “therapeutic” means for
self-treatment to correct the emotional state or reduce
side effects of psychopharmacological drugs [31], but
also as interest in the formation of symptoms of a wide

range of neurotransmitter systems [32]. Such pathoge-
netic affinity of MD and craving explains its relative
persistence in the group of patients with MD with co-
morbid AUD (according to OCDS), which leads to the
conclusion that it is necessary to intensify anti-craving
therapy for this cohort of patients.

CONCLUSION

It was found that patients with a dual diagnosis
demonstrate the worst dynamics in terms of reduction
of depressive (both typical and atypical symptoms)
and anxiety symptoms during treatment, with initially
lower values compared to the group of patients suf-
fering from depression alone. AUD with comorbid
MD is characterized by greater malignancy and worse
antidepressant effect during psychopharmacotherapy.
In the treatment of AUD, both alone and with a co-
morbidity, clinicians pay insufficient attention to an-
ti-craving pharmacotherapy with antidepressants.
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The mRNA expression levels of calpains and their activity in malignant and
dysplastic epithelium of the upper respiratory tract
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ABSTRACT

Background. The calpain proteolytic system plays an important role in the development of cancer. Detection of
early cancer in the upper respiratory tract is often challenging, as symptoms are largely non-specific, and most cases
are diagnosed at an advanced stage.

Aim. To identify candidate markers of transition from premalignant lesions to invasive carcinoma, we studied
mRNA expression levels of CAPN1 and CAPN2 and the total activity of calpains in the tumor tissues of patients
with head and neck squamous cell carcinoma (HNSCC) and in the epithelial dysplasia-affected tissues of patients
with chronic diseases of the upper respiratory tract.

Materials and methods. The study included 32 patients with HNSCC (T1-3N0-1MO0) and 12 patients with chronic
diseases of the upper respiratory system associated with epithelial dysplasia. The expression levels of CAPN1 and
CAPN2 were assessed using real-time polymerase chain reaction (PCR). The calpain activity was determined by
hydrolysis of the fluorogenic Suc-LLVY-AMC oligopeptide.

Results. The mRNA expression levels of CAPN1 and CAPN2 were, respectively, 3 and 4 times higher in the tumor
tissue of patients with HNSCC than in the tissue of patients with endothelial dysplasia in the upper respiratory tract.
The level of calpain activity was 4.4 times higher in patients with HNSCC than in patients with epithelial dysplasia
of different severity.

Conclusion. The elevated mRNA expression levels of CAPN1 and CAPN2 and their activity in the tumor tissues
of patients with HNSCC compared to patients with chronic respiratory diseases associated with epithelial dysplasia
are likely to characterize a high potential for transition from precancerous lesion to cancer. To clarify the role of
calpains in the carcinogenesis of HNSCC, further studies of intact tissues using animal models are required.

Key words: head and neck squamous cell carcinoma, epithelial dysplasia, calpain activity, mRNA expression of
CAPNI1 and CAPN2.
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JKcnpeccua MPHK KasbnavHOB U UX aKTUBHOCTb B 3/10Ka4€CTBEHHOM
M ANCNNACTUYECKM USMEHEHHOM 3MUTE/IMU BEPXHUX AblXaTe/IbHbIX NyTel

Cunpenko E.A., Kakypuna I'.B., Yepemucuna O.B., Cnupuna J1.B., Wawosa E.E.,
KopwyHos [1.A., KongakoBa U.B.

Hayuno-uccnedosamenvckuii uncmumym ((HUH) onxonoeuu, Tomckull HAYUOHATbHBI UCCTE008AMENbCKULL MeOU-
yurnckul yenmp (HUML]) Poccutickoil akademuu Hayk
Poccus, 634050, 2. Tomck, nep. Koonepamugnuiii, 5

PE3IOME

AKTyaJIl)HOCTL. KanbpnanHoBast IMPOTCOJIUTHICCKAS CUCTEMA UTPACT BaXKHYIO POJIb B Pa3BUTHUU 3JIOKAYCCTBEHHBIX
onyxoneﬁ. B HaCTOALICC BPpEMA JUArHOCTUKA paKa BEPXHUX AbIXAaTCIbHBIX HyTefI Ha paHHUX CTagUusAX IMPOBOAUTCH
peaxko, 3a00JI€EBaHUE YACTO XapaKTCPU3yETCA 3aIlYIIEHHOCTBIO OITYXOJIEBOI'O ITpoLEcca.

C meabI0 IOMCKA KaHTUJIATHBIX MapKEPOB Mepexo/ia MPEIOMyXO0JIeBhIX 3a00ICBaHUI B 37I0KAYECTBCHHBIC N3ydallid
yposuu skcnpeccut MPHK CAPN1, CAPN2 wn o01e#t akTHBHOCTH KaJIbITaWHOB B OITyXOJICBOM TKaHU MAIUCHTOB
C IIOCKOKIIETOYHBIM pakoM roJioBel U men (ITPT'1) u B mucmiacTHyecKr N3MEHEHHOM SIIUTEIINN BEPXHHX JIbIXa-
TEJIBbHBIX ITyTCH.

Marepuaibl u MeToabL. B nccnenosanue 6bumn BKI09eHs! 32 mamuenta ¢ [IPTHI (T, ,N M), rpymny 60mbHBIX
C MPEe/IONyXO0JICBOW MATONOrHeil cocTaBmiik 12 MalMeHTOB ¢ XPOHHYECKMMH 3a00JIeBaHUSIMU BEPXHHUX OTJIEIIOB
JIBIXaTeIbHON CHCTEMBI, ACCOLMUPOBAHHBIMHU C IUCIIACTUYECKMMH M3MEHEHHAMH SIUTEIHS Pa3InIHON CTCHCHH.
Yposens skcrpeccun MPHK CAPNI n CAPN2 oueHMBajiCS ¢ TOMOUIBIO OMMMEPA3HOH LEMHOW peakiuu B pe-
JKHME PealbHOTO BPEeMEHH. AKTHBHOCTD KJIbITAWHOB OIPEJIEIISUIN 110 THAPOJIN3Y (IIyOpPOr€HHOTO OJIMIOIEHTH A
Suc-LLVY-AMC.

[Tonmy4eHHsble pe3yabTaThl NOKa3zanu yeenudeHue ypoBHsa skcnpeccun MPHK CAPNI u CAPN2 (B 3 u 4 pa3a
COOTBETCTBEHHO) B OITyX0J1eBOM TKaHU y nauuenTos ¢ [IPI'Il B cpaBHeHNH ¢ TUCTIIACTHYECKH U3MEHEHHBIM 31U~
TEJIMeM BEPXHMX JbIXaTebHbIX MyTel. Taxke OTMEUYEH BBICOKUH YPOBEHb aKTHBHOCTH KaJbIAHHOB y OOJBHBIX
[TPT'IL, xoTopsblii B 4,4 pa3za npeBbIIIaN I0KAa3aTeNH, IOJTyYSHHbIE AT MAMEHTOB C AUCIUIACTUYECKUMU U3MEHe-
HUAMH SMUTENNUS Pa3INYHON CTENEHH.

3akaouenne. Beposrtro, ysenmuenue yposHs MPHK CAPNI n CAPN2 u o01ieit akTHBHOCTH KaJIbIIanHOB B OITy-
XOJIeBBIX TKaHsX marueHToB ¢ [IPI'I] B cpaBHeHNM C MalMeHTaMH ¢ XPOHUYECKUMH 3a00JICBaHUSIMH, aCCOINH-
POBaHHBIMU C AUCIIACTUYECKUMU M3MEHEHUSAMH Pa3IM4YHOM CTENEHU, MOXKET UrpaTh BaXKHYIO pOJb B Ipolecce
nepexojia npeapaka B pak. J{jisi MOJHOTO yCTAaHOBJICHHS POJIM KalbanHOB B kaHneporenese [1PT1 Heo6xoaumo
JlanbHeIee MpoBeieHHe OM00HBIX HCCIIEeI0BaHNH B MHTAKTHOM TKaHHU, YTO BO3MOKHO TOJBKO Ha 3KCIEPUMEH-
TaJIbHBIX MOJIEIIAX.

KiioueBble ¢10Ba: MIIOCKOKJIETOYHBIN pak IOJIOBBI U LICH, JUCILIA3US SIUTEIHS, AKTHBHOCTD KAJIbIIAMHOB, JKC-
npeccust MPHK CAPNI u CAPN2.

KOHQ).]'IHKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U NNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/I€I71 HaCTOHH.Ieﬁ CTaTbHu.

Hcrounuk ¢punancupoBanus. Pabora BeIoIHEHAa B paMKax rocyaapcTBeHHoOro 3aganus Ha 2020 r. 8 HUU on-
komoruu, Tomckuit HUMLI.

CooTBeTCTBHE NPUHIUIAM 3THKH. Bce nmanueHTs! noanucan MHGOPMUPOBAHHOE COIIacCHE Ha ydacTHE B HC-
cnenoBanuu. MccnenoBanue ogoOpeHO JIOKaTbHBIM KOMUTETOM 1o OuomeauuuHckoi stuke HUM onkonoruu,
Tomckuit HUMII,

Jast uurtupoBanms: Kerrukosa O.10., Hosropoauesa T.I1., Aurontok M.B., I'Bozaenko T.A. Poib Heiiporpo-
¢uuecknx (akTOpoB pOCTa B MATOPHU3NOIOTHH OPOHXHAIBHOH aCTMBI, COYCTAHHOH C OXUpeHueM. boinemens
cubupcroit meduyunst. 2021; 20 (2): 88—-94. https://doi.org/10.20538/1682-0363-2021-2-88-94.
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INTRODUCTION

Head and neck squamous cell carcinoma
(HNSCC) is the sixth most common malignancy
worldwide, with more than 500,000 new cases di-
agnosed each year [1, 2]. Most head and neck squa-
mous cell carcinomas arise from the mucosal sur-
faces of the larynx and hypopharynx [3]. Despite
the availability of visual and instrumental studies,
diagnosis of the upper respiratory tract cancer at
early stages remains challenging, as symptoms are
largely non-specific, and most cases are diagnosed
at an advanced stage [4]. The mechanism of epi-
thelial dysplasia progression to squamous cell car-
cinoma is not well understood. This mechanism is
thought to represent a stepwise process in which ge-
netic damage is followed by morphological changes
in squamous epithelium [5]. The presence of dys-
plasia in the mucous membrane of the larynx, laryn-
gopharynx, and oropharynx indicates the increased
risk of developing cancer [6].

Proteolytic systems that can regulate many mo-
lecular and cellular processes have a great influence
on tumor transformation. The calpain system, which
is involved in cancer development and progression,
is an important system of specific intracellular
proteolysis [7]. Calpains are cytoplasmic cysteine
proteases exhibiting Ca?*-dependent proteolytic ac-
tivity. Proteolysis implemented by calpains is par-
tial; it does not degrade protein but only changes
its structure. Therefore, they are called “modulating
proteases” [8].

In the calpain family, there are ubiquitous-
ly expressed isoforms, such as p-calpain (calpain
1) and m-calpain (calpain 2), and tissue-specific
isoforms, such as calpain 9, which is found in the
digestive tract [9]. Although many of the functions
of calpains and mechanisms controlling proteolytic
activity remain to be analyzed, experimental studies
demonstrated the apparent role of calpains in a
number of important cellular processes, including
proliferation, differentiation, DNA repair, and
apoptosis [10, 11]. Moreover, calpains play an
essential role in cancer progression [12—14].

Despite the active study of the calpain system,
there are currently not enough data showing the
changes in the expression level and activity of
calpains in patients with HNSCC and dysplasia-
associated chronic diseases. Therefore, the aim of

the study was to assess mRNA expression levels of
CAPNI1 and CAPN?2 and their activity in the tumor
tissues of patients with HNSCC (T ;N M,) and in
the epithelial dysplasia-affected tissues of patients
with chronic diseases of the upper respiratory tract.

MATERIALS AND METHODS

The study included 32 patients with HNSCC
(T, ,N, M) and 12 patients with chronic respira-
tory disease associated with histologically verified
epithelial dysplasia (DI-II), who were treated at the
Department of Head and Neck Cancer of the Cancer
Research Institute (TNRMC RAS, Tomsk, Russia).
HNSCC was histologically verified in all patients,
who had not previously received any special treat-
ment. The average age of the patients was (56.3 +
7.2) years.

The study was carried out in compliance with
the principles of voluntariness and confidentiality
in accordance with the “Fundamentals of the leg-
islation of the Russian Federation on the protection
of citizens’ health” (Decree of the President of the
Russian Federation No. 2288 of 24.12.1993). The
permission of the Biomedical Ethics Committee of
the Institute was obtained.

Biopsy samples of both cancerous and healthy
tissues obtained during videolaryngoscopy served
as a study material. The expression levels of cal-
pains (CAPN1, CAPN2) were analyzed using the
real-time PCR (RT-PCR) with the intercalating
dye SYBR Green I (BioMaster HS-qPCR SYBR
Blue (2x); Biolabmix, Novosibirsk). The total
RNA pool was isolated from the tissue samples
using the LIRA reagent (Biolabmix, Novosibirsk).
The concentration and quality of the isolated RNA
were evaluated using a NanoDrop 2000C spectro-
photometer (ThermoScientific, USA). To obtain
cDNA from mRNA, a reverse transcription reac-
tion was performed using the OT M-MuLV-RH re-
action mix (Biolabmix, Novosibirsk). Primers for
RT-PCR were selected using specialized programs
Vector NTI Advance 11.5 and the NCBI database
(Table 1).

The expression levels of the target genes were
calculated using the 2AACt equation [15] and ex-
pressed in arbitrary units. The housekeeping gene of
the GAPDH enzyme was used as the reference gene,
and the expression level of each target gene was nor-
malized with respect to the expression of GAPDH.
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Table 1

The sequence of the studied gene primers

Gene Primers
CAPNI1 F 5'- AGAGCCTGGGTTACAAG -3’
NM_001198868.2 R 5'- TGTCGTTGAGAGTGAGG -3’
CAPN2 F 5'- ATGCTAGATTCGGACGGGAG-3'
NM_001146068.1 R 5- TGGAGTTGACAGGGCATCTT-3’
GAPDH F 5'- GGAAGTCAGGTGGAGCGA-3'

NM_001256799.3 | R 5'-GCAACAATATCCACTTTACCAGA-3'

Note. NM — RNA sequence number in the National Center for
Biotechnology Information (NCBI); F — forward primer; R — reverse
primer.

The calpain activity was determined in clarified
tissue homogenates by hydrolysis of the fluorogenic
Suc-LLVY-AMC oligopeptide (Sigma, USA). The
reaction mix containing 3mM Suc-LLVY-AMC and
5 ul supernatant was incubated at 25 °C for 30 min
in the presence or absence of 10 mM CaCl, and 5
mM N-acetyl-Leu-Leu-norleucinal inhibitor (Sig-
ma, USA). The resulting product was recorded with
the Hitachi-850 fluorimeter (Japan) at an excitation
wavelength of 380 nm and emission of 440 nm. The
calpain activity was determined in samples with 10
mM CaCl, and with an inhibitor. The unit of activity
was the amount of the enzyme at which 1 nmol of
Suc-LLVY-AMC is hydrolyzed for 1 min. The spe-
cific activity was expressed in units of activity per 1
mg of protein. The protein content was determined
by the Lowry method.

For statistical analysis, the Statistica 10.0 soft-
ware package was used. The results shown in the
table are presented as the median with the interquar-
tile range Me (Q —Q,). Using the Kruskal — Wallis
test, statistically significant differences were found
between the groups under investigation. For further
pairwise comparison, the nonparametric Mann —
Whitney test for multiple comparisons (with Bon-
ferroni correction) was applied. The differences
were considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

A significant difference in the mRNA expression
levels of CAPN1 and CAPN2 between patients with
epithelial dysplasia (DI-II) and patients with HN-
SCC (T ,N, ,M,) was found (Table 2). CAPN1 and
CAPN2 expression levels were, respectively, 3 and
4 times higher in the tumor tissue of patients with
HNSCC than in the dysplastic epithelium of the
upper respiratory tract. In the tumor tissues of

patients with stages TN, M, and TN, M, the
CAPN1 expression level was, respectively, 2
and 4 times higher than that observed in patients
with epithelial dysplasia (DI-II). The CAPN2
expression level was 4 times higher in patients
with stages TN, M and TN M, than in pa-
tients with epithelial dysplasia of varying degree.
The highest expression levels for both CAPNI
and CAPN2 were observed in patients with stage
T,N, ,M,. The CAPNI level increased along with
the tumor size. It should be noted that in the malig-
nant epithelium of the upper respiratory tract, the
expression level of CAPN2 was higher than that of
CAPNI.

The findings of our study are consistent with
other studies that indicate that the components of
the calpain system are involved in the pathogenesis
of head and neck tumors [10, 16, 17]. Calpains are
implicated in processes crucial for cancer devel-
opment, such as impaired intercellular adhesion,
actin cytoskeletal rearrangement, morphologi-
cal transformation, and cell migration, since cal-
pains degrade proteins involved in these processes
[8, 10].

Table 2

mRNA expression levels of CAPNI and CAPN2 in the tissues of
malignant and dysplastic epithelium of the upper respiratory
tract

Expression level, conventional units

Group

CAPNI1 CAPN2

Epithelial dysplasia

0.5 (0.08-0.86) | 0.5(0.06-0.95)

(DLII), n=12
HNSCC 1.58 (0.25-10.98) | 1.94 (0.25-4.12)
(T_N,_M,), n=32 p=0.021 p=0.045

~ - 2.09 (0.51-5.68)
TN, M, n=10 0.59 (0.25-5.0) 0043

_ 1.0 (0.25-11.88) g
TN, M, n=11 = 0.04] 0.52 (0.19-2.27)

_ 1.92 (0.53-10.98) | 2.14 (0.28-5.13)
TNy M, n =11 p=0.021 p=0.046

Note. Significance level of differences in the parameters compared
to the group “Epithelial dysplasia (DI-II)” — p.

Analysis of the total activity of calpains in the
biopsy samples showed a significant difference be-
tween HNSCC and dysplasia (DI-II) groups (Figure).
Diagram A showed changes in the activity of cal-
pains depending on the tumor spread in comparison
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with dysplastic changes in the epithelium of the up-
per respiratory tract. Patients with stage TN, M/
had the highest rate of calpain activity. Additional-
ly, this diagram showed a tendency towards a rise
in the activity of calpains along with the increasing
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size of the tumor. Diagram B demonstrated that the
total activity of calpains in patients with HNSCC
was 4.4 times higher (125.7 x 10° units / mg of pro-
tein) than that observed in patients with dysplastic
epithelial changes.
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Figure. Calpain activity in the biopsy samples of patients with epithelial dysplasia of the upper respiratory tract (DI-II) and HNSCC
(T1-3N0-1MO): significance of differences compared to the group “Epithelial dysplasia (DI-II)”, p < 0.05

Our data were consistent with the recent studies
conducted by V.D.Koval et al., who revealed that
the activity of calpains was nearly 12 times high-
er in patients with endometrial hyperplasia than in
patients with endometrial cancer [18]. Compared
to the healthy tissue, the increased activity of the
calpain system components was reported in many
cancers, such as meningioma, renal cell carcinoma,
colorectal adenocarcinoma, endometrial cancer,
gastric cancer, and breast cancer [10, 12, 13, 19]. In-
volvement of calpains in development of malignant
tumors is determined by their essential role in many
physiological cellular processes. Calpains potential-
ly recognize more than 200 substrates, as confirmed
by in vitro studies [11].

Among the proteins identified as calpain sub-
strates, there are transcription factors, transmem-
brane receptors, signaling pathway components,
and cytoskeletal proteins. The calpain proteases
and proteasomes function in a coordinated manner.
In this case a complex develops in the malignant
tissue which is called the cancer degradome and
represented by enzymes of various types of catal-

ysis [7]. The components of the cancer degradome
provide effective proteolysis during tumor pro-
gression, including invasion and metastasis.

CONCLUSION

Our results show significant differences in the
expression levels and activity of the calpain sys-
tem components between malignant and dysplas-
tic epithelium of the upper respiratory tract. The
elevated mRNA expression levels of CAPN1 and
CAPN2 and overall calpain activity in the tumor
tissues of HNSCC patients (compared to patients
with chronic respiratory diseases associated with
epithelial dysplasia) are likely to characterize a
high potential for transition from a precancerous
lesion to cancer. However, to fully establish the
role of calpains in HNSCC carcinogenesis, it is
necessary to conduct similar studies in the intact
tissues using animal models. The data obtained in-
dicate that the calpain system is directly involved
in the development of head and neck cancer. Fur-
ther development of criteria for potentially prema-
lignant respiratory lesions posing a high risk of
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malignant transformation is promising for success-
ful prevention of HNSCC.
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ABSTRACT

The aim of the study was to evaluate the immunoregulatory activity of the experimental drug based on ultra-high
dilutions of antibodies to MHC I and MHC II molecules against Sa/monella enteritidis rif92.

Materials and methods. The drug tested: a sample of ultra-high water-alcohol dilutions of antibodies to MHC I and
MHC II molecules applied to lactose powder (the theoretical level of the initial antibody concentration reduction is
at least 10%* times). A model of non-lethal salmonella infection in chickens was induced by administering a virulent
strain of Salmonella enteritidis rif92 with a concentration of 2.5 x 10° CFU / g in the volume of 0.5 ml / bird.
The following groups were formed (n = 15 in each group): 1 — drug; 2 — drug + antibiotic at the median effective
dose (ED 50); 3 — placebo; 4 — placebo + antibiotic at ED50; 5 — intact control. The duration of the experiment
was 12 days. The studied parameters included the survival rate during the observation period; daily body weight;
feed consumption for the entire period; pathogen concentration in the litter on day 3, 6, and 9; the presence and
concentration of the pathogen in the liver and cecum on day 12; and the index of antimicrobial activity on day 12.

Results. In the groups receiving the experimental drug, the infectious process proceeded in a milder form and the
bacterial load in chickens was lower. The bacterial count in the litter was reduced by two orders compared to the
respective control when the drug was added both alone and in combination with the antibiotic. A protective effect
of the experimental drug on the liver of the infected chickens was detected.

Conclusion. A pronounced immunoregulatory activity of the studied drug against Salmonella enteritidis rif92 in
chickens was demonstrated for the first time. The results obtained allow to consider the drug as a promising agent
for the treatment of salmonella infection.

Key words: salmonellosis, ultra-high dilutions of antibodies, MHC class I and II molecules, antibiotics, chickens.
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AOoKANHUYecKoe usyyeHue 3¢pPeKTMBHOCTU HOBOFO UMMYHOTPOMHOIO
npenaparta npu /e4eH1m ca/iIbMOHe/N/1€3HOM UHPeKLUn

Tenmypasos M.I'.', MeTrpoBa H.B.>3, KapenuHna E.A.?, NaHnHa K.K.3, Tapacos C.A.>3,
SnwrTenH 0.U1.23

' Tocyoapcmeennbiil nayyunslil yenmp npukiaonoi mukpoouono2uu u 6uomexnonozuu (I'HL] IIMB)
Poccus, 142279, Mockogckas o06x., Cepnyxosckuii p-h, noc. Obonenck, meppumopus «Keapman A», 24

2 Hayuno-uccaedogamenvckuil uncmumym obwei namonozuu u namogusuorozuu (HUHUOIIII)
Poccus, 125315, o. Mockea, yn. Banmuiickas, 8

000 «HII® «Mamepua meduxa xonounay
Poccus, 129272, 2. Mockea, yn. Tpughonosckas, 47 cmp. 1

PE3IOME

Henb uccjieq0BaHusi — OLCHUTH KIMMYHOPETYIISITOPHYIO aKTHBHOCTH 3KCIIEPHMEHTAIBHOTO IperapaTa Ha OCHOBE
CBEPXBBICOKHX pa3BeneHui aHTuTen K MojekyinaM MHC I u Il B otHotiennu Salmonella enteritidis rif92.

MarepuaJjnl u MeToabl. V3ydaemslii mpenapar: o6pa3ern; CBEpXBBICOKHX BOAHO-CITHPTOBBIX Pa3BEACHHI aHTUTEI
k MonexysiaM MHC I u 11, HaHeceHHBIX Ha MOPOLIOK JAKTO3bI (TEOPETUUECKUIT yPOBEHb CHI)KCHNUS KOHIICHTPALIH
HCXOJHBIX aHTUTEN Kak MUHUMyM B 10%* pa3). Mozenb — HenetaabHasi cajbMOHEIUIC3HAsE HHPEKIUS Y LBIIUIAT.
3apakeHHe IPOBOJIMIN BUPYJICHTHBIM ITaMMOM S. enteritidis rif92 kouuentpauueii 2,5 x 10° KOE/r B 00beme
0,5 mi/ronoBy. I'pymmsl (n = 15 B xaxnoi): 1 — npenapar; 2 — mnpenapar + aHTHOMOTHK B JJo3upoBke 50%-i
apdpexruBHOU 0361 (D150); 3 — rumanebo; 4 — ane6o + aHTHOMOTUK B no3upoBke D/150; 5 — MHTAKTHBII
KoHTpoub. [IpomomkuTensbHOCTh 3KcnepuMeHnTa 12 cyr. M3yuaeMble mokasaTeld: BBDKUBAEMOCTb B TCUCHUE
neprosia HaOJIIOJICHNUS, Macca Tejla eXEJHEBHO, 3aTpaThl KOpMa 3a BECh IEPUO, KOHIEHTpAlus BO3OYAUTENs
B momMere Ha 3, 6, 9-e cyT, HamM4YMe W KOHICHTpanus BO3OYAWTENS B MEYEHH M CIICTIBIX OTPOCTKAX TOHKOTO
KHIICYHHKA, A TAKoKe MHIEKC aHTUMHUKPOOHOH akTHBHOCTH Ha 12-¢ cyT.

Pe3yabTarhl. B rpynnax ¢ BBeJeHHEM 3KCIEPHMEHTAIBHOTO NpenapaTa MH()EKIHOHHbIH IpoLece NPOXOAUI B
Oosee sierkoit popme, GakTepHanbHas Harpy3Ka y UBIUIAT Obuta Hike. OOCEMEHEHHOCTh IIOMETa CHU)KAIach Ha JiBa
HOPSIJIKa IO CPABHEHHUIO C COOTBETCTBYIOIIMM KOHTPOJIEM IIpU JT0OaBJIECHHH IpenapaTa Kak B BUAE MOHOTEpAIIHH,
TaKk M B COYCTAHHUM C aHTHOMOTUKOM. BBISABIEHO NMPOTEKTHBHOE JECTBHE Iperapara Ha IEYeHb 3apaKCHHbBIX
UBIUIAT. 3akiio4yeHue. BriepBble NPOJEMOHCTPUPOBAHA BBIPAKCHHAS HMMMYHOPETYISTOPHAs aKTHBHOCTb
M3y4aeMoro mpemnapaTa B OTHOIIeHUU Salmonella enteritidis rif92 y upimsr. [lomydeHHbIe pe3ynbTaThl HO3BOSIOT
paccMaTpHBaTh JaHHBIN IPenapaT B KauecTBe MEPCIEeKTHBHOTO areHTa IS Tepalny caJbMOHEIUIC3HON HH(EKIUH.

KuioueBble ciioBa: cajibMOHENIE3, CBEpXBbICOKHE pa3BeaeHust antutel, Mmosiekysisl MHC 1 u II knaccos, anTtu-
OMOTHKH, L[BIILJIATA.

Konduaukr nunrepecos. [lerpora H.B., Kapenuna E.A., I'annna K.K. u TapacoB C.A. — cOTpyIHUKH KOMIaHUK
000 «HII® «MATEPUA MEJAUKA XOJAWHI». O.W. Dnmreitn — ocHoBarens U [pesunent kommaanu OO0
«HII® «MATEPUA MEJKA XOJIIUHI ». Penenue o my0nukanuy pe3yIbTaToB HAYIHOH paOOTHI TPUHAICKUT
000 «HII®d «MATEPUA MEIMKA XOJIAWHI». 3asBurensiMu Ha MONyYeHHE ITaTCHTa Ha YKa3aHHBIE
cyocrannun u npenapar ssistorcs OO0 «HIID «MATEPUA MEAUKA XOJIAWUHI» u O.U. Dnmreiin.

Hcrounuxk ¢unancupoBanusa. Kommanus OOO «HII® «MATEPUA MEIUKA XOJIAWHI» sBasercs
CIIOHCOPOM JIaHHOTO UCCIIEZIOBAHUS.
CooTtBercTBHEe MpUHIMIAM 3THKH. VccrenoBanue onobpeno studeckuM komuterom ['HIL IIMB (mpotoxon

Ne ot 03.12.2018).

Jas untupoBanus: Teiimypazos M.I'., [lerposa H.B., Kapenuna E.A., 'annna K.K., Tapacos C.A., Dnmreiin O.1.
JlokmHIYecKoe n3yueHue 3G (HeKTHBHOCTH HOBOrO MIMMYHOTPOITHOTO TIperapara IpH JCYeHHH CalbMOHEIUIE3HOI
nHpexkun. bronnemens cubupckoi meduyunst. 2021; 20 (2): 95-101. https://doi.org/10.20538/1682-0363-2021-
2-95-101.
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INTRODUCTION

Salmonella infection tends to result from con-
sumption of low-quality food, primarily eggs and
poultry meat [1, 2-5]. The infectious process usual-
ly proceeds without complications, but a severe form
can be observed in patients with impaired immune
status, as well as in children and elderly people [1,
6-7]. If the disease has a mild or moderate course,
antimicrobial therapy is not recommended in healthy
people [8], since most antimicrobial drugs are active
against salmonella only during the incubation period
and at the beginning of the disease [9]. In addition,
excessive use of antimicrobials contributes to the de-
velopment of pathogen resistance to drugs through
multiple molecular and genetic mechanisms [1, 8,
10—-12]. Thus, the use of drugs that affect the targets
expressed by immune cells can be considered as a rel-
evant and promising direction in treatment of salmo-
nellosis [13-17].

We conducted an in vivo study using a model of
non-lethal salmonella infection in chickens, which was
aimed at assessing the activity of a new drug based on
ultra-high dilutions of antibodies to MHC class I and
II molecules. The drug was developed by MATERIA
MEDICA HOLDING LLC and has a modulatory ef-
fect aimed at the targets of immune cells.

MATERIALS AND METHODS

The experimental drug was a lactose powder satu-
rated with ultra-high dilutions of antibodies to MHC
class I and II molecules and obtained using the fol-
lowing technology: affinity-purified rabbit polyclonal
antibodies to MHC I and MHC II were used as the
initial substance and subsequently utilized for the
preparation of ultra-high dilutions. To obtain a 100-
fold dilution, the substances were diluted in an aque-
ous-alcohol solution in the ratio of 1 : 100 with vigor-
ous stirring. The final dilutions of antibodies to MHC
I and MHC 1II contained a mixture of the 12, 30" and
50™ centesimal dilutions.

Thus, if the identified special physical and chem-
ical features typical of highly diluted substances
[18-20] are not taken into account, the theoretical
level of reduction in the concentration of the initial
antibodies can be 10** times. Lactose monohydrate
was saturated with the resulting dilutions using the
fluidized bed unit. Lactose powder with an aqueous
alcohol solution applied on it, which was obtained
with a similar technology of ultra-high dilutions in
purified water, was used as a placebo. The samples
of the drug and placebo were supplied and tested

blinded. Unblinding was carried out after the end of
the experiment and statistical analysis of the data ob-
tained.

For the study, 2.5% aqueous solutions of the drug
and placebo were prepared and administered orally to
chickens once a day at a dose of 0.2 ml per bird. Cip-
rofloxacin hydrochloride was used as an antibacterial
drug. In preliminary studies, its efficacy against the
pathogen was confirmed and a median effective dose
(ED50) was calculated. Inoculation was carried out
using a virulent Salmonella enteritidis rif92 strain ob-
tained from the State Collection of Pathogenic Micro-
organisms and Cell Cultures (SCPM-Obolensk) with
a non-lethal concentration of 2.5 x 10° CFU / g in the
volume of 0.5 ml / bird.

Five groups of 15-day-old cross Cobb broiler
chickens obtained from Novo-Petrovskaya Poultry
Farm LLC were used in the study. For in vivo models
of salmonellosis, rodents are usually proposed [21],
but the used strain of Sal/monella enteritidis is asso-
ciated with poultry and poultry products, which are a
source of human infection [4], and it is one of the main
pathogens of food toxicoinfection in humans [22]. In-
fections in mice develop in the absence of pronounced
symptoms of diarrhea, so the rodent model may not be
sufficiently informative [23].

We employed methods that allowed to assess the
bacterial load of internal organs in order to quanti-
fy virulence: the gastrointestinal tract of chickens is
an optimal system for studying intestinal zooanthro-
ponotic infections [24]. Taking into account the in-
tended treatment, the following groups of chickens
were formed in the experiment: 1 — drug; 2 — drug
+ antibiotic; 3 — placebo; 4 — placebo + antibiotic; 5
— intact control. All groups were under the same hous-
ing conditions. The duration of the study was 12 days
(from day 1 to day 12 of the chickens’ life).

The chickens were quarantined for the first two
days. On day 3, they were randomized into groups
and infected with Salmonella enteritidis rif92 (ex-
cept for the intact group). On days 4-9 of life, the
studied drug or placebo was administered to chickens
of groups 1-4. In addition, on days 5-9 of life, the
chickens of the 2™ and 4™ groups received ciproflox-
acin hydrochloride orally at ED50 (0.5 mg / kg body
weight) in the volume of 0.2 ml. The experimental
drug or placebo, respectively, and the antibiotic were
administered at one-hour intervals. The following pa-
rameters were assessed: the survival rate during the
experiment; daily body weight; feed consumption per
1 kg of weight gain over the entire observation peri-
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od; the concentration of Salmonella enteritidis rif92
in the litter on days 3, 6, 9 of the experiment; the pre-
sence and concentration of the pathogen in the liver
and cecum on day 12, and the index of antimicrobial
activity (IAA).

Colonization of the intestine by Salmonella en-
teritidis rif92 was monitored by bacteriological ana-
lysis of the feces of the infected chickens. On days
3, 6, and 9, the pool of feces of the entire group was
studied; on day 12, it was studied individually after
euthanasia. The persistence level of Salmonella en-
teritidis rif92 was estimated according to the number
of bacteria in one gram of the litter. The presence
and concentration of Salmonella enteritidis rif92
in the intestine were determined according to ISO
6887-1983 General Guidance for the Preparation of
Dilutions for Microbiological Examination.

The colonies grown on the nutrient media were
counted and identified using salmonella diagnostic
sera during mass spectrometry analysis.

IAA was calculated as a ratio of the microbial
cells contained in the organ homogenate in the control
group to those in the experimental group at the end of
the observation period [25].

Statistical analysis was performed using the Mi-
crosoft R Open 3.4.4 platform. Based on the primary
survival rate data, a statistical model was developed
for comparing the groups using the log-rank test. The
Holm — Bonferroni method was used for multiplicity
adjustment. According to the body mass index, the
arithmetic mean and the standard error of the mean
were calculated for each group. The groups were
compared using two-factor linear models and post-
hoc Tukey’s honestly significant difference (HSD)
test. To analyze the concentration of the pathogen
in the liver and intestinal contents of the infected
chickens, the arithmetic mean and standard error of
the mean were calculated. The groups were com-
pared using the Kruskal — Wallis test and the Wil-
coxon signed-rank test. The differences between the
groups were considered statistically significant at
p <0.05.

RESULTS

The survival rate of chickens in all the groups
was 100%. The average values of the chickens’ body
weight from day 1 to day 9 of the study were com-
parable in all the groups. Starting from day 10, the
body weight in the drug group was higher than in the
other groups. At the same time, statistically significant
differences were observed: on day 10, the drug group

as opposed to the placebo group (260.0 + 72 g vs.
228.8 + 8.7 g); on day 11 — as opposed to the intact
group (297.0 + 8.4 g vs. 263.0 + 15.8 g); on day
12 — as opposed to the placebo group (325.8 + 9.6
g vs. 291.9 £ 10.2 g) and the intact control (325.8 +
9.6 g vs. 287.1 £ 16.2 g). The remaining groups were
comparable in terms of body weight.

The best values for feed consumption per 1 kg of
body weight gain were obtained in the drug group
(1.28 kg), in the drug + antibiotic group (1.29 kg), and
in the placebo + antibiotic group (1.27 kg), while this
value was 1.39 kg in the placebo group, and 1.50 kg in
the intact control group.

The dynamics of Salmonella enteritidis rif 9 con-
centration in chickens’ litter is given in Table 1.

Table 1
Salmonella enteritidis concentration per gram of fecal pool
post infection (CFU / g)

Groups Day 3 Day 6 Day 9
Drug, n=15 5x10° | 2x 102 74
Drug + antibiotic, n =15 5x10° | 1x10% 32

Placebo, n =15 7x10% | 6x10* | 4x10?
Placebo + antibiotic, n = 15 5x10° | 5x10* 39

Intact control, n =15

On day 6 post infection, in the groups where the
experimental drug was administered both alone and
in combination with the antibiotic, the salmonella
concentration was reduced by 4 orders of magnitude,
while in the placebo + antibiotic group — only by 2 or-
ders of magnitude. On day 9, the presence of Salmo-
nella enteritidis in the chickens’ litter remained only
in the placebo group. In the other groups, the con-
centration of the pathogen was represented by single
colonies.

The data on the number of infected chickens, the
bacterial count of Salmonella enteritidis in the liver,
and the presence of the pathogen in the intestinal con-
tents for all the groups at the end of the experiment (on
day 12 post infection) are given in Table 2.

On day 12 post infection, the pathogen in the in-
testine was observed in almost half of the chickens
in the placebo group. The addition of the antibiotic
reduced the percentage of infected chickens, but the
best results were obtained in the drug and drug + anti-
biotic groups, and in the latter, the concentration of the
pathogen was minimal. As for the pathogen detected
in the liver, low percentage of invasion was observed
in all the groups, but the best results were obtained in
the drug + antibiotic group.
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Table 2

The presence of Salmonella enteritidis in the infected chickens after euthanasia and the index of antimicrobial activity

Presence of S. enteritidis in the liver .. . Presence of S. enteritidis in the intesti- Index of
Grouns Index of antimicrobi- nal contents antimicrobial
P o Concentration, CFU/g al activity o Concentration, CFU/g activit

I’l(o) (MiSE) }’l(o) (MiSE) y
Drug 2(13.3) 18.5+14.5 10.6 2(13.3) (5.5+2.5) x 10° 0.4
Drug + antibiotic 1(6.7) 56.0+0 36 4(26.7) (5.0% 1.2) x 102 4.6
Placebo 3 (20.0) 195.7+52.3 - 7 (46.7) (23+63) % 10° -
Placebo + antibiotic 1(6.7) 200.0+0 0.9 5(33.3) (3.8+1.7) x 10° 0.6
Intact control - - - - - -

The antimicrobial activity of the antibiotic admi-
nistered at ED50 was low (the placebo + antibiotic
group). However, the addition of the drug increased
IAA by 4.0 and 7.7 times in the liver and intestine,
respectively. We also observed high IAA of the ex-
perimental drug during liver examination, which
indicates its protective effect in case of salmonella
invasion.

DISCUSSION

The targets of the experimental drug examined
in this study are MHC class I and class II molecules.
Based on the previously shown properties of this drug
class [26, 27], the experimental drug obviously in-
fluences its targets by activating the processing and
presentation of the antigen and forming an adequate
immune response during the infectious process. MHC
class I molecules present peptide antigenic determi-
nants to naive CD8+ killer T cells, while MHC class
IT molecules — to naive CD4+ T helper cells and reg-
ulatory T cells [28]. The MHC system molecules are
now considered as some of the most promising mark-
ers of specific adaptive immune responses, including
antigen processing and presentation. The mechanisms
of their functioning are investigated in the studies on
infectious diseases [29-32].

In this study, experimental infection of chickens
with a reduced dose of Salmonella enteritidis rif92
resulted in the development of a non-lethal infection,
which is manifested by prolonged (in some chickens,
until the last day of the study) presence of the pathogen
in the gastrointestinal tract. The difference between
the groups in terms of body weight is worth noting as
an indicator of the overall condition. In the chickens
treated with the experimental drug, it was significantly
higher than in the placebo and intact control groups as
well as in the antibiotic groups. This indirectly con-
firms the development of milder infectious process in
the group that received the experimental drug.

The best results in terms of feed consumption per 1
kg of weight gain were observed in the groups where
chickens were treated with the experimental drug or
the antibiotic, as well as a combination of them. The
pathogenesis of this model is associated with a viola-
tion of the morphological and functional characteris-
tics of the gastrointestinal tract, so a decrease in feed
consumption indicates a higher ability of the intestine
to digest and absorb nutrients and, consequently, a
lower negative impact of infection. The effectiveness
of treating chickens with the experimental drug in
terms of nutrient absorption was comparable to that of
antibiotic therapy or a combination of them.

The therapy with the experimental drug reduced
the time of chickens’ recovery. Thus, day 6 post infec-
tion was characterized by a biologically significant de-
crease in the concentration of the pathogen in the litter
by two orders of magnitude in the groups receiving
the experimental drug both alone and in combination
with a reduced dose of the antibiotic compared to the
groups receiving placebo.

Adding the experimental drug to the antibiotic
increased the level of antimicrobial activity of the
latter by 4 and 7.7 times in the liver and intestine,
respectively. At the same time, the intrinsic antimi-
crobial activity of the experimental drug in the liv-
er was high. The decrease in salmonella invasion in
the liver may be associated with the protective effect
of the drug on the walls of the gastrointestinal tract,
which prevented the penetration of the pathogen into
the bloodstream and internal organs. The results of
studies by other authors [13—15, 33] also confirm the
assumption about immune mechanisms in the defense
against salmonella.

CONCLUSION

Pronounced immunoregulatory activity of the
studied drug against Salmonella enteritidis rif92 was
shown for the first time. The results obtained allow to
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consider this drug as a promising agent for treatment
of salmonellosis both alone and in combination with
an antibiotic.
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ABSTRACT

Aim. To study the relationship of obstructive respiratory disorders during sleep with subclinical development of
right ventricular dysfunction and pulmonary hypertension, as well as with the risk of an adverse course of chronic
heart failure (CHF) with preserved left ventricular ejection fraction (LVEF).

Materials and methods. The study included 86 men with moderate and severe forms of obstructive sleep apnea
syndrome (OSAS) (with an apnea / hypopnea index (AHI) > 15 per hour). All patients had abdominal obesity and
hypertension. Upon inclusion in the study, all patients underwent polysomnography and echocardiography accord-
ing to the standard protocol with an additional assessment of the fractional area change in the right ventricular myo-
cardium (ASRV) and the right ventricular stroke work index (RVSWI). Also, the content of the N-terminal brain
natriuretic peptide precursor (NT-proBNP) in the blood serum was determined by enzyme immunoassay analysis.
A six-minute walk test (6MWT) was performed after inclusion in the study and after 12 months of follow-up. De-
pending on the course of CHF during the follow-up, retrospectively, the patients were divided into 2 groups: with
an unfavorable (n = 33) and favorable (» = 53) prognosis.

Results. A significant relationship between AHI and ASRV, RVSWI, NT-proBNP, and 6MWT was revealed.
Based on the results of one-way correlation analysis, it was found that ASRV (odds ratio (OR) 2.51; 95% confi-
dence interval (CI) 2.42-3.24; p = 0.0009), NT-proBNP (OR 1.92; 95% CI 1.32-2.78; p = 0.003), and AHI (OR
3.93; 95% CI 2.87-4.11; p = 0.018) were predictors of an adverse course of CHF. In a multivariate analysis, it
was found that AHI was an independent predictor of an adverse course of CHF (OR 3.49; 95% CI 2.17-11.73; p
= 0.0008), while the addition of NT-proBNP improved risk stratification of an adverse course of CHF (OR 4.66;
95% CI 3.87-13.11; p < 0.0001).

Conclusion. The fractional area change in the right ventricular myocardium (ASRV) can be considered as a non-in-
vasive marker for determining the emerging right ventricular dysfunction and predicting adverse cardiovascular
events in patients with preserved LVEF and OSAS. Moreover, the combined use of echocardiographic (ASRV) and
laboratory (NT-proBNP) markers can improve risk stratification of CHF progression.

Key words: obstructive sleep apnea syndrome, chronic heart failure with preserved ejection fraction, right
ventricular dysfunction, pulmonary hypertension.
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PE3IOME

Heaw. 3yunTh B3aMMOCBsI3b OOCTPYKTHBHBIX HAPYIICHUH JbIXaHHs BO CHE C Pa3sBUTHEM TUCHYHKIIMH IPaBOTO
xenynouka (1K) u jerouHoii rumepTeH3 u, a TAKKE C PUCKOM HEQIArONPUSATHOTO TEYEHHST XPOHUIECKOH cepaey-
Holi HenocTatouHocTd (XCH) ¢ coxpaneHHOM ¢pakiiel BeIOpoca aeBoro xenyaouka (@B JIXK).

Marepuabl 1 MeTOABI. B nccinenoBanme BKIIOYEHB 86 MY)KYHH CO CPEAHETSKEIION U TsDKENoH (hopMaMu CHH-
npoma obctpykruBHOTO armHod Bo cHe (COAC) (¢ maaexcom anmHod/runonHod (MAT) 6onee 15 B vac). Bee manu-
€HTHI UMeJTH a0JOMHHAIBHOE OXKHUPEHHE U apTePHANBHYIO THIIEPTEH3HIO0. [Ipy BKIIIOYEHHHN B HCCIIEJOBAaHUE BCEM
GOJIBHBIM BBITIOTHEHO ITOJIMCOMHOTPa(UIECKOe HCCIIeIOBAHNE, a TAKXKE IXOKAPIHOTpadHs [0 CTAHAAPTHOMY ITPO-
TOKOJTY C JIOTIOTHUTEIBbHOH OIEHKOH (hpaKIIMOHHOTO N3MEHEHUS TUIOMAAN M MHAEKCa paboThl MHOKap/a MpaBoro
xkenynouka (ASIDK u UPMIDX), onpenenerno conepkaHue MpenIeCTBEHHNKA MO3TOBOTO HATPHIYPETHIECKOTO
nentuaa (NT-proBNP) B CBIBOPOTKE KPOBH METOJOM UMMYHO(PEPMEHTHOTO aHanu3a. TecT 6-MHHYTHON XOAbOBI
(TLLX) BBIMONHSIIM TOCIIE BKIIOYEHHS B MICCIIEIOBaHME U yepe3 12 Mec HaOmoaeHus. B 3aBucuMocTr OT Xapak-
tepa teueHnss XCH 3a mepuox HaOIOAeHNS, PETPOCIEKTHBHO, ITAIIUEHTH! OBUIM pa3JieleHbl Ha ABE TPYIIBL: C
HeOIaronpusaTHEIM (72 = 33) 1 GaronpusTHEIM (1 = 53) IPOTHO30M.

Pe3yabTaTthl. Brissiena 3sHaunMas B3anMocBs3b Mexay UAT u ASIDK, UPMIDXK, TIIX, yposaem NT-proBNP.
Ha ocHoBanuu pe3yiapTaToB OOHO(PAKTOPHOTO KOPPEISAIIMOHHOTO aHaIM3a ycTaHOBIEHO, uTo ASIIK (oTHOmEHNE
mrancoB (OLI) 2,51; 95%-it noBeputensublii uaTepBai (AN) 2,42-3,24; p = 0,0009), NT-proBNP 1,92; 95%-ii I
1,32-2,78; p = 0,003), UAT (OLL 3,93; 95%-it AU 2,87-4,11; p = 0,018) Obutn mpearKTOpaMu HEOJIATONIPHATHO-
ro teuenuss XCH. IIpu npoBeseHNH MHOrO(aKTOPHOTO aHANN3a YCTAHOBICHO, YTO HE3aBUCHMbBIM IIPEIUKTOPOM
HebaronpusTHoro Tedenus XCH ssmsncs AT (OLL 3,49; 95%-it 1N 2,17-11,73; p = 0,0008), mpu 3T0M 106aB-
nenne NT-proBNP ymyumano crpatudukanuo pucka nebnaronpustHoro teuerns XCH (OLL 4,66; 95%-i 11
3,87-13,11; p <0,0001).

3akaouenue. OpaxironHoe n3meHenue miomaau [DK ASTIK MoxxHO paccMaTpuBaTh B KaueCTBE HEMHBA3UBHO-
ro MapKepa JIs onpezieneHus HOpMUPYIOIIEHCS TPaBOKETyI0YKOBOI TUCHYHKIMU U TPOTHO3UPOBAHUS Heb1aro-
HPUSTHBIX CEPACYHO-COCYUCTHIX COOBITHI Y 60nbHBIX ¢ coxpaneHHod @B JIXK n COAC. IIpu sTOM KOMOUHMpO-
BaHHOE HCIONb30BaHue 3xokaparorpaduueckoro (ASITXK) u madoparoproro (NT-proBNP) mapkepoB mo3BosisieT
YIIYYIIUTh CTpaTH(UKALUIO prucka nporpeccuposanus XCH.

Kiro4eBble ¢10Ba: CHHAPOM 0OCTPYKTUBHOI'O alTHO BO CHE, XPOHMYECKas Cep/ieuHast HeJJ0CTaTOYHOCTh € COXpa-
HEHHOI! (pakimeil BHIOpoca, MpaBoKeTyJ0UKoBast TUCHYHKIINS, JI€TOYHAs THIIEPTEH3HS.
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HUcTounuk Q)nﬂancnposannﬂ. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCI/IpOBaHI/ISI IpH MpOBECACHUN UCCIIEN0-

BaHUA.

CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce manueHTs! noamucand HHOOPMUPOBAHHOE COTJIACHE HA y4acTHE B HC-
cnenoBannu. VccnenoBanue oqoopeHo stmdeckuM komureroM UY3 «Kimandeckas 6ompauna *“PXK/-Menumm-

Ha” 1. HoBocuOupcek» (mpotokon Ne 27 ot 16.04.2018).

Jast uurupoBanusi: TerusikoB A.T., Skosnes A.B., lllunos C.H., fAxosneBa H.®., bepesuxosa E.H., ['pako-
Ba E.B., Konbesa K.B., Masuckas C./]. [Ipenqukropsl HEOIaronpusTHOrO TEYCHUSI CEPACYHON HEAOCTATOYHOCTH
C COXpaHEHHO (pakiumeit BEIOpOca JEBOTO KEMYA0UKa y OOTBHBIX ¢ CHHAPOMOM OOCTPYKTHBHOTO aIlHO? BO CHE.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a
metabolic disorder associated with abdominal obesity
and an increased risk of cardiovascular complications.
A number of large, clinically controlled, prospective
studies have demonstrated the relationship between
obstructive sleep apnea and arterial hypertension, heart
rhythm and conduction disturbances, as well as an in-
creased risk of sudden cardiac death at night [1-5].

The significance of OSAS is determined by its
wide prevalence, high frequency of severe metabolic
and cardiopulmonary complications, and mortality [6,
7]. Thus, in the United States, more than 40 million
patients with sleep disorders are observed, of which
about 10 million people suffer from OSAS [8]. In Rus-
sia, there are no accurate data on the epidemiology of
OSAS, but given high prevalence of the main risk fac-
tors for this syndrome, such as obesity, smoking, and
thyroid diseases, it can be assumed that this syndrome
is characterized by quite high prevalence among the
Russian population.

One of the important links in the pathogenesis of
sleep apnea syndrome is overload of the right ven-
tricle due to a periodic increase in intra-abdominal
pressure during apnea. Another important pathogenet-
ic mechanism is development of pulmonary hyperten-
sion against the background of nocturnal intermittent
hypoxemia, that leads to hyperactivation of the sym-
pathetic nervous system, activation of the renin-angio-
tensin-aldosterone system (RAAS), development of
the endothelial dysfunction with increased expression
of endothelin-1, and activation of hypoxic pulmonary
vasoconstriction [9, 10].

In addition, endothelial dysfunction caused by ac-
idosis of the vascular wall is accompanied by over-
expression of vasoconstrictors (thromboxane A2,
endothelin-1) and inhibition of the production of va-
sodilators (nitric oxide and prostacyclin) [11]. It was

shown that in OSAS, an episode of apnea is followed
by a period of hyperventilation with a characteristic
rise in the negative pressure in the chest and an in-
crease in the right ventricular inflow, which subse-
quently leads to dilatation of the inferior vena cava
and the right atrium, right ventricular hypertrophy,
and activation of NT-proBNP [12, 13]. It is possible
that these factors initiate the emergence and progres-
sion of global right ventricular dysfunction and pul-
monary hypertension.

However, the complexity of interpreting right ven-
tricular dysfunction and the mechanisms of pulmo-
nary hypertension progression as prognostic factors of
OSAS is determined by the fact that this syndrome
is often accompanied by other risk factors for cardio-
vascular pathology, in particular, with obesity, insulin
resistance, arterial hypertension, chronic obstructive
pulmonary disease, and portal hypertension [14, 15].
Consequently, in cardiology practice, the use of mod-
ern approaches to multifactorial risk stratification of
cardiovascular complications for selecting the optimal
pathogen-specific therapy has significant advantages
over assessing individual parameters, such as the func-
tional class of pulmonary arterial hypertension (PAH)
(according to the World Health Organization (WHO),
or 6 MWT). The effect of OSAS on the cardiovascular
system is mediated by a number of factors. Therefore,
well-designed clinical trials are necessary to assess
this effect in detail and develop specific approaches to
prevention and treatment of cardiovascular complica-
tions of OSAS.

It is assumed that an increase in the activity of the
RAAS is associated with an increased risk of adverse
cardiovascular events, as well as with a decrease in
renal sensitivity to atrial and cerebral natriuretic pep-
tides [3]. All these neurohumoral disorders lead to
pathological remodeling of the pulmonary microvas-
culature, contributing to the progression of right ven-
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tricular dysfunction and pulmonary hypertension. The
presence of the listed pathogenetic factors contributes
to the formation of chronic cor pulmonale.

Until now, it is not completely clear what the main
reason for the initiation and progression of pulmo-
nary hypertension in OSAS is: the actual periodic ep-
isodes of respiratory arrest during sleep or the severity
of chronic arterial hypoxemia associated with them.
At the same time, the assessment of subclinical right
ventricular dysfunction and pulmonary hypertension
seems to be an important innovative strategy for early
personalized diagnosis, prevention, and treatment of
various cardiovascular pathologies, as well as a use-
ful tool for assessing the effectiveness of the patho-
gen-specific therapy used [16].

The aim of the study was to assess the relationship
of obstructive sleep breathing disorders with subclin-
ical development of right ventricular dysfunction and
pulmonary hypertension, as well as with the risk of an
adverse course of CHF with preserved LVEF.

MATERIALS AND METHODS

The study protocol was approved by the local Eth-
ics Committee at the Clinical Hospital “Russian Rail-
ways — Medicine” of Novosibirsk (Protocol No. 27 of
16.04.2018). All patients signed an informed consent
to participate in the study. The study included males
who met the inclusion / exclusion criteria below.

Inclusion criteria: 1) moderate and severe OSAS
(with AHI > 15 per hour); 2) arterial hypertension (in-
cluding patients with stabilization of blood pressure
(BP) against the background of antihypertensive ther-
apy) 3) abdominal obesity, waist circumference (WC)
> 92 cm, body mass index (BMI) > 30 kg / m?.

Exclusion criteria: 1) primary pulmonary hyper-
tension; 2) history of pulmonary embolism with pul-
monary hypertension (systolic pressure in the right
ventricle > 45 mm Hg); 3) severe bronchial asthma,
chronic obstructive pulmonary disease (COPD); 4) le-
sions of the cardiac valvular apparatus (insufficiency
of the mitral, tricuspid or aortic valves > II degree);
5) hypertrophic and dilated cardiomyopathy; 6) cor-
onary artery disease (CAD); 7) chronic atrial fibril-
lation; 8) decompensated CHF with reduced LVEF;
9) pathology of the thyroid gland, severe renal
(Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation < 30 ml / min / m?) and liver
failure; 8) refusal to participate in the research.

In order to diagnose OSAS, polysomnography
of nocturnal sleep was performed in all patients us-
ing the Somnolab2PSG diagnostic system (Weine-

mann, Germany). The severity of OSAS was assessed
by AHI; the study included patients with moderate
(14 < AHI < 30 per hour) and severe (AHI > 30 per
hour) OSAS. Also, according to the sleep study re-
sults, the level of average night saturation (SPO,av.),
desaturation index, and the presence of cardiac ar-
rhythmias at night were assessed. All patients includ-
ed in the study underwent 6MWT. Determination of
the NT-proBNP content in the serum in vitro was per-
formed by enzyme-linked immunosorbent assay (ELI-
SA) using NTproBNP-ELISA-BEST reagents (VEK-
TOR-BEST, Russia) on the Multiskan FC microplate
photometer (China).

The study included 86 males with moderate and
severe OSAS (with AHI > 15 per hour) with the ave-
rage age of 52 [31.0; 78.0] years. All patients includ-
ed in the study were diagnosed with abdominal obe-
sity (WC > 92 cm), BMI exceeded 30 kg / m2. In all
cases, arterial hypertension was identified, but against
the background of optimally selected antihypertensive
therapy at the time of inclusion in the study, the pa-
tients achieved target BP levels. In 33.7% of the pa-
tients (n = 29), functional class (FC) I CHF (according
to New York Heart Association (NYHA)) was diag-
nosed, in 39.5% (n = 34) — FC II CHF (according to
NYHA), in the rest of the cases (n = 23), the 6MWT
distance was more than 550 meters. At the same time,
the NT-proBNP levels in all cases exceeded the refer-
ence values > 125 pg / ml.

After 12 months of prospective follow-up, retro-
spectively, depending on the course of CHF, the pa-
tients were divided into 2 groups. Group 1 (n = 33)
included patients with an unfavorable course of CHF,
group 2 (n = 53) — patients with a favorable course of
the disease. The criteria for an unfavorable course of
CHF were hospitalization for decompensated CHF or
progression of the pathology according to the 6MWT
data (deterioration of the NYHA functional class).

The clinical and demographic characteristics of
the examined patients with OSAS at the time of inclu-
sion in the study are presented in Table 1. The groups
were comparable in terms of the main characteristics,
however, higher AHI (p = 0.0001) and NT-proBNP
(p=0.024) levels were associated with an unfavorable
course of CHF.

Echocardiography (EchoCG) was performed in
all patients according to the standard protocol on the
EPIQ device (Philips Ultrasound, Inc., USA). The fol-
lowing parameters were assessed: the sizes of the left
and right heart chambers, LVEF (according to Simp-
son method), left ventricular myocardial mass index,
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interventricular septal thickness, wall thickness of the
left and right ventricles, and systolic pressure in the
pulmonary artery (determined according to the degree
of tricuspid regurgitation using the continuous wave
method). Evaluation of global systolic dysfunction
of the right ventricle (RV) was also carried out by
analyzing fractional changes in the RV area and the
right ventricular myocardial work index. The frac-
tional change in the RV area was calculated using the
formula ASRV =100 x (EDA — ESA / EDA), where
EDA is the end-diastolic area of the RV and ESA is
the end-systolic area of the RV. The right ventricular
stroke work index (RVSWI) (right ventricular myo-
cardial performance index) was calculated as the ratio
of the sum of isovolumic relaxation (IVR) time and
isovolumic contraction time (IVCT) to the ejection

time (ET): RVSWI = (IVR + IVCT) \ ET (normal
0.28 £ 0.04).

Statistical processing of the study results was car-
ried out using the STATISTICA 10.0 and Medcale
11.5.0.0 software. To check the statistical hypothe-
ses when comparing 2 independent quantitative vari-
ables, the Mann — Whitney test was used, to compare
2 dependent variables, the Wilcoxon test was applied.
Quantitative data were presented as the median and
the interquartile range Me [Q,; O..]. Qualitative data
were presented as percentages and absolute values.
For analysis of qualitative features, contingency ta-
bles were used with calculation of Pearson’s ¥ crite-
rion. If there were cells with an expected frequency
of less than 5, the two-sided Fisher’s exact test was
applied.

Table 1
Clinical and demographic characteristics of the examined patients
Parameter Group 1, n =33 Group 2, n =53 p

Age, years, Me [0, ; O.] 52 [33;71] 50[31; 78] 0.717
Body mass index, kg / m?, Me [Q,.; O..] 36.1 [30.1; 74.8] 36.8 [30.06; 77.2] 0.268
AHI, per hour, Me [Q,; O..] 46.0 [20.6; 85] 27.0 [14.0; 98.0] 0.0001
SPO,av., %, Me [Q,; O] 92 [83;95.5] 93 [76; 96] 0.148
Desaturation index, Me [Q,; O] 44.8 [13.0; 85] 27.5[4; 78] 0.0005
FC I CHF (NYHA), n (%) 8(24.2) 21 (39.6) 0.142
FCII CHF (NYHA), n (%) 15 (45.5) 19 (35.8) 0.069
NT-proBNP, pg/ml 338 [168; 678] 278 [177; 815] 0.024
According to WHO:

FC PAH of the 1st degree, n (%) 12 (36.4) 29 (54.7) 0.097

FC PAH of the 2nd degree, n (%) 11 (33.3) 18 (33.9) 0.058

FC PAH of the 3rd degree, n (%) 1(3.0) 4(7.5) 0.105
6-minute walk test, m, Me [Q,; O..] 416 [318; 634] 527 [318; 640] 0.014
SBPav., mm Hg, Me [Q,.; O..] 132 [128; 138] 134 [128; 136] 0.376
DBPav., mm Hg, Me [Q,.; O..] 88 [75; 94] 88 [78; 95] 0.431
COPD, n (%) 9(27.3) 13 (24.5) 0.345
Smoking, n (%) 12 (36.4) 15(28.3) 0.877
Dyslipidemia, n (%) 17 (51.5) 23 (43.4) 0.453
Diabetes mellitus, 7 (%) 6(18.2) 9(17.0) 0.120
VPB (Lown’s grade II-11I), n (%) 8(24.2) 13 (24.5) 0.245
Atrial fibrillation, n (%) 7((21.2) 9(17.0) 0.654

Note. AHI — apnea / hypopnea index (according to polysomnography data), SPO,av. — average night
saturation (according to polysomnography data), FC — functional class, CHF — chronic heart failure,
NT-proBNP — N-terminal brain natriuretic peptide precursor, PAH — pulmonary arterial hypertension,
SBPav. — average daily systolic blood pressure, DBPav. — average daily diastolic blood pressure, VPB —
ventricular premature beats, COPD — chronic obstructive pulmonary disease.

Comparison of the frequencies of adverse events
in the groups was carried out using the Kaplan — Mei-
er curves; the log-rank test was used to compare the
two curves. To identify predictors of the development
of unfavorable endpoints, the univariate analysis was
used. To identify independent predictors, the method

of multivariate analysis with calculating the odds ratio
(OR) was applied. To determine the cutoff predictors
of adverse cardiovascular events, the ROC analysis
was used with the calculation of the area under the
curve (AUC). The critical p-value significance level
for all analyses was taken equal to 0.05.
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RESULTS

Correlation analysis at the stage of inclusion in the
study revealed the relationship between AHI and BMI
(r=0.362; p = 0.0006), left atrial volume (» = 0.570;
p <0.00001), ASRV (r=-0.527; p <0.00001), RVS-
WI (r =-0.377; p = 0.0003), NT-proBNP (= 0.611;
p <0.00001), and 6MWT (r=-0.511; p <0.00001).

The main structural and functional EchoCG pa-
rameters of the left ventricle (LV) between the groups

were comparable. Significant associations of RV per-
formance indicators — ASRV (p = 0.031) and RVSWI
(p = 0.022) — with an unfavorable clinical course of
CHF were revealed (Table 2).

The therapy received by patients at the time of
inclusion in the study was optimal and in line with
current recommendations [17]. The groups were com-
parable in terms of the main groups of drugs used for
treatment of hypertension and CHF (Table 3).

Table 2
Echocardiographic characteristics of the patients at the time of inclusion in the study
Parameter Group 1, n =33 Group 2, n =53 p
Left atrium, mm, Me [Q,; O..] 58 [55; 66] 5.5[5.3; 6.0] 0.051
LVEF, %, Me [Q,; O.] 58 [51; 66] 58 [52; 62] 0.902
LV EDD, mm, Me [Q,;; O..] 62 [56; 69] 58 [55; 63] 0.051
Interventricular septum, mm, Me [Q,; O, ] 13 [12; 14] 12 [11; 14] 0.195
Posterior wall of LV, mm, Me [Q,; O..] 11[10; 12] 11[10; 12] 0.330
LV myocardial mass index, g/ m*, Me [Q,.; O..] 114 [91.5; 134.5] 113 [98; 139] 0.811
Diastolic dysfunction, n (%) 17 (51.5) 18 (34.0) 0.107
Left atrial volume, cm?, Me [Q,.; O..] 20.8 [18.8; 22.8] 18.416.2; 22.6] 0.057
ASRYV, %, Me [Q,; O..] 40 [35; 47] 44 [40; 47] 0.031
RVSWI, Me [0, ; O..] 0.250.22; 0.25] 0.2510.24; 0.26] 0.022
RVSP, mm Hg, Me [Q,; O..] 30 [24; 41] 28 [21; 37] 0.321
RV anterior wall thickness, mm, Me [Q,; O..] 5.0 [4.0; 6.0] 4.0 [4.0; 5.0] 0.186
RV EDD, mm, Me [Q,; O] 26 [21; 36] 29 [20; 33] 0.608

Note. LV — left ventricle, RV — right ventricle, LVEF — left ventricular ejection fraction, EDD — end-diastolic dimension,
ASRYV — fractional area change of the right ventricle, RVSWI — right ventricular myocardial stroke work index, RVSP — sys-

tolic pressure in the right ventricle.

Table 3

Therapy received by patients at the time of inclusion
in the study, n (%)

Group of drugs Gnro:ug 31’ Gnro:u15332, p
ACE inhibitors 20 (60.6%) 33 (62.3%) | 0.581
Beta-blockers 22 (66.6%) 32 (60.4%) | 0.472
Diuretics 16 (48.5%) 26 (49%) 0.748
Calcium antagonists 14 (42.4%) 20 (37.7%) 0.665
AT?-receptor antagonists 17 (51.5%) 25 (47.2%) 0.678

Note. ACE — angiotensin-converting enzyme.

According to the univariate analysis, ASRV (OR
2.51; 95% CI 2.42-3.24; p = 0.0009), NT-proBNP
(OR 1.92; 95% CI 1.32-2, 78; p = 0.003), and AHI
(OR 3.93; 95% CI 2.87-4.11; p = 0.018) were pre-
dictors of an unfavorable course of CHF, while RVS-
WI (OR 2.53; 95% CI 1.98-4.08; p = 0.0009) turned
out to be an insignificant predictor (OR 1.08; 95% CI
0.98-1.17; p = 0.082).

According to the ROC analysis, the cutoff point
characterizing the unfavorable course of CHF, was
the AHI value > 33.5 episodes per hour (sensitivity

75.8%, specificity 67.9%, AUC — 0.732; p < 0.0001),
ASRYV > 18.6% (sensitivity 75.8%, specificity 54.7%,
AUC-0.62; p=0.047), and NT-proBNP >311 pg/ml
(sensitivity 63.6%, specificity 73.6%, AUC — 0.645;
p <0.0001). When comparing the ROC curves, AHI
remained the most significant predictor of CHF pro-
gression (p = 0.007), as opposed to NT-proBNP and
ASRV (Fig. 1).

To identify the association of a higher AHI with
an unfavorable course of CHF, the Kaplan — Meier
analysis was carried out. The patients were divided
according to the cutoff level: group A (n = 38) — less
than 33.5, group B (n = 48) — more than 33.5. Ac-
cording to the results of the Kaplan — Meier analysis
(Fig. 2), it was found that the frequency of the unfa-
vorable course of CHF in the groups was statistically
significantly different (p = 0.014). It was shown that
AHI was associated with higher frequency of CHF
progression during 12 months of follow-up.

According to the multivariate analysis with the
inclusion of risk factors for CHF progression (BMI,
weight, LVEF, carbohydrate metabolism disorders,
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NT-proBNP levels, etc.), the AHI remained an inde-
pendent predictor of an unfavorable course of CHF
(OR 3.49; 95% CI 2.17-11.73; p = 0.0008), while the

addition of NT-proBNP significantly improved risk
stratification for an unfavorable course of CHF (OR
4.66; 95% CI 3.87-13.11; p < 0.0001).
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Fig. 1. Predictors of an adverse course of chronic heart failure (ROC-analysis): AHI — the apnea / hypopnea index (according to
polysomnography), NT-proBNP — the N-terminal brain natriuretic peptide precursor, ASRV — fractional area change in the right
ventricle (here and in Fig. 2)
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DISCUSSION

The study revealed the presence of a relationship
between the severity of obstructive breathing disor-
ders during sleep, assessed by AHI and echocardio-
graphic (ASRV, RVSWI) parameters of right ventri-
cular dysfunction, and the level of NT-proBNP. On the
contrary, no significant correlations of the above-men-
tioned indicators with the severity of nocturnal hypox-
emia (SPO,av.) were found. This may indicate a key
pathogenetic role of a prolonged excessive increase
in intra-abdominal and intra-thoracic pressure during
repeated apnea episodes in the development of right
ventricular dysfunction in OSAS.

From this point of view, it is the frequency of ap-
nea episodes, and not blood oxygenation, that seems
to be the main factor determining right ventricular
dysfunction and the clinical course of the disease in
general. The importance of chronic nocturnal hypo-
xemia as a factor forming the mechanism of persistent
pulmonary hypertension fades into the background.
This is consistent with the data of a number of already
published studies [18, 19].

As the analysis of the obtained data showed, the
severity of obstructive breathing disorders during
sleep, the main parameter of which is AHI, signifi-
cantly correlates with the unfavorable clinical course
of CHF with preserved ejection fraction. The most un-
favorable course was observed in patients with severe
OSAS (AHI > 33.5 per hour according to the Kaplan —
Meier analysis). This association is probably deter-
mined by the commonality of a number of pathoge-
netic links in OSAS and the pathogenesis of the clas-
sic cardiovascular continuum: hyperactivation of the
sympathetic nervous system, oxidative stress, and
triggering of systemic inflammatory responses. Along
with this, statistical analysis did not reveal significant
correlations between the severity of nocturnal hypo-
xemia (SPO,av.) and the course of CHF in the studied
patients, which again may indicate a secondary role of
nocturnal hypoxemia caused by obstructive apnea in
the formation of right ventricular dysfunction in these
patients.

The absence of reliable associations between the
severity of pulmonary hypertension and the clinical
course of the disease is worth noting. This is pos-
sibly determined by the method for assessing the
degree of pulmonary hypertension chosen for this
study. The assessment was carried out by calculation
according to the degree of tricuspid regurgitation. At
the same time, the degree of tricuspid regurgitation
could be mediated to a certain extent with right ven-

tricular dysfunction itself, and to clarify the value of
pulmonary hypertension as a marker of the clinical
course of OSAS, it is necessary to consider, appa-
rently, another, more accurate variant of assessing
this parameter.

At the same time, the results of the study demon-
strated that the ASRV echocardiographic parameter
of right ventricular dysfunction and the NT-proBNP
laboratory marker are independent predictors of an
unfavorable clinical course of CHF with preserved
EF and OSAS. Considering the pathogenetic concept
of the initial lesion of the right heart [20], which is
currently available in the works of most researchers,
the facts obtained in this study seem quite logical.
The appearance of structural and functional disorders
in the work of the right heart may indicate a previous
pathogenetic effect of OSAS, significant in time and
strength, and be accompanied by appropriate clinical
presentation, or indicate its imminent emergence. In
this case, the markers of right ventricular dysfunc-
tion can appear much earlier than the corresponding
disorders in the left ventricle and serve as a crite-
rion for the severity of the syndrome and an import-
ant prognostic sign.

A number of studies showed the prognostic sig-
nificance of various forms of pulmonary hyperten-
sion as a marker of an unfavorable prognosis of car-
diovascular mortality in patients with cardiovascular
diseases, such as acquired heart defects, coronary ar-
tery disease, and CHF [20, 21]. However, at this point
in time, the formation of chronic pulmonary hyper-
tension and right ventricular dysfunction against the
background of OSAS, as well as the prognostic role
of these disorders are poorly understood. Data on the
epidemiology and prevalence of pulmonary hyper-
tension in OSAS both in Russia and in economically
developed countries are very contradictory [18, 19,
22, 23].

A number of researchers consider an increase in
the pulmonary artery pressure in the development of
OSAS during the rapid eye movement (REM) sleep
phase, regardless of the degree of arterial hypoxemia,
a proven fact [24]. In addition, some researchers be-
lieve that OSAS induces the development of pulmo-
nary hypertension mainly or exclusively in patients
with COPD or in OSAS associated with primary pul-
monary hypertension [25-27].

In practical terms, the emergence of the markers
of right ventricular dysfunction can be useful in choo-
sing a treatment strategy for these patients, as a signal
for more aggressive treatment tactics with an earlier

bionneteHb cMbupcko meamumHbl. 2021; 20 (2): 102-112 109



Teplyakov A.T., Yakovlev A.V., Shilov S.N. et al.

Predictors of an adverse course of heart failure with preserved left ventricular

decision on starting continuous positive airway pres-
sure (CPAP) therapy. At the same time, the severity of
nocturnal hypoxemia did not show such significant as-
sociations either with the markers of right ventricular
dysfunction or with the clinical course of the disease.
It is obvious that hypoxemia was mediated by OSAS
and was secondary in nature.

From this point of view, when determining the
treatment strategy, the preferred choice is CPAP the-
rapy rather than prolonged oxygen inhalation, which
is consistent with existing clinical guidelines and con-
sensus documents [28, 29]. Undoubtedly, for clari-
fying the prognostic role of individual parameters of
right ventricular dysfunction as well as for a more
detailed study of the pathogenesis of cardiovascular
complications in OSAS, it seems promising to eval-
uate these echocardiographic parameters at runtime
with a longer follow-up period for this category of
patients.

CONCLUSION

In the study, significant correlations between the
severity of obstructive breathing disorders during
sleep and echocardiographic and laboratory markers
of developing right ventricular dysfunction in pa-
tients with OSAS were found, which may indicate
an important pathogenetic role of these disorders in
development of cardiovascular complications in the
studied pathology. Evaluation of the clinical course
of the disease revealed the relationship between the
echocardiographic (ASRV) parameters of right ven-
tricular dysfunction and the laboratory (NT-proBNP)
markers with an adverse clinical course in this catego-
ry of patients.

The data obtained make it possible to evaluate
these markers as independent predictors of an adverse
clinical course of the disease. In the future, they can
be used to stratify the clinical risk of heart failure with
preserved left ventricular ejection fraction and deter-
mine the treatment strategy in patients with OSAS.
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High residual platelet aggregation in patients with coronary artery disease:
a new methodological approach to detection
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ABSTRACT

Aim. To develop a new methodological approach to assessment of collagen-induced platelet aggregation in patients
with coronary artery disease (CAD) and to determine the quality of various methods for detecting high residual
platelet reactivity (HRPR) to predict the risk of myocardial perfusion disturbance.

Materials and methods. 36 patients (10 men and 26 women) aged 41-83 years and having stable CAD were
examined. All patients had been undergoing continuous antiaggregation therapy for 6 months. We evaluated
platelet aggregation using a laser analyzer with collagen as an aggregation inducer by the standard method 1 and
our own patented method 2. The degree of platelet aggregation (%) and the size of aggregates in relative units (r.u.)
in platelet-rich plasma were estimated. Myocardial perfusion scintigraphy with 99mTc-methoxy-isobutylisonitrile
was performed according to a two-day stress-rest protocol. The summed stress score (SSS) values were used for
analysis. SSS <4 was regarded as normal myocardial perfusion.

Results. The degree of platelet aggregation according to method 1 was 12 (5; 64)%, the aggregate size was 3 (2; 7)
r.u. The degree of platelet aggregation according to method 2 was 44 (13; 78)%, and the aggregate size was 5 (4; 8)
r.u. Method 2 allowed to diagnose the presence of myocardial ischemia with an aggregation degree > 44.9% with
sensitivity of 84% and specificity of 92% (area under the curve (AUC) = 0.89; p < 0.0001; odds ratio (OR) 2.18;
95% confidence interval (CI) 0.57-0.98) and an increase in aggregate size > 4.80 r.u. with sensitivity of 84% and
specificity of 84% (AUC = 0.95; p < 0.00001; OR 5.83; 95% CI 0.72-0.99).

Conclusion. In patients with CAD, the detection of high rates of collagen-induced platelet aggregation using the
patented technique is associated with the risk of impaired myocardial perfusion. The developed new methodological
approach to detection of HRPR allowed to determine high risk of atherothrombotic complications in additional
22% of the examined patients.

Key words: aggregation, platelet, collagen, coronary artery disease, residual reactivity.
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BbicOKaA ocTaTo4Has arperayMoHHasA aKTUBHOCTb TPOM60OLMTOB
y NaLMEHTOB C ULeMUYeCKOM 60/1e3HbI0 cepALa: HOBbIM METOAUYECKUM
noAXop K BbIAB/IEHUIO
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3aBagoBckuin K.B.', Metposa 1.B.2
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PE3IOME

Ieas — pazpaboTaTh HOBBIH METOAMYECKUIT MOAXO/ K OIIEHKE KOJUIareH-NHYIUPOBAHHOM arperaiuy TpoMOonu-
TOB y MAIMEHTOB ¢ UmemMudeckor 6onesnsio cepaua (MBC) u onpenennts HHPOPMATHBHOCTE METO/IMK BEISIBIIE-
HUS BBICOKOH OCTaTOYHOW PEaKTHMBHOCTH TPOMOOLMTOB IJIsI HPOTHO3UPOBAHMS PHCKA HApYIICHNS MUOKapIu-
anpHOM nepdy3un.

Martepuannl u Meroabl. O6cnenoBansl 36 manueHToB (10 My>kunH U 26 >xeHIIWH) B Bo3pacte 41-83 net co
crabmeHOH opmoit UBC, Haxoasmuxcst Ha HeMPEpbIBHOM aHTHATPETalliOHHOM Teparuy B TeueHne 6 mec. O1eH-
Ky arperaniy TPOMOOLIMTOB IIPOBOAMIN HA Ja3epPHOM aHAIHM3aTOpe C MHAYKTOPOM arperaniy KOJUIareHOM IO
CTaHJapTHOH MeToAnKe 1 ¥ 10 COOCTBEHHOH 3aaTCHTOBAaHHON MeToAuKe — MeToauke 2. OIeHHBaIN CTETICHb
arperaruu TpomboruToB (%) 1 pasMmep arperatoB (OTH. €11.) B CycHeH3uH TpoMOonuTos. [lepdy3nonnyio cuuH-
turpaduio Muokapaa ¢ 99mTc-MeTOKCH-N300y THIIN30HUTPUIIOM BBITOJIHSIN O ABYXTHEBHOMY IIPOTOKOIY «Ha-
rpy3Ka — nokoii». J{is ananusa ucnoip3oBany 3HadeHus SSS, npu SSS < 4 nenany BEIBOJI O HOPMaJIbHOIM MHOKap-
JUANBHOHN nepQy3un.

PesyabTaThl. CTenens arperanuu TpoMOOLUTOB Mo MeToAuke 1 cocraBuna 12 (5; 64)%, pa3mep arperara —
3 (2; 7) otH. en. CtemneHs arperanuy TpoOMOOIUTOB Mo MeToauke 2 coctaBuina 44 (13; 78)%, a pa3mep arperara —
5 (4; 8) otH. ex. Metonuka 2 Mo3BONMIIA AUATHOCTUPOBATh HAJIWYME HApYIICHUH MHOKapAuambHOU mepdy3un
MIPHU CTETIEHN arperauu >44,9% c¢ 4yBCTBUTENbHOCTBIO 84% n cnienududanocTsio 92% (AUC = 0,89; p < 0,0001;
otHomenue mancos (OLII) 2,18; 95%-it nosepurensusiit uatepsan (W) 0,57-0,98) u yBenudeHne pazMepoB arpe-
ratoB >4,80 OTH. efI. ¢ YyBCTBHTENIBHOCTBIO 84% U cnenuduunocTsio 84% (AUC = 0,95; p < 0,00001; OIL 5,83;
95%-it AN 0,72-0,99).

3aki04yenne. Y MalyeHToB C HIIEMUYECKOH OOJIE3HBIO cepAla BhISBICHHE BHICOKHMX MOKa3aTelled KoJIareH-nH-
IyIUPOBAHHOM arperaluy TPOMOOIMTOB C IIOMOIIBIO 3aIIaTEHTOBAaHHOW METOIMKHU aCCOLIMUPYETCS C PHCKOM Ha-
PYLICHUST MHOKapHaNbHOH nep@y3un. PaspaboTaHHbIH HOBBIN METOANYECKHI TTOIXO0]] 110 BBISIBICHUIO BBICOKOIT
OCTaTOYHON PeaKTUBHOCTU TPOMOOLIUTOB IO3BOJIMII OIPEAEIUTh HATUYKME BBICOKOTO PUCKA PAa3BUTHS aTEPOTPOM-
OOTHYECKHX OCIIOKHEHHH OMOIHHUTEIBHO Y 22% 00CeI0BaHHBIX MAI[MEHTOB.

Kurouesble ciioBa: arperanus, TpOMGOI.II/IT, KOJUIar€H, MIeMu4ecKas 00J1e3Hb cepana, octaTo4Has pEaKTUBHOCTbD.

KOHq)JIPlKT HUHTEPECOB. ABTOpI:I JACKIIApUPYIOT OTCYTCTBHUE SABHBIX U NOTCHIHUAJIbHBIX KOH(bJ'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/I€I71 HacTOHU.[eﬁ CTaTbHU.

Hcrounuk ¢punancupoBanus. VcciieoBanre BHITOTHEHO B paMKax (GyHIameHTanpHOM Tembl HUU xapanomno-
run (Ne AAAA-A15-115123110026-3).

CooTBeTCTBHE NPHHIMIAM 3THKH. TH)OpMIpOBaHHOE cCoracue MoyyeHo OT Kaxaoro nanuenTa. Mecnenosa-
Hue o00peHo stnuecknM komuterom HUM xapauonorun Tomckoro HUMII (mpotokon Ne 139 ot 18.11.2015).

Jas uutupoBanus: TpyGaueBa O.A., Cycnosa T.E., I'ycakoBa A.M., Konorpusosa W.B., Hlnaiigep O.J1., 3a-
BazoBckuii K.B., [Terposa .B. Bricokas octaTouHasi arperainoHHasi akTHBHOCTh TPOMOOIIUTOB y MAIUEHTOB C
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INTRODUCTION

Coronary artery disease (CAD) remains the most
common disease of the cardiovascular system, with a
high risk of vascular events and death. High residual
platelet reactivity (HRPR) in CAD patients is asso-
ciated with development of ischemic complications,
which was proven by numerous studies and me-
ta-analysis data [1, 2]. However, in the daily practice
of a cardiologist, platelet function is not evaluated due
to a weak evidence base. Monitoring of platelet aggre-
gation is advisable only in certain clinical situations
(class IIb recommendations) [1, 2]. Nevertheless, de-
spite the recommendations, the discussion about the
routine use of platelet function testing continues. It
is known that the gold standard for assessing platelet
aggregation is light transmission aggregometry [1].
However, the sensitivity of the currently used met-
hods for assessing residual platelet aggregation is of-
ten insufficient.

In this work, along with the standard examina-
tion of patients with CAD, the assessment of HRPR
values by light transmission aggregometry using
two methodological approaches was performed.
The threshold values of platelet aggregation pa-
rameters were determined. Their relationship with
myocardial perfusion disorders was evaluated
according to myocardial perfusion scintigraphy.
Knowledge in this research area is relevant both
for clinical and fundamental medicine as well as
for development of new diagnostic methods.

The aim of the study was to develop a new met-
hodological approach to assessment of collagen-in-
duced platelet aggregation in CAD patients and to
determine the quality of various methods for HRPR
detection to predict the risk of myocardial perfu-
sion disturbance.

MATERIALS AND METHODS

A cross-sectional (single-stage) study was per-
formed. The patients were recruited on the premises
of Cardiology Research Institute in accordance with
the principles of the Declaration of Helsinki. 36
patients with stable CAD who had been receiving
continuous antiaggregation therapy for 6 months
were examined. The study included patients aged
41-83 years (10 men and 26 women). All the exa-
mined patients received regular combination thera-
py in accordance with current guidelines for CAD
treatment. Laboratory and instrumental methods of
investigation, including platelet aggregation and
ECG-synchronized myocardial perfusion scintig-

raphy, were used in all the patients in accordance
with the recommendations for CAD diagnosis and
treatment. The criteria for inclusion in the study
were stable CAD and continuous antiaggregation
therapy for 6 months (cardiomagnil, 75mg). The
criteria for exclusion from the study encompassed
non-adherence to the therapy; acute vascular com-
plications less than 6 months ago; severe comor-
bidities; clinical and laboratory signs of acute in-
flammation; serum creatinine levels higher than
120 pmol / 1; atrial fibrillation; ventricular arrhyth-
mia of high grades in the Lown grading system,
and refusal to participate in the study.

A special study to assess platelet aggregation
was performed using the Born method, modified
by Z.A. Gabbasov on a two-channel laser analyzer
220 LA (BIOLA SCIENTIFIC, Russia) using two
methods. Method 1 (standard approach): collagen
was used as an aggregation inducer; it was intro-
duced once at a final concentration of 2 umol / 1
for 10 seconds. Method 2: five-fold introduction of
collagen at 2 pmol / 1 for 10 seconds with platelet
aggregation being measured at 1%, 2", 3 and 4"
minutes of the research. The new methodological
approach is described in detail in the patent for the
invention RUS 2686700 of 01.08.2018 [4].

Peripheral venous blood with 3.8% sodium ci-
trate as an anticoagulant was used to isolate the
platelet suspension. Experimental values of light
transmission were determined for each patient’s
blood sample, where platelet-poor plasma was taken
as 100% and platelet-rich plasma was taken as 0%
of aggregation in this patient. The maximum value
of light transmission was used to determine the de-
gree of platelet aggregation (%). The average ag-
gregate size (r.u.) was used to determine the size
of an aggregate. Aggregation values determined
by the light transmission curve in the range of 45—
100% indicated HRRP in the patients.

Myocardial perfusion scintigraphy (MPS) with
99mTc-methoxy-isobutylisonitrile (99mTc-MIBI)
was performed according to the two-day stress-rest
protocol. The research was carried out on a hy-
brid 64-slice Discovery NM/CT 570c scanner (GE
Healthcare, USA), equipped with a gamma camera
with cadmium zinc telluride (CZT) detectors. An
intravenous infusion of adenosine at a dose of 140
mg / kg /min for 4 minutes was used as a stress
test. Myocardial perfusion was assessed using spe-
cialized software Corridor 4DM SPECT (INVIA,
Ann Arbor, MI, USA). According to the generally
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accepted approach, myocardial perfusion disorders
were determined by the summed stress score (SSS),
summed rest score (SRS), and summed difference
score (SDS) for the entire left ventricular myocar-
dium [5]. SSS values < 4 were regarded as normal
myocardial perfusion.

Statistical data processing was performed using
SPSS statistical packages (version 19) and Sta-
tistica 10.0. The Shapiro — Wilk test was used to
evaluate the distribution of quantitative features.
The distribution of quantitative aggregation indi-
cators did not follow the normal distribution law;
the aggregation data was represented as the median
and the interquartile range Me (Q,; O,). MPS data
were presented as an absolute value and a relative
value (n, %). The significance of differences for
paired or dependent samples was evaluated using
the Wilcoxon T-test. The nonparametric Spearman
test was used to evaluate the correlation between
variables. ROC analysis was used to determine the
sensitivity and specificity of aggregation levels in
risk stratification of adverse cardiovascular events.
The AUC value > 0.70 was considered significant.
To identify factors that have a significant impact
on the course of the disease, the odds ratio (OR)
was calculated with a 95% confidence interval
(CI). The differences between the samples were
considered statistically significant at p < 0.05.

RESULTS

In the group of the examined patients, the fol-
lowing cardiovascular risk factors were widely dis-
tributed: smoking — 27 (75 %) patients, overweight
and obesity — 14 (39 %) patients, hypertension — 31
(86 %) patients, dyslipidemia — 33 (92 %) patients,

type 2 diabetes — 12 (33 %) patients. Patients with
FC III and II angina pectoris (15 (42%) and 11
(30%) patients, respectively) predominated. In the
anamnesis, 8 (22%) patients had a Q-myocardial
infarction (MI) that occurred 6 months or more be-
fore the study. In the majority of cases, the inclu-
ded patients were diagnosed with a multivascular
lesion of the coronary arteries (30 (83 %) patients).

The study of platelet aggregation in CAD pa-
tients revealed significant differences between the
parameters of platelet aggregation and the size of
aggregates obtained during the implementation of
the standard method, as opposed to the patented
method.

Using the new methodological approach de-
veloped by us (method 2), it was found that CAD
patients showed a significant increase in the size
of aggregates and a rise in the degree of platelet
aggregation in comparison with the correspond-
ing values obtained during method 1 implementa-
tion (Table). Method 1 helped to identify HRPR
in 9 (25%) patients. When using method 2, HRPR
was detected in additional 8 (22%) patients, which
amounted to 47% of all patients.

The indications for MPS in 16 (39%) patients were
the diagnosis of CAD with pretest probability of 16—
85%, in 12 (33%) patients — assessment of myocardial
perfusion and the state of coronary stents, in 8 patients
(22%) — assessment of coronary artery bypass grafts.
According to MPS data, in 7 (19%) patients, myocar-
dial perfusion at stress was within the normal values
(SSS < 4). Minimal myocardial perfusion disturbance
(SSS 4-8) was observed in 14 (39%) patients, mo-
derate (SSS 9-13) — in 9 (25%) patients, and severe
(SSS > 13) —in 6 (22%) patients.

Table
Parameters of platelet aggregation and logistic regression of patients with CAD according to two methods
Method 1 Method 2
Parameter : -
Aggregation values Me (0 ; O,) OR 95% CI Aggregation values Me (0 ; 0.) OR 95% CI
Degree of aggregation, % 12 (5; 64) 1.46 | 0.58-0.93 44 (13; 78)* 2.18 | 0.57-0.98
Size of aggregate, r.u. 327 1.79 | 0.61-0.95 5 (4; 8)* 5.83 | 0.72-0.99

* difference between the methods with the level of statistical significance p < 0.05.

A correlation analysis showed the presence of
associations between the aggregation degree and
the size of the aggregate according to method 1 and
the value of SSS of an average-strength relationship
(r = 0.54 and r = 0.61, respectively; p < 0.002). Me-
thod 2 revealed a high-strength relationship (r = 0.78
and r = 0.61, respectively; p < 0.002).

The results of a logistic regression analysis showed
that platelet aggregation parameters obtained in meth-
od 2 were associated with an increased risk of myocar-
dial ischemia (Table).

To study and compare the diagnostic and prog-
nostic characteristics (sensitivity and specificity) of
various methods for evaluating aggregation activity,
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a ROC analysis was performed. The indicator of the
presence (absence) of myocardial ischemia was used
as a predictor. According to the results of the ROC
analysis, the study of platelet aggregation in CAD pa-
tients using method 1 revealed the presence of myo-
cardial perfusion disturbances with an increase in the
degree of aggregation > 16.6% (p < 0.0001) and the

Aggregate size, method 1
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size of the aggregates > 2.97 r.u. (p < 0.0004). Me-
thod 2 was characterized by greater specificity. Thus,
it was shown that method 2 allowed for diagnosis of
myocardial perfusion disturbances at the degree of
aggregation > 44.9% (p < 0.0001) and an increase
in the size of the aggregates > 4.80 r.u. (p < 0.0001)
(Figure).
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Figure. ROC analysis of platelet aggregation in patients with CAD using two methods as a predictor of myocardial ischemia: a —
aggregate size (method 1), b — aggregate size (method 2), ¢ — degree of aggregation (method 1), d — degree of aggregation (method 2)

DISCUSSION

Modern therapy in a hospital setting is very ex-
pensive, so the search for simple and inexpensive
diagnostic tests is becoming more and more rele-
vant. The discussion about the feasibility of study-
ing platelet aggregation in CAD patients is still
ongoing, which determines the need for research
in this area.

The present study is an open, single-center,
and cross-sectional observation. In the conducted
study, light transmission aggregometry determined
the threshold values of aggregation parameters for
this subpopulation of CAD patients. Reaching these

parameters meant that patients had HRPR. Accor-
ding to the standard method 1, the conclusion about
the presence of myocardial ischemia can be made
at the degree of aggregation > 16.6% and the ave-
rage size of aggregates > 2.97 r.u. In the study of
aggregation by method 2, the threshold values were
44.9 % for the degree of aggregation and 4.80 r.u.
for the size of the aggregates. In addition, it was
shown that standard aggregation research methods
are not always sufficient to detect HRPR. The use
of increased concentrations of a collagen inducer,
added five times during the platelet aggregation
study, increases the accuracy of evaluating colla-
gen-induced aggregation in patients with CAD.
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Data on the relationship between the risk of
developing cardiovascular complications and in-
sufficient suppression of platelet activity in CAD
patients remain contradictory. The results of seve-
ral independent meta-analyses involving more than
10,000 patients showed that HRPR was associated
with a significant increase in the incidence of MI,
stent thrombosis, and death from cardiovascular
causes [2, 5, 6]. At the same time, there is evidence
that there is no relationship between cardiovascular
risk and HRPR in patients.

Therefore, the VerifyNow French Registry
(VERIFRENCHY) was published, where the prog-
nostic value of assessing the platelet function was
studied. The results of a one-year follow-up did
not reveal significant differences in the frequen-
cy of certain (probable) stent thrombosis, cardio-
vascular death, or MI (1,001 patients, VerifyNow
device, Instrumentation Laboratory, USA) [1]. From
our point of view, the negative results obtained in
these studies may be associated with the fact that
all currently used methods of aggregometry have
limited sensitivity, specificity, usability, and pre-
dictive value.

In accordance with the data obtained to date,
the process of formation of platelet aggregates
proceeds in the following way. Damage to a ves-
sel exposes collagen on its wall, which is both a
substrate and a strong activator of platelet aggre-
gation. Platelets adhere to the damaged endotheli-
um of the vascular wall with the help of specific
collagen receptors, which is one of the triggers
in the development of a parietal thrombus of the
coronary arteries. Subsequently, the platelets ac-
tivate one other, forming a platelet thrombus [7,
8]. Therefore, we believe that only repeated addi-
tion of the collagen inducer to platelet-rich plasma
in the study of platelet aggregation activity can
provide objective information about the presence
of HRPR in patients. The use of a new metho-
dological approach developed by us with addi-
tional introduction of a collagen aggregation in-
ducer in assessment of collagen-induced platelet
aggregation allows to obtain additional informa-
tion about the risk of myocardial ischemia, which
determines the novelty of our study.

The ROC analysis results showed that our own
patented method (method 2) is more specific for
stratifying the risk of developing myocardial isch-
emia in patients with CAD. The data obtained are
consistent with the results of studies by various

authors that confirmed the association of HRPR
with the development of adverse cardiac compli-
cations [1, 2, 5].

Comparison of methods demonstrated that re-
peated addition of a collagen inducer can detect
platelets with high residual activity and a tendency
to form large aggregates. The lack of response to
a single addition of collagen may be due to partial
activation of platelets with a tendency to subse-
quent disaggregation. Performing an aggregation
study using adenosine diphosphate (ADP) or ara-
chidonic acid as inducers may lead to a false con-
clusion about the effectiveness of antiaggregation
therapy, while in reality the propensity of plate-
lets to activate in response to interaction with the
damaged endothelium remains elevated. Current-
ly, clinical data indicate that neither acetylsali-
cylic acid nor clopidogrel in standard doses in the
absence of platelet activity control can fully gua-
rantee the effectiveness of antiaggregation thera-
py aimed at reducing the risk of recurrent acute
vascular events [5, 7]. Medications that effectively
act on collagen receptors are not currently patent-
ed and are not used.

From our viewpoint, the detection of HRPR
using a new methodological approach will not
only determine an increased cardiovascular
risk in patients, but also suggest possible rea-
sons for the ineffectiveness of antiaggregation
therapy.

Limitations of the study include its cross-sec-
tional design and a relatively small number of pa-
tients examined. However, the results emphasize
the need for further research to study the clinical
consequences of HRPR in patients with CAD and
to improve methods for primary and secondary pre-
vention of cardiovascular events.

CONCLUSION

This paper analyzes the clinical and prognostic
significance of HRPR in patients with CAD. We
showed that the detection of high rates of colla-
gen-induced platelet aggregation in the patients us-
ing our own patented method is associated with the
risk of impaired perfusion according to myocardial
perfusion scintigraphy. The study of platelet aggre-
gation showed that the newly developed method-
ological approach to detection of HRPR allowed to
determine a high risk of atherothrombotic compli-
cations in additional 22% of patients, compared to
the standard method.
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ABSTRACT

Aim. To determine the diagnostic value of positron emission tomography (PET) / computed tomography (CT) with
F-18 fluorodeoxyglucose (**F-FDG) for monitoring the effectiveness and prognosis of lymphoma therapy.

Materials and methods. Retrospective data of '®F-FDG PET/CT (before treatment (PET1), after two cycles
(PET2), and after completion of chemotherapy (PET3)) in 30 people with lymphomas were analyzed.

Results and discussion. A complete metabolic response in PET2 (PET2-) was observed in 21 patients (70%). In
9 patients in PET2—, a partial metabolic response (6 people), lack of metabolic response (2 people), or metabolic
progression (1 person) were detected. These patients comprised the PET2+ group.

After chemotherapy, a complete metabolic response (PET3—) was diagnosed in 26 patients (87%). This effect
was achieved in 21 patients (100%) with PET2— and in 5 patients (66%) with PET2+. Of the 9 patients in the
PET2+ group, in 4 (44%) patients, a partial metabolic response or no metabolic response was diagnosed. Further
monitoring of these patients showed that progression was detected in 2 cases, and in 2 patients, further treatment
resulted in complete remission.

A two-year follow-up of patients revealed that remission was observed in 20 (67%) patients. The analysis of the
results of PET2 showed that a relapse of the disease was observed in 6 (67%) PET2+ patients and remission was
noted in 3 (33%) patients. In PET2- patients, a relapse was diagnosed in 4 (19%) persons, and remission was
established in 17 (81%) patients.

Conclusion. Early PET / CT with '8F-FDG allows to predict the effect of lymphoma treatment. The method can be
recommended for monitoring lymphoma therapy.

Key words: Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, computed tomography, positron emission
tomography, monitoring of lymphoma therapy, prognosis of lymphoma therapy.
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Po/b NO3UTPOHHOM 3MMCCMOHHOM M KOMNbIOTEPHOI TOMOTrpadpum

¢ '®F-¢pnyopo-2-ae30Kkcu-D-raoKko30ii B oueHKke 3pPeKTUBHOCTU Tepanum

M nporHose nMmépom

YaHuukoBa H.I.', YepHos B.1.> 3, AiyaHukoBa E.A.?, KapnoBa E.A.",
CaBenbeBa A.C.', CunkunHa O.A.", 3enbuaH P.B.%3, bBparunHa 0.4.%3,
MeaBepeBa A.A.%, bepe3sHeeBa E.B.2

I @edepanvrovrit Cubupckuil nayuno-kaunudeckutl yenmp dedepaibHo20 MEOUKO-OUOIOSULECKO20 A2eHMCMEA

(DCHKI] ®MFA)
Poccus, 660037, o. Kpacnospck, ya. Konomenckas, 26, a/a 6213

2 Hayuno-uccnedosamenvckuil uncmumym (HUHW) onxonoeuu, Tomckuil HAYUOHATLHBLIL UCCIEO08AMENbCKUIL

meouyunckutl yenmp (HUML]) Poccutickoii akademuu HayK
Poccus, 634009, 2. Tomck, nep. Koonepamuenwiii, 5

3 Hayuonanvnouit uccredosamenvcrkutl Tomckutl norumexnudeckutl ynueepcumem (HHU TITY)
Poccus, 634050, 2. Tomck, np. Jlenuna, 30

PE3IOME

Heas. Onpenenenne TMarHOCTHYECKON 3HAYUMOCTH MTO3UTPOHHON SMHCCHOHHOM M KOMITBIOTEPHOH TOMOTpaduu
(IIDT/KT) ¢ meuenHoii *F-¢pyopo-2-ne3okcu-D-ritoko3oit (*F-OJI) B oteHke 3()EKTHBHOCTH | IPOTHO3E Jie-
YeHUS TUM(OM.

MarepuaJjsl u MeToabl. [Ipoananuzuposansl perpocnektuBHbie ganHbie [IDT/KT ¢ BF-OAT 30 uenosek co 3110~
KauyecTBeHHBIMH JuMpomamu: 1o nedenust (I19T1), uepes nBa kypca (IT9T2) u mocie 3aBepiieHUs TOTUXUMHO-
tepanuu (II9T3).

PesyabTatsl u o6cy:xaenue. [Ipu anammse pesynsraroB [19T2 nonHsli MeTabonndeckuii OTBET Ha JiBa Kypca
xumuotepanuu (I19T2—-) nabmomancs y 21 (70%) mannenTta. Y 9 manueHToB 4epe3 JBa IUKIA XHMHOTEpPAIUH
OBLTH yCTaHOBIJICHBI: YaCTUYHBIA MeTabonndeckuil oTBeT (6 UeNOBEeK), OTCYTCTBHE MeTabonnIeckoro orsera (2
YeJI0BEeKa) WIIM MeTabOoIHIecKoe IporpeccupoBanui (1 derxosek). OTu O0abHBIE cOCTaBIIM Tpymmy [19T2+.

[locne okoHuaHMS XUMHOTEPANUK MOJTHBIA MeTabonnueckuit otBeT (II9T3—) Obu1 AuarHoctupoBaH y 26 (87%)
nanuenToB. Takoit ekt Obu1 gocturayT y 21 (100%) GombHoro ¢ II9T2— 1 5 (66%) uenosek ¢ I19T2+. U3
9 manuenToB rpynmsl [I19T2+ y 4 (44%) nmanueHToB mocie 3aBepLIeHHs XUMHOTEpanuu ObUT ANArHOCTHPOBAH
YaCTHUYHBII MeTa0ONMNYecKuil OTBET WM ero oTcyTcTBUe. JlanbHeiimee HaOM0eHNE 32 STUMH NalMEHTaMH MO-
Ka3ajo, 4TO B ABYX ClIydasix ObUIO JHAarHOCTUPOBAHO NMPOTPECCUPOBAHUE, a Y 2 OOJBHBIX IOCIeayolIee JeUeHne
MIPUBEJIO K NTOJIHOW PEMHUCCHUM.

IMpu nByxNIEeTHEM HaAOIIIOACHHH 32 NAlEHTaMH 00OHapyKeHO, 4To pemMuccust Hadmonanace y 20 (67%) marueHToB.
Amnanms pesynsratoB [19T2 nokasan, uro npu [19T2+ peruaus 3aboneBanus Habmonancs B 6 (67%) ciaydasx,
pemuccus — B 3 (33%). B o Bpems xak npu [19T2- peruaus auarHoctupoBaH y 4 (19%) denoBek, peMUCCHS
ycraHoBieHa y 17 (81%).

Sakmouenue. [IDT/KT ¢ "F-O/IT, BBINOJIHEHHAS HA PAHHUX 3Tallax XMMHOTEPAIUH, TTO3BOJISET MPEICKA3ATh
3¢ dexT 1eueHns y ManueHToB Co 370KadeCTBEHHBIMH IUM(poMaMu. MeTo/ ToKa3aH K IUPOKOMY HCIOIb30BaHHIO
B KJIMHUYECKOH IMPAKTHUKE Ha 3Tarax TeParry TOH MaTONOTHA.

KuroueBsble ciioBa: mumdoma Xomkknaa, HexomkkuHCKHE THM(POMBI, KOMIBIOTEPHAS TOMOTpaust, TO3UTPOHHAS
HMHUCCHUOHHAS TOMOTpa(¥si, MOHUTOPHHT TEPAIIHU JTUM(OM, IIPOTHO3 TEPAITUH JIUMPOM.

KoHpaukT HHTepecoB. ABTOpHI 3asBISIOT 00 OTCYTCTBHHU SIBHBIX U TOTEHIUATBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEH CTaThH.

Hcrounuk ¢unancupoBanmsi. PaGora BeimonHeHa npu (MHAHCOBOW NoAAepXkKe MHHHCTEpPCTBA HAyKH U
BhIciIero oopasosanus PO (mpoext Ne 075-15-2019-1925, [Moctanosnenue [IpaButenscrea Pd 220.2019).

Jast uuruposanus: Yanuukosa H.I'., Yepnos B.U., lynuukosa E.A., Kapnosa E.A., CasenseBa A.C., Cunku-
Ha O.A., 3ensuan P.B., bparuna O./]., Meznsenesa A.A., bepesneesa E.B. Poiab mo3uTpoHHON IMHCCHOHHON U
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INTRODUCTION

Today, in Russia, the percentage of malignant
neoplasms of the lymphatic and hematopoietic tissue
accounts for 5% and 4.6% of tumors detected annual-
ly in men and women, respectively. In 2016, the in-
cidence of this pathology in the Russian Federation
was 19.58 per 100 thousand population, while the av-
erage annual growth rate was 1.78% [1]. Every year
lymphomas become the cause of death in 5% of all
patients with tumor diseases. Hodgkin’s lymphoma
(HL) is the most common lymphoproliferative disease
(30%). Of non-Hodgkin’s lymphomas (NHL), diffuse
large B-cell lymphoma and follicular lymphoma are
most commonly diagnosed (33% and 22%, respec-
tively). The incidence of other types of lymphomas is
less than 10% [2].

Usually the effect of lymphoma treatment is mon-
itored by dynamic assessment of the tumor size using
anatomical imaging techniques, most commonly com-
puted tomography (CT). At the same time, CT is not
optimal for this purpose. Thus, after completion of ther-
apy, in more than 60% of patients with HL and 40% of
patients with aggressive NHL, according to CT data, a
residual tumor mass is visualized, which may contain
areas of fibrosis and necrosis, as well as tumor cells
[3]. At the same time, CT cannot differentiate a viable
tumor mass from the residual scar tissue. In addition,
anatomical imaging techniques usually do not allow to
determine a tumor response at early stages of treatment,
since reduction of the tumor volume takes time.

Therefore, there is a growing interest in new meth-
ods for diagnosing lymphoproliferative diseases. This
fully applies to positron emission tomography (PET)
with 8F-fluoro-2-deoxy-d-glucose (‘*F-FDG) [4, 5]
and single-photon emission computed tomography
(SPECT) with *™Tc-1-thio-d-glucose [6—8]. The data
of modern studies show high efficiency and confirm
the prognostic value of these methods, which makes
it possible to determine the prevalence of lymphomas,
assess the effectiveness of the therapy, and determine
the presence or absence of indications for radiation
therapy. Thus, according to the literature, PET with
BE-FDG allows to visualize increased metabolic ac-
tivity in 30-64% of patients with residual tumor mas-
ses after completion of the therapy [4]. The presence

of such hypermetabolic formations in 62-100% of
cases is accompanied by a relapse after the first-line
chemotherapy [9].

The widespread use of PET in the Russian Feder-
ation is currently limited due to the high cost of the
procedure and the insufficient number of PET centers,
which are located mainly in the European part of the
country. Considering high efficiency and demand for
this method in recent years, modern PET centers have
been built in the Eastern part of Russia, including the
Nuclear Medicine Center of the Federal Siberian Re-
search Clinical Center under FMBA of Russia (FS-
RCC FMBA of Russia) in Krasnoyarsk. The opening
of this center made PET available to residents of the
Siberian Federal District.

The aim of this study was to determine the diag-
nostic value of ®F-FDG PET / CT in assessing the
effectiveness and prognosis of lymphoma treatment.

MATERIALS AND METHODS

Retrospective data of "F-FDG PET / CT of 30 peo-
ple with malignant lymphomas were analyzed: before
treatment (PET1), after 2 cycles of polychemothera-
py (PET2), and after completion (from 6 to 8 cycles)
of polychemotherapy (PET3). PET2 was performed
before the introduction of the third cycle of chemo-
therapy, and PET3 was performed 2 weeks after the
last dose. In 12 cases, additional *F-FDG PET / CT
(PET4) was performed at the stages of dynamic obser-
vation of patients (6—12 months after treatment com-
pletion). The examination was carried out at the Nu-
clear Medicine Center of the FSRCC FMBA of Russia
(Krasnoyarsk) from 2015 to 2017. The study involved
13 men and 17 women aged 19-74 years (average age
was 42 years). All patients underwent an immunobhis-
tochemical examination, according to which 12 pa-
tients had HL, and the remaining 18 had aggressive
NHL: diffuse large B-cell lymphoma (11 cases) and
follicular lymphoma (7 cases). In accordance with
the data of the initial clinical and instrumental studies
(clinical examination, CT, magnetic resonance imag-
ing (MRI), ultrasound, bone marrow biopsy), stage
I of the disease was established in 3 patients (10%),
stage Il — in 8 (27%) patients, stage III — in 8 (27%)
patients, and stage IV —in 11 (36%) patients.
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Reference methods for result verification were his-
tological examination or, if it was impossible to per-
form it, long-term (at least a year) clinical monitoring
of the patient with a series of control instrumental ex-
aminations (CT, MRI, ultrasound, '8F-FDG PET / CT).

Most patients received R-CHOP treatment (14 pa-
tients) (rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisolone). 9 patients had the BEACOPP
regimen (bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, prednisolone),
4 patients underwent RB (rituximab, bendamustine)
treatment, and 3 patients received ABVD (adriamycin,
bleomycin, vinblastine, and dacarbazine) therapy.

Routine methods for assessing the effectiveness of
treatment included a clinical examination of the pa-
tient, laboratory tests, and CT of the chest wall and
abdominal cavity. This assessment was carried out
after 2-3 cycles of chemotherapy and after comple-
tion of the entire treatment program. In accordance
with the “Russian clinical guidelines for the diagnosis
and treatment of lymphoproliferative diseases” [10],
the patient’s condition was assessed as complete re-
mission (CR), uncertain complete remission (uCR),
partial remission (PR), stabilization (St), relapse (after
CR or uCR), or progression (after PR or St).

BE-FDG PET / CT was performed in the whole
body mode (from the level of the eye sockets to the
middle third of the thigh) with simultaneous low-dose
CT to correct the attenuation. The study was carried
out on a PET / CT scanner Discovery PET / CT 600.
Eating was allowed no later than 6 hours before the
study. The radiopharmaceutical *F-FDG was admin-
istered intravenously at a dose of 300-550 MBq, and
after 60-90 minutes, scanning was performed. The
obtained images were reconstructed using standard
software. The results of all studies were interpreted
and analyzed by specialists in nuclear medicine and
radiology.

The results of PET2 and PET3 were assessed as
follows: a complete metabolic response (1, 2, and 3
points on a five-point Deauville scale in lymph nodes
or extranodal sites with or without residual tumor
mass); a partial metabolic response (4 or 5 points on
the Deauville scale with visually reduced uptake of
the radiopharmaceutical compared to baseline and re-
sidual tumor mass of any size); lack of a metabolic
response (4 or 5 points on the Deauville scale with-
out a significant change in "*F-FDG uptake compared
to the baseline value), and metabolic progression (4
or 5 points on the Deauville scale with an increase in
F-FDG uptake compared to the baseline value and /

or the emergence of new metabolically active foci as-
sociated with lymphoma) [11].

To study the prognostic value of the results of pa-
tients’ examination at the stages of treatment, progres-
sion-free survival (the time from the diagnosis to the
first signs of progression or a relapse or to disease-re-
lated death) (PFS) was chosen as an endpoint. The
survival curves were constructed using the Kaplan —
Meier method. The differences between the groups
were analyzed using a log rank test.

RESULTS

According to the reference verification methods,
191 lymph nodes involved in the pathogenetic process
were found in 30 patients with lymphoma. Most often,
there was a lesion in the cervical (21%), supra- and
subclavian (20%), mediastinal (13%), axillary (10%),
and bronchopulmonary (10%) lymph nodes. Lesions
in the mesenteric (6%), inguinal (6%), and paraaortic
(5%) nodes were less commonly diagnosed.

According to PET / CT, pathological accumulation
of ¥F-FDG in the lymph nodes was observed in all
patients included in the study. 169 (88%) of 191 af-
fected nodes were hypermetabolic. '*F-FDG PET /CT
was most effective in diagnosing the state of the iliac,
mediastinal, mesenteric, and inguinal lymph nodes,
when its sensitivity exceeded 90%.

In 16 patients, 33 extranodal lesions were diag-
nosed using reference verification methods. Most of-
ten, there was dissemination of malignant lymphomas
in the lungs (10 patients), spleen (11 patients), and red
bone marrow (7 patients); in individual cases, it was
observed in the liver and soft tissues.

According to PET / CT, pathological 'F-FDG
uptake was observed in 30 (91%) of 33 extranodal
foci. The PET / CT method was most effective in di-
agnosing the state of the red bone marrow, soft tis-
sues, lungs, and spleen, when its sensitivity was 90%
or more. When assessing the state of the liver, it was
possible to visualize 2 pathological foci out of 3.

When analyzing the PET2 results, a complete
metabolic response after two cycles of chemotherapy
(PET2-) was observed in 21 patients (70%): in 9 pa-
tients (75%) with HL and 12 patients (67%) with NHL
(Fig. 1). In this group of patients, patients with early
stages of lymphoma (stages I-1I) were more common,
(9 (82%) out of 11), as well as persons without signs
of extranodal lesions (11 (79%) out of 14). In stage
III-IV lymphoma and in the presence of extranodal
lesions, PET2— occurred in 12 (63%) and 10 (62%)
patients, respectively (Table 1).
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Table 1
Interim ®F-FDG PET/CT and ®F-FDG PET/CT results after chemotherapy in lymphoma patients
. LH NLH LH + NLH
Patients Total
PET2- PET2+ PET2- PET2+ PET2- PET2+
Total in the group 9 3 12 6 21 9 30
PET3- 9 2 12 3 21 5 26
PET3+ 0 1 0 3 0 4 4
Early stages (I-1I) 3 1 6 1 9 2 11
PET3- 3 1 6 0 9 1 10
PET3+ 0 0 0 1 0 1 1
Advanced stages (I1I-1V) 6 2 6 5 12 7 19
PET3- 6 1 6 3 12 4 16
PET3+ 0 1 0 2 0 3 3
Extranodal lesions — 5 1 6 2 11 3 14
PET3- 5 1 6 2 11 3 14
PET3+ 0 0 0 0 0 0 0
Extranodal lesions + 4 2 6 4 10 6 16
PET3- 4 1 6 1 10 2 12
PET3+ 0 1 0 3 0 4 4

In 9 patients, after 2 cycles of chemotherapy, a
partial metabolic response (6 people), no metabolic
response (2 people), or metabolic progression (1 per-
son) were established (Fig. 2). These patients made
up the PET2+ group. This group included 3 patients
(25%) with HL and 6 patients (33%) with NHL. Signs
of tumor metabolic activity on interim PET / CT scans
were observed in 2 (18%) cases with early stages of
lymphoma and in 7 (37%) patients with advanced
stages of the disease. In addition, positive interim PET
was more common in the presence of extranodal le-
sions (6 (38%) patients) than in their absence (3 (21%)
patients) (Table 1). After the end of chemotherapy, a
complete metabolic response (PET3—) was diagnosed
in 26 patients (87%). This effect was achieved in 21
patients (100%) with PET2— and in 5 people (66%)
with PET2+ (Fig. 3, Table 1).

In the PET2+ group after completion of chemo-
therapy, 4 (44%) patients had a partial metabolic re-
sponse (3 people) or no metabolic response (1 per-
son) (Fig. 1, Table 1). Follow-up of these patients
showed that in 2 cases, progression was diagnosed,
and in 2 patients, further treatment led to complete
remission.

During a two-year follow-up of patients, it was
found that remission was observed in 20 (67%) pa-
tients (complete remission in 15 people, uncertain
complete remission in 5 patients). The “remission”
group included 10 (83%) patients with HL and 10
(56%) individuals with NHL. The “relapse” group

consisted of 10 (40%) people: 6 patients had a relapse
of the disease, and 4 people had progression (Fig. 4, 5,
Table 2). More often, a relapse or progression was ob-
served in NHL — 8 (56%) cases, less often, in HL — in
2 (17%) patients (Fig. 6, Table 2). Patients with early
stages of lymphoma more often were in the “remis-
sion” group than patients with advanced stages of the
disease, 72% and 63%, respectively. It should also be
noted that remission was more often observed in pa-
tients with no extranodal lesions (76%) than in those
with extranodal lesions (56%) (Table 2).
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Fig. 1. Patient T., 25 years old. Diagnosis: Hodgkin’s lymphoma:
a — PET1: signs of lymphoproliferative disease with multiple
metabolically active lesions of the anterior and posterior
mediastinum, cervical, supraclavicular and subclavian,
bronchopulmonary, and intraperitoneal lymph nodes; b — PET2;
complete metabolic regression
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Table 2
Interim *F-FDG PET/CT and follow-up prognosis in lymphoma patients
Patients LH NLH LH + NLH Total
PET2- PET2+ PET2- | PET2+ | PET2- | PET2+
Total in the group 9 3 12 6 21 9 30
Remission 9 1 8 2 17 3 20
Relapse 0 2 4 4 4 6 10
Early stages (I-1I) 3 1 6 1 9 2 11
Remission 3 0 4 1 7 1 8
Relapse 0 1 2 0 2 1 3
Advanced stages (I1I-1V) 6 2 6 5 12 7 19
Remission 6 1 4 1 10 2 12
Relapse 0 1 2 4 2 5 7
Extranodal lesions — 5 1 6 2 11 3 14
Remission 4 1 5 1 9 2 11
Relapse 1 0 1 1 2 1 3
Extranodal lesions + 4 2 6 4 10 6 16
Remission 3 0 4 2 7 2 9
Relapse 1 2 2 2 3 4 7
— —_— after the start of treatment, even before a change in
N } :} \:;_: | tumor size is detected [12]. Many studies have shown

a b
Fig.2.PatientC.,38 years old. Diagnosis: Hodgkin’s lymphoma,
nodular sclerosis: @ — PET1: signs of lymphoproliferative
disease with a metabolically active lesion of the cervical,
axillary, iliac, and inguinal lymph nodes; » — PET2: compared
to PET1- no changes

Analysis of the PET2 results showed that in pa-
tients with PET2+, a relapse was observed in 6 (67%)
cases, and remission — in 3 (33%) cases. At the same
time, in patients with PET2—, the opposite pattern took
place: 4 (19%) people were diagnosed with a relapse
and 17 (81%) had remission (Fig. 4, 5).

DISCUSSION

The results of our study confirm the global experi-
ence of using "*F-FDG PET / CT. In lymphomas, the
metabolic activity of the tumor changes quite rapidly

that ®F-FDG PET / CT performed at early stages of
chemotherapy (interim "*F-FDG PET / CT) predicts
the effectiveness of treatment. Such stratification of
patients makes it possible to personalize the treatment
strategy and has a positive effect on the outcome of the
disease [13]. In patients with lymphoma, an interim
BE-FDG PET / CT scan is usually performed after one
to four (as a rule two) chemotherapy cycles out of six
to eight planned ones.

Interim 'F-FDG PET / CT helps to differentiate
between patients with favorable lymphoma who need
standard therapy and high-risk patients who require
more intensive treatment with high-dose chemothe-
rapy regimens. The method has proven itself well in
determining the sensitivity of tumor tissue to chemo-
therapy, especially in patients with an advanced stage
of the disease and an unfavorable course of the lym-
phoproliferative process, who may need additional ra-
diation therapy [14]. In addition, in low-risk patients,
interim ""F-FDG PET / CT can reduce side effects
and unnecessary toxicity associated with treatment,
making it possible to choose the gentlest protocols
and reduce the number of cycles. According to the
ESMO guidelines, in patients with HL [14], interim
BE-FDG PET / CT after 1-2 cycles of chemotherapy
can identify a group with a high probability of achie-
ving a complete metabolic response after completion
of treatment and without indications for consolidation
radiotherapy [13]. At advanced stages of the disease,
this method is used to identify patients who need to
change the chemotherapy regimen.

bionneteHb cMbupcko meanumHbl. 2021; 20 (2): 120-129 125



Chanchikova N.G., Chernov V.I., Dudnikova E.A. et al.

The role of 18F-FDG PET / CT in evaluation of therapy effectiveness

30 patients with

lymphomas

PET2+ 9 patients

PET3- 5 (56%)
patients

PET3+ 4 (44%)
patients

PET2- 21 patients

PET3+ 0 patients PET3- 21 (100%)

patients

Fig. 3. Results of '®F-FDG PET/CT after lymphoma chemotherapy in PET2+ and PET2- groups

30 patients with
lymphomas

PET2+ 9 patients

Relapse 6 (67%)
patients

patients

Remission 3 (33%)

PET2- 21
patients

Relapse 4 (19%) Remission 17

patients; (81%) patients

Fig. 4. Results of long-term follow-up of PET2+ and PET2- groups of lymphoma patients

According to a study by J. Radford et al. [13], per-
formed on the basis of the analysis of the "F-FDG
PET / CT findings in 602 patients with early stage
HL who received ABVD chemotherapy, it was shown
that if after 3 cycles the metabolic activity in the tu-
mor foci was not detected, then further radiation ther-
apy was unnecessary and progression-free survival
(PFS) remained unchanged. A retrospective study
of 260 HL patients treated with ABVD therapy con-
firmed the predictive role of interim '®F-FDG PET/CT

using Deauville’s criteria for predicting a treatment
response [16].

In another study, observation of patients with ad-
vanced stage HL showed that a complete metabolic
tumor response after two cycles of ABVD chemothe-
rapy had high negative predictive value (NPV) (94%)
and positive predictive value (PPV) (73%) with pre-
dicting 3-year PFS [17]. Similar data were presented
in an article by J. Markova et al., in which the analysis
of the interim '"F-FDG PET / CT findings in patients
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with advanced HL after 4 cycles of BEACOPP che-
motherapy demonstrated that a complete metabolic
response in predicting 4-year PFS had NPV and PPV
levels of 98% and 96%, respectively [18]. In addition
to its high predictive value for assessing PFS, interim
BE-FDG PET / CT can be used to determine the indi-

CONCLUSION

Interim ®F-FDG PET / CT with high accuracy
allows to predict the effect of malignant lymphoma
treatment. The method is recommended for wide-
spread use in clinical practice for monitoring the

cations for consolidation radiotherapy [18]. stages of therapy for this pathology.
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Fig. 5. Two-year relapse-free survival in patients with lymphomas with (PET2-) and without (PET2+) a metabolic response to
two cycles of chemotherapy

a b c d

Fig. 6. Patient K., 31 years old. Diagnosis: Hodgkin’s lymphoma with damage to peripheral lymph nodes and skin: a — PET1: signs

of lymphoproliferative disease with multiple metabolically active lesions of the liver, lymph nodes above and below the diaphragm,

and bone marrow; b — PET2: signs of lymphoproliferative disease with a metabolically active lesion of the acromial process of

the right scapula. Compared to PET1 — positive changes; ¢ — PET3: metabolic activity in the cervical, supraclavicular, and axillary

lymph nodes on the right, a single inguinal lymph node on the right, in the acromial process of the right scapula. Compared to

PET2 — negative changes; d — PET4: a metabolically active lesion in single right axillary lymph nodes, regarded as a manifestation
of Hodgkin’s lymphoma. Compared to PET3 — positive changes
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ABSTRACT

The causes of ulcerative colitis are still unknown. Scientists made important advances in understanding the patho-
genesis of this disease in the 21st century. Complex involvement of an impaired immune response in relation to
antigens of the intestinal microbiota in genetically predisposed individuals under the influence of certain environ-
mental factors was revealed. The factors that disrupt the epithelial barrier and alter the composition of the intes-
tinal microbiota trigger the onset of the disease, thereby stimulating an impaired immune response. Recent stud-
ies have discovered completely new hypotheses of its origin and development, gradually interpreting the already
known pathogenetic mechanisms of the disease. In this review, we focused on the new concepts in the pathogenesis
of ulcerative colitis. We examined genetic, environmental, barrier, and microbial factors. We went into detail on
the structure and role of the epithelial barrier and identified specific genes that are involved in the regulation of
the intestinal epithelial barrier function in ulcerative colitis. We studied the literature containing information on
relevant studies in PubMed and Google Scholar citation systems, using such key words as ulcerative colitis, colon
microbiota, barrier function, genetic predisposition, and predisposing factors.
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predisposition.
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q)aKTOpbl natoreHesa A3B€HHOro Ko/inTta: MEﬁHCTpMM-ZOZO

buk6asosa I'.P., Jlus3zaH M.A., Jlo3nHckaa M.I0.

Omckuti eocyoapcmeeHHblil Mmeouyurckul yrugepcumem (Oml'MY)
Poccus, 644099, 2. Omck, yn. Jlenuna, 12

PE3IOME

[IprunHBI BOSHUKHOBEHUS SI3BEHHOT'0 KOJIUTA J0 CUX TIOP HEM3BECTHBI. 3HAUHUTENbHbIE YCIIEXU B TOHUMaHUH aTo-
reHe3a 3TOro 3abosieBaHus TOCTUTHYTHI B XXI B. U JJOKa3bIBalOT KOMILICKCHOE YYaCTHE HApyIICHHOTO HMMYHHOTO
OTBETA M0 OTHOIICHHIO K aHTUTCHaM COOCTBEHHOHN KHUIIIEYHOH MUKPOMIOPHI y TEHETUIECKH MPEPACTIONOKCHHBIX
JIUI IO/ BO3JICHCTBUEM ONpeeNIeHHBIX (h)aKTOpPOB BHeIIHeil cpenbl. [eOroT 3aboneBanus npoBoupyercs: GpakTo-
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paMH, KOTOpbIC HAPYIUAIOT JMUTEIHATIBHEIN Oapbep M H3MEHSIOT COCTaB MUKPOOHOTHI KHMIIEYHHKA, TEM CaMBIM
CTHMYJIHPYS aHOMAJIBHBIA HMMYHHBINA OTBeT. VIcCIeM0BaHMsI TOCTEIHNUX JI€T OTKPHIBAIOT KaK abCOIIOTHO HOBbIC
TUIOTE3bI €r0 BOSHUKHOBEHHUS U Pa3BHTHS, TaK M MOAPOOHO PacIii(POBHIBAIOT yXKE U3BECTHBIC MEXaHU3MBI M-
ToreHe3a Gosie3Hu. B mpencTaBieHHOM 0630pe Mbl COCPEIOTOYMINCE Ha HOBBIX KOHIICMIMAX MATOreHe3a sI3BeH-
HOTO KOJIUTA — TeHETHYECKHX, IKOJIOTHIECKHUX, OapbepHBIX U MUKPOOHOMHBIX (akTopax. [ToapoOHO mpeacTaBmin
CTPOCHHE U POJIb IMUTSIUATBEHOT0 Oapbepa, 0003HAUMIN CHIeUN(IIECKUE TeHBI, KOTOPHIE YYaCTBYIOT B PETyIISILIN
GapbepHOil HYHKUNH SMUATENHS KULICYHUKA IIPH S3BEHHOM KoiuTe. [TOHCK IuTepaTypsl, coaepaieii napopma-
L0 O COOTBETCTBYIOIINX HCCICAOBAaHHAX, MpoBoauics B cucremax PubMed u Google Scholar no cnenyromnm
KJIIOYEBBIM CJIOBaM: SI3BEHHBIH KOJIUT, MUKPOOHOTA TOJICTOM KHIUKH, OapbepHast GyHKLHS, FeHETHYECKast Ipeapac-
HOJIOKEHHOCTD, IPEAPACIoNararmue GakTopal.

KiaroueBble c10Ba: S3BCHHBII KOJIMT, BOCIIAJIUTCIIbHBIC 3a00J1eBaHUS KHUIIICYHHKA, MI/IKpO6I/IOTa, NaToOreHes, mpea-
pacnojiararoniue (I)aKTOpI)I, TEHETHUYCCKasA NPeAPaCIOIOKEHHOCTD.

KoHpauKT HHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTCHIMAIBHBIX KOH(IMKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIMKalUel HaCTOsIIEeH CTaTbH.

Hcerounnk punancupoBanus. [TyOonukarms moaroToBieHa Mpy rocyAapCcTBEHHON MMOIEp)KKE BEIYIIUX Hayd-
HbIX mKkon Poccuiickoit ®@eneparmu (rpant HIII-2558.2020.7, cornamenue Ne 075-15-2020-036 «Pa3paboTka
TEXHOJIOTHH 37I0pOBbecOepekeHHsI KOMOPOUIHOTO GOIEHOTO racTPOIHTEPOIOTHYECKOT0 NPO(DHIIS Ha OCHOBE KOH-
TPOJISL IPUBEPIKEHHOCTI).

Jns uutupoBanus: buxbasosa ['.P., Jlus3an M.A., Jlozunckas M.1IO. ®@akTops! matoreHes3a s3BEHHOTO KOJHTA!
MmeitcTpuM-2020. broaremens cubupckou meouyuns. 2021; 20 (2): 130-138. https://doi.org/10.20538/1682-0363-

2021-2-130-138.

INTRODUCTION

The first description of ulcerative colitis (UC) was
presented by Samuel Wilks in 1859 under the title
“Morbid appearances in the intestine of Miss Bankes”
in the Medical Times and Gazette. In 1875, S. Wilks,
together with V. Moxon, described morphological
presentation of this disease [1]. Despite a long history
of studying UC, the causes of this disorder still remain
unknown. The generally accepted modern concept of
UC development includes genetic predisposition, ep-
ithelial barrier defects, dysregulation of immune re-
sponses, intestinal dysbiosis, and environmental fac-
tors [2].

The number of patients with inflammatory bow-
el diseases (IBD) is increasing every year and may
reach 30 million people in the world by 2025 [3,
4]. In Russia, the incidence of UC is 23 cases per
100 thousand people [5]. High incidence of IBD in
economically developed countries is explained by a
combination of such factors as improvement of socio-
economic and sanitary conditions in modern society,
changes in diet, availability of endoscopic examina-
tion, and the level of awareness among both patients
and doctors about this medical condition [6]. Epide-
miological studies reveal an increase in the incidence
of UC in regions where it was at low level before, and
where the Western way of life and nutrition is grad-
ually predominating, such as countries of Asia and
South America [7].

A tremendous interest of scientists from all over
the world in the study of UC has been persistent for
many years and requires large investments. To date,
progress has been made in understanding this disease,
new hypotheses of its emergence have appeared, and
the mechanisms of the pathogenesis have been gradu-
ally unveiled. For example, it has been proven that the
appendectomy at a young age has protective effects
against UC development, given the surgery was per-
formed for acute appendicitis [8]. In addition, based
on the results of a meta-analysis of four studies, it has
been recently discovered that there is an association
of IBD with Parkinson’s disease. The studies showed
that the risk of developing Parkinson’s disease in IBD
patients was significantly higher than in the control
group [9]. Moreover, the risk of developing Parkin-
son’s disease in patients with UC was 30%, and in pa-
tients with Crohn’s disease (CD), it was 28%.

Recent studies have been aimed at identifying new
targets of etiotropic and pathogen-specific drug the-
rapy to increase the effectiveness of treatment. Emer-
gence of new treatment methods, such as immunosup-
pressive and biological therapy, resulted in significant
pathomorphosis of UC. The disease is aggravating
even with appropriate treatment, resulting in develop-
ment of life-threatening complications, a continuously
relapsing course, and universal forms in the majority
of patients. The aim of this review was to summarize
the data that form the modern understanding of the
pathogenetic mechanisms in UC.
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GENETIC FACTORS

Genetic studies, including genome-wide association
studies (GWAS), whole genome sequencing (WGS),
and genetic mapping, have identified 260 susceptibil-
ity loci associated with IBD [10-13]. Conventionally,
genes that are involved in the development of UC can
be divided into the following groups: genes encoding
an immune response; genes encoding intestinal barrier
function (the so-called barrier genes); genes encoding
the quantitative and qualitative composition of the in-
testinal microbiota. The examination of patients using
modern methods of genetic testing allowed scientists
to come to the following conclusions.

Firstly, most of the genetic factors were found to
be common for UC and CD [14]. Genes encode both
innate and adaptive immune pathways, cytokine sig-
naling, and immune response (for example, [L23-R,
IL-12, JAK2, CARD9, TNFSF18, and IL-10). In ad-
dition, many genes (70%) are associated with other
autoimmune diseases, such as ankylosing spondylitis
and psoriasis.

Secondly, the strongest genetic signals within
UC-specific loci are associated with the human leuko-
cyte antigen (HLA) region on chromosome six. Six-
teen HLA allelic associations (mainly class II), spe-

cific for UC, were described in genetic mapping [15].
It is known that many UC-specific genes are involved
in the regulation of the epithelial barrier function.
Studies showed that they are associated with colon in-
volvement in UC and CD [16]. This indicates the key
role of aberrant adaptive immune responses and epi-
thelial barrier dysfunction in the pathogenesis of UC.

A group of scientists from Belgium conducted a
study in 2017 [17], which analyzed various compo-
nents of the intestinal epithelial barrier in IBD patients
in terms of genetic predisposition. 128 genes associa-
ted with epithelial dysfunction were selected, of which
25 were associated with the mucous layer, 34 — with
tight junction proteins, 5 — with adherens junctions,
14 — with desmosomes (intercellular junctions), 4 —
with hemidesmosomes (half desmosomes), 17 —
with cytoskeleton, 9 — with extracellular matrix, and
20 — with regulatory proteins. Analysis of the barrier
genes revealed the potential role of MUC21, MUC22,
GNA12, and HNF4A genes and loci in the emergence
of UC. In the inactive phase of the disease, a persistent
change in the expression of MUCI and MUC4 in bi-
opsies of patients with IBD was found, which served
as an evidence of their crucial role in the recurrence of
IBD (Figure).
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Figure. The role of epithelial barrier genes in the onset of IBD
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One of the latest significant discoveries was whole
genome sequencing (WGS) performed in almost 2,000
UC patients, which revealed a new and rare variant of
a missense mutation (present in 0.6% of cases) in the
adenylyl cyclase 7 (ADCY7) gene, which doubles the
risk of UC development [18].

Thirdly, despite the identification of many suscep-
tibility loci, genetics explains only 8—-19% of disease
heritability in IBD [19], CD being more common than
UC. The concordance rate among monozygotic twins
in UC is only 6.3% (compared to almost 60% in CD).
Taken together, genetic factors provide a small but
definite increase in susceptibility to UC. However,
many patients do not have a genetic predisposition,
if they are assessed using a polygenic risk score that
takes into account all susceptibility loci [20].

Fourthly, non-genetic factors, in particular, epi-
genetics, which will be discussed below, play an im-
portant role in UC emergence [21].

EPIGENETICS

As mentioned above, genetic factors do not explain
the occurrence of UC in all patients. In recent years,
susceptibility to IBD has been supplemented by new
data on epigenetic reprogramming. In response to ex-
ternal stimuli, such as nutrition, psychological stress,
and physical activity, this mechanism gives commands
to genes to increase or, on the contrary, weaken their
activity. Thus, epigenetics studies the changes in gene
activity, while the DNA structure remains the same.
The main epigenetic mechanisms that control gene ex-
pression are DNA methylation, histone modification,
and noncoding RNAs [22].

Changes in DNA methylation of the gene promo-
ters are functionally involved in the regulation of gene
expression in patients with IBD, mainly with UC. This
provided a new look at the pathogenesis of the dis-
ease. The first studies concerning epigenetics in IBD
were devoted to carcinogenesis and the development
of neoplasia in patients [23]. It was proven that a high-
er level of DNA methylation in AGTRI, WNT2, and
SLIT2 genes was associated with an increased risk of
cancer in patients with UC [24].

A number of studies in this area demonstrate that it
is the DNA methylation landscape in genes that deter-
mines the severity and nature of IBD [25, 26]. Epigen-
etic changes are correlated with clinical features and
outcomes of IBD, such as the extent of the lesion and
the phenotype of the disease. For example, a higher
level of MDRI methylation was independently asso-
ciated with universe UC, severe attacks of the disease,

and young age of the disease onset [27], while a high-
er level of PAR2 methylation in the rectal mucosa was
associated with the steroid-dependent or steroid-re-
fractory UC [28].

Nevertheless, there are no convincing and unam-
biguous data of evidence-based medicine on the in-
fluence of epigenetics on the emergence and nature
of IBD, since there are many technical difficulties in
reproducing the sequences and heterogeneity in the
analyzed population (the sampling technique and the
studied material differ). For the same reasons, it is not
yet possible to conduct meta-analyses on this topic.

INFLUENCE OF ENVIRONMENTAL FACTORS

An increase in the number of UC patients occurs
in parallel with changes in lifestyle [29] and basic
approaches to nutrition in modern society, namely,
widespread use of convenience foods, high-calorie
foods, taste modifiers, animal proteins, sugar and re-
fined carbohydrates, artificial sweeteners, a variety of
modern cooking and food preservation technologies,
emulsifiers, and a lack of dietary fiber in the diet [30].
The general concept of UC association with nutrition
is based on data of epidemiological studies and is re-
ferred to as westernization of the diet.

Westernization also concerns living conditions
and lifestyle in general, for example, the impact of
environmental pollution, the availability of antibac-
terial drugs, and a decrease in physical activity [31].
One of the theories explaining a rise in autoimmune
diseases in general and UC, in particular, is the hy-
giene hypothesis formulated by the English epide-
miologist David Strachan [32]. This concept reveals
the possibility of an excessive immune response and
development of autoimmune diseases following a de-
crease in antigenic exposure due to improvement of
the sanitary conditions in the environment and wide-
spread use of antibacterial drugs and detergents.

It was suggested that stress can initiate or induce a
new attack of IBD and is a potential trigger of UC [33].
This association is supported by numerous studies that
showed that stressful events in a person’s life can trig-
ger a disease [34, 35]. Psychological stressors increase
intestinal permeability, weaken tight junctions, and in-
crease bacterial translocation into the intestinal wall.

Finally, scientists have been studying the pro-
tective effect of tobacco smoking on the occurrence
of UC for a long time. The likelihood of UC occur-
rence in nonsmokers is higher than in smokers. When
giving up smoking, the relative risk of UC develop-
ment increases by 4.4 times [36].
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CHANGE IN THE INTESTINAL MICROBIOTA

A combination of various lifestyle factors in the era
of postindustrial society has a significant impact on
the microbial composition of the intestine and leads to
a change in its diversity in UC. A group of scientists
from the United States proved that under the influence
of triggers, in particular, emulsifiers, the intestinal
mucosal barrier decreases, increasing the number of
microbes with proinflammatory and mucolytic acti-
vity, resulting in the development of inflammation and
emergence of IBD, metabolic syndrome, and, possi-
bly, other chronic inflammatory diseases [37].

A study in 2010 showed significant differences in
gut microbiota in children living in rural communi-
ties of Burkina Faso compared to children living in
Europe. Gut microbiota of African children was rich
in Bacteroides and poor in Firmicutes and Enterobac-
teriaceae, while the results obtained from European
children were opposite [38]. With a high probability,
it can be assumed that this situation is determined by
dietary habits. In Africa, foods with high fiber content
prevail, and in Europe, the traditional Western diet
prevails.

An important characteristic of gut microbiota of
each person is its individual variability, due to gene-
tic predisposition. Based on molecular analysis by 16s
RNA sequencing, it was found that gut microbiota is
represented by four known types of bacteria: Actino-
bacteria, Bacteroidetes, Firmicutes, and Proteobacte-
ria. In adults, two types of bacteria are predominant:
Bacteroidetes and Firmicutes [39]. Research data were
published in 2017 [40], revealing a decrease in the di-
versity of fungal and bacterial components of micro-
biota in IBD patients; and in patients with UC, these
changes were more pronounced than in patients with
CD. Patients with UC exhibit a decrease in the pro-
portion of microorganisms with anti-inflammatory ac-
tivity that synthesize short-chain fatty acids (SCFAs),
such as Firmicutes, and an increase in the proportion
of pathobionts, which include Proteobacteria. Within
the phylum Firmicutes, the proportion also changes:
Roseburia and Faecalibacterium of the Ruminococ-
cacceae and Lachnospiraceae families decrease and
the content of Ruminococcus gnavus increases [41].
An increase in the content of opportunistic bacteria
Enterobacteraceae and Esherichia coli is noted within
the phylum Proteobacteria [42]. Other studies demon-
strate an increase in the content of sulfate-reducing
bacteria Desulfo vibrio with excessive production of
hydrogen sulfide, which negatively affects prolifera-

tion, apoptosis, and differentiation of colonic epithelial
cells [43].

In addition to bacteria, microbiota of the colon con-
sists of viruses, fungi, and archaea, which are also an
essential part of the intestinal microbial composition
[44]. Archaea account for up to 10% of all anaerobes
inhabiting the colon of a healthy person. Studies show
their positive effect on human health [45], while previ-
ous studies demonstrated their proinflammatory effect
via stimulating the growth of pathogenic bacteria [46].
Gut microbiota also consists of viruses. The quanti-
tative and qualitative composition of the virome also
depends on the prevailing food products in the diet,
place of residence, hygiene, environmental factors,
and the type of breastfeeding [47]. In a healthy person,
bacteriophages persist in bacterial hosts, maintaining
the constancy of the internal state of gut microbiota.
Under the influence of environmental factors in gene-
tically predisposed individuals, or following a combi-
nation of a eukaryotic virus and a genome of a mac-
roorganism, activation of phages (in the latent period)
and viruses takes place, which leads to a disturbance
of the dynamic balance in the microbial composition
of the gastrointestinal tract (GIT).

A number of aggression factors, such as a distur-
bance of the intestinal microbiome composition and
the presence of aggressive intestinal metabolites, lead
to dysfunction of mucosal permeability, disrupting its
barrier function, which is normally determined by the
state of tight junctions with the help of claudins, as
well as by the content and quality of mucin that pro-
tects the epithelium [48]. When defects of the mucous
membrane emerge, food and bacterial agents can pe-
netrate into deeper layers of the intestinal wall, which
then stimulate development of inflammatory and im-
mune responses [49].

In recent years, fecal microbiota transplantation
(FMT) has been performed to restore intestinal ho-
meostasis in patients with UC. A study by P. Moayye-
di et al. [50] showed that FMT induces remission in
patients with active UC. A total of 70 UC patients
underwent FMT or received a water enema (placebo)
every week for 6 weeks. The remission rate in the FMT
group was significantly higher than in the placebo
group (24% versus 5%, respectively). Meta-analysis
of 14 cohort and 4 randomized clinical trials (308 pa-
tients with UC) by S. Costello et al. [51] demonstra-
ted the effectiveness of UC treatment with a clinical
remission rate of 28% in patients undergoing FMT,
compared to a 9% remission rate in patients receiving
placebo. In addition, a clinical response was achieved
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in 49% of patients treated with FMT compared to 28%
of patients receiving placebo.

EPITHELIAL BARRIER

Scientists agreed that disruption of the epithelial
barrier is the underlying factor in the pathogenesis of
UC. Given complex organization and regulation of the
intestinal mucosal barrier, it is necessary to determine
which elements are most important for the pathophys-
iology of IBD.

The intestinal barrier function is provided by a
complex of components that combine mucosal, epithe-
lial, and immune (innate and adaptive) barriers. The
mucosal barrier is a double layer. Colonic mucus con-
tains more bacteria in the thinner outer layer than in
the denser inner mucosal layer. The parietal mucosal
layer contains secretory immunoglobulins A and an-
tibacterial substances (defensins, lysozyme, and ribo-
nuclease). The mucosal layer provides the first apical
line of defense against luminal microbes and forms a
sieve-like gel structure that prevents large particles and
bacteria from contacting the intestinal epithelium [52].

Thanks to the almost impermeable polarized mono-
layer of intestinal epithelial cells, a second physical com-
ponent of the intestinal barrier is formed. Enterocytes,
the most represented type of colonic epithelial cells, are
interconnected by intercellular junctions, represented
by catenins, occludins, and claudins. Tight junctions are
the main gatekeepers of the epithelial intestinal barrier,
which can pass ions and small molecules up to 20 kDa.
The throughput capacity of tight junctions depends on
the state of proteins, mainly, claudins [53].

In addition to enterocytes, the epithelium is com-
posed of other specialized cells with a wide range of
functions, including goblet cells, which produce gel-
like mucus, and Paneth cells, which secrete antimi-
crobial peptides that strengthen the immune barrier.
M cells, which are also a part of the epithelium, cap-

ture luminal microbes and transport them to dendritic
cells, which recognize the absorbed microorganisms
and form an immune response [54].

In UC, dysfunction of antimicrobial peptide secre-
tion and disruptions of tight junctions (the physical
component of the barrier) are observed [55]. In active
UC, key proinflammatory cytokines, such as tumor ne-
crosis factor-o (TNF-a), interferon (IFN) -y, and inter-
leukin (IL)-13, have a direct pathological effect on the
integrity of the epithelial barrier [56]. Genome-wide
association study (GWAS) reveals UC-specific sus-
ceptibility genes that regulate the epithelial barrier,
mucus production, and stability of the membrane and
intercellular junctions. However, the main mechanism
has not yet been fully understood.

MITOCHONDRIAL DYSFUCTION

The PROTECT study (analysis of complete genom-
ic sequencing of 206 children with a short history of
UC) is highly interesting. It demonstrated a decrease
in the expression of genes encoding an oxidative phos-
phorylation chain in mitochondria and a polymorphism
of the PPARGCIA gene, which affects the activation of
the mitochondrial function. Thus, mitochondriopathy
was determined as one of the possible mechanisms in
the pathogenesis of UC [57]. The role of mitochondri-
al dysfunction was discussed previously in the patho-
genesis of this disease [58]. For the past 10 years, re-
searchers have identified mitochondriopathy as one of
the main and most poorly understood “pieces of the
puzzle” in the genesis of inflammation [59]. The data
obtained over the past 3 years again revive and confirm
this concept in the pathogenesis of UC [60—-62].

CONCLUSION

The presented literature review summarizes cur-
rent research on the etiology and pathogenesis of UC
(Table).

Table

Modern concepts of etiology and pathogenesis of UC

Parameter

Description

Genetics

Most genetic factors (67% of the susceptibility loci) are common for UC and CD.
Sixteen HLA allelic associations have been described for UC (mainly class II).
Outside the HLA region, the ADCY7 gene has the strongest association with UC.
UC-specific genes are involved in the regulation of the intestinal epithelial barrier function.
Many patients do not have a genetic predisposition, according to a polygenic risk scale that takes into account all susceptibil-
ity loci (6.3% in monozygotic twins)

Environmental
factors

Westernization includes urban lifestyle, environmental pollution, dietary habits, antibiotics, improved sanitation and fewer

infections.

Smoking is a protective factor against UC. Giving up smoking often precedes UC.
Appendectomy reduces the risk of UC development, if the surgery was performed for acute appendicitis at a young age
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Table (continued)

Parameter

Description

Microbiota

A decrease in gut microbiota diversity (viruses, bacteria, and fungi).
Fecal microbial transplantation is effective in treating UC.
It is not known whether a disturbance in the composition of microbiota is a consequence or an initiator of inflammation.
Depletion of microbes with anti-inflammatory activity (Ruminococcaceae and Lachnospiraceae) and an increase in microbes
with proinflammatory activity (Enterobacteriaceae and Fusobacteriaceae)

Epithelial
barrier

Disruption of the epithelial barrier is a key mechanism in the pathogenesis of UC.
Barrier function of the intestine is provided by a number of components that combine mucosal, epithelial (physical), and
immune (innate and adaptive) barriers

Mitochondria

A modern lifestyle of people with a genetic predis-
position has a significant effect on the microbial com-
position of the intestine and leads to a change in the
diversity of the intestinal microbiota in UC, a decrease
in the resident flora, and an increase in the number of
opportunistic and pathogenic microorganisms. A num-
ber of aggression factors, such as disturbances of the
intestinal microbiome composition and the presence
of aggressive intestinal metabolites, impair mucosal
permeability and disturb the barrier function, which
is normally determined by the state of tight junctions,
as well as by the amount and quality of mucin that
protects the epithelium. Food and bacterial agents
can penetrate into deeper layers of the intestinal wall
through the defects in the mucous membrane, which
then stimulate the development of inflammatory and
immune responses [63].
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ABSTRACT

This literature review is devoted to the molecular mechanisms of oogenesis and depletion of the ovarian reserve.
One of the factors in this process is constantly changing environment of the ovaries, both during intrauterine
development and the postnatal period. Numerous mechanisms and factors affecting the internal environment of
the female gonad are described, such as stem cell factor (SCF), which regulates migration of primordial germ
cells and survival of early oocytes, insulin-like growth factor I (IGF-I), and leukocyte migration inhibitory factor
(LMIF). The capabilities of the endocrine system, namely sex steroids, which can both replenish the number of
germ cells and deplete the ovarian reserve through the expression of apoptotic markers, were shown. Apoptosis
causes degeneration of most of the germ cells formed during oogenesis. The molecular mechanisms and factors
involved in this process are numerous.

Pathways mediated by mitochondria of germ cells and external pathways mediated by receptors of the cell surface were
described. A mediator between two apoptotic pathways was established — the Bid protein (BH3-interacting domain
death agonist), the activation of which triggers the apoptosis mechanism of the intrafollicular microenvironment.
Some other factors were identified that mediate programmed germ cell death and result in diminished ovarian reserve:
eukaryotic elongation factor 2 kinase (¢EF-2 K), PUMA4 and NOXA genes, the absence of growth factors and members
of tumor necrosis factor (TNF) family. Changes in the epigenetic modification of chromatin in the follicular and
germ cells, oxidative stress, decreased DNA repair, and the involvement of the genes BRACI, RADS51, ERCC2, and
H2AX associated with this process can also affect reproductive health and the ovarian reserve. A significant role of
mitochondrial dysfunction of granulosa cells in depletion of the ovarian reserve is of great interest, which leads to
impaired oocyte competence, deteriorates the gamete quality, and depletes the ovarian reserve. Therefore, oogenesis
depends on a huge number of factors and the internal environment of the ovaries, the knowledge of which can
maintain the stability of the reproductive function and preserve the quality of the ovarian reserve.

Key words: oogenesis, molecular genetic mechanisms, folliculogenesis, apoptosis, ovarian reserve.
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PE3IOME

O0630p JIUTEpaTyphl MOCBAIICH MOJEKYJIIPHBIM MEXaHH3MaM OOI€HEe3a M HCTOILCHHS OBapHUalbHOTO pe3epsa.
OnHUM U3 acleKTOB JAHHOI'O IpOoLecca SBISETCS IIOCTOSHHO M3MEHSIONIAsCs Cpela SUYHHKOB, KaK BO BpEeMs
BHYTPHYTPOOHOI 3aKJIa/IKH, TaK ¥ IOCTHATAIbHOM Heproie. Onucanbl MHOTOYHCICHHBIE MEXaHU3MBbI i (PaKTOPBL,
BIIMAIOINME HAa BHYTPEHHIOK Cpelly JKeHCKOM ronanel, Takue kak SCF, perynupyromuil Murpanuio nepBUYHBIX
TOJIOBBIX KJIETOK M BBDKMBaHHME PAHHHUX OOLMTOB; MHCYJIHMHOIIOJOOHBIH (akTop pocta I u pakrop mHrubGupona-
HHS JIeWKouUTOB. [loka3aHa BO3MOXKHOCTb DHAOKPHHHOH CHCTEMBI, @ HMEHHO IIOJIOBBIX CTEPOUIOB, KOTOpBIE
CIIOCOOHBI KaK MOIOJIHATH KOJINYECTBO ITOJIOBBIX KIIETOK, TAK M UCTOIIATh OBAapHANBHBIH 3arac 4epe3 SKCIPECCHIO
aroNTO3HBIX MAapKEPOB. AIONTO3 BbI3bIBACT JICTCHEPALNIO OOJIbLICH YacTH 00pa3yIOIUXCS B POLIECCE OOTeHe3a
TOJIOBBIX KJIETOK. MOJIeKyJIsipHbIe MEXaHU3MBI, (DAaKTOPHI, y4aCTBYIOLIHE B JaHHOM IIPOLIECCE, MHOTOUYHCICHHBI.

Omnncansl COOCTBEHHBIE, ONMOCPEIOBAaHHBIE MHTOXOHIPHUSIMH TOJIOBEIX KJIETOK W BHEIIHWE, OIOCPEIOBAHHEIE
penenTopaMy KJIETOYHOH MMOBEPXHOCTH IIyTU. Y CTAHOBIIEH IMOCPEIHUK MEXKAY ABYMs allONTO3HBIMU IYTSAMH —
6erox Bid, akTuBarms KOTOPOTo 3aMycKaeT MEXaHU3M KJICTOUYHOH CMEpTH BHYTPU(OIUIHKYISIPHOTO MHKPOOKPY-
skeHust. OTpe/eneHs 1 HeKOTOphIe IpyrHe (hakToOpHl, OIOCPEIYIONIIe 3aIpOrPaMMHUPOBAHHYIO THOEIH TTIOJIOBBIX
KJIETOK U, KaK CJI/ICTBUE, IPHBO/ISIIHE K COKPAIICHNIO OBAPHAIFHOTO pe3epBa: (paKkTop JIOHTalny KHHa3a-2, TeHBI
PUMA n NOXA, orcyTtcTBHE (haKTOPOB pOCcTa M WIEHOB ()aKTOPOB HEKPO3a OIyXOJH. VI3MEHEHHUs B SIINTEHETH-
4YecKol MOoJu(UKAINK XpOMaTHHA B KJIETKaX IPaHyJIe3bl ¥ MOJIOBEIX KIETKaX, OKUCIUTEIBHBIN CTPECC, CHIDKEHUE
pemaparuBHoii ciocooHocTr JJHK U cBsizaHHOE ¢ 3TUM TpolieccoM ydacTtre reHoB penaparmu BRACI, RADSI,
ERCC2 n H2AX Taxke MOTYT HOBJIUSTE HA PENPOIYKTHBHOE 37I0pOBbe U (houtiKyIsipHbI 3amac. Ocobo ciexyer
OTMETHTH 3HAaYHUTEIbHYIO POJIb B CTOILIEHHUN 3aI1aca IOJOBBIX KJIETOK MUTOXOHIPHATBHON ANC(YHKIA KIETOK
rpaHynie3bl, 4TO IPUBOJAMUT K HAPYIICHUI0 KOMIIETEHTHOCTH OOLIUTOB, YXyJIIaeT KaueCTBO raMeT M HCTOLIAeT
oBapuanbHEIN pe3epB. CileoBaTEeIbHO, OOTEHE3 3aBUCHT OT OTPOMHOTO KOJNIHMYecTBa ()aKTOPOB M BHYTPEHHEH
cpensl SUYHHUKOB, BJIafe€HHE KOTOPBHIMH CIIOCOOHO COXPAaHHTH CTaOMIBHOCTH PENpOAYKTHBHOM (QYHKINH H
Ka4eCTBO OBapUAJIbHOIO pe3epBa.

Ki1roueBble ci10Ba: 00reHe3, MOJIEKYJIIPHO-TeHETHYECKIE MEXaHU3MBI, (POJTMKYJIOTEHE3, alloITO3, OBApUaIbHbIN
peseps.

KOHq).]'Il/lKT HHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUE SABHBIX U INOTCHIHUAJIBHBIX KOH(i)HI/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaHPIeI71 Hacm;{meﬁ CTaTbHU.

Hcrounnk ¢puHaHCHPOBaHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPH MPOBEICHUH HCCIE0-
BaHMSI.

Js nurupoBanusi: 3eukuna B.I'., Cononkosa O.A., boxko I'.I"., Arubanosa A.A., 3eakun U.C. MonekysipHbie
MEXaHU3MbI 00TeHe3a. broiemens cubupckoi meouyunst. 2021; 20 (2): 139-147. https://doi.org/10.20538/1682-
0363-2021-2-139-147.

INTRODUCTION

The relationship between the size of the ovarian re-
serve and a woman’s reproductive life span highlights
the importance of understanding the regulatory fac-
tors and processes that determine its formation [1-4].
Studies conducted in mice describe in detail (some at
the molecular level) the processes involved in deter-
mining the number of oogonia and oocytes, while our

knowledge about these processes in the human body
is not sufficient [3, 5].

The degree of change in the number of germ cells
at every stage leading to the formation of the ovari-
an reserve is particularly worth noting. However, we
have almost no understanding of the causes of the
dynamics in folliculogenesis and germ cell death,
which may be related to the nature or timing of trig-
gers for each of the stages of oogenesis. We do not
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understand why so many oocytes are formed and
then lost at the pre-reproductive stage of the ovarian
reserve. For example, in women, only 1 in 1,000 pri-
mordial follicles at birth will mature before ovulation
and produce estradiol and progesterone necessary for
fertility during the reproductive period of life [6].

It seems that mammalian fetal oocytes face a num-
ber of challenges to survive throughout all the stages
of'the oogenesis, especially in prophase I of meiosis up
to the diplonema stage and the initial follicle assembly
[7]. Depending on the period of development and ex-
perimental conditions, these oocytes can undergo var-
ious forms of programmed cell death. We assume that
they require constant support of growth factors to car-
ry out the activities necessary to overcome apoptotic
death during prophase I. Before the formation of pri-
mordial follicles, a decrease in the amount of nutrients
or growth factors can activate protective autophagy,
but if fasting is prolonged, it can end in death.

In fact, elucidating the relationship between sig-
naling growth factors (mainly the caspase cascade)
and apoptotic and autophagic proteins that probably
co-exist in fetal oocytes may be essential for under-
standing the causes of death of these cells. However,
recent progress in molecular markers for the prophase
of meiosis I, as well as for oocytes and stem cells has
greatly helped in the identification and classification
of developing gametes [1, 2, 7]. Such progress in
apoptotic markers and many other pathways related to
ovarian cellular functions contributes to our better un-
derstanding of oogenesis. However, it is important to
understand how individual signals of local cell death
accumulate, leading to changes in reproductive func-
tion at the level of the entire body.

MECHANISMS AFFECTING OOCYTE
SURVIVAL: THE CHANGING OVARIAN
ENVIRONMENT

It is still unclear to what extent the balance of in-
dividual oocyte decisions to continue development or
initiate cell death may relate to the local effects of the
developing ovarian somatic cell cluster in oocyte sur-
vival (for example, endocrine environment, intercel-
lular signaling, extracellular matrix) or to the inherent
properties of oocytes in meiotic transformations (for
example, errors in synapsis that can delay meiotic pro-
gression or cause arrest).

Paracrine factors of oocyte survival. A number
of paracrine factors identified in the human fetal ova-
ry may affect oocyte survival at one stage or another

[8-10]. For some paracrine factors, progress has been
made in identifying the primordial cell type and re-
ceptor locations. However, the local environment of
the ovaries is complex and constantly changes both
during intrauterine development and in the future.

There are a number of so-called survival factors
without which germ line cells die, for example, the
stem cell factor (SCF), also known as the KIT ligand,
which is essential during migration of primordial germ
cells and for survival of early oocytes [11]. The KIT
ligand has been noted by numerous studies as a critical
regulator of primary follicle activation. By binding to
its receptor, it sends signals along several pathways,
including activation of the oocyte phosphotidylinosi-
tol-3-kinase (PI3K), which are particularly important
for ovarian development, restoring intercompartment
communication and reducing the rate of follicular
atresia. SCF, along with insulin-like growth factor
I (IGF-I) and leukocyte migration inhibitory factor
(LMIF), support the survival of germ line cells after
migration. They are overlaid with pro- and antiapop-
totic mechanisms and other cell death pathways that
function at certain stages [8]. For example, in mice,
the absence of signaling in a complex of factors acti-
vates the Fas death pathway in pre-follicular oocytes
[12], and tumor necrosis factor-o. promotes apoptosis
during follicle formation [13, 14].

Endocrine factors of oocyte survival. Within
egg nests, inter-oocyte communication is mediated
through cytoplasmic bridges, but after the collapse
of this formation, interfollicular communication can
continue, for example, through molecules produced
by granulosa cells [14]. The developing ovary is also
influenced by the embryonic endocrine system, and
transcripts of some steroidogenic enzymes are present
in the ovary for at least 15 weeks of gestation, while
the ability to metabolize androgens into estrogens is
only present for about 12 weeks of gestation. Estro-
gens and progesterone inhibit follicular assembly in
rats, possibly by inhibiting apoptosis in oocytes [15,
16].

However, progesterone may be at least partial-
ly endocrine rather than local, since the removal of
ovaries from the environment in vivo marked an ac-
celerated transition from primordial to primary folli-
cles in the absence of progesterone [14, 17]. Possible
extragonadal sources of such steroids were identified
in human embryonic tissues. Experiments in which
ovaries of a specific genotype are transplanted in mice
with severe combined immunodeficiency can be used
to demonstrate the need for local effect of the gene.
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Therefore, the local presence of the Fas gene in the
ovary is necessary for normal elimination of oocytes
in transplanted ovaries [9, 15].

Intraoocytic factors and intercellular interactions.
Against the background of this complex local environ-
ment, internal factors of the oocyte can also influence
the prospects of their survival. Some researchers not-
ed an increase in the frequency of abnormal synapsis
in genetically abnormal fetuses, as expected, and also
associated some chromosomal abnormalities with in-
creased apoptosis. However, when studying individ-
ual mouse oocytes in the prophase of meiosis I, only
a slight relationship was found between apoptotic
molecular markers and normal or abnormal SCF ap-
pearance in mice [7, 18, 19]. In contrast to the relative
absence of an association between apoptotic mark-
ers and meiotic abnormalities in individual oocytes,
significant differences were observed in the behavior
of ovarian tissue samples in vitro in accordance with
gestational age [20]. Consequently, this may affect the
environment that surrounds oocytes entering meiosis
at different stages of pregnancy.

It was found that cultures of ovarian fragments
from fetuses at 14 weeks of gestation were prone to
expansion in vitro, the cells moved from the original
fragment and eventually covered most of the mem-
brane with clusters and aggregates. Alkaline phos-
phatase staining showed that germ cells were mainly
concentrated in the original tissue fragment and in
clusters that were formed as a result of reproduction.
The remarkable ability of oocytes to migrate during
intrauterine development even during prophase I of
meiosis was noted by previous authors [18].

For example, X. Wu et al. (2017) used organ cul-
ture techniques applied to adult tissues. Survival and
growth of follicles in vitro from the tissue were ob-
served at 1622 and 22-23 weeks of gestation, respec-
tively, and confirmed meiotic initiation and progres-
sion [19]. Optimization of culture methods for fetal
ovaries will be a valuable tool for studying hormo-
nal and paracrine effects on the key aspects of human
ovarian development. The mechanism of movement
of germ line cells is currently being studied. This abi-
lity was significantly improved by including growth
factors in the culture medium (SCF 10 ng / ml and
IGF-I 15 ng / ml).

In contrast, the ovarian tissue increased signifi-
cantly in vitro at the 15" week of gestation, and the
stimulating effect of growth factors was no longer
significant. It was also noted that later gestational
ages (up to 23 weeks) cultured under similar condi-

tions tend to round off in vitro and form dense surface
epithelium [21].

It is well known that mouse primordial germ cells
can be successfully cultured and their number increas-
es in cultures supplemented with growth factors, in-
cluding SCF [22]. It is also known that c-kit is present
on human oogonia and oocytes from 14-21 weeks of
gestation and that the distribution of c-kit (SCF) in the
human germ line varies depending on the status [23].
For example, S. Gkountela et al. (2013), using immu-
nohistochemistry, found that primordial germ cells and
oogonia are c-kit-positive, while free oocytes or those
enclosed in primordial follicles are stained poorly or
do not express these factors at all. C-kit is again found
on the surface of oocytes in growing follicles [23, 24].
We know that progenitor cells remain in the fetal ova-
ries well after 15 weeks, so perhaps they multiply less
or undergo apoptosis at later stages.

Meiosis as a survival factor. The authors also pro-
posed to evaluate the progression of meiotic transfor-
mations of oocytes under cultured conditions using
growth factors, such as SCF. The number of oocytes
decreased significantly during the first week of culti-
vation, probably due to a drastic change in the envi-
ronment [24]. After that, oogenesis was restored with
an increase in the number of oocytes at the stages of
leptonema and zygonema, progressing during the next
week of cultivation. Recovery was more pronounced
at 14 weeks than at 15 weeks, and it was evident with
or without the addition of the growth factor until the
second week in vitro [16, 21]. After that, cultures with
growth factors were more likely to maintain recovery.
It is not yet clear whether growth factors support pro-
genitor cells, oocytes directly, or have an indirect ef-
fect through the somatic environment.

Therefore, in addition to expression of numer-
ous genes and formation of growth factors described
in previous works [2, 3], oogenesis also depends on
the constantly changing environment of the ovaries,
namely, endocrine and paracrine factors, inter-oo-
cyte communication, meiotic transformations, and
possible abnormalities of germ cell division. Further
research will require the use of specific markers for
differentiating oocytes and progenitor cells at different
stages and using tissue samples from a wider range of
gestational age.

DEPLETION OF THE OVARIAN RESERVE
OF GERM CELLS

Apoptosis causes elimination of more than 99% of
germ cells from the ovaries through follicular atresia
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[2, 25, 26]. Less than 1% of germ line cells, following
oocyte cultivation, further undergo apoptosis during
the last phases of oogenesis and deplete the ovarian re-
serve in most mammalian species, including humans.
The maximum number of germ cells in mice was de-
termined at the time of entry of primary oocytes into
the meiosis prophase (Figure). After that, up to two-
thirds of the germ cells die and by the time of birth, the
ovarian reserve is established, which remains for the
rest of life [3, 27, 28]. The peak number of gametes in
the human ovary occurs by 20 weeks of pregnancy,
after which a drastic decrease in their number takes
place, similar to that observed in mice. The degree
of germ cell loss during this time (about 20 weeks of
gestation) ultimately affects the size of the ovarian re-
serve [1, 2, 26, 29]. The molecular mechanisms via
which oocytes are eliminated and the factors involved
in this process remain largely unknown.

According to various authors, the death of mam-
malian ovarian somatic cells can occur in various
ways: apoptosis, necrosis, autophagy, or necroptosis
[29-31]. These processes differ death mode, as well as
in morphological, biochemical, and molecular charac-
teristics. However, there are currently no published
data on which of these pathways is primary and re-
sponsible for germ cell death before the formation of
the ovarian reserve [32, 33]. Some scientists report a
decrease in the number of primordial follicles in pre-
pubertal mice, not associated with the pronounced
expression of classical markers of apoptosis and clea-
ving caspase-3, which results in authors’ suggesting
an alternative mechanism of oocyte death [34-36].
Consequently, multiple perinatal mechanisms affect
the primary follicular reserve.

There are several factors that induce apoptosis
directly or indirectly in oocytes at various stages of
the cell cycle and meiosis. Premature removal of
surrounding granulosa cells from immature oocytes,
decreased levels of adenosine 3°,5’-cyclic monophos-
phate and guanosine 3’,5’-cyclic monophosphate,
increased levels of calcium and oxidants, sustained
decreased levels of maturation-promoting factors,
depletion of survival factors, nutrients, and cell
cycle proteins, decreased meiotic competence, and
increased levels of proapoptotic and apoptotic factors
lead to oocyte apoptosis [27-30].

Both internal (mediated by mitochondria) and ex-
ternal (mediated by cell surface receptors) pathways
are involved in programmed germ cell death. An
intermediary between two apoptosis pathways was
found — the Bid protein, which is present in an inac-

tive form in the cytosol. In response to the stimulus of
the external apoptotic pathway, the N-terminal part of
the protein is cleaved off to form the active form tBid.
The activated protein moves to the mitochondria and,
interacting with the proapoptotic proteins Bak and
Bax, permeabilizes the mitochondria with the release
of apoptogenic factors, such as cytochrome C [37, 38].
One of the eight helices (H3) of the Bid protein con-
tains the BH3 domain, which activates the mechanism
of cell death in the intrafollicular microenvironment.
Oocyte apoptosis leads to depletion of the ovarian re-
serve, directly affecting the reproductive outcome of
various mammals, including humans [2, 14, 28].

The role of programmed cell death has been well
studied in the ovaries during the transition from mito-
sis to meiosis and degeneration of follicular clusters in
mice [16, 30], when the number of germ cells decre-
ases dramatically (Figure). Apoptotic death at this
stage was also demonstrated in the human ovary [8,
26]. Apoptosis is probably of great biological sig-
nificance for elimination of defective or “low-quality”
oocytes with damaged nuclear or mitochondrial DNA
[27, 37, 39]. However, there is no direct evidence
that the quality of germ cells is maintained by apop-
tosis during oogenesis. It was suggested that eukary-
otic elongation factor 2 kinase (¢EF-2 K) is involved
in this process by inhibiting antiapoptotic proteins in
response to oxidative stress, which makes germ cells
more susceptible to apoptosis and elimination [40, 41].

There is evidence that certain proteins mediate
apoptosis in somatic cells and affect the number of
ovarian germ cells [3, 26, 42]. M. Myers et al. (2014)
reported that in mice that are genetically deficient in
the PUMA gene, increased expression of apoptotic
factors and reduction of germ cells entering meiosis
by half are observed; therefore, the size of the ovarian
reserve is significantly reduced [14, 43].

This effect cannot be associated with altered pro-
liferative activity of germ cells. Data indicate that
the PUMA gene affects only oogonia granulosa cells
before the formation of egg nests, but not during the
subsequent decrease in the number of germ cells
during degeneration of the latter [44]. Converse-
ly, the antiapoptotic Bcl-2-like protein, MCL-1, is
expressed in oocytes relatively late, just before the for-
mation of primordial follicles, and, therefore, may in-
directly be involved in preserving the ovarian reserve
during oogenesis and at the end of pregnancy [44].
Inactivation of antiapoptotic Bcl-x led to increased
apoptosis in granulosa cells of embryonic follicles
[36, 39, 40].
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Figure. Comparative characteristics of the ovarian reserve in mice (@) and humans (b), the number of primordial germ cells (PGC)
in different gestation periods

Apoptosis requires activation of either an internal
or an external pathway and physiological or stress-re-
lated triggers responsible for the activation of these
pathways, which have not yet been completely eluci-
dated in granulosa cells. In somatic cells [30, 40] and
postpartum mouse oocytes [43, 45], failure to repair
DNA damage was shown to cause apoptotic death via
PUMA and NOXA. Other factors responsible for apop-
tosis in somatic cells include the absence of growth
factors (internal pathway) and the absence of tumor
necrosis factors (TNF) (external pathway). TNF/
TNFR1 and FasL/Fas are expressed in the neonatal
ovaries of rodents [3, 13, 46]. In addition, TNF con-
tributes to oocyte death in vitro, and deletion of TNFa
or Fas in mice increases the initial number of follicles
at birth [9, 47]. These data indicate a crucial role of
apoptosis for death receptor signaling in female germ
cells, particularly during the period of egg nest break-
down and primordial follicle formation.

We know very little about how epigenetic modifi-
cations of chromatin in granulosa cells and germ cells
can affect reproductive health and follicular supply.
Epigenetic modification of chromatin occurs mainly
due to DNA methylation, modification of histones,
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or non-coding RNA, but it is unknown to what ex-
tent these processes affect the final number of oocytes
in the reserve [34, 36, 48]. Oxidative stress causes
oocyte apoptosis with activation of the Fas/FasL sys-
tem, and oocyte competence correlates more closely
with histone modification than with chromatin config-
uration [36, 40].

The age-related decline in reproductive function
in women is not poorly understood, and apoptosis is
considered in this process as one of the reasons for the
decrease in the primary follicular reserve. One of the
papers described a decrease in the DNA repair capa-
city in age-related rats and, as a result, demonstrated a
fall in the mRNA level of the BRCA1 and H2AX repair
genes [40, 49]. This study identified 13 differentially
expressed proteins involved in a wide range of bio-
logical functions, including apoptosis, DNA repair,
and the immune system. The differentially expressed
FIGNLI1 proteins responsible for DNA repair and
BOK, a apoptotic protein found in primary follicles,
were described for the first time and are associated,
according to the authors, with some common features
of ovarian aging, loss of follicular reserve, and ge-
nome integrity [14, 49].
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Another similar study measured the mRNA levels
of DNA repair genes in aging animals compared to
young ones. The results showed a significant decrease
in the mRNA levels of the BRACI, RAD51, ERCC2,
and H2A4X genes for DNA repair and the levels of
BRACI1 and H2AX phosphoproteins in the primordi-
al follicles of elderly rats [49]. Therefore, the impair-
ment of DNA repair is confirmed as a mechanism of
oocyte aging.

More and more studies are devoted to finding new
methods that identify the size of the ovarian reserve.
Of course, ovarian biopsy and histological examina-
tion provide the most accurate representation of the
follicular reserve compared to ultrasound or other in-
direct laboratory tests. Currently, more data appear on
other, non-invasive, but reliable methods for diagno-
sing the ovarian reserve. In one of these studies, it was
determined that mitochondrial biogenesis in granulosa
cells may be associated with impaired oocyte compe-
tence in patients with reduced ovarian reserve [38, 50].

Mitochondria, which contribute to the quality of
oocytes, may be involved in the pathogenesis of fol-
licular depletion. The study of granulosa cells offers
a non-invasive approach to assessment of the quality
of oocytes and the metabolic processes affecting it. If
mitochondrial dysfunction is involved in depletion of
the ovarian reserve, it is likely to affect the functio-
ning of cumulus cells. The content of mitochondria
in oocytes and cumulus cells was evaluated by quan-
titative determination of mitochondrial DNA by PCR
and expression of 13 genes involved in mitochondrial
functions, such as apoptosis and antioxidant protec-
tion [38, 40, 50].

Therefore, we can state that follicular cells can re-
gulate mitochondrial biogenesis, creating an adequate
pool of mitochondria in oocytes for further develop-
ment. Changes in this process in patients with dimi-
nished ovarian reserve may explain the deterioration of
the quality of germ cells. Consequently, some charac-
teristics of the mitochondria in cumulus cells can serve
as indicators of oocyte competence, and the quality of
germ cells can be improved by products that enhance
mitochondrial biogenenesis.

CONCLUSION

Even after decades of study, oogenesis is still not
known completely. It is obvious that the internal en-
vironment of a pregnant woman at key stages of fetal
ovarian development can directly affect both fertili-
ty of her future daughter (by controlling the size of
the ovarian reserve) and the quality of her oocytes

(by influencing the degree of selection and apopto-
sis). Qogenesis is an integral process of ovarian re-
serve formation, and the preservation and depletion
of the latter depends on a huge number of factors of
intraovarian and extragonadal origin, proapoptotic
and apoptotic agents, mitochondrial dysfunction, ex-
pression of certain genes at all stages of oogenesis and
follicle formation, epigenetic modification of chroma-
tin, the ability to repair DNA, and many other, still
unknown, markers.

The study of follicular dynamics is gaining mo-
mentum due to the use of modern methods that allow
to determine the factors of germ cell survival and ovar-
ian reserve formation, as well as to search for possible
regulators in preventing pathological germ cell death.
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ABSTRACT

The review systematizes modern data on the biochemical markers that can clarify the nature and the course of
chronic bronchitis. The article describes the markers associated with bronchopulmonary pathology, such as
tumor necrosis factor alpha (TNFa), interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10
(IL-10), tissue factor, type 1 plasminogen activator inhibitor (PAI-1), and monocyte chemoattractant protein-1
(MCP-1). For each biomolecule, its properties, functions, direct role in body processes, and associations with
bronchopulmonary pathology are described. The use of these markers for early diagnosis of bronchopulmonary
pathology and monitoring of the treatment effectiveness is promising and requires further in-depth study.
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MoTeHuManbHbIe BUOXUMUYECKME MAPKEPbl XPOHUYECKOTro 6poHXUTa

KypTtykos E.A., ParuHo 0.U.

Hayuno-uccnedosamenvckuii uncmumym mepanuu u npoguiraxkmuydecko meouyunsvt (HUUTIIM) — ¢punuan
DedepanvHoeo uccredosamenbckozo yenmpa Mucmumym yumonozuu u 2enemuxu Cubupckozo omoeneHus
Poccuiickou akademuu nayx (OUL UL ul’ CO PAH)

Poccus, 630089, 2. Hosocubupck, ya. b. boeamkoea, 175/1

PE3IOME

B o0030pe cucreMaTH3UpyIOTCS COBPEMEHHBIE NAaHHBIE O OHMOXMMHUYECKHX MapKepax, KOTOpBIE PaCIIUPSIOT
Halle ITOHUMaHHE O 3aKOHOMEPHOCTSX Da3BUTHS XPOHMYECKOro OpoHxuTa. B craThe IpHBemeHBI MapKepsl,
aCCOLMMPOBAHHBIE C ITATOJIOTHEH OpPOHXOJICTOYHON CHCTEMBI: (paKTOp HEKpO3a OIyXOonu anbgha; MHTepIeHKUH
M 1, 6, 8, 10; TkaHeBo# (hakTOp;, MHTHOMTOP aKTHBATOpa IUIA3MHUHOTE€Ha |-TO THIIA; MOHOIMTapHO-
XEeMOATTPaKTaHTHBIA npoTenH 1. s kax0i mpencTaBIeHHOH OMOMOJIEKYJIIBI OIHCAHEI €€ CBOMCTBA, (hYHKIUH,
HETIOCPEICTBEHHAs POJIb B OpraHU3Me, B3aMMOCBSI3H C IAaTOJIOTHEH OPOHXOJICTOYHON cucTeMsl. Vcronab3oBanue

DA Kurtukov Evgeniy S., e-mail: cawertty@gmail.com.

148 Bulletin of Siberian Medicine. 2021; 20 (2): 148-159



Reviews and lectures

JaHHBIX MapKepoB LeJecO00pa3HO Ul paHHEH AMAarHOCTUKM, KOHTPOJISA JiedeHHs U TpebyeT Ooisiee TiryGoKoro

U3yYCHUSI.

KaroueBble c10Ba: XpOHHUECKUI OPOHXUT, XPOHHUYECKAs! 0OCTPYKTHBHASI O0JIE3HB JIETKHX, OMOXHMHUYECKUE Map-
Kepbl, (hakTop HEeKpo3a OImyXoiH anb(da, HHTEPICHKHUH 1, HHTepICHKIH 6, MHTepIICHKUH 8, uHTepeiikuH 10, Tka-
HEBOH (akTop, HHTHONUTOP aKTHBATOPA IIIA3MUHOTEHA 1-ro THIIA, MOHOIUTAPHO-XEMOATTPAKTAHTHBIN NpOTenH 1.

KonpaukT nHTEpecOoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C IMyOJUKAIMEH HACTOSIICH CTAThH.

HUctounuk qmﬂancnposam/m. ABTOpBI 3asIBJIIOT 00 OTCYTCTBHUH (bHHaHCPIpOBaHI/Iﬂ IpH MPOBEACHUUN UCCIIEN0-

BaHUA.

Jas uutupoBanusi: Kyprykos E.A., Paruno FO.1. IloTeHnmansHble OMOXUMHYECKAE MapKephl XPOHHYECKOTO
Oponxuta. broanemens cubupckoi meduyunst. 2021; 20 (2): 148—159. https://doi.org/10.20538/1682-0363-2021-

2-148-159.

INTRODUCTION

At the moment, diseases of the bronchopulmona-
ry system have gained enormous prevalence not only
in Russia but throughout the world. Chronic bronchi-
tis (CB) occupies a leading position among chronic
non-specific lung diseases. According to various es-
timates, the number of patients with CB in Russia is
about 33 million people. According to the WHO rec-
ommendation and Russian clinical guidelines, CB is a
chronic diffuse progressive inflammation of the bron-
chi, manifested by productive cough lasting at least
three months a year for two consecutive years, with
the exception of other diseases of the upper respirato-
ry tract, bronchi, and lungs, which could cause these
symptoms. Chronic obstructive pulmonary disease
is not a single, specific disease, but a collective term
used to describe chronic lung diseases that restrict air-
flow to the lungs. A combination of chronic bronchitis
CB with emphysema is defined as chronic obstructive
pulmonary disease (COPD).

However, at the moment, CB occurs as an inde-
pendent disease, which may not be associated with
obstruction. According to the WHO, today, respirato-
ry diseases are the third leading cause of death in the
world with about 2.8 million people dying every year,
which accounts for 4.8% of all causes of death. The
prevalence of CB varies throughout the world, ran-
ging from 3.4 to 22.0% in the general population up to
74.1% in patients with COPD [1-3].

In the largest study of current or former smok-
ers without airflow obstruction (4,900 participants),
12.2% of people had CB using the classical definition
[4]. A recent European study showed that the prev-
alence of CB was 18% in 972 patients with COPD
[5]. A Chinese study of 1,668 patients with COPD
showed that 30% of participants met the diagnostic

criteria for CB [6]. Therefore, it is important to un-
derstand the need for earlier diagnosis of these dis-
eases and the search for possible predictors and ways
of influencing the pathogenesis of respiratory patho-
logy. The data below describe promising biochemical
markers which, according to available literature, may
have diagnostic benefits in examination of pulmonary
pathology.

TUMOR NECROSIS FACTOR

Tumor necrosis factor (TNF, cachexin or cachec-
tin, TNFa) is a cellular acute-phase signaling protein
involved in systemic inflammation and one of the
representatives of the cytokine family. It is produced
by macrophages, lymphocytes, natural killer cells,
neutrophils, mast cells, eosinophils, neurons, etc. [7].
TNF is synthesized as a type Il membrane protein,
with a molecular weight of 26 kDa (233 amino acids).
It is released via proteolytic cleavage by the TNF-con-
verting enzyme (a disintegrin and metalloprotease 17
(ADAM17)), soluble TNF with a molecular weight of
17 kDa (157 amino acids) is cleaved from the mem-
brane-binding fragment.

The TNF family includes TNF-alpha, TNF-beta,
CD40 ligand (CD40L), Fas ligand (FasL), TNF-relat-
ed apoptosis-inducing ligand (TRAIL), and LIGHT
(homologous to lymphotoxins) [8].

TNF has many important physiological and patho-
logical effects. TNF causes necrosis of tumor cells (a
process that includes swelling of cells, destruction of
organelles, and lysis of cells) and apoptosis (a process
that involves contraction of cells, formation of con-
densed bodies, and DNA fragmentation).

In addition, TNF is a key mediator of both acute
and chronic systemic inflammatory responses. TNF
not only induces its own secretion, but also stimulates
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the production of other inflammatory cytokines and
chemokines. TNF plays a central role in autoimmune
diseases, such as rheumatoid arthritis (RA), inflamma-
tory bowel diseases (IBD), including Crohn’s disease
and ulcerative colitis, multiple sclerosis, systemic lu-
pus erythematosus, and systemic sclerosis [9—11].

There is a rather large and extensive knowledge
base on the association between TNF and CB. Over
the past 20 years, several extensive fundamental me-
ta-analyses on this topic have been published, which
did not come to a single conclusion. Thus, according
to W. Gan et al., TNF has a pronounced correlation
between its serum level and the severity of CB [12].

A number of centers stated that there was no signi-
ficant correlation between TNF and CB, however, in a
detailed review of the findings, it was concluded that
at early stages of CB, the correlation between markers
of inflammation and the degree of impaired respirato-
ry function was poorly significant [13].

Recent studies by Y. Mosrane et al. demonstrated
a higher correlation with TNF in smoking CB patients
than in the group of non-smokers [14].

When assessing biochemical markers during treat-
ment, a significant direct correlation was found be-
tween the response to COPD treatment and the TNF
level in the blood [15].

Therefore, at present, TNF in patients with CB is a
promising biochemical parameter that requires a more
in-depth analysis as a biomarker and a target during
treatment in COPD patients.

INTERLEUKIN-1

Interleukin-1 (IL-1) is one of the most important
cytokines of innate immunity and inflammation. The
IL-1 family includes 7 ligands with proinflammatory
activity: IL-1a and B, IL-18, IL-33, IL-36q, B, v, three
receptor antagonists (IL-1Ra, IL-36Ra, IL-38), and an
anti-inflammatory cytokine (IL -37). The IL-1 recep-
tor (IL-1R) family includes 6 receptor chains forming
4 receptor complexes, two decoy receptors (IL-1R2,
IL-18BP), and two negative regulatory receptors (TIR
8, IL-1RACcPD). Strict regulation by receptor antago-
nists, decoy receptors, and signal transduction inhibi-
tors provides a balance between enhanced innate im-
munity and uncontrolled inflammation [16].

The most studied representatives of this family at
the moment are IL-1a and IL-1PB. The precursor IL-
la is constantly present in the epithelial layers of the
entire gastrointestinal tract, lungs, liver, kidneys, en-
dothelial cells, and astrocytes. In cell death from ne-
crosis, as occurs in diseases associated with local or

global ischemia, the precursor IL-1a is released. Thus,
IL-10 mediates early phases of sterile inflammation by
rapidly initiating a cascade of inflammatory cytokines
and chemokines and functions as an alarmin [17].

In contrast, IL-1pB is produced by hematopoietic
cells, such as blood monocytes, tissue macrophages,
dendritic skin cells, and brain microglia, in response
to Toll-like receptors (TLR), activated complement
components, and other cytokines (Table) [18].

Table
Members of the IL-1 family
Interleukin Receptor Function
IL-1a, IL-1B IL-1R1 Proinflammatory
IL-1B IL-1R2 Anti-inflammatory
IL-1ra IL-1R1 Anti-inflammatory
IL-18 IL-1R5 Proinflammatory
1L-33 IL-1R4 Proinflammatory
1L-36a, B, y IL-1R6 Proinflammatory
IL-36Ra IL-1R6 Anti-inflammatory
1L-37 IL-1R5 Anti-inflammatory
1L-38 IL-1R6 Anti-inflammatory

Members of the IL-1 family regulate most cells of
the innate immunity, including macrophages, neutro-
phils, eosinophils, basophils, and mast cells. Based on
this, control over IL-1 in patients with CB is consi-
dered justified. Although the pathogenesis of COPD
has not been fully studied and is still under discussion,
it is known that chronic inflammation caused by con-
stant exposure of the respiratory tract and lung paren-
chyma to cigarette smoke is a leading cause of COPD
[19]. In a mouse model, N.S. Pauwels et al. showed
an increase in the level of IL-1 in mice with long-term
exposure to cigarette smoke compared to the control
group. Later, the study in humans confirmed the data
obtained in mouse models in lung tissue samples, as
well as in the induced sputum of patients with COPD:
the IL-1 level was significantly increased compared to
the healthy controls [20].

The serum levels of IL-1B were also higher in pa-
tients with COPD than in the healthy controls. The
level of the inflammatory mediator in the serum
correlated with important clinical parameters for
controlling the course of the disease, such as airflow
limitation, smoking status, C-reactive protein (CRP),
serum neutrophilia, etc. [21].

The levels of inflammatory markers, such as pro-
calcitonin, CRP, CCL17, TNF and IL-1pB, were ana-
lyzed depending on the type of CB exacerbation. A
pronounced correlation was found between the se-
verity of the exacerbation and the level of IL-1p. The
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authors also came to the conclusion about a more sig-
nificant correlation with bacterial inflammation and
ventilator-associated pneumonia (VAP), which com-
plicated the course of CB exacerbation [22].

A very promising research area is phenotyping of
the NLRP gene depending on the level of IL-1p. So,
studies by P. Ozreti¢ not only proved an increase in
IL-1P in the group of patients with CB compared to
the healthy controls, but also traced the IL-1p level
depending on the NLRP gene polymorphism. It was
found that homozygosity for the main alleles was as-
sociated with a lower concentration of IL-1 [23].

Phenotyping of NLRP is of great scientific interest,
since it makes it possible to detect various risk groups
for developing bronchopulmonary pathology, on the
whole, and CB, in particular.

INTERLEUKIN-6

Interleukin-6 (IL-6) is a member of the cytokine
family which has proinflammatory and anti-inflam-
matory properties. IL-6 is encoded by the /L-6 gene.
Human IL-6 consists of 212 amino acids, including a
signal peptide with 28 amino acids. Its gene is mapped
to the chromosome 7, locus 7p15-21-q21. A segment
of DNA in the regulatory region of this gene at posi-
tion —572, where guanine (G) is replaced by cytosine
(C), is called a genetic marker G (-572) C. The IL-6
gene can exist in the form of two allelic variants, des-
ignated as the G-allele and the C-allele [24].

The cytokine is produced primarily by cells of
the immune system, such as monocytes, lympho-
cytes, macrophages, endotheliocytes, microglia, and
a number of non-immune cells, such as osteoblasts,
myocytes, keratinocytes, synovial cells, chondrocytes,
epithelial cells, folliculo-stellate cells of the pituitary
gland, trophoblasts, vascular smooth muscle cells, etc.

IL-6 transmits signals through a complex of type
I cytokine receptors on the cell membrane, consisting
of a ligand-binding chain of IL-6Ra (CD126) and a
signal-transmitting component, gp130 (also called
CD130) [25].

IL-6 is responsible for stimulation of protein syn-
thesis in the acute phase, as well as for neutrophilia.
It supports the growth of B cells and is an antagonist
of regulatory T cells. IL-6 can be secreted by mac-
rophages in response to specific microbial molecules
called pathogen-associated molecular pattern mole-
cules (PAMPs). These PAMPs bind to an important
group of detecting molecules of the innate immune
system called pattern recognition receptors (PRRs),
including Toll-like receptors (TLRs).

They are present on the cell surface and in intracel-
lular compartments and induce intracellular signaling
cascades that cause production of inflammatory cyto-
kines [26]. In the light of recent data on the structure
and functions of IL-6, studies have been conducted to
identify the relationship between chronic obstructive
and non-obstructive bronchitis. So, a recent longitu-
dinal study, which investigated 1,843 participants for
three years, demonstrated that an increased level of
IL-6 was a prognostic factor in increasing mortality in
chronic obstructive bronchitis [27]. Serum IL-6 level
was significantly increased in the COPD groups com-
pared to the healthy control [28, 29].

A. Agusti et al. demonstrated in the sample of
2,254 people that an increase in IL-6 associated with
persistent inflammation was characterized by worse
prognosis for CB [30].

A meta-analysis conducted by J. Wei et al. inclu-
ding at least 6,837 patients showed that serum IL-6
levels increased even in mild COPD, which may be
the best marker for early inflammation and associated
comorbidities. IL-6 is directly involved in inflamma-
tion and can be considered as a marker of mild system-
ic inflammation and an additional parameter for risk
assessment along with smoking, the number of exacer-
bations, the frequency of hospitalization, and mortality
[31]. Some authors point out contradictions with some
studies that did not find significant differences in the
level of IL-6 and the severity of the disease; however,
most studies have a small sample [32, 33].

INTERLEUKIN-8

Interleukin-8 (IL-8) is a member of the CXC
chemokine subfamily. It is an important activator and
chemoattractant for neutrophils and is involved in
various inflammatory diseases. Numerous reports
show that various cells express IL-8 mRNA and pro-
duce IL-8 protein, including monocytes, T-lympho-
cytes, neutrophils, fibroblasts, endothelial cells, and
epithelial cells [34]. The human /L-8 gene has a length
of 5191 bp and contains four exons separated by three
introns. It is located on the human chromosome 4, lo-
cus 4q12-g21. There are at least two different types of
IL-8 receptors (CXCR1 and CXCR2). The activity of
IL-8 is not species-specific. IL-8 affects adhesion of
neutrophils to the endothelium and induces transendo-
thelial migration of neutrophils. IL-8 also exhibits in
vitro chemotactic activity against T-lymphocytes and
basophils [35].

Since IL-8 is responsible for induction and main-
tenance of the inflammatory state, there is a high
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probability of a correlation between exacerbations
of CB and the serum IL-8 level. W.I. de Boer et al.
demonstrated that the IL-8 level in the bronchoalve-
olar lavage (BAL) was 1.4 times higher compared to
the control group, but did not determine a significant
correlation between the level of IL-8 in the epitheli-
al tissue and the severity of exacerbation [36]. These
findings allow to suppose that the IL-8 level can be a
parameter of a local neutrophil response before man-
ifestations of CB exacerbation, which will allow to
take preventive measures.

In the experimental model, a relationship between
high levels of IL-8 and airway remodeling in diseases
associated with chronic inflammation of the lung tissue
was revealed, acting directly on smooth muscle cells
reducing their length and increasing their sensitivity to
inflammation [37]. The work by J. Zhang and C. Bai
demonstrated a correlation between the IL-8 level in an
exacerbation of chronic obstructive bronchitis and the
level of inflammatory markers. In people with COPD
without an exacerbation, IL-8 was significantly higher
compared to the healthy controls, which may again in-
directly indicate a relationship between the level of the
cytokine and airway wall remodeling [38].

IL-8 is a promising marker, an increase in which
may signal more pronounced airway remodeling in
people with persistent COPD. However, this hypo-
thesis is always secondary in the studies mentioned
above, and no targeted long-term studies have been
carried out on this topic.

INTERLEUKIN-10

Interleukin-10 (IL-10) is a powerful anti-inflam-
matory cytokine that reduces inflammation in some
disease models [39]. Being an anti-inflammatory cy-
tokine, IL-10 serves to counteract the proinflammato-
ry effects of other cytokines, and thus can strike the
balance between pro- and anti-inflammatory systems.
IL-10 inhibits expression of cytokines, such as TNFa,
IL-1B, and IL-8. It can inhibit expression of adhesion
molecules [40]. It has immunoregulatory and pleio-
tropic effects. It is mainly secreted by macrophages,
Th1 and Th2 lymphocytes, dendritic cells, cytotoxic T
cells, B lymphocytes, monocytes, and mast cells [41].
It inhibits expression of Thl cytokines, MHC class II
molecules, and co-stimulatory molecules on macro-
phages. IL-10 increases B-cell survival and prolifera-
tion and production of antibodies. IL-10 can also block
the activity of NF-xB and is involved in the regula-
tion of the JAK-STAT signaling pathway [42]. Further
studies showed that IL-10 mainly inhibits the proin-

flammatory cytokines TNFa, IL-1B, IL-12, and IFNy
from TLR induced by lipopolysaccharide (LPS) and
bacterial production and activates myeloid cells [43].

In terms of pulmonary inflammation, there are cur-
rently extensive data on direct involvement of IL-10
in regulation of inflammation in the lungs. According
to recent observations, a decreased level of IL-10 was
associated with more frequent development of exac-
erbations in people with CB, and IL-10 levels were
significantly lower compared to the healthy controls
[44, 45]. In addition, it was demonstrated that serum
and sputum levels of IL-10 were higher in healthy,
non-smoking patients compared to patients with
COPD and healthy smokers [46]. Moreover, the lev-
els of IL-10 in healthy smokers were suppressed in the
BAL [47, 48]. Currently, there is some inconsistency
among the authors regarding a correlation between IL-
10 and other factors that activate inflammation, which
is most likely associated with its polymorphism and
requires a more detailed and in-depth study [49-51].
Therefore, the IL-10 level may be useful for prognos-
ing the patient’s condition in terms of development of
bronchopulmonary pathologies and determination of
risk groups, as well as for taking more effective pre-
ventivemeasures.

MONOCYTE CHEMOATTRACTANT
PROTEIN-1

Monocyte chemoattractant protein-1 (MCP-1,
CCL2) appears to be a member of the cytokine group
belonging to the CC chemokine family, also known as
CCL2. MCP-1 is a monomeric polypeptide with a mo-
lecular weight of about 13—15 kDa, depending on the
level of glycosylation [52]. CCL2 is mainly secreted
by monocytes, macrophages, dendritic cells, epithelial
cells, astrocytes, fibroblasts, and endotheliocytes.

The MCP-1 gene located on the chromosome
17 consists of three exons and two introns; the gene
length is 1927 bp [53]. CCL2 is fixed in the plasma
membrane of endothelial cells with glycosaminogly-
can side chains of proteoglycans. Enhanced produc-
tion of MCP-1 can occur under the influence of many
factors, such as TNF, LPS of bacterial agents, inter-
leukin-1, interferons, platelet growth factor, etc. [54].

Induction of MCP-1 initially attracts monocytes
and basophils to the site of inflammation. After dele-
tion of the N-terminal residue, MCP-1 loses its spec-
ificity for basophils and becomes an eosinophil che-
moattractant. After exposure to MCP-1, basophils and
mast cells release their granules into the intercellular
space. This effect can also be enhanced by pretreat-
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ment with IL-3 or other cytokines [55]. CCL2 is in-
volved in the pathogenesis of several diseases charac-
terized by monocytic infiltrates.

So, in the studies by A. Di Stefano et al., an in-
crease in serum MCP-1 was observed in patients with
COPD with an exacerbation compared to patients
without COPD [56]. The same trend was demon-
strated by S. Traves et al. for the levels of MCP-1
in BAL and sputum: the content of MCP-1 in spu-
tum was elevated in patients with CB compared to
the control group and the group of healthy smokers.
There was a direct correlation between the level of
neutrophils in the sputum and the level of MCP-1 and
a negative correlation between the MCP-1 level and
FEV1, which suggests that MCP-1 can participate in
the inflammatory load during an exacerbation of CB
and directly indicates clinical manifestations [57].
This work confirmed the findings of earlier studies
on direct involvement of MCP-1 in the inflammatory
process and monocyte macrophage infiltration of the
bronchiole walls during an exacerbation and without
it in patients with CB [58, 59].

TYPE 1 PLASMINOGEN ACTIVATOR
INHIBITOR

Type 1 plasminogen activator inhibitor (PAI-1),
also known as an endothelial plasminogen inhibitor,
is a serine protease inhibitor that functions as an an-
tagonist of tissue plasminogen activator and inhibits
fibrinolysis [ 60]. It is located on the chromosome 7,
locus 7921.3-Q2 in the gene called SERPINEI, in the
promoter region of which there is a 5G \ 4G polymor-
phism [61].

PAI-1 is mainly produced by the endothelium
(cells lining the blood vessels). High expression of
PAI-1 in cultured endothelial cells suggests that these
cells make a significant contribution to the PAI-1
pool. However, in vitro studies show that PAI-1 is
synthesized by various cells, and its biosynthesis can
be caused by growth factors, cytokines, hormones,
and other compounds [62].

In pathological conditions, a big amount of PAI-1
is secreted by other tissues: tumor cells, endothelial
cells in response to inflammatory cytokines, and other
cells activated by inflammation. High plasma PAI-1
levels are constantly detected in patients with severe
sepsis, tumor processes, and other acute or chronic
inflammatory diseases, such as atherosclerosis. PAI-1
is activated by inflammatory cytokines and, therefore,
can be considered as a marker for the ongoing inflam-
matory process. However, it is very important that no

classical elements of the inflammatory response were
found in the promoter region of PAI-1, and it is still
unclear through what mechanism PAI-1 expression is
activated during inflammation [63].

For example, in the analysis of CB and COPD with
and without metabolic syndrome (MS) in the ethnic
group, it was shown that the polymorphism of alleles
can directly predispose to the development of both
variants. The 4G \ 4G genotype was more common in
the group with MS and in the group with COPD and
MS [61], as evidenced by worldwide studies of other
ethnic groups [64, 65, 67].

A direct correlation between the clinical data on
manifestations of CB and laboratory data was proved
in the work by H. Wang et al. Serum PAI-1 levels
were significantly increased in patients with COPD,
especially in smokers with COPD, and serum PAI-1
levels were associated with parameters of lung func-
tion, such as FEV 1/Pre, FEV 1/FVC, and CRP [66].
However, neither comorbid COPD nor airflow limita-
tion (from mild to very severe stages) was considered.

According to a similar design, the same results
were obtained in the study by B. Waschki et al. The
level of PAI-1 increased regardless of the concomitant
pathology, and the highest levels of PAI-1 were ob-
served in patients with stage Il and III COPD accord-
ing to Global Initiative for Obstructive Lung Disease
(GOLD) [68].

TISSUE FACTOR

Tissue factor (TF) is a transmembrane protein that
is present on the surface of subendothelial tissue and
leukocytes and directly involved in the cascade of the
coagulation system, both in the external and internal
pathways [69]. The tissue factor is a 47 kDa glyco-
protein consisting of three domains: the cytoplasmic
domain, which is involved in the signaling function
of the tissue factor, the hydrophobic transmembrane
domain, which passes directly through the membrane,
and the extracellular domain, which consists of two
fibronectin filaments and a hydrophobic nucleus and
has three N-terminal binding sites with carbohydrates.
The main function is performed by the last two do-
mains; without the cytoplasmic end, the tissue factor
is functional [70].

TF signaling plays a role in the angiogenesis and
apoptosis [71]. In the context of coagulation, TF can
be found in the pool of circulating TF in the soluble
form or bound to the membrane [72, 73].

Monocytes are some of the main sources of TF [74,
75] which is involved in formation of blood clots in pa-
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tients with myocardial infarction [76, 77], as well as in
other thrombotic diseases [78]. In vitro platelet parti-
cle generation from differentiated human megakaryo-
cytes showed that platelets can carry both TF and its
mRNA [79]. TF is also expressed by neutrophils, trig-
gering thrombin generation and clot formation. Neu-
trophil activation is necessary for the effect of TF on
the cell membrane [80]. Platelets, neutrophils, and, as
recently reported, even T-lymphocytes can be an im-
portant source of TF in patients [81].

Based on the research data, a hypothesis was put
forward on the role of TF not only in coagulation, but
also in other pathological processes. So, in a number
of studies, it was shown that the level of TF can be
increased not only in patients with severe or moder-
ately severe COPD [82], but also in stable CB [83].
Not only did the pool of TF associated with the occur-
rence of chronic inflammation in the airways increase,
but also a decrease in tissue factor pathway inhibitor
(TFPI) was recorded, aimed at restraining the proco-
agulant ability of TF [84]. A direct correlation with
other procoagulants and inflammatory markers was
also observed [85].

COMPLEMENT SYSTEM

Complement factors are a part of the immune sys-
tem, a set of circulating and membrane-bound pro-
teins in human blood, the main function of which is
to fight foreign agents [86]. Most of them belong to
B-globulins [87]. According to the nomenclature, indi-
vidual components of the complement system are de-
noted by the symbols Cl, C2, C3, C4, C5, C6, C7, C8,
C9 or capital letters (D, B, P) and are called factors.
[88]. There are also regulators of complement activity
(RCA), whose main function is to inhibit activation of
the complement system and protect cells [89].

There are three main ways to activate the comple-
ment system: the classical pathway, the lectin path-
way, and the alternative pathway.

Activation of the classical pathway requires the
presence of an antigen-antibody pattern. Activation
occurs when Clq binds to IgM or IgG in complex with
antigens. After that, a cascade of reactions takes place
during which the activation of the C3 component oc-
curs [91].

The lectin pathway is homologous to the classi-
cal pathway, but instead of Clq, there are opsonin,
mannose-binding lectin (MBL), and ficolins. This
pathway is activated by binding MBL to mannose res-
idues on the surface of the pathogen, which activates
MBL-related serine proteases, MASP-1 and MASP-

2, which can then cleave C4 and C2. Their products
bind together to form a classical C3 convertase, as in
the classical pathway. Further, the pathway continues
homologously according to the classical pattern [92].

The alternative pathway is associated with constant
hydrolysis of a small amount of the C3 complement
molecule due to the presence of a thioester bond in the
given molecule. The process is called tickover and its
speed is approximately 0.3—1% of C3 molecules per
hour. This process has an internal positive loop, due
to which, in theory, it should have an avalanche-like
nature following support of factors B and D. Howe-
ver, due to factors H and I, this does not happen, as
they inhibit this loop by breaking the C3 complex [93].

It is generally accepted that the main site for syn-
thesis of complement system proteins is the liver,
however, pulmonary alveolar type 2 epithelial cells
synthesize and secrete complement proteins C2, C3,
C4, C5 and factor B [94], while human bronchial
epithelial cells can generate C3 [95]. Local comple-
ment synthesis provides understanding of the interac-
tion between complement factors and lung disease. In-
flammatory cytokines, such as IL-6, IL-1, TNFa, and
IFNy, can initiate complement synthesis in cells, such
as resident polymorphonuclear leukocytes, epithelial
cells, and fibroblasts [96].

Complement anaphylatoxins (C3a, C5a) are pow-
erful inflammatory mediators involved in the exagger-
ated inflammatory response observed in CB. Recent
studies have revealed elevated levels of circulating
C3a and C5a in patients with COPD, which indirectly
suggests that complement proteins may contribute to
the pathogenesis of the disease [97]. Moreover, when
assessing the levels of C3 and C4, which account for
approximately % of the total pool of complement pro-
teins, it was found that they were initially lower in
patients with chronic obstructive bronchitis; and the
more severe the course of the disease, the lower the
levels [98, 99].

There is also a large number of studies that sug-
gest that exposure to cigarette smoke leads to chron-
ic activation of the complement system according to
the alternative pathway [97, 100, 101]. S. Grumelli
et al. obtained data showing that a decrease in CD46
expression correlated with a loss of lung function in
COPD, which may help explain the principles of in-
flammation and excessive complement activation in
this group of patients [102]. However, most authors
agree that due to the sufficiently large pool of comple-
ment proteins and heterogeneity of the studied groups,
there is currently no clear understanding of the state
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of complement factors in CB, therefore, this topic re-
quires further research [97, 98, 102].

CONCLUSION

The above-described biochemical markers are in-
volved in the pathological processes in CB. Among
these biochemical markers, IL-6 is especially worth
noting as a marker that can help in early detection of
a disease exacerbation, which allows to start more
well-thought treatment. The same can be concluded
about MCP-1, however, its evidence base is somewhat
smaller and requires more detailed consideration.

These markers are useful not only in the field of
scientific knowledge about the pathogenesis of CB,
but also in clinical use and as potential targets for tar-
geted therapy for this disease. A more detailed study
of these biomarkers may help to construct a model
of disease development and develop ways of clinical
control and programs for prevention and control of
disease sanogenesis.
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ABSTRACT

The ubiquitin-proteasome system (UPS) controls the activity, subcellular localization, and stability of many cellular
proteins that affect cellular homeostasis by regulating multiple signaling cascades. The activity of this system is
associated with the emergence and progression of oral squamous cell carcinoma, since specific proteolysis of most
intracellular proteins involved in the pathogenesis of cancer is implemented by this system.

The review article presents data on the characteristics of proteasomes and the process of substrate protein
ubiquitination. The role of the ubiquitin-proteasome system in the pathogenesis of oral squamous cell carcinoma is
shown, and the prospects of its use in precancerous diseases are described. The literature search was carried out in
the search engines Medline, eLIBRARY, Scopus, The Cochrane Library, and RSCI.
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PE3IOME

VOUKBUTHH-TIPOTEACOMHASI CUCTEMA KOHTPOIHPYET aKTUBHOCTh, CYOKIETOUHYIO JIOKAU3ALHUI0 U CTAOUIBHOCTD
MHOJKECTBA KJIETOYHBIX OEIKOB, KOTOPHIE BIHMSAIOT HA KIETOUHBIH FOMEOCTa3 OCPEICTBOM PETyIISIIUHN CUTHATIBHBIX
KacKaJ0B. AKTMBHOCTb JaHHOW CHCTEMBI CBA3aHA C BOSHUKHOBEHHEM U MPOrPECCHPOBAHHEM IJIOCKOKJIETOYHOTO
paka IOJOCTH pTa, TaK Kak CcHeHu(pHUYECKUid NpOTeonu3 OONBIIMHCTBA BHYTPUKICTOYHBIX IPOTEHHOB,
Y4YacTBYIOIUX B ITATOr€He3€ paKa, IPOUCXOJUT C MOMOIIBIO BHILIEYTIOMSIHYTOH CUCTEMBI.

B 0630pHO# cTaThe MpeaCTaBIeHbl JaHHBIE O XapPaKTEPUCTHKE IPOTEACOM H MPOLiecce YOUKBHHTHPOBAHHS OEITKOB-
cybcrparos. [Tokazana posib yOHKBUTHH-IIPOTEACOMHOM CUCTEMBI B MATOTEHE3€ TNIOCKOKIETOYHOTO paKa MOJIOCTH
pTa, IPUBE/ICHBI CBEICHHMS O TIEPCIIEKTHBAX UCIIOIB30BaAHUS €€ IPH Tpepake. [[OMCK TuTepaTypbl OCYIIECTBISIICS
B IOMCKOBBIX cuctemax Medline, Elibrary, Scopus, The Cochrane Library, PUHII.

KuroueBrblie cioBa: y6I/IKBI/ITI/IH-HpOTeaCOMHaH cucrema, TJTIOCKOKJICTOYHBIH paxk noJjioCTu pra, rnporeacoma, mna-
TOI'CHE3.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNueil HaCTOSIIEeH CTaThH.

Hcrounuk q)ﬂHal—lcnpOBaHﬂﬂ. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCI/IpOBaHI/ISI Ipy MPOBCACHUUN UCCIIEN0-
BaHUA.

[ nutupoBanus: Muxanes JI.E., baiinuk O./1., Kongakosa U.B., Cunenxo E.A., Myxamenos M.P., Cricons-
TuH [L.I. Porb yOMKBUTHH-IPOTEACOMHOM CHCTEMBI B Pa3BUTHH IUIOCKOKIETOYHOTO paka MOJOCTH pra. broine-

mens cubupckou meouyunwl. 2021; 20 (2): 160-167. https://doi.org/10.20538/1682-0363-2021-2-160-167.

INTRODUCTION

Oral squamous cell carcinoma (OSCC) is charac-
terized by high mortality, early metastases, relapses,
and a delay in seeking medical care in specialized in-
stitutions. The leading causes of death in patients with
OSCC are metastases to the regional cervical lymph
nodes and disease relapses. Doctors usually look at the
prevalence of the tumor process to predict the course
of the disease and choose an approach to treatment,
however, the relationship between the prevalence of
the tumor and the outcome of the disease and the treat-
ment effectiveness is not always traced [1].

In some cases, clinical and morphological criteria
are not very informative. According to statistics, about
25% of patients have latent metastases to regional
lymph nodes at initial stages of the malignant process.
The search for informative and reliable markers of
squamous cell carcinoma is important for improving
the prognosis and treatment of OSCC patients. [2].
Currently, the scientific literature describes many pro-
teins that are involved in the pathogenesis of OSCC
and control induction of angiogenesis, apoptosis, and
metastasis. The ubiquitin-proteasome system (UBS)
carries out specific proteolysis of most of these pep-
tides [3].

CHARACTERISTICS OF THE
UBIQUITIN-PROTEASOME SYSTEM

The ubiquitin-proteasome system (UPS) generates
regulatory peptides, activates precursor proteins, pro-
vides intracellular protein hydrolysis, and is involved
in preparing peptides for the class I major histocom-
patibility complex (MHC-1) [4]. The main compo-
nents of UPS are proteasomes, ubiquitin molecules,
and enzymes that activate and transport ubiquitin. The
functional unit of this system is the proteasome.

Proteasomes are the main non-lysosomal
multi-subunit proteases of eukaryotes; they hydrolyze
up to 90% of cellular proteins. Proteasomes are multi-
catalytic complexes containing a cylinder-shaped 20S
core particle, which consists of four heteroheptameric
rings [5]. The two inner B-rings contain six proteoly-
tic centers where substrates are cleaved; each ring has
caspase-like (B1), trypsin-like (B2), and chymotryp-
sin-like (B5) activity [6].

The B-subunits (B1, 2, and B5) of the 20S protea-
some particle can be completely or partially replaced
by the immunosubunits LMP7 (B51), LMP2 (B1i), and
MECL1 (B2i), resulting in the immunoproteasome
formation [7]. The main role of the immunoprotea-
some is to process antigens for presentation on MHC-
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1 molecules. The immunoproteasome has higher
chymotrypsin and trypsin activity and lower caspase
activity than the standard 20S proteasome, which
leads to alternative protein cleavage [8].

The two outer rings are composed of a-subunits
that act as gatekeepers, controlling the access of sub-
strates to the catalytically active B-chamber.

Proteasomes are not static complexes, and their
activity can be modulated by binding of various pro-
teasome activators (PAs), such as 19S, PA28, and
PA200.

These proteasome regulators can symmetrically
and asymmetrically bind to the a-rings of the 20S
nucleus, forming proteasomes with a single or dou-
ble cap. The binding of a-rings to regulatory parti-
cles leads to an increase in the proteasome activity by
many times. Nevertheless, the free 20S proteasome
unit remains a very common conformation in cells
[9-12].

There are two types of proteasomes: 26S and 20S.
The main hydrolyzing 26S proteasome consists of two
subcomplexes: a catalytic 20S core particle and one or
two 19S regulatory particles, which act as proteasome
activators with a molecular weight of approximately
700 kDa (PA700). The 19S subcomplex recognizes
ubiquitinated proteins, unfolds them, and moves in-
side the 20S core particle [13—15]. The immune forms
of the 26S proteasome perform an important function:
they produce immunogenic proteins for their further
presentation by MHC-1 [15]. Regulatory particles im-
plement specific substrate degradation. For example,
if the PA28 protein complex acts as a regulatory par-
ticle, then the activated 20S proteasome will expose
abnormal, small, and short-lived proteins to proteo-
lysis [14].

UBIQUITINATION

The entry into the 20S core particle is usually
closed by a regulatory particle acting as a gatekee-
per. For penetration into the proteasome, the substrate
protein must undergo polyubiquitination — attach-
ment of a polyubiquitin chain (polyUb), which con-
tains at least four monomers of ubiquitin (Ub). Then
ATP-dependent activation of ubiquitin by a ubiqui-
tin-activating enzyme (E1) and transfer of activated
ubiquitin to a ubiquitin-conjugating enzyme (E2) take
place, followed by formation of a peptide bond bet-
ween ubiquitin and a substrate protein, catalyzed by a
ubiquitin ligase (E3). The process is repeated several
times in order to create a polyubiquitin chain through
inter-ubiquitin bonds. During several cycles of protein

ubiquitination, a build-up of a ubiquitin tag occurs,
which is recognized by the 26S proteasome.

The substrate recognition by 26S proteasomes and
their transfer to the proteolytic chamber occur due to
the multi-subunit structure of the PA700 activator.
After binding to the proteasome PA700 regulator, the
ubiquitin chain is cleaved from the ubiquitinated sub-
strate protein, the protein is unfolded and then trans-
ferred to the central chamber of the 20S proteasome,
where it is degraded to short peptides, which then exit
at the opposite pole of the proteasome.

When the proteolysis of the tagged molecule is
complete, ubiquitin is released and tags another target.
The proteasome is able to regulate both the amount
and function of proteins: in some cases, the protein
undergoes limited proteolysis (processing), which
contributes to a significant change in the protein func-
tion (Fig. 1). Kinases, phosphatases, transcription
and translation factors, cyclins, and inhibitors of cy-
clin-dependent kinases are processed or eliminated by
the proteasome. This essential biological role of the
UPS suggests that it is involved in the pathophysiolo-
gy of inflammatory, viral, neurodegenerative, autoim-
mune, and oncological diseases [6].

208 proteasome

268 proteasome
@
x

Core Particle

] >
&, CNC
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Fig. 1. Ubiquitination of proteins

CIRCULATING PROTEASOMES

Currently, circulating proteasomes are being ac-
tively investigated: the pathogenetic and prognostic
value of these proteasomes, their biological signifi-
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cance, and routes of exit into the extracellular space
are being discussed.

Using the enzyme-linked immunosorbent assay
(ELISA), 20S proteasomes were found in human se-
rum. These proteasomes are now called circulating
proteasomes or c-proteasomes. It was established
that c-proteasomes are detected in the extracellu-
lar fluid of healthy people and patients with patho-
logy [16].

According to the findings of quantitative iTRAQ-
based proteomic analyses, it was revealed that the
composition of the extracellular proteasome popula-
tion included 19S regulatory particles and 20S core
particles [17]. In addition, c-proteasomes obtained
from blood plasma of healthy patients were similar in
size, shape, subunit composition, and proteolytic ac-
tivity to intracellular 20S proteasomes isolated from
erythrocytes [18, 19]. Electron microscopy showed
that purified c-proteasomes are intact 20S proteasome
particles that are capable of hydrolyzing fluorogenic
peptides [18, 20].

Taking into account the important role of the
proteasome system in the pathogenesis of malignant
neoplasms, it can be assumed that during tumor pro-
cesses, proteasomes are capable of being secreted by
cancer cells into the extracellular space or released
into the circulation during breakdown of tumor
cells [21].

Moreover, c-proteasomes can appear when the
microparticles formed as a result of membrane bleb-
bing are destroyed. This process is characterized by
transfer of the contents of the plasma membrane to the
membrane protrusions and subsequent formation of
vesicles from the activated cells, which are micropar-
ticles of heterogeneous size (0.1-1 pm) with the cor-
responding content. The above-described structures,
transporting various molecules, can act as messengers
between cells [22, 23].

C-proteasomes can exist in a free, non-vesicu-
lar form. They are able to exist in the extracellular
space, leaving exosomes. Exosomes are microscopic
extracellular vesicles with a diameter of 30—100 nm,
secreted by various cells and capable of carrying ge-
netic information and protein markers, thus, being
involved in intercellular communication [24]. It is
believed that exosomes are involved in antigen pre-
sentation, non-classical secretion of proteins, and the
pathogenesis of diseases associated with metabolic
disorders, facilitate the immune response, and play
a fundamental role in development of malignant tu-
mors [25-27].

THE ROLE OF THE UPS IN THE MOLECULAR
PATHOGENESIS OF OSCC

The 26S proteasomes play a significant role in the
pathogenesis of malignant tumors, in particular, in the
regulation of proliferation. Cyclins regulate progres-
sion of the cell through the cell cycle by sequential
activation of cyclin-dependent kinases (CDK). These
intracellular proteins are very unstable and exist for
a short time. The number and presence of cyclins in
the cell are regulated by proteasome-dependent deg-
radation and transcription factors. UPS is involved in
regulation of the stability of CDK inhibitors, as well
as in hydrolysis of cyclins and their complexes [28].

The general scheme of interaction between cyclin
and the 26S proteasome is the following: cyclin is
polyubiquitinated and hydrolyzed by the proteasome
after implementing its function, due to which the cor-
responding CDK becomes inactive, and the next cell
cycle phase begins. For example, proteasome destruc-
tion of cyclin B leads to exit from mitosis [29]. When
the cell passes through the restriction point located
between the G1 phase and the S phase, proteasome-me-
diated destruction of cyclin A occurs. The anaphase
stimulation complex (APC), which is a E3 ubiquitin
ligase, ubiquitinates this cyclin [30]. The Skp1-Cull-
F-box(SCF)-containing and APC complexes are the
key factors in cyclin degradation. At the same time,
the SCF complex itself is regulated by APC through
ubiquitination of the adapter protein Skp2, which sup-
presses SCF activity before the transition from the G1
phase to the S phase [31].

Studies reported that cyclin D1 is overexpressed in
some primary human cancers, which confirms its role
as an oncogene. In many tumors, genetic changes re-
lated to the cyclin DI gene often result in overexpres-
sion of the cyclin D1 protein. It was found that cyclin
D1 also acts as a transcription modulator and regu-
lates the activity of several transcription factors and
histone deacetylase. The cyclin D1 protein is unstable
with a short half-life of about 24 minutes. It is cleaved
mainly by the 26S proteasome following the ubiqui-
tin-dependent pathway. At the same time, cyclin D1 is
an important proto-oncogene. Overexpression of cy-
clin D1 leads to shortening of the G1 phase and lower
dependence on exogenous mitogens, which leads to
abnormal cell proliferation, which, in turn, may con-
tribute to additional genetic damage [32].

UPS plays an important role in maintaining the
functional activity of cells, namely, in the regulation
of the signaling systems, which are activated by inter-

bionneteHb cMbupckoi meamumHbl. 2021; 20 (2): 160-167 163



Mikhalev D.E., Baydik O.D., Kondakova L.V. et a.

Role of the ubiquitin-proteasome system in the progression of oral squamous

action of growth factors with the corresponding recep-
tors [33]. It was shown that proteasomes regulate the
level of the transcription factor NF-kB, which is im-
portant for activation of gene expression in innate and
adaptive immunity, inflammation, and stress respon-
ses. In cancer cells, NF-kB is involved in expression
of the anti-apoptotic /4P gene family, as well as the
pro-survival BCL-2 genes [34]. Studies showed that
proteasome activity in patients with head and neck
cancers was higher than in the surrounding, relatively
healthy tissue.

There is evidence that in patients with squamous
cell carcinoma of the head and neck, the involve-
ment of regional lymph nodes was accompanied by
increased intracellular proteolysis. An increase in the
total activity of proteasomes occurred along with an
increase in the stage of cancer; however, a decrease in
the expression of the LMP-2 proteasome subunit was
observed. Changes in the expression of the transcrip-
tion factor NFkappaBp50 and regression dependencies
of the expression of the nuclear factor NF-kappaBp65
on the total activity of proteasomes were found [35].

The mechanisms of UPS involvement in the car-
cinogenesis include inhibition of vascular endothelial
growth factor (VEGF)- and platelet-derived growth
factor (PDGF)-mediated angiogenesis through deg-
radation of platelet-derived growth factor receptor
(PDGFR) and ubiquitination of vascular endothelial
growth factor receptor (VEGFR) signaling pathway
components, as well as proteasomal destruction of
the a-subunit of the transcription factor HIF-1, which
is impaired under hypoxic conditions. It subsequent-
ly leads to accumulation of HIF-1 in tumor cells
and activation of transcription of genes involved in
the angiogenesis [36, 37]. There are studies proving
that proteasomes are involved in the post-transla-
tional modification of the p105 polypeptide, which
is the precursor of NF-kappaBp50, which results in
emergence of active forms of the transcription fac-
tor NF-kappaB. Moreover, a relationship between the
level of HIF-1 production and the content of the tran-
scription factor NF-kappaB was demonstrated. Most
likely, it provides indirect involvement of NF-kap-
paBp50 in regulation of the VEGF level and neoan-
giogenesis in the tissue in head and neck squamous
cell carcinomas [35]. This study showed that protea-
some degradation of HEF-1 with the participation of
PP-2A led to disruption of adhesive contacts with the
extracellular matrix in vitro [37].

The UPS can play an important role in acquisition
of immunity to antigrowth signals by transformed

cells, degrading, along with caspases, the retinoblas-
toma (pRb) protein with the participation of a mouse
double minute 2 (Mdm2) E3 ubiquitin ligase and
destroying many components of the signaling path-
way mediated by TGF-p [38]. In addition, the UPS
is involved in regulation of apoptosis. Many nuclear
proteins that implement programmed cell death are
substrates for proteasomes: p53 tumor suppressor,
transcription factors (c-Fos, c-Myc, AP-1), NFkB /
IkB inhibitor, cell cycle regulators, caspase activity
regulators (inhibitors of apoptosis (IAPs)), and pro-
teins of the Bcl-2 family involved in proapoptotic sig-
nal transduction (cFLIP) [39].

UBIQUITIN-PROTEASOME SYSTEM IN OSCC

The accumulated data confirm that the UPS plays
a key role in metabolism of proteins involved in regu-
lation of many biological processes, such as cell cycle
control, proliferation, apoptosis, neoangiogenesis, tu-
mor progression, and metastasis [40].

Analysis of systematic literature reviews on
PubMed (Ovid), EMBASE (Ovid), EBM (Ovid), and
Web of Science (ISI) platforms by A. Villa et al. in
2018, aimed at identifying predictive biomarkers for
stratification and long-term follow-up of progression
of oral leukoplakia as an obligate precancer of OSCC,
showed a correlation between the increased expres-
sion of genes associated with the proteasome system
and a high risk of developing OSCC [41].

A study by J. Li et al. indicated that overexpres-
sion of the proteasome activator PA28y was associat-
ed with a poor prognosis in patients with OSCC and
promoted tumor progression. In addition, as a result of
a study on a mouse xenograft model, it was found that
the absence of PA28y expression dramatically inhibi-
ted the growth and proliferation of cells in OSCC and
slowed down tumor growth [42].

A proteomic study conducted by Z. Wang et al.
to identify potential pathways for malignant trans-
formation of oral leukoplakia into OSCC showed an
increase in the expression of proteasome activators
PA28a and PA28b, which confirms the clinical signi-
ficance of proteasomes as a marker of early malignan-
cy. This study demonstrated the role of proteasome
degradation of proteins in the processing of intracellu-
lar antigens into peptides, which subsequently bound
to MHC-1 molecules [43].

PA28y-mediated mechanisms are of great impor-
tance for cancer therapy, especially in light of pro-
foundly elevated levels of PA28y in the tumor tissue.
A significant increase in the level of PA28y was ob-
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served mainly in breast tumors, especially with a poor
prognosis [44, 45], colorectal cancer [46], hepatocel-
lular carcinoma [47], and OSCC [48].

The results of the studies by X. Feng et al. in 2016
showed that the activity of the proteasome activator
PA28a was significantly higher in OSCC tissues com-
pared to its activity in the healthy tissue. This study
demonstrated that in immunohistochemistry, PA28a
expression increased with the progression of dysplasia
in the epithelium of the oral mucosa. It was found that
after surgical treatment of moderately differentiated
squamous cell carcinoma, no relapses occurred in the
first two years. However, after radical treatment of a
well-differentiated tumor, metastases to the cervical
lymph nodes were diagnosed after two years, and the
survival rate was four years.

The authors used reverse genetic approaches,
which revealed that in oral squamous cells, along with
a decrease in the PA28a expression, a consistent and
statistically significant decrease in the ability to in-
vade and migrate was observed. Invasion was reduced
to 52% and migration — to 44%. Suppression of the
PA28a expression led to a decrease in tumor growth
of oral squamous cells in vivo. The volume of tumors
decreased by 56% compared to tumors from the con-
trol group, while angiogenesis and apoptosis were not
affected [49].

CONCLUSION

The UPS plays a key role in the pathogenesis of
OSCC at the stages of malignancy onset and subse-
quent tumor progression. Recent studies on protea-
some functioning in OSCC have demonstrated their
key role in the molecular mechanisms of this disease.
Further study of the proteasome system in the patho-
genesis of OSCC will make it possible to find reliable
markers for predicting the development of oral cancer
from a precancer pathology and to assess the course
of the disease.
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Pathomorphological and molecular genetic features of diffuse gastric cancer
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ABSTRACT

Gastric cancer (GC) is the fifth most common type of cancer in the world and the third leading cause of death
from cancer. GC is a multi-factorial and morphologically heterogeneous disease. Currently, several morphological
classifications of GC are used, however, for diagnosis, it is necessary to take into account not only the morphological
type of the tumor, but also its molecular subtype. According to the literature, the intestinal type of GC is most often
associated with effects of environmental factors and is usually found in older age groups in men, while diffuse
gastric cancer (DGC) is a genetically determined disease which is more common in younger patients, with the same
frequency among men and women.

This review covers in detail GC, its classification by P.A. Lauren (1965), and its molecular subtypes characterized
during the Cancer Genome Atlas project and examines the impact of certain risk factors on the pathogenesis of the
disease, such as H. pylori infection or Epstein — Barr virus. A separate section in this analytical work is dedicated
to expression of the PD-L1 marker by tumor cells and the use of this parameter for prognosis and therapy of this
disease. An essential part of the work is discussion of the features of intestinal and diffuse types of gastric cancer,
which reflect not only the differences in classifications used in modern diagnosis, but also the relationship between
the pathological pattern and the molecular subtype of gastric cancer.

Key words: diffuse gastric cancer, epidemiology, molecular genetic diagnosis, classification, immunotherapy.
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Matomopdosormyeckmne n moneKkynapHoO-reHeTu4ecKne 0Co6eHHOCTH
AndPysHOro TmMna paka xenyaka

Muxanesa J1.M., Mugun6ep K.10., MNeuHnkosa B.B., BaciokoBa O.A., l'ywuH M.10.

Hayuno-uccnedosamenvckuii uncmumym (HUH) mopghorocuu uenogexa
Poccus, 117418, . Mockea, yn. Lypronet, 3

PE3IOME

Pax xemynka (PXK) 3anumaer msitoe MeCcTo B Mupe IO PaclpOCTPAHEHHOCTH CPEAN BCEX 3JI0KAYECTBEHHBIX HO-
BOOOpa30BaHM U ABJSETCS TPEThEH MO 3HAYMMOCTH NMPUYMHOW CMEPTHOCTH OT OHKOJIOTHYECKUX 3a00JIeBaHUM.
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PX sBnstercss MyabTH(hAaKTOpHAIBHBIM, MOP(OJIOTHYECKH HEOJHOPOJHBIM 3a00ieBaHleM. B Hacrosiee Bpems
HCHOJIb3YETCsl HECKOJIbKO Mopdoiornyeckux knaccupuxauuii PXK, oqHako Uit mocTaHOBKY HarHosa Tpedyercs
YUHUTBIBATh HE TOJIBKO MOP(OIOrHYECKHI THII OIYXOJH, HO U €€ MOJEKYJApHbIH noarum. ITo naHHBIM JiuTepa-
Typbl, PXX MHTECTHHAIBHOIO THIA Yalle BCEro acCOLMMPOBAH C JeiicTBUEM (aKTOPOB OKpY’KAIOLIEH Cpenbl H,
Kak TPaBUIIO, BCTPEUACTCs B CTAPIIMX BO3PACTHBIX rpymnmax y Myx4ut. Juddysnsiit tun paka xenynka (JJTPX)
ABJIseTCA B OOJIbIICH CTENEHH TeHETHYECKH JCTCPMHUHUPOBAHHBIM 3a00JICBaHUEM U Hallle BCTpeuyaeTcs y Ooiee
MOJIOJIBIX MAIIUEHTOB, IIPU 3TOM C OJMHAKOBOM YaCTOTOM Cpelu My>KUMH U HKEHIIHH.

B manHOM 0030pe moapo6HO ocentaetcs Tema PIK, ero xnaccudukanus mo P.A. Lauren (1965), ero monexysip-
HBIM TTOJTHUIIBI, OXapaKTepH30BaHHbIe B ATiace pakoBoro reaoMa (The Cancer Genome Atlas), a Takxke paccma-
TpUBaeTCs BIMSHHE ONPE/IeNICHHBIX (JaKTOPOB PHUCKA HA IAaTOreHe3 3a00JIeBaHus, TAKUX KaK HHQUIMpoBaHue H.
pylori nmm BupycoM DmmreiiHa — bapp. OtaenpHyro posib B JaHHOW aHAINTHYECKOH paboTe 3aHMMaeT BOIPOC
9KCIIPECCUH OITyXOJIEBBIMHU KJIeTKaMK Mapkepa PD-L1 u ncronp3oBaHue JaHHOTO MapameTpa JUIsl IPOrHO3HUpOBa-
HUS U Tepanuy 3Toro 3abosieBanns. HemManoBaxHOH 9acTbi0 paboOTHI SIBIsIETCS 00CyKIeHnEe 0COOCHHOCTEH HHTe-
CTHHAJBHOTO U IH((Y3HOTO THIIOB paKa >KellyAKa, KOTOPhIe OTPaXKaloT HE TOJIBKO Pa3iIMUKs HCIOJIB3YEMbIX B CO-
BPEMEHHO ANarHOCTHKE KJIacCU(UKaNnii, HO ¥ B3aUMOCBS3b TaTOMOP(OIOrnIeCcKOi KapTHHBI ¢ MOJIEKYJISIPHBIM
MOATHUIIOM paKa JKeITyKa.

KuaroueBble cioBa: pak sxenmyaxa 1uddy3Horo Tuma, SIMAEMHOIOTHS, MOJIEKYJIIPHO-TeHETHYECKas TUAarHOCTHKA,
KIacCU(UKAIMSA, UMMYHOTEPAITHSL.

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaHI/Ieﬁ HaCTOS{H.[eﬁ CTaTbHu.

Hcrounuk gpunancuposanusi. MccnenoBanue BBIOJIHEHO B paMKax rocynapctBeHHoro 3amanus HUU
Mopdostorun gesnoBeka (Ne AAAA-A19-119021590053-6).

Ja nurupoBanus: Muxanesa JIL.M., Munu6ep K.1O., Ileunukosa B.B., Baciokoa O.A., I'ymmn M.O. Ilato-
MOP(]OJIOrHYecKue U MOJIEKYJISIPHO-TeHeTHYeCKHe 0cobeHHOCTH aud(dy3HOro THIA paka xeiynxa. bowiemens

cubupcroui meouyunst. 2021; 20 (2): 168—175. https://doi.org/10.20538/1682-0363-2021-2-168-175.

INTRODUCTION

Gastric cancer (GC) is the fifth most common
type of cancer in the world and the third leading
cause of death from cancer. Morbidity and morta-
lity differ depending on the geographical region. In
countries like Japan, China, Korea, and Chile, GC
ranks first in morbidity and mortality [1]. In Russia
in 2018, 21,279 men and 15,662 women were diag-
nosed with GC. The average age of patients upon
diagnosis was 67.5 years, and the incidence rate was
25.4 cases per 100,000 population. In 2017, 16,572
people died from gastric cancer in Russia. The ave-
rage age of patients was 68.7 years, and the mortali-
ty rate per 100,000 population was 18.97 [2].

DEFINITION

In 1965, P.A. Lauren proposed a classification
of GC, which contained intestinal, diffuse, and
mixed histotypes [3]. GC is a multi-factorial and
histologically heterogeneous disease. For example,
intestinal GC is most often associated with envi-
ronmental factors (diet, smoking, obesity, alcohol
consumption) and Helicobacter pylori (H. pylori)

infection [4], which, in turn, leads to development
of chronic gastritis, followed by atrophic gastritis,
intestinal metaplasia, dysplasia, and carcinoma
through the Correa cascade [5].

The intestinal type occurs more frequently in
older men, is usually macroscopically represen-
ted by a tumor with an exophytic type of growth
and a tendency to ulceration, and microscopically
consists of cells that form glands. Diffuse gastric
cancer (DGC) is less associated with environmen-
tal factors and inflammatory diseases: the role of
H. pylori in the pathogenesis of DGC is still de-
batable. However, a number of studies conduct-
ed in the UK and Japan showed the presence of
H. pylori outside the tumor tissue in approximate-
ly 32% of cases in patients younger than 40 years
with morphologically confirmed DGC [6].

DGC is considered to be a more genetically de-
termined disease associated with loss of heterozy-
gosity on pl17 chromosome, p53 mutation or loss of
heterozygosity, and mutation or loss of E-cadherin
[7]. DGC is more common in younger patients with
the same frequency among men and women. 1-3%
of all cases of DGC are related to a proven heredi-
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tary genetic syndrome that causes a mutation in the
E-cadherin gene (CDHI) located on chromosome
16 — hereditary diffuse gastric cancer (HDGC).
For this category of patients, gastrectomy is recom-
mended as a method of preventive treatment [8].

MOLECULAR CLASSIFICATION
OF GASTRIC CANCER

According to the Cancer Genome Atlas (TCGA)
project, there are four molecular subtypes of GC [9]:

1. Associated with the Epstein — Barr virus
(EBV-associated subtype), which accounts for
about 9% of cancer cases.

2. Caused by microsatellite instability (MSI sub-
type): this subtype accounts for about 22% of can-
cer cases.

3. With genome stability (GS subtype): this sub-
type accounts for about 20% of cancer cases.

4. Caused by chromosomal instability (CIN sub-
type): this subtype accounts for about 50% of can-
cer cases.

EBV-associated molecular subtype of GC (Ep-
stein — Barr Virus-Positive Gastric Cancer). Ep-
stein — Barr virus (EBV) is a human y-herpesvirus
that is characterized by pronounced tropicity to
the lymphatic system and has the ability to per-
sist in the human body. Given the lymphotropi-
city of EBV after penetration into B-lymphocytes,
the virus causes their uncontrolled proliferation.
EBYV also has pronounced tropicity to the gastric
mucosa, which has a developed lymphatic system
[10-12].

The International Agency for Research on Can-
cer (IARC) classifies EBV as a Group 1 carcinogen.
According to a number of researchers, only latent
EBYV infection can be associated with various types
of human neoplasms and hemoblastosis.

EBV-associated gastric adenocarcinoma was
first described by A.P. Burke in 1990. It is known
that about 90,000 people annually develop EBV-as-
sociated gastric carcinoma, which is about 10% of
all cases of gastric cancer [13]. The association
between H. pylori and EBV is not fully understood,
but there is no doubt that in a group of patients
with no history of H. pylori infection or who have
undergone successful eradication of the pathogen,
EBV may be a leading factor in chronic inflam-
mation in the gastric mucosa and cause a risk of
malignant neoplasms [14-16].

GC caused by microsatellite instability (MSI).
Microsatellite instability (MSI) is a phenotype
characterized by an increased probability of muta-
tions occurring as a result of impaired repair system
of incorrectly paired DNA bases. Following the im-
paired repair in cells, errors during DNA replication
accumulate, which leads to emergence of new mi-
crosatellites.

When using a standard panel that includes
BAT26 and BAT27 mononucleotides and D2S123,
D5S346, and D17S250 dinucleotide repeats [17],
microsatellite instability can be divided into 3 le-
vels: high MSI (MSI-H), low MSI (MSI-L), and mi-
crosatellite stability (MSS). According to the lite-
rature, MSI-H-associated carcinoma, depending on
the ethnic group, occurred in 5-50% of cases, and
MSI-L- and MSS-associated carcinomas are known
to be localized in the gastric antrum. According to
the histological classification proposed by Lauren,
they belong to the intestinal type of GC and have a
good prognosis with rare metastasis, compared to
MSI-H [18].

GC with genome stability (Genomically Stable,
GS). GC with a stable genome has a lower mutation
load compared to other molecular subtypes and oc-
curs at a relatively young age. This molecular sub-
group is characterized by a diffuse histological type
according to Lauren, as well as a large number of
mutations in RhoA and CDH1 (as mentioned earli-
er, CDHI1 is associated with inherited DGC).

GC caused by chromosomal instability (CIN).
Chromosomal instability is a type of genome insta-
bility in which non-clonal karyotype changes are
observed in the daughter generations of dividing
cells, namely, loss or acquisition of chromosomes
and their sections. Cancer with chromosomal insta-
bility is characterized by extremely high frequency
of chromosomal abnormalities and their high diver-
sity [19]. In GC, a high CIN level is always associ-
ated with a poor prognosis.

In a study conducted by A. J. Bass et al. [9], the
molecular subtype of GC was correlated with its
localization. Each molecular subtype of GC could
have any localization, but CIN-associated tumors
were more common in the gastrointestinal tract and
gastric cardia (65%); most EBV-associated tumors
were found in the bottom or body of the stomach
(62%); MSI-associated tumors were less often de-
tected in the gastrointestinal tract and cardia, but
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with approximately the same frequency were found
in other parts of the stomach; GS-tumors were
found with approximately the same frequency in all
parts of the stomach, and this subtype was most-
ly presented by DGC (according to Lauren). At the
same time, GS-tumors were diagnosed at an earlier
age (the average age was 59 years), while MSI-as-
sociated tumors were diagnosed at a relatively older
age (the average age was 72 years). Patients with
MSI-associated tumors were usually women (56%),
and most cases of EBV-associated tumors were de-
tected in men (81%).

PD-L1 AND GASTRIC CANCER

Programmed cell death-1 (PD-1) is a mem-
brane protein of the immunoglobulin superfamily
involved in differentiation of immune cells. PD-1
plays an important role in negative regulation of
the immune system by preventing activation of
T-lymphocytes, which reduces autoimmunity and
increases self-tolerance [20]. The protein has two
ligands: PD-L1 and PD-L2. In tumor cells that ex-
press PD-L1, this ligand is involved in mechanisms
of tumor escape from immune control. Determin-
ing the expression of PD-L1 makes it possible to
identify a group of patients who are most likely to
benefit from therapy by immune checkpoint inhibi-
tors. A fairly good result of anti-PD-L1 therapy was
achieved for non-small cell lung cancer.

A relationship between PD-L1 expression
and prognosis in GC is still the subject of debate.
According to a study by S. Boger et al. [21], patients
with PD-L1-positive tumor cells had improved dise-
ase prognosis. However, according to H. Chang et
al. [22], high PD-L1 expression was an unfavorable
prognostic factor, and A. Kawazoe et al. [23] did
not consider PD-L1 as a prognostic factor at all. It
is important to keep in mind that all of the above-
presented research data were obtained from patients
of the Asian ethnic group, and, therefore, the results
cannot be applied to the general population, since
the response to therapy / drugs in different ethnic
groups may not be the same.

According to the experiments by C. Ma. et al.
[24] and S. Derks et al. [25], EBV- and MSI-as-
sociated GCs most often showed greatly positive
PD-L1 expression or overexpression of PD-L1,
which was a significant adverse prognostic fac-
tor. Another study [9] showed that in the mole-

cular EBV- and MSI-associated subgroups of GC,
pronounced lymphocytic infiltration in the tumor
stroma was found. Therefore, these subtypes can
be classified as GCs with severe lymphoid stroma
(medullary carcinoma). The lymphoid stroma in
these tumors has a large number of CD8+ T cells
that can cause a strong anti-tumor inflammatory
response. In addition, positive PD-L1 expression
was associated with a significant increase in the
number of CD8+ T cells at the edge of the invasive
tumor front.

S. Derks et al. [25] observed a difference in the
nature of infiltration of PD-L1-positive cells de-
pending on the molecular subtype of the tumor.
In EBV- and MSI-associated gastric carcinomas,
PD-L1 positive cells had the ability to penetrate
into the center of the tumor in contrast to MSS-as-
sociated gastric carcinomas, in which PD-L1 posi-
tive cells remained mainly at the edge of the tumor
invasion area. Based on this result, patients with
EBV- and MSI-associated gastric carcinomas may
be the main candidates for therapy with PD-1 in-
hibitors.

According to H. Saito et al. [26], five-year sur-
vival in patients with and without positive PD-L1
expression differed by 48.9% and 80.7%, respec-
tively. In addition, PD-L1 positive expression was
observed in the older age group of patients, and by
the histological type, positive expression was more
often detected in undifferentiated gastric carcino-
mas.

L. Wang et al. [27] studied the correlation bet-
ween HER2 status and PD-L1 expression. Ac-
cording to this research, HER2-positive patients
had positive PD-L1 expression in 24.2% of cases,
while HER2-negative patients had positive PD-L1
expression in 39.0% of cases. Based on the data
obtained, HER2-negative patients may be the best
candidates for targeted anti-PD-1 therapy. How-
ever, the authors drew attention to false negative
results that were associated with the biopsy tech-
nique: prominent PD-L1 expression was detected
at the edge of the invasive front of the tumor and
not in its center.

According to H. Fukamachi et al. [28], following
the study of DGC by gene expression profiling, the
authors distinguished two DGC clusters. The first
cluster is represented by DGC with a stable genome
(GS), which can be interpreted as “primary” DGC.
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The second cluster is represented by DGC with mi-
crosatellite instability (MSI) and chromosomal in-
stability (CIN), which was defined by the authors
as DGC developed from the intestinal type. In ad-
dition, an analysis of the expression of mTOR and
PD-L1 in each individual cluster was performed,
which showed more pronounced expression in the
second cluster (MSI and CIN). Based on these data,
it can be assumed that in a group of patients with
DGC, which has developed from the intestinal type
of GC, it is possible to use mTOR and PD1 inhibi-
tors for treatment.

HELICOBACTER PYLORI AND DIFFUSE
GASTRIC CANCER

The International Agency for Research on Can-
cer (IARC) classified H. pylori as a Group I carcin-
ogen (strong carcinogen) in 1994 [29, 30]. Initially,
H. pylori infection was thought to be associated
mainly with the intestinal type of GC, while for
DGC, the underlying factors in the pathogenesis
were genetic abnormalities. However, if we do not
consider cases of inherited DGC, numerous studies
report a significant role of H. pylori and Epstein —
Barr virus in the occurrence of sporadic DGC [31—
33]. Serological studies also confirmed that H. pylo-
ri is associated with both histological types of GC.

A number of studies showed that patients with
a low H. pylori 1gG titer are more likely to deve-
lop an intestinal type of GC, while patients with a
high H. pylori 1gG titer have a high risk of deve-
loping DGC [34-36]. There is evidence that H. py-
lori is able to inhibit factors responsible for cell
adhesion and, thus, participate in the pathogene-
sis of DGC. Y. Yang et al. demonstrated disinte-
gration of E-cadherin by H. pylori SS1 and 26695
strains. It was found that the SS1 strain more ef-
fectively disintegrated E-cadherin after 12 and 24
hours [37]. After penetration of H. pylori into the
gastric epithelium, nonphosphorylated binding of
CagA to E-cadherin occurs, which leads to sepa-
ration of the E-cadherin / B-catenin complex and
causes accumulation of B-catenin in the cytoplasm
and nucleus, ultimately activating a -catenin-de-
pendent gene involved in cancer progression [38].
Aberrant activation of B-catenin disrupts normal
apical junctional complexes, which leads to loss of
cell polarity [39].

MORPHOLOGY OF DIFFUSE GASTRIC
CANCER

In a study by H.E. Lee et al., the differences in
the morphology of hereditary and sporadic DGC
were identified. Based on the material presented by
11 cases of gastrectomy in patients with inherited
DGC and a genetically confirmed mutation in the
CDHI1 gene, the tumor cells were morphologically
divided into three groups.

Group 1 included well-differentiated, large sig-
net ring cells with a large amount of cytoplasm, a
small nuclear-cytoplasmic ratio, and flattened and
eccentrically located nuclei with moderate atypia.
They were located under the surface epithelium and
had positive expression to mucicarmine and pCEA
and negative expression to p16 and CDX2.

Group 2 contained well-differentiated, small sig-
net ring cells with a smaller amount of cytoplasm,
with more rounded and hyperchromic nuclei with
pronounced signs of atypia, and a high nuclear-cy-
toplasmic ratio. These cells were located in their
own mucosa and had negative expression to muci-
carmine, pCEA, p16, and CDX2.

Group 3 included poorly differentiated, small
signet ring cells with positive expression to p16 and
negative expression to CDX2. As a control group,
material from 20 cases of gastrectomy in spora-
dic DGC was used. No morphological features were
identified for them, but positive expression to pl6
and CDX2 was noted [40].

In the work by H.H. Wong and P. Chu [41], the
authors considered the features of immunohisto-
chemical diagnosis in the group of gastrointestinal
cancers. For DGC, positive expression to CDX-2,
CK7, and HepPar-1 in approximately 70% of cases
was reported. About half of the cases had positive
expression to CK20, MUC2, and MUC5AC. More-
over, negative expression to MUC1 and E-cadherin
was detected. According to the authors, morpho-
logical cases of low-grade adenocarcinoma with
pronounced lymphoplasmacytic infiltration may be
positive for EBV.

CONCLUSION

Currently, it is important not only to timely di-
agnose GC, but also to find a personalized approach
to each patient. An extremely important aspect of
diagnosis  (verification) is a comprehensive
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approach to the study of surgical material using tra-
ditional optical research methods with mandatory
periodic acid Schiff (PAS) and Alcian Blue staining
of the material and counting of the number of sig-
net ring cells, expressed as a percentage, as well as
detection of H. pylori, and immunohistochemistry
using a panel of antibodies (CDX-2, CK7, CK20,
HepPar-1, MUC1, MUC2, MUCSAC, HER2,
mTOR, PD-L1, and E-cadherin).

A molecular genetic study of the material is
required to determine the molecular subtype of
GC and correlate the data obtained with the ex-
pression of such antibodies as HER2, PD-L1, and
mTOR for more accurate determination of the
cohort of patients who can benefit from therapy
with mTOR and PDI inhibitors. Only this com-
prehensive approach to diagnosis of GC can give
specialists more clear understanding of the disease
and help in choosing a treatment strategy for such
patients.
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ABSTRACT

Given a persistent global trend towards an increase in the number of patients with bronchial asthma (BA) over the
past decades, researchers are facing challenges related to a comprehensive study of the pathogenesis of BA. Numerous
studies have shown that BA is associated with long-term persistence of leukocytes (lymphocytes, macrophages,
and eosinophils) in the bronchial tissues. However, the causes of this phenomenon remain understudied. The article
provides an overview of modern research on the mechanisms of disorders of lymphocyte apoptosis in patients with BA.

Our study considers the main mechanisms of molecular regulation of lymphocyte apoptosis, including transcription
factors, the Fas/FasL system, and bcl-2/bcl-XL factors. We presented the data on the role of reduced lymphocyte
apoptosis in the formation of a severe BA phenotype. Taking into account high prevalence of obesity among patients
with BA, we analyzed a few existing articles on apoptosis of immunocompetent cells in obesity. In addition, the
article highlights the key mechanisms of development of lymphocyte plasma membrane blebbing (PMB) with
formation of microvesicles, as well as their influence on the course of pathological processes in BA.

The authors believe that further in-depth study of apoptosis, lymphocyte necrosis, and plasma membrane blebbing
can help improve the principles of diagnosis and treatment of BA.

Key words: bronchial asthma, obesity, lymphocyte apoptosis, programmed cell death, caspase, plasma membrane
blebbing.
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2 Kpaesas kaunuueckas 601bHUYd

Poccus, 660022, 2. Kpacnosipck, yn. [lapmusana Kenesnsaxa, 3a

PE3IOME

C ydeToM CTOHKOH 00IIEMHPOBOI TEHAEHINH K HApacTAaHWIO UYHCICHHOCTH OOJBHBIX OpPOHXHATBHOW acTMON
(BA) 3a mocnennue fecATHIETHS TEPE MCCIeOBAaTEIIMH BCTAeT 33a7ada BCECTOPOHHETO M3yUCHHUs MaToreHe3a
OpOHXMANEHOI aCTMBL. B MHOTOUHCIICHHBIX HCCIEIOBAHMAX JOKA3aHO, YTO TedeHHe BA compspKeHo ¢ IITHTeTbHON
HepCUCTeHINeH JIeHKonnToB (IMM(OIUTOB, Makpodaros, 303MHO(GMIOB) B TKaHAX OponHxoB. OgHAKO OcTaeTcs
OTKPBITHIM BOIIPOC O MPUYMHAX AAHHOTO SIBICHUS. B 1aHHOH cTaThe mpeacTaBiIeH 0030p COBPEMEHHBIX HAyIHBIX
HCCIIE0BAHNH, TIOCBAIIEHHBIX M3YUYCHNIO MEXaHI3MOB HAPYIICHHS aronTo3a JUM(OIUTOB Y OONBHBIX OpOHXH-
aJIbHOM acTMOM.

PaccmarpuBaloTCss OCHOBHBIE MEXaHH3MbI MOJICKYJISIPHOM PEryJIsiiy arnonTo3a JUM(QOILUTOB, HAIPUMEpP TPAHC-
KpunuuoHHele ¢axropsl, cucrtema Fas/FasL, dpakropsr bel-2/bel-XL u mp. TlpuBoasitcest naHHbIe 00 y4acTHH CHU-
JKSHUsI aronTo3a JUM(OUUTOB B GOpMHUPOBaHHK (EHOTHNA C TSDKEIBIM TeUCHHEM OpPOHXHAIbHOH acTMbl. Y4u-
TBIBasi BHICOKYIO PACHpPOCTPAHEHHOCTh OXHPEHHsSI CPeq OONBHBIX OPOHXHAIBHOW acTMOI, MPOaHATH3UPOBAHEIL
HEMHOTOYHCIICHHBIE CTAThbH, KACAIOIHECS all0ONT03a HIMMYHOKOMITETEHTHBIX KJIETOK IpU oxxupeHun. Kpome Toro,
B CTaThE OCBELIAIOTCS KIIOYEBBIE MEXaHU3MBI Pa3BUTHs 0eO0MHra muromiasMaTiHueckoil memopansl (LIIIM) c
(dhopMupoBanneM TUM(OLUTAPHBIX MUKPOBE3UKYII, @ TAKIKE UX BIHSHHE HAa TEUCHHE MATOJOTMIECKHUX MIPOLIECCOB
[PH acTMe.

ABTOpBI CUMTAIOT, YTO JaNbHEMIIee YIyOIeHHOe H3yUeHHE MPOLECCOB alloNTo3a U HEKpo3a JIMM(QOIMTOB, a TaK-
xe Oned6unra LIIIM cMoxeT TOMOYb B YITy4IICHUH IPUHIMIOB JUArHOCTUKY U JICYSHHsT OPOHXHAIBHON aCTMBIL.

KuroueBble ciioBa: OpOHXHATbHAS ACTMA, OKUPCHHUE, ATIONTO3 TMM(OIMTOB, IIPOrPaMMUpPyeMast KJIETOYHAsI TH-
0enb, Kacmasbl, OeOOMHT UTOMIIA3MATHUECKONH MEMOPaHBL.

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

Hcrounnk ¢punancupoBaHus. ABTOPHI 3asBISIIOT 00 OTCYTCTBUH (PUHAHCHPOBAHMS P IPOBEICHUH HCCIE0-
BaHMSI.

s nurupoBanusi: ConoseeBa M.A., Jlemxo N.B., Cobko E.A., Kpanomuna A.}O., I'opaeesa H.B., Aunu-
kuH J{.A., Anukuna J[.A. OcoGeHHOCTH anonTo3a 1 6;1e00MHTa IUTOMIa3MaTHYECKOH MeMOpaHbl TMM(OLUTOB IPU
OpoHxHanbHOU acT™e. broremens cubupckou meouyunst. 2021; 20 (2): 176—183. https://doi.org/10.20538/1682-

0363-2021-2-176-183.

INTRODUCTION

Bronchial asthma (BA) is a chronic respiratory
disease that places a serious social and economic bur-
den on a patient and society as a whole [1, 2]. Experts
of the World Health Organization (WHO) note that
the number of patients with BA tends to increase [3].

Russia has also seen a continuing increase in
the overall incidence of BA in recent years [4].
According to statistical data, the prevalence of BA
among adult population of Russia accounts for up to
10.6% [5].

It is known that BA reduces the average life expec-
tancy of women by 13.5 years and men by 6.6 years;
it causes 1.4% of all hospitalizations and 1.5% of all
disability cases. A financial burden associated with di-
agnosis and treatment of BA has a significant impact
on the country’s economy [6].

An equally important health and social problem

worldwide is obesity. WHO sees this problem now
as an epidemic which has affected millions of peo-
ple. Since 1980, the number of obese people in the
world has more than doubled. Excess body mass index
(BMI) is observed in about 1 billion people among
adult population of the world, and 475 million people
are obese [7, 8].

Obesity is the most common comorbidity of BA. It
was shown that obesity increases the prevalence and
incidence of BA and raises the risk of exacerbations,
aggravation of respiratory symptoms, and poor dis-
ease control. Precise mechanisms of the mutual effects
of BA and obesity remain unclear. They are probably
multifactorial and mediated by mechanical changes
in the airways, systemic inflammatory response, and
metabolic dysregulation [9, 10].

Quite recent studies emphasize the role of pro-
grammed cell death (PCD) and autoimmunity as
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potentially important factors in the pathogenesis
of chronic obstructive airway diseases. Currently,
there are a few methods available for registering
different PCD manifestations and analyzing mo-
lecular mechanisms [11], that are closely associ-
ated with mechanisms of other important pheno-
mena (such as cell activation and biological signal
transduction).

It is the study of apoptosis that is considered ef-
fective and useful for understanding certain significant
processes, including immune homeostasis.

THE ROLE OF LYMPHOCYTES IN THE
DEVELOPMENT OF BA

The course of BA is characterized by progressive
chronic airway inflammation, which is based on pro-
duction of proinflammatory cytokines (interleukin
(IL) -4, -5, -9, -13, granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF), etc.) [12], as well
as long-term persistence of leukocytes (lymphocytes,
macrophages, and eosinophils) in the bronchial tissues
[13].

Lymphocytes are essential regulatory and effec-
tor cells of adaptive immunity. Together with anti-
gen-presenting cells (APCs), T- and B-lymphocytes
provide an immune response to pathogens and form
long-term immunological memory [14].

The number of lymphocytes is regulated by a con-
stant balance between production, proliferation, and
death of cells. The equilibrium of these processes is
characterized as lymphocyte homeostasis [15].

The number of effector T-lymphocytes in the
immune response can increase by 1,000 times [16],
but programmed cell death regulates accumula-
tion of the total number of lymphocytes, also in
BA [17].

Therefore, the constant presence of regulatory and
effector immune cells in BA may be due not only to
their accelerated migration to tissues, but also to re-
stricted cellular elimination following PCD dysregu-
lation.

TYPES OF PCD

Based on the physiological, morphological, and
biochemical criteria, researchers distinguish three
types of PCD: apoptosis (type I PCD), autophagy
(type II PCD), and necrosis (type III PCD) [18, 19].

Autophagy and apoptosis
Autophagy is a process of in vivo elimination of
the cytoplasmic contents changed by metabolites, that

involves cell self-renewal. Extensive autophagy can
lead to cell death [20, 21].

At the same time, natural, physiological, and pro-
grammed cell death (50500 billion cells daily) main-
ly occurs through apoptosis: after plasma membrane
blebbing, cell reduction, chromatin condensation, and
DNA fragmentation, apoptotic cells are rapidly ab-
sorbed by phagocytic cells without any inflammatory
response [22, 23].

Mechanisms of apoptosis

Type I PCD (apoptosis) occurs in several ways via
the mechanisms that depend on both cellular charac-
teristics and the impact of internal and external signals
[24]. After the effects of toxic agents or unrepaired
DNA damage, the mitochondrial (internal) signaling
pathway is implemented in apoptosis. The main regu-
lators of this process are the p53 and Bcl-2 genes (the
main suppressor of apoptosis) with corresponding
proteins [25, 26].

More often, the external or receptor-mediated
pathway of apoptosis is implemented. It is initiated
by a variety of extracellular triggers and is carried out
with the participation of tumor necrosis factor (TNF)
receptors. The most studied activator is Fas (APO-I or
CD95), which stimulates cell apoptosis after the for-
mation of a complex compound with its ligand Fas /
FasL [27, 28].

The effector phase of apoptosis begins af-
ter transmission of inducing signals from triggers
through adaptive proteins. The main participants in
this phase are cysteine proteases (caspases), which
quickly switch from the inactive (procaspase) to the
active form, when apoptosis is initiated. This en-
sures cleavage of protein molecules at aspartic acid
bases [29, 30].

The growing interest of experts in PCD issues [31]
has led to an increase in the number of studies rela-
ted to apoptosis. Methods for detecting apoptosis and
analyzing its molecular and genetic mechanisms have
emerged. It allowed researchers to identify the signi-
ficant role of apoptosis in maintaining homeostasis of
constantly regenerating tissues and understand the ef-
fect of PCD on the pathogenesis of many pathological
processes [32].

The terminal deoxynucleotidyl transferase
dUTP-biotin nick end labeling (TUNEL) method,
or terminal deoxyuridine end labeling, was recog-
nized as the most optimal method for determining
apoptosis in cells [33], since numerous strand breaks
occur in DNA during apoptosis under the action of
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endonucleases, which results in formation of many
3’ends [34]. The TUNEL method is based on bind-
ing of biotin-labeled deoxyuridine triphosphate to the
3’-end of a DNA strand. The binding is implemented
by deoxynucleotide transferase. There are other op-
timal biochemical, molecular, and genetic methods
for determining apoptosis [35]. In the context of ex-
isting information about the abnormalities of lympho-
cyte apoptosis in systemic, autoimmune, and allergic
diseases, the study of apoptosis in BA has become
relevant and important.

Persistence of allergic inflammation in the airways
is associated with excessive activation of immuno-
competent cells (ICC), which, in turn, leads to accu-
mulation of autoreactive clones with a simultaneous
decrease in the activity of apoptosis (positive activa-
tion and absence of apoptosis) [36—38]. It is possible
that lymphocyte apoptosis is closely related to their
migration to the focus of inflammation as a result of
allergen exposure. In this case, apoptosis acts as a
mechanism of antigen-mediated selection of lympho-
cytes [39].

LYMPHOCYTE APOPTOSIS AND BA

In BA, several pathways of death are triggered in
the ICC, and they are able to switch in the course of the
disease [40]. In BA, marked inhibition of the mecha-
nisms of lymphocyte apoptosis takes place, associat-
ed with an increase in the expression of IL-5 mRNA
and the main anti-apoptotic factors (bcl-2, bel-XL) in-
hibiting apoptosis via the receptor and mitochondrial
pathways, which directly correlates with the severity
of BA [41].

The molecular mechanisms playing an important
role in the regulation of PCD include transcription
factors, such as Janus kinases and signal transducer
and activator of transcription (JAK-STAT), PAX-5,
NF-KB, p53, etc. Transcription factors regulate ex-
pression of proteins (IL-4, -15, -13, IgE, Fas recep-
tor molecules, etc.) and proliferation of cells, such as
lymphocytes and eosinophils [42, 43].

It is proved that decreased gene expression, re-
duced activity of transcription factor p53, and sti-
mulation of NF-kB activity have anti-apoptotic ef-
fects. High levels of STAT6 expression at reduced
PAX-5 and elevated levels of NF-KB lead to develop-
ment of BA and aggravation of its course [44].

The Bcl-2 / Bax ratio in patients with severe BA is
much higher. This fact was confirmed by many studies
demonstrating that NF-kB stimulates the expression
and activity of Bcl-2, which itself acts as a powerful

anti-apoptotic molecule and inhibits pro-apoptotic
Bax molecules [45, 46].

Recent studies have found that the levels of Bcl-
2 or the Bcl-2 / Bax ratio are higher in BA patients
than in healthy people. The level of NF-kB expression
positively correlates with the bcl2 / Bax ratio in pa-
tients diagnosed with BA [47].

It is remarkable that the Fas / FasL system that
triggers the receptor-mediated pathway of apop-
tosis is less active in Th2 lymphocytes typical of
BA, which suggests their evolutionary predisposi-
tion to a reduced apoptosis rate [48, 49]. According
to the studies, steroids are able to enhance apop-
tosis but reduce the expression of Fas (CD95) and
CD25 regulators, switching apoptosis to a different
pathway [50].

A number of studies reported the association bet-
ween the activity of apoptosis and the severity of BA
[51]. Specifically, an inverse correlation was demon-
strated between the number of apoptotic cells and BA
severity [52]. It was noted in another study, that the
number of lymphocytes in apoptosis was significantly
lower in severe BA (compared to mild BA) against the
background of 6-day incubation in the solution with
the addition of an apoptosis inducer (dexamethasone).
According to the authors, this may indicate inhibition
of type I PCB in patients with severe BA [53].

Necrosis

Currently, an important role is assigned to the
study of the consequences of not only apoptosis, but
also of type III PCD (necrosis) for surrounding cells
and the body as a whole. Necrotic cell death is ac-
companied by destruction of the cell membrane and
entry of intracellular molecules into the extracellu-
lar space with alterations of surrounding cells and
inflammation. Phagocytosis of dead cells is accom-
panied by development of a full-fledged immune re-
sponse [54]. Necrotic death of lymphocytes is always
associated with excretion of inflammatory mediators
having cytotoxic and histochemical effects. It is also
accompanied by active proliferation and migration of
new effector cells into the airways, which aggravates
airway inflammation [55].

According to A.P. Parakhonsky, the development
of BA is closely associated not only with abnormali-
ties in the implementation of apoptosis in blood ICC,
but also with an increase in lymphocyte necrosis
[56]. Few existing studies showed that necrotic death
of lymphocytes prevails in patients with severe per-
sistent BA [57].
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PLASMA MEMBRANE BLEBBING (PMB)
AND BA

During oxidative stress, apoptosis, and necrosis
of lymphocytes, membrane microvesicles (MV) are
formed as a result of intensive PMB [58, 59].

Development of PMB occurs following disruption
of membrane-cytoskeleton interactions at the end of
enzymatic reaction activation, electrolyte imbalance
in the cell, and oxidative damage to the cytoskeleton.
PMB is preceded by a disruption of actin-myosin in-
teractions and externalization of phosphatidylserine,
which is characterized by a bubble-like protrusion of
the membrane. It is accompanied by migration of or-
ganelles and antigens into the resulting blebs, which
acquire inflammatory and autoantigenic potential.
For example, extracellular particles originating from
T-cells carry CD4, CD3, or CD8 antigens [60, 61].

Microvesicles

Evidence for the role of ICC plasma membrane
vesicles is still significantly limited. Their role in
regulating homeostasis by transporting signals bet-
ween cells, up to presentation of an antigen to immune
cells, is still under discussion [62].

Microvesicles (MV) can affect cells in two main
ways: interaction with receptors and microRNA trans-
fer [63]. MV can regulate gene expression and cell
differentiation, which involves them in the pathogen-
esis of many processes [64]. Many studies are devot-
ed to MV microRNAs, which are highly conserved
non-coding RNAs with a length of 18-24 nucleotides,
as well as to their proinflammatory role [65].

Another factor affecting the inflammatory process
can be the ability of MV to induce apoptosis of ICC.
Apoptogenic activity of MV can be explained by the
influence of caspases and other biologically active
substances contained in them that induce apoptosis
[66].

However, very few studies have been devoted
to the pathogenic effect of lymphocyte microvesi-
cles (LMVs) on the course of pathological process-
es, in particular, on the pathogenesis of BA. LMVs
are known to induce activation of NADPH-oxidase,
leading to activation of oxidative stress [67].

High content of circulating MV in patients with
BA can serve as a useful biomarker of the activity of
apoptosis and airway inflammation and a potential
predictor of BA severity. It reflects the effect of an
important element in the pathogenesis of BA and not
just the appearance of inert “cell dust”, as it has been
generally accepted for a long time.

APOPTOSIS AND OBESITY

There are very few studies and publications devot-
ed to apoptosis of ICC (lymphocytes, in particular) in
obesity. Metabolic changes in the white adipose tissue
of obese people are known to lead to the persistence
of ICC in the adipose tissue. Locally, elevated levels
of proinflammatory cytokines and free radicals are ob-
served that contribute to oxidative stress and progres-
sion of systemic inflammation [68].

In obesity, an increase in the intensity of lym-
phocyte apoptosis is noted, in which the interaction
of the Fas receptor with FasL leads to activation of
caspase-8, -10, and -3. In obese patients, the concen-
tration of apoptosis inducer (p53 protein) is elevated,
and its level directly correlates with the body mass
index, waist circumference, and Homeostasis Model
Assessment of Insulin Resistance (HOMA-IR) index
[69, 70].

CONCLUSION

In terms of physiopathology, BA is a chronic in-
flammatory airway disease. The study of PCD, in par-
ticular, apoptosis, is determined by the essential role
of lymphocytes in the pathogenesis of BA. Despite a
large body of data on BA, the concept of apoptosis
in the pathogenesis of BA is still contradictory. The
findings of immunological studies provide evidence
for changes in the functional state of lymphocytes in
BA patients. Studies of apoptosis related to BA with
comorbid obesity are especially relevant. It is worth
noting that there is growing evidence that obesity has
a causal association with BA. Better understanding of
this association at the pathogenetic level may result in
development of new treatment methods for the thera-
peutically resistant cohort of patients.

Therefore, further study of all aspects of apopto-
sis and lymphocyte PMB in BA and establishment of
their cytological, molecular, and biochemical markers
can contribute to more complete understanding of the
mechanisms of BA pathogenesis, improve diagnosis,
and create a new landmark for differential diagnosis. It
can also serve as the basis for developing highly effec-
tive, modern methods for treatment and prognosis of
treatment effectiveness in obstinate and treatment-re-
sistant forms of BA.
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Modern methods for studying atherosclerosis and coronary artery disease:
flow cytometry
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ABSTRACT

The problem of atherosclerosis, which forms the pathological basis of coronary artery disease (CAD), is one of
the most discussed ones in development of cardiovascular diseases. This chronic inflammatory disease involves
interactions between different cells, and an atherosclerotic plaque is a complex immunological environment. Modern
quantitative methods increase the understanding of the pathophysiological processes responsible for progression of
atherosclerotic plaques. Flow cytometry is a powerful modern method that allows for a complex and simultaneous
cell analysis. This review is devoted to studies on atherosclerosis and CAD performed using flow cytometry.
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COBpEMEHHble MEeTOAbl UCC/1I€A40BaHUA aTEPOCK/IEPO3a U ULLIEeMUYECKOM
60/1e3HU cepaua: npoTovyHaA UUTOMETPUA

CtraxHéBa E.M., Paruno 10.1.

Hayuno-uccnedosamenvcxuti uncmumym mepanuu u npogpunakmudeckou meouyunvl (HUUTIIM) — ¢uruan
Dedepanvhoco ucciedosamensbcko2o yenmpa Mucmumym yumonoauu u 2enemuxu Cubupcko2o omoeneHus.
Poccuiickou akademuu nayx (OUL UL ul’ CO PAH)

Poccus, 630089, 2. Hosocubupck, ya. b. boeamkoea, 175/1

PE3IOME

IMpoGnema arepockiieposa, GOpMUPYIOIIETo MaTOIOTHUECKYI0 OCHOBY MIIEMHUYECKOH OOJIC3HM cepiua, sIBISeT-
cs1 oJfHOM M3 Hambosee 00CYKTaeMBIX B Pa3BUTHU CEPAEIHO-COCYANCTHIX 3a001eBaHnil. DTO XpOHNIECKOE BOC-
MaJITENIbHOE 3a00JIeBaHNE BKITIOYAET KOMIUIEKC CIIOXKHBIX B3aUMOJICHCTBUI MEXIy Pa3NMYHBIMU KIETKaMH, a
aTepoCKIepoTHIecKas OJIAIIKa Ipe/CTaBIseT COOO0H CI0XKHYI0 IMMYHOJIOTHIECKYI0 cpeny. CoBpeMeHHBIE KO-
YEeCTBEHHBIE METOBI ITOBHIIIAIOT IIOHNMAaHHEe MaTO(U3HOIOTHIECKHUX MTPOIECCOB, OTBETCTBEHHBIX 3a NMPOTPECCH-
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pOBaHHE aTepOCKIEPOTHUCCKON Osmiku. [IpoTOUYHAsS TUTOMETPHUS MPEACTABISICT COOOM MOIIHBIA COBPEMEHHBIN
METOJI, MO3BOJISIOUINHA MPOBOJANUTh KOMILJIEKCHBIA aHAN3 KJIETOK OJJHOBpEMEeHHO. [laHHBII 0030p MOCBSIICH Ha-
YYHBIM HCCIIEIOBAaHHMSM aTepOCKIEepO3a U HIIEMHYECKOH OOJEe3HM cepila, BHIIOIHEHHBIM C IOMOIILI0 METola

HIPOTOYHOH UTOMETPHUH.

KaroueBrblie ciioBa: MIPpOTOYHAsA HUTOMETPUS, aTEPOCKIICPO3, BOCHAJICHUC, T-.III/IMq)OIII/ITBI, MOHOIIUTBI.

KonpaukTt naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJUKAIMEH HACTOSIICH CTAThH.

Hcrounuk punancuposanus. Pabora BEIMONTHEHA B paMKax OI0KETHOH TEMBI IO TOCYJaPCTBEHHOMY 3a1aHHIO
(Ne AAAA-A17-117112850280-2) u B pamkax rpanta Poccumiickoro ¢oHzma GpyHIaMEHTaIbHBIX HCCIEAOBAHMH

(Ne 19-015-00055).

Js uurtupoBanus: Craxuésa E.M., Paruno F0.U. CoBpemMeHHBIE METOBI HCCIEI0OBAHIS aTEPOCKIIEPO3a U HIIIe-
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INTRODUCTION

More than 50 years ago, such a new diagnos-
tic method as pulse cytophotometry was developed.
Since 1978, it has been called “flow cytometry”. To-
day, flow cytometry is a technique for studying dis-
persive substances using single particle analysis in the
dispersed phase via signals received during fluores-
cence and light scattering. Flow cytometry is based
on a combination of modern cytochemical fluores-
cent methods for analyzing the structural components
of cells and their antigens. It is a modern and highly
functional method that allows for a comprehensive
analysis of various cell populations [1].

PRINCIPLES OF FLOW CYTOMETRY

The physical principles of flow cytometry are sim-
ple: a cell suspension, previously incubated with fluo-
rochromes, is placed in a flow of liquid passed through
a flow cell. This generates the effect of hydrodyna-
mic focusing: the cells under investigation line up in
a chain and, in this order, are guided through laser
beams. This is how an individual cell is analyzed.

The light emitted from fluorochromes is focused
using an optical system consisting of several mirrors
and lenses, and then decomposed into certain compo-
nents. The received light signals are converted into
electrical impulses and analyzed using special soft-
ware. In just a few seconds, thousands of cells pass
through the flow cell, allowing a researcher to identi-
fy the composition and characteristics of the cell sus-
pension.

Flow cytometry is a powerful method with many
advantages: rapid analysis of a large number of cells
(up to 107 cells per second), objective measurement of
fluorescence intensity, obtainment of data for a single

cell population, simultaneous analysis of different
processes, an ability to characterize rare events [1].

FLOW CYTOMETRY IN STUDIES ON CAD
AND ATHEROSCLEROSIS

The problem of atherosclerosis and the complica-
tions it causes is one of the most discussed ones in
the development of cardiovascular diseases (CVDs).
Atherosclerosis develops for a long time and forms
the pathological basis for CAD. This complex chronic
inflammatory disease involves interactions between
different cells. New technologies, in particular, flow
cytometry, allow to perform a complex analysis of dif-
ferent cells simultaneously.

One of the main pathophysiological mechanisms
in the development of atherosclerosis is a disruption
of the structural integrity and functional activity of the
vascular endothelium. Circulating endothelial cells
detached from the endothelial wall in the course of its
damage can act as a direct cellular marker of endothe-
lial dysfunction [2, 3].

Using flow cytometry, it was revealed that the pre-
sence of more than 3 circulating endothelial cells per
3 x 10° leukocytes in the peripheral blood increased
the relative risk of CAD development in young and
middle-aged women by 4 times. In women with CAD,
it increased the risk of developing acute myocardial
infarction by 8 times [2].

Endothelial progenitor cells, which are capable of
self-renewal and differentiation, are involved in repair
of the endothelium and formation of new blood ves-
sels. Recruitment and migration of endothelial pro-
genitor cells in the body are controlled by cells located
directly in the damaged area [4]. Most progenitor cells
mature from hematopoietic stem cells, mainly found
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in the bone marrow, peripheral blood, and umbilical
cord, but they are also present in the spleen, intestines,
liver, adipose tissue, and adventitia. Regardless of
their source, all hematopoietic stem cells have mar-
kers CD34+ and CD133+ [4].

Endothelial progenitor cells are characterized by
expression of surface markers, such as vascular endo-
thelial growth factor receptor-2 (VEGFR-2), CD31,
endothelial nitric oxide synthase (eNOS), and vas-
cular endothelial cadherin (VE-cadherin). Therefore,
to identify endothelial progenitor cells, the following
surface markers of hematopoietic and endothelial cell
lines are used: CD34, CD133, VEGFR-2, or kinase
domain receptor (KDR) [4, 5]. In patients with arte-
rial hypertension with a high level of low -density li-
poproteins (LDL), the number and migration capacity
of circulating endothelial progenitor cells are reduced
[6, 7]. The number and functional activity of circula-
ting endothelial progenitor cells in the blood are in-
dependent predictors of morbidity and mortality from
CVDs [8].

The involvement of endothelial progenitor cells in
atherogenesis is beyond doubt. In the study by S. Ai
et al., when evaluating the expression of the vitamin
D receptor (VDR), the authors found that the VDR
expression on circulating endothelial progenitor cells
was significantly reduced in CAD patients and nega-
tively correlated with the glycated hemoglobin levels.
Consistently high serum glucose decreased the VDR
expression on endothelial progenitor cells, potentially
accelerating the pathological process of atherosclero-
sis. Thus, low VDR expression on circulating endo-
thelial progenitor cells may serve as a potential risk
factor for CAD development [9].

Monocytes are cells of the immune system that
are involved in the formation of innate and adaptive
immunity. Monocytes play a key role in the athero-
genesis, since, after being recruited into the lipid and
lipoprotein-rich areas of the arterial intima, they dif-
ferentiate into macrophages under the influence of
the macrophage colony-stimulating factor (M-CSF)
produced by the activated endothelium [10, 11]. In
the peripheral blood of patients with atherosclerosis,
monocytes are preactivated and have some features of
macrophages [10]. Their adhesion to the endothelium
is 1.5 times higher than that of monocytes in healthy
individuals, and they express a number of receptors
(type I and type II Fcy-receptor, intercellular adhesion
molecule-1 (ICAM-1)) [12]. Monocytes have hetero-
geneous composition. In atherosclerosis, an increase
in the relative count of monocytes of the interme-

diate (CD14++/CD16+) and nonclassical (CD14+/
CD16++) subpopulations is detected — by 2.3 and 1.8
times, respectively [10, 13].

K.A. Armold et al. investigated correlations of
monocyte subtypes and macrophages cultured from
them with CAD progression. Groups of study parti-
cipants were formed after a coronary angiogram in
accordance with CAD severity: a group without CAD
(minor disturbances in the vascular lumen); a group
with CAD with a single-vessel lesion; a group with
CAD with a multi-vessel lesion. In CAD patients
(with both single-vessel and multi-vessel lesions),
the blood levels of both intermediate and non-clas-
sical monocytes were elevated compared to patients
without CAD (p < 0.05). The count of regulato-
ry macrophages (CD206+) was reduced in patients
with both single-vessel and multi-vessel lesions (p <
0.001) [14].

A relationship between the atherogenic lipoprotein
phenotype and innate immunity in atherosclerotic pa-
tients with CAD was shown. The atherogenic fraction
of LDLP was associated with an increase in the con-
tent of non-classical monocytes (CD14+CD16++) and
a decrease in the content of the classical subpopula-
tion (CD14++CD16-) [15].

Lymphocytes play a key role in the development
of inflammatory responses in CVDs. The content and
phenotype of lymphocytes in the peripheral blood,
subcutaneous adipose tissue, and epicardial adipose
tissue in patients with and without CAD, who had
undergone an elective heart surgery, were studied. It
was found that the epicardial adipose tissue in CAD
patients was characterized by an increased number
of T-lymphocytes, B-lymphocytes, a higher total
lymphocyte count, and a reduced number of natural
killer (NK) cells in comparison with patients without
CAD [16].

The complement system is involved in the CVD
pathogenesis by inducing inflammation and interac-
ting with the coagulation system [17]. The balance
between activation and inhibition of the complement
system is critical for controlling the degree of inflam-
mation. Molecules involved in the regulation of the
complement system activation include complement
receptor type 1 (CR1, CD35), membrane cofactor pro-
tein (MCP, CD46), decay-accelerating factor (DAF,
CD55), and membrane inhibitor of reactive lysis
(MIRL, CD59). Each protein is different in the me-
chanism of action for the complement system regula-
tion [18]. Patients with CAD showed lower expression
of CD46 and CDS55 on the surface of lymphocytes,
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monocytes, and granulocytes and higher surface ex-
pression of CD35 and CD59 on granulocytes (p <
0.0001), compared to healthy donors. High CD59
expression on granulocytes positively correlated with
the severity of the disease and may serve as a potential
marker of disease progression [18].

FLOW CYTOMETRY IN THE STUDIES
ON ATHEROSCLEROTIC PLAQUES

The structure of atherosclerotic plaques is one of
the key directions in the study of the pathogenesis of
atherosclerosis. There is a large number of experimen-
tal studies devoted to formation, maturation, and rup-
ture of atherosclerotic plaques, but the mechanisms of
these phenomena remain largely unclear. Traditional-
ly, blood is used as a material for scientific research
on atherosclerosis, since collection of tissues for re-
search is associated with certain difficulties. However,
for the study of the pathophysiological mechanisms of
atherosclerosis, the atherosclerotic lesion itself is of
the greatest interest.

Modern quantitative methods can increase the un-
derstanding of the pathological processes responsible
for plaque progression. It was flow cytometry and de-
velopment of original protocols for enzymatic isola-
tion of cells from atherosclerotic plaques that allowed
to perform the most complete analysis of lympho-
cytes, their role in the immunological mechanisms of
maturation and rupture, and their distribution in ath-
erosclerotic plaques [19, 20].

Earlier there were some attempts to study the role
of lymphocytes in an atherosclerotic lesion. Howev-
er, at the same time, scientists isolated lymphocytes
from the tissue into a culture medium with various
activators of the lymphocyte migration, i.e. studied in-
dividual lymphocytes migrating from the atheroscle-
rotic plaque tissue into the culture medium. This made
it possible not to practice the technique of isolating
living cells but to study the cellular composition of
the atherosclerotic plaque tissue itself [21].

At the same time, attempts were made to accurate-
ly determine the cellular composition of the tissue of
human atherosclerotic plaques using flow cytometry,
where the material obtained during carotid endarterec-
tomy was subjected to enzymatic treatment with colla-
genase [ (250 U /ml) at 37° C. This study showed that
about 50% of the cells in the atherosclerotic plaques
were mononuclear inflammatory cells (T-lympho-
cytes and monocytes (macrophages)) [22].

In further research, scientists developed original
protocols for isolating cells from the tissue of athero-

sclerotic plaques and studied the whole complexes of
antibodies labeled with fluorochromes. In addition,
the use of several fluorochromes simultaneously made
it possible to study various processes in the cell. The
study by L. Sh. Grievel et al. showed that the phe-
notypic composition of T-lymphocytes in the plaque
differed from that in the blood. When comparing
the expression levels of cellular markers CD3, CD4,
CD16, CD45, CD45RA, CCR7 CD28, CD27, HLA-
DR, and CD38, high levels of CD4 and CD8 T-cells
in the plaques were revealed [19].

The dominant inflammatory cell in atherosclerosis
is a macrophage. However, interactions with other in-
flammatory cells may also play a role in the athero-
genesis. Using immunohistochemistry, the presence
of mast cells in the atherosclerotic lesion, constitu-
ting a heterogeneous population, was established. In
a 3-year study of 270 patients with carotid stenosis,
plasma mast cell levels were shown to be associated
with future acute cardiovascular events. Despite the
fact that mast cells are present in a plaque in small
numbers, they can contribute to destabilization of an
atherosclerotic plaque [23].

Mast cells are involved in inflammatory respon-
ses in various tissues, including the arterial intima.
Mast cells are activated for degranulation, releasing
large amounts of inflammatory mediators (histamine,
heparin, proteases, and cytokines) stored in their cy-
toplasm. Activated mast cells in the atherosclerotic
lesion can promote leukocyte chemotaxis, adhesion to
the activated endothelium, and subsequent transendo-
thelial migration [24].

In order to characterize the population of mast cells
in human atherosclerotic lesions in more detail and to
determine its activity, E. Kritikou et al. used several
markers simultaneously (CD45, CD117, CD63, and
IgE, Tryptase/TPSAB1) [25]. The authors confirmed
that the main but not the only pathway of mast cell ac-
tivation inside a plaque is IgE-mediated one, but there
is a group of mast cells that are activated without IgE
binding [25].

Flow cytometry is a powerful tool for detecting the
diversity of leukocyte subsets in the atherosclerotic
plaque [26]. The atherosclerotic plaque is a complex
immunological environment. Since the discovery of
T-cells in atherosclerotic plaques, they have been
found to play an important role in the development of
atherosclerosis and CVDs. T-helpers can differentiate
into several phenotypes (Thl, Th2, Th9, Th17, Treg,
etc.), produce various interleukins, and have both pro-
and anti-inflammatory mechanisms. The study by
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Gronberg et al. suggested that therapeutic inhibition
of T-cell differentiation into Th1-cells is a promising
strategy for reducing the progression of atherosclero-
sis [27].

T-lymphocytes play an essential role in athero-
genesis, but the atherogenic or atheroprotective role
of CD8+ T-cells in late stages of atherosclerosis de-
velopment remains controversial. The study by J. van
Duijn et al. demonstrated the local, protective role of
CD8+ T-cells in progressive atherosclerosis by com-
paring the phenotypes of CD8+ T-cells obtained from
plaques from the aorta, spleen, and blood of mice. In
progressive atherosclerosis in a mouse model, aortic
CD8+ T-cells produced lower amounts of IFNy and
TNFa compared to their systemic counterparts, with a
simultaneous increase in the expression of CD39 ec-
tonucleotidase. At the same time, pharmacological in-
hibition of CD39 in apoE-/- mice partially restored the
production of cytokines by CD8+ T-cells. The studies
on the samples of atherosclerotic plaques in the hu-
man carotid and femoral arteries confirmed these re-
sults [28, 29].

Tissue cell death is a characteristic feature of pro-
gressive atherosclerotic plaques, including unstable
lesions, which are largely responsible for compli-
cations of CVDs. The data on the accumulation of
cytotoxic lymphocytes in human lesions strongly
suggest that these lymphocytes promote cell death
in atherosclerotic foci and lead to potential rupture
of plaques [30].

NK cells can induce cell death in various ways,
using killer activation receptors (KARs) or the cyto-
lytic components perforin and granzyme B to form an
immunological synapse, through which the release of
cytolytic granules ultimately leads to lysis of target
cells [31, 32]. T-cells (CDS8, CD4, yo-cells) and NK
cells are involved in the atherogenesis. These cells are
present in large numbers in unstable plaques, which
indicates that their killer function is important for the
progression of atherosclerotic process [30].

Inflammatory cells in the atherosclerotic plaque are
derived from hematopoietic stem cells (HSPCs). When
analyzing mononuclear blood cells by flow cytometry
using antibodies CD38+CD45RA+CD34+HSPCs,
the authors found that in CAD patients (coronary ste-
nosis > 50%), the level of circulating HSPCs in the
peripheral blood was 1.8 times higher than in individ-
uals without CAD. The level of HSPCs in the blood
was associated with the degree of coronary stenosis.
In addition, according to the multivariable logistic re-
gression analysis, the level of circulating HSPCs was

the only marker that was associated with the odds ra-
tio (OR) of mild to severe (> 70%) coronary stenosis
(OR 2.08 (95% confidence interval (CI) 1.35-3.21),
p = 0.0009). That allowed the authors to propose
HSPCs as an important marker for the assessment of
atherosclerotic coronary stenosis [33].

CONCLUSION

Flow cytometry has been rapidly developing as
a modern method for diagnosing and researching
disorders of the immune system. Atherosclerosis is
a multi-factorial chronic inflammatory disease that
includes complex interactions between the vascular
wall and blood cells, and an atherosclerotic plaque is a
complex immunological environment.

Scientific knowledge about the atherosclerotic
plaque composition and the role of cells found in the
lesion focus is constantly growing due to fundamental
research. However, a simple and accessible diagnosis
of early atherosclerosis remains a problem, since mea-
surement and determination of changes in cell popula-
tions in the atherosclerotic focus are impracticable in
clinical practice.

It is possible that flow cytometry will become a pri-
ority method for determining new prognostic periph-
eral blood markers for the severity of atherosclerosis.
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ABSRACT

The use of quantitative mapping of diffusion characteristics carries great potential for diagnosis and therapy of
brain diseases, since it potentially allows to classify tumors, determine the degree of their malignancy, differentiate
various morphological structures of tumor and non-tumor pathologies (such as tumor stroma, necrotic zones, cysts,
various types of edema, etc.), and predict the course and outcome of diseases, in particular, a clinical response to
treatment. Based on diffusion weighted magnetic resonance imaging (MRI), it is possible to perform 3D modeling
of the white matter pathways of the brain, which is called tractography. In addition to a unique ability to visualize
the location of tracts in relation to intracranial pathologies, this technology allows to build and analyze complex
maps of communication networks in the brain (connectomics).

The review is devoted to the discussion of the physical and technical concept of diffusion weighted MRI, the key
ways of its application in tumor and non-tumor processes, and problems that complicate correct interpretation of
results. Since the problem of developing software for diffusion MRI data remains relevant, this review presents
our own experience in developing an application as part of the project on creating effective methods for processing
diffusion MRI data and modeling white matter tracts.

Key words: magnetic resonance imaging, diffusion weighted magnetic resonance imaging, tractography, brain,
neuroscience.
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PE3IOME

Hcnionp30BaHue pa3IMYHBIX KapT KOJMIECTBEHHBIX XapaKTePHCTHK OU(GY3UH HeceT B cebe OOIBIIOi MOTeHIHN-
aJ A1 MeJUIUHCKON TUAarHOCTHKU M TEPANHHM ITaTOJIOTHH TOJOBHOTO MO3Ta, TaK KaK MO3BOJSET KIACCH(HIN-
pOBaTh OMYXOJH, OMPEJETATh CTENCHb MX 3JI0KAYeCTBEHHOCTH, MU (HEePEeHIMPOBATh PA3IHIHBIE MOpQOIoTHIe-
CKHE CTPYKTYPBI OITyXOJIEBBIX U HEOITyXOJIEBBIX MATOJIOTHYECKUX MPOIECCOB (TaKMX KaK CTPOMA OIMYXOJIIH, 30HBI
HEKpO3a, KUCTHI, PAa3INIHBIC BHIBI OTEKa H T.A.), TPOTHO3NPOBATH TEUCHUE U HCXO]] 3a00/IeBaHNH, B YACTHOCTH
KIMHIYECKUH OTBET Ha MpoBeneHHoe JiedeHne. Ha ocHoBe nu(y3noHHO-B3BEIIEHHOH TOMOrpaduy BO3MOXKHA
peanu3anus TpEXMEpHOIl peKOHCTPYKITMH BOJIOKOH O€JIOr0 BEIIECTBA TOJIOBHOTO MO3Ta, Ha3bIBaeMas TPaKToTpa-
¢ueit. [ToMnMo yHUKaTBHON BO3MOXKHOCTH BH3YaJIM3MPOBATh PACIIONOKEHHE TPAKTOB OTHOCHTENIFHO MHTpPaKpa-
HHUAIBHBIX TATOJIOTHYECKUX M3MEHEHHH, JTaHHAS TEXHOJIOT U MO3BOJSIET CTPOUTH U aHATH3UPOBATh KOMIIIIEKCHbIE
KapTHI CIIOKHBIX CETeH CBsI3eH B TOIOBHOM MO3Te (KOHHEKTOMHKA).

O030p mOCBsAIIEH 00CYXICHUIO (PU3UKO-TEXHUYECKOH KOHIeNnun An(Qy3nOHHO-B3BEIICHHONH TOMorpaduw,
KJIIOYEBBIX HAIpaBJICHUIl MPUMEHEHNS B CIydae OIyXOJEBBIX M HEOIYXOJEBBIX IPOLECCOB, a TaKxke MpobiieM,
3aTpyIHAIOLIMX MPOLIECC KOPPEKTHOH MHTEPIpPETaluy pe3ysibTaToB. Tak Kak B HACTOSIIMH MOMEHT OCTAeTCS
aKTyaJIbHOM 3ajlaya INPUMEHEHUs NPOrpaMMHOro obecriedeHus Ui paboTsl ¢ JudPy3MOHHBIMU TOKA3aTEISIMU
MarHUTHO-PE30HAHCHOH ToMorpaduu, TO B NMPEJICTaBICHHOM 0030pe MOKa3aH COOCTBEHHBIM ONBIT Pa3pabOTKH
NPHUIIOKEHHS B paMKaX MPOEKTa 110 CO3aHMI0 S3(Q(PEKTHBHBIX METOAMK HHTEepHpeTaun An(dy3HOHHBIX JaHHBIX U
MOCTPOCHHIO TPAKTOB OEJIOr0 BEIIECTBA F'OJIOBHOTO MO3ra.

KnarodeBble c10Ba: MarHNTHO-pe30HAHCHAs ToMorpadus, 1uddy3noHHO-B3BEIICHHAs TOMOTpadus, TpaKTorpa-
(bust, TOIOBHOM MO3T, HEHPOHAYKH.
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INTRODUCTION

Introscopy is a key discipline in medical diagnos-
tics. Technical advances in computed tomography
machine design and software made it possible to
solve existing problems and open up new scientific
directions that previously could not be invasively
studied on people. In this context, diffusion weighted

imaging (DWI) has become a widely used technique
for studying the structure and functions of the brain,
since it allows to measure the orientation of white
matter fibers in vivo. This is especially relevant in
the fields of stereotactic radiosurgery and neurosur-
gery, where it is important to measure the degree
of involvement of functionally significant areas in
the pathological process, while in certain cases, the
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standard set of images (T1-weighted (T1w), Tlw
contrast-enhanced, T2-weighted (T2w), fluid-attenu-
ated inversion recovery (FLAIR) images, etc.) may
not be enough to differentiate various morphologi-
cal structures in tumor and non-tumor pathological
processes.

PHYSICAL AND TECHNICAL FEATURES
OF DIFFUSION MRI DATA

DWTI is a technique of magnetic resonance imaging
(MRI) that provides information about microscopic
displacements of water molecules that occurs in bio-
logical tissues due to physical diffusion.

Vector r, is the initial position of the particle at
t =0, and vector r is its subsequent position at ¢ = 7.
Generalizing the Einstein’s equation [1] to the case of
an anisotropic medium, we obtain:

Dxx Dxy Dxz
Dyx Dyy Dyz|,
Dzx Dzy Dzz

D=é(RT-R)= (1)

where D is the diffusion tensor, and the vector R =r-r,
shows particle displacement. It can be shown that this
second-rank tensor is symmetric and positive definite,
and that its eigenvalues are real.

It is necessary to obtain several DWI in different
noncollinear directions of the gradient g, k=1,..,N)

to calculate the diffusion tensor D(r) [2]. In general,
the diffusion tensor can be calculated by solving the
following system of equations:

Sk(r) — S() (r)e—bng(r)gT(’ riue g; = ”“g—k”’ (2)
k
where S (r) is the signal in the absence of diffusion
gradients (i.e., Igl = 0).
Coefficient b is the so-called b-factor, introduced
in [3] and defined as:

1)
b =282 (4-3) llgll%. )

where vy is the gyromagnetic ratio of hydrogen (42.58
MHz / T), & is the signal duration, and A is the time
between the pulses.

The probability density function p(r|r,, 1) for an
anisotropic medium:

(r—rO)T-D_l-(r—rO)
p(r Io ‘[) = ;e 4T s “4)
' J(@4n)3|D]

Also, since the lg |l are different, the b-factor can be
expressed as follows:

6
b = 2824 — Dllgel, )

It is more convenient to rewrite the system of equa-
tions (2) in the form:

2 _Dxx(r)— 1, So(r)
[ gA 2§1x§1y 201x912 (§1y) 2§1y§1z (§1z)2 ny(r) b 51(r)
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Y
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If more than 6 directions are obtained, then the
system of equations (6) can be solved using the least
squares approximation. For example, if you use a lin-
ear unweighted least squares approximation, then:

D) = (GT-G)1-GT-B(r). (7)

In diffusion tensor imaging (DTI), it is assumed [4]
that distribution of molecules undergoing diffusion is
characterized by the conditional probability density
function p(r|r,,t) given by the expression (4). Thus, D
can be associated with an ellipsoid, which is a proba-
bility density isosurface of molecule diffusion. Since

[

D(r) B(r)

D is a symmetric positive definite second-rank tensor,
it can be decomposed into eigenvectors (which form
an orthogonal basis) and real eigenvalues [5]:

D=E-A-E71, (®)
A 0 O

E = [61 (=5} 63] ul= 0 AZ 0 . (9)
0 0 Az

WORKING WITH DIFFUSION MRI DATA

The development of methods and tools for work-
ing with diffusion MRI data involves a comprehensive
consideration of several aspects.

bionneteHb cMbupckon meanumHbl, 2021; 20 (2): 191-201 193



Urazova K.A,, Gorlachev G.E., Chernyaev A.P., Golanov A.V. Diffusion magnetic resonance imaging data: development of methods

In this section, the key questions are: “Why do we
use diffusion weighted images? What capabilities do
they have? What information can be obtained with
their use along with other MRI modalities?”

DWIIN THE STUDY OF TUMOR PROCESSES

Due to processing of diffusion MRI data and ana-
lysis of their parameters (apparent diffusion coeffi-
cient (ADC), fractional anisotropy (FA), average dif-
fusion coefficient, etc.) together with other MRI mo-
dalities available for a particular patient, it is possible
to non-invasively:

1. Classify a process.

Central nervous system (CNS) lymphoma often
exhibits a lower ADC [6-9] than other potentially
similar formations on structural MRI, such as glial tu-
mors, metastases, or infectious lesions.

Some of the most common brain tumors in chil-
dren significantly differ in their diffusion properties,
which can be useful in differential diagnosis. In par-
ticular, medulloblastomas tend to have a significantly
lower ADC [10] than ependymomas or pilocytic as-
trocytomas.

In most cases, DWI makes it possible to distin-
guish an abscess from tumor necrosis (on structural
MRI, the signals from them often mimic each other),
since the ADC for purulent exudate is usually much
lower than for necrosis [11].

2. Determine the tumor grade.

In the study [12], a statistically significant correla-
tion was demonstrated between tumor cellularity and
the minimum ADC, which was not detected in rela-
tion to T2w images. It was noted that the ADC for
high-grade glial tumors ((0.82-2.46) - 10 mm?/ s, the
average ADC value = (1.26 £ 0.40) - 103 mm?/ s) )
significantly exceeded the value for low-grade tumors
((1.94 -3.31) - 10°* mm?/ s, the average ADC value =
(2.7 +£0.7) - 107 mm?/ s).

3. Predict the course of the disease, its outcome,
and a clinical response to treatment.

Since not all brain tumors respond to a particular
therapy in the same way, early detection of treatment
failures will allow for faster implementation of alter-
native treatment. It was shown that DWI is sensitive
to tissue cellularity and, therefore, can potentially be
used as a therapeutic biomarker [13]. For example, a
method of functional diffusion mapping was proposed
in [14]. It was calculated as an ADC change between
the maps constructed upon admission of the patient for
treatment (baseline) and at the current moment. Each
voxel is mapped with one of 3 colors: blue voxels — a

decrease in ADC, indicating an increase in cell density
in the tumor; red voxels — an increase in ADC, indica-
ting a decrease in cell density; green voxels — no sig-
nificant change in the ADC. Thus, this method makes
it possible to quantitatively assess the tumor response
to treatment at runtime, provided that structural MRI
cannot always reliably demonstrate this response.

4. Perform tractography.

In its simplest form, tractography can be interpret-
ed as follows [15-17]: each voxel is characterized
by one predominant fiber orientation and combines
these local orientations to derive global trajectories.
Mathematically, a set of local fiber orientations can be
considered as a three-dimensional (3D) vector field,
and global trajectories — as its streamlines [18-20]. A
streamline is any curve that is tangential to the vector
field along a path and can be represented as a three-di-
mensional spatial curve r(s), parameterized by arc
length s. To align the streamline with the vector field,
the tangent over the arc length s must be equal to the
vector in the appropriate ratio:

dr(s) _
where r(s) denotes the position along the streamline
and v is the three-dimensional vector field.
The above-described equation is differential and

can be solved as follows:

r(s) = fSOV[r(s)]ds’ a1
where r(s,) = r, represents the starting point of the
streamline.

The above described streamline orientation is com-
monly called streamline reconstruction or tractogra-
phy, and the resulting trajectories are called tracts or
paths. A tractogram is a set of tracts reconstructed
using tractography.

There are two different approaches in tractogra-
phy: deterministic and probabilistic (there is also a
global one [21-23], but its detailed consideration re-
mains outside this article). With their help, it is pos-
sible to visualize various information [24, 25], such
as brain tracts and connection maps, respectively. A
lack of information about the error in the fiber trac-
king procedure is a significant limitation of determin-
istic tractography methods. To assess this uncertainty,
probabilistic tractography algorithms create a large
set of tracts (or a distribution of possible trajectories
from each starting point). The results of probabilistic
tractography are often presented in the form of quan-
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titative maps showing the number of tracts that pass
through a voxel, since it is assumed that the areas of
the brain that are displayed with higher densities of
the resulting trajectories have a higher probability of a
connection with the starting point [26, 27].

DWIIN THE STIDY OF NON-TUMOR
PROCESSES

The parameters of diffusion MRI can be consid-
ered as predictors of pathology long before it appears
morphologically. For example, DTI allows to detect
specific changes in the quantitative diffusion para-
meters of patients with functional pathologies, such
as epilepsy, multiple sclerosis (MS), Parkinson’s and
Alzheimer’s diseases, obsessive-compulsive disorder
(OCD), etc.

According to the data of post-mortem studies,
there is widespread involvement of the gray matter in
the demyelinating process in MS. At the same time,
some cortical tumors remain invisible on structural
MRI (even using 3.0 T MRI scanners [28]). In a study
[29], it was shown that the FA values for intracorti-
cal MS lesions are higher than for lesions in the gray
matter. This self-contradictory discovery may actually
reflect loss of dendrites within the lesion and activa-
tion of microglial cells. In another work [30], a rela-
tionship between T2 relaxation time and quantitative

DTI data was investigated. MS lesions with longer
times showed the most pronounced diffusion anoma-
lies, which strongly correlated with a reduced content
of myelin water. Taken together, these results support
the idea that DTI is capable of detecting and assessing
the severity of functionally significant tissue damage
in MS at early stages.

It was shown that in the potentially epileptogenic
areas [31], a decrease in FA and an increase in the ave-
rage diffusion coefficient were observed. At the same
time, tractography detected changes in the brain fibers
responsible for memory and speech in patients with
temporal lobe epilepsy.

The cingulum has long been known to be involved
in the pathogenesis of OCD, but the results of its
research are ambiguous. Studies on the left cingu-
lum revealed both higher [32] and lower FA values
compared to the control [33]. Other works [33; 34]
demonstrated lower FA values in the right cingulum
in patients with OCD. In addition to the data on the
cingulum, high FA values were found in the inner
capsule, corpus callosum [34; 35], and centrum se-
miovale [36]; low FA level was observed in the pari-
etal lobe, supramarginal gyri, and left lingual gyrus in
the occipital lobe [33]. The data described above are
successfully used for functional stereotactic radiosur-

gery [37] (Fig. 1).

Fig. 1. Gamma Knife radiosurgery plan for a patient with obsessive-compulsive disorder: as a target, the inner capsule is chosen
((orange outline), prescribed radiation dose of 80 Gy along the 50% isodose line); inner green line — 140 Gy, yellow line — 80 Gy,
outer green line — 15 Gy

RADIOSENSITIVITY OF THE BRAIN WHITE
MATTER TRACTS

Another way of using diffusion weighted ima-
ging relates to visualization of critical structures and
optimization of the dose they receive during stereo-
tactic radiosurgery. In modern clinical practice, we
have limited recommendations on the tolerance doses

for critical structures. If we discuss the effect of the
dose on the brain, there is no differentiation of dose
restrictions for the white matter, cerebral cortex, and
various structures of the gray matter. The need for
such differentiation and the need for visualizing and
isolating tracts adjacent to or involved in a tumor and
reducing the radiation dose applied to them are being
discussed.
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The study [38] demonstrated that with an increase
in the radiation dose applied to the area of interest and
time after the course of radiation therapy, the values
of the coefficients of mean, axial (All), and radial (AL)
diffusion significantly increased with a correspond-
ing decrease in FA, which indicated changes in fi-
bers and their radiosensitivity to therapeutic radiation
doses. The changes were significant after 4-6 months
or more (p <0.001). Hence, it can be concluded that
when planning the irradiation of targets located in the
vicinity of functional zones, negligence of adjacent
white matter tracts is likely to result in neurocognitive
impairments.

INSTRUMENTS FOR WORKING WITH
DIFFUSION MRI DATA

The key questions discussed in this section are:
“How to develop instruments for working with diffu-
sion MRI data? What problems and limitations can be
faced and how to solve them? What software is avai-
lable today?”

Problems of working with diffusion MRI data:

1. Processing of ambiguous local geometries.

When using the tensor model for working with
diffusion MRI data, it is impossible to distinguish at
the voxel level such fiber configurations as crossing,
kissing, bending, and fanning [39]. In this case, it may
be necessary to use higher order diffusion models
[40-47].

2. Reconstructions near the cortex.

Tracking fibers near the cortex and gyri is a chal-
lenging task [48, 49], since it is determined by large
modeling errors in the local assessment of fiber ori-
entation when approaching the gray matter. Higher
order algorithms provide high quality assessment of
fiber orientation in white matter voxels. However,
along with this, they can give unreliable results in
voxels partially containing gray matter. To solve this
problem, it is necessary to use local models that take
into account the presence of other types of tissues or
microstructural compartments.

3. Spatial resolution.

Currently, acquisition of whole-brain DWI for rou-
tine use within a reasonable scan time is limited to 2
mm?® spatial resolution. At the same time, it is obvious
that in order to characterize the fine structures of the
white matter and, in particular, the intricate structures
of the cerebral cortex or small structures near the gray
matter (nuclei, brain stem), higher spatial resolution is
required. Increasing it is not a trivial task, since it is
usually accompanied by either a significant decrease

in the signal-to-noise ratio or a significant increase in
the acquisition time.

4. Angular resolution.

Local orientation models fail to distinguish be-
tween two fiber populations, when the angle between
them falls below a certain threshold. Such effects
could potentially generate entirely artificial fibers. De-
spite the existence of such a term as high angular reso-
lution diffusion imaging, angular resolution of DWI is
rather limited. As a consequence, even with the most
advanced high angular resolution diffusion imaging
and advanced fiber orientation techniques, angles be-
low 30° between fibers are rarely resolved.

5. False positives.

As shown in [50-52], due to the fact that different
fiber configurations can lead to the same MRI signal
in the voxel, a large number of false positive tracts and
connections are generated. For 96 tractograms shown
at the ISMRM 2015 Tractography Challenge by the
21 International Group, there were on average four
false positives per a valid fiber.

6. Artifacts.

DWI, like any echo planar imaging, is charac-
terized by a number of artifacts: physical hardware
(magnetic susceptibility, eddy currents, gradient arti-
fact, etc.) and artifacts associated with the object of
the study (artifacts of movement, blood pulsations,
chemical shift, fat suppression, etc.).

IMAGE DISTORTION CORRECTION

Before working with DWI, it is necessary to pro-
cess the image, namely, to correct the distortions
caused by the above-described artifacts. At the same
time, new methods (both hardware and software) for
dealing with them already exist and are constantly de-
veloping.

The most interesting is the correction method im-
plemented in FSL toolbox (FMRIB, England). It is
based on the choice of a covariance function that pre-
dicts the signal from voxels even with complex fiber
configurations.

Diffusion MRI data (in each voxel) are obtained by
measuring the signal after applying diffusion weigh-
ting (characterized by a b-factor and a unit-length vec-
tor g defining the direction). A complete diffusion pro-
tocol consists of multiple measurements in different
gradient directions. Hence, the data can be viewed as
a response variable (signal) obtained at the surface of
the sphere.

Two important aspects should be noted: 1) the sig-
nal changes smoothly when the angle of the diffusion

196 Bulletin of Siberian Medicine. 2021; 20 (2): 191-201



Reviews and lectures

weighting direction changes; 2) the signal is axially
symmetric, that is, the signal along g is identical to the
signal along -g.

Since the diffusion signal is distributed over the
sphere, the methods used in geostatistics can be used
to work with it. One such method is kriging, it is a
special case of the Gaussian process observed on the
sphere. For these methods, covariance is often defined
as a function of the angle # between two vectors from
the center of the sphere to x (observed points) and x’
(points predicted in the absence of distortion). These
vectors are easily represented as the g-vectors de-
scribed above. Two popular covariance functions that
determine the relationship between observed points
and predicted (sought) points in geostatistics are:

1) exponential model:

cO) =elafor0o<so<m (12)

where a is the positive parameter of the scale;
2) spherical model

30 | 63

0 for 8 >a, (13)

where a is a positive parameter of the scale, which
here defines the distance at which the covariance 6
tends to zero.

SOFTWARE FOR WORKING WITH DWI

The process of working with diffusion images is
divided into the following stages: pre-processing,
including correction of artifacts and extraction of
the brain mask, direct work with the image and vi-
sualization, namely, estimation of diffusion tensors,
construction of maps for diffusion parameters and
tracts, clustering, and then quantitative analysis. If
we consider the whole variety of software that works
with DWI, relying on the stages of working with it,
we can distinguish several programs: AFNI (NIMH,
USA), FSL (FMRIB, England), MRTrix (collabora-
tion of a large number of institutions from different
countries of the world), 3D Slicer (NIH, USA), Cami-
no (University College London, England), TrackVis
(MGH GCRC and NIMH, USA), etc. However, none
of them covers the entire range of tasks. In addition,
many software products developed for processing dif-
fusion images involve writing and / or understanding
of scripts, which implies a lot of manual work that is
not transparent to non-programmers. At the moment,
when planning radiation therapy, the function of diffu-
sion MRI data processing is not available in commer-
cial specialized software.

Therefore, the task of developing software that
most fully covers the tasks of working with diffusion
MRI data remains relevant.

DEVELOPMENT OF SELF-DESIGNED
SOFTWARE

We are developing the MRDiffusion application in
the standard C ++ language. The subject part has been
moved to separate class libraries and can be used on
various platforms. The current user interface is Win-
dows 10. Forms are written in XAML. Graphics is
generated using the DirecX environment. Open source
math libraries are used for some computational tasks.

Using the interface, you can upload (Fig. 2) files
obtained during MRI in DICOM with series of DTI,
which will be displayed with the ability to select a
specific series. It is convenient in terms of navigating
through images and is effective in the work setting.

Fig. 2. Loading images into MRDiffusion

For further image processing, it is necessary to ex-
tract the brain mask, which is performed on images
with a zero gradient, that is, on T2w (Fig. 3, ).

Using the application, it is possible to calculate
such quantitative parameters as average diffusion and
FA, presented in two versions: conventional and with
color coding of directions (Fig. 3. b).

At the moment, tractography is implemented by
a simple deterministic method — fiber assignment by
continuous tracking (FACT). Its essence is as follows.

Path selection begins at the center of each voxel
with an FA value above the predetermined threshold
and continues parallel to the main diffusion direction.
Black arrows (Fig. 4, a) indicate the diffusion tensor
eigenvectors with the largest eigenvalue. At the point
where the path crosses the voxel, the direction chang-
es according to the new main direction. Iteratively
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continuing such actions, restoration of the path will
be interrupted when the conditions for stopping the
algorithm occur: if the FA value in the voxel is less
than the threshold or if the angle between the new and
the old main directions of diffusion turns out to be
higher than the predetermined angle threshold. The

path is restored in both directions from the starting
point: in the direction of the main vector and against
it. Moreover, each piece of the tract has a color ob-
tained by mixing red, green, and blue, which, in turn,
indicate the main direction of diffusion in one direc-
tion or another (Fig. 4, b).

Fig. 4. Scheme of FACT algorithm (@), an example of FACT tractography ()

CONCLUSION

Since its emergence in the mid-1990s, diffusion
weighted MRI has been widely used in medical
imaging for data processing and analysis, and espe-
cially in brain research. This is due to its unique ca-
pabilities (compared to other modalities), namely, the
ability to quantitatively and qualitatively investigate
tissue structure and function at the cellular level with-
out the use of contrast agents or ionizing radiation.

The most promising application of this technique, in
addition to routine medical research, is its use in plan-
ning radiation therapy and neurosurgical operations
and studying epilepsy, Alzheimer’s and Parkinson’s
diseases, multiple sclerosis, and other disorders. The
use of this technology in other areas is strongly limit-
ed by the ability to correctly interpret the results.
Diffusion weighted MRI of the brain is undoubted-
ly a promising non-invasive technology, but working
with it is associated with a number of problems: 1) a
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high probability of appearance of false positive fibers;

2)

the impossibility of finding a difference and, as a

consequence, a reliable reconstruction of intersecting,
kissing, and merging fibers; 3) a lack of reproducibili-

ty

of the result, dependence on the user; 4) the impos-

sibility of displaying short tracts; 5) the instability of
algorithms when working with pathology.
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ABSTRACT

Endothelial dysfunction as a crucial factor in the pathogenesis of cardiovascular diseases requires precise and
effective diagnostic methods. The review highlights the currently used methods which can be divided into
morphological, instrumental, and laboratory ones. Special attention is paid to the so called jar test, which was
introduced by Professor V.A. Valdman in 1936. The jar test may serve as a prototype of modern methods for
endothelial function assessment.

These diagnostic methods can help to identify functional endothelial disorders at the earliest stage. It will
significantly expand the possibilities of primary prevention of cardiovascular and a number of other diseases
through non-pharmacological and pharmacological correction of endothelial dysfunction.
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PE3IOME

IMpoGnema sHmOTENMHANEHOM TUCHYHKIMN KaK BaXKHOTO 3BEHA B ITATOTCHE3¢ 3a00JIeBaHUH CepAeTHO-COCYUCTOH
CHCTEMBI IIpe/IoaraeT BHeipeHne 3O GEeKTUBHBIX U TOUYHBIX JHArHOCTHIECKHX METOJOB. B 0030pe ocematorcs
HanOoJiee aKTyalbHBIC M3 NPUMEHSEMBIX B HayYHOH M KIMHHYECKOH INPAKTUKE METONOB, KOTOPHIE YCJIOBHO
Hofpa3/ieIeHbl Ha MOP(OJIOTHIeCKHe, THCTPYMEHTAIbHBIE U TabopaTopHbie. OTIEIBHO YIIOMSHYTA IIPEIOKeHHAs
eme B 1936 r. mpodeccopom B.A. Banpamanom sHporenmansHas GaHOYHAs Mpoba, KOTOpask MOXKET CIY>KUTb
poo0Opa3oM COBPEMEHHBIX METOJIOB HCCIICJOBAHMS YHIOTENNS.
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ﬂaHHbIe JUATHOCTHYCCKHE METOIHUKH MOFyT CHOCOGCTBOBaTl: BBISIBJICHHUIO q)yHKLLI/IOHaJ'[belX Hapyme}mﬁ
SHOTENHS Ha CAMOM PaHHEM JIOHO30JIOTMYECKOM YPOBHE, YTO MO3BOJIMT CYILECTBEHHO PACUIMPUTH BO3ZMOXXHOCTU
HEePBUYHON NMPOPUIAKTUKU CEPACYHO-COCYAUCTHIX U Psjia Apyrux 3ab0NeBaHUi MyTeM HEMeIUKaMEHTO3HOH n
(hapMaKoIOrnIecKoil KOPPEKUUH SHAOTEIUATIBHON JUCHYHKIUH.

KaoueBsble ciioBa: SHIOTENNI, YJHIOTEINATbHAS TUCOYHKIHS, METOIBI OLICHKU SHIOTEIHATbHON (QYHKIIUH.

KonpaukTt naTEpecoB. ABTOPHI JCKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JIMKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJUKAIKEH HACTOSIICH CTAThH.

Hcrounuk ¢uHaHcHpoBaHUs. ABTOPHl 3asBISIIOT 00 OTCYTCTBHHM (UHAHCHPOBAHHS IIPH IIPOBEICHUH

HUCCIICIOBaHMs.

Jos uutupoBanus: [11adpos A.B., 'anenko A.C., Ycenencknii FO.I1., Jlocea K.A. MeToap! AMarHOCTHKH SHAOTE-
TUanbHON mucPyHKIMU. brornemens cubupcxou meouyuns. 2021; 20 (2): 202-2009. https://doi.org/10.20538/1682-

0363-2021-2-202-209.

INTRODUCTION

The endothelium is a thin layer of cells that line
the interior surface of blood vessels, lymphatic ves-
sels, and the endocardium, which implements coordi-
nation and an optimal course of diverse metabolic and
physiological processes [1]. As the most important
regulatory and endocrine organ, the endothelium per-
forms such crucial functions as control over leukocyte
adhesion, vascular tone, and angiogenesis, regulation
of platelet adhesion and aggregation, and involvement
in fibrinolysis and inflammatory processes [2].

Endothelial dysfunction is one of the most impor-
tant links in the pathogenesis of cardiovascular disea-
ses. The relevance of the problem implies introduction
of efficient and accurate diagnostic methods that can
help identify functional disruptions of the endotheli-
um at the earliest stage. It will significantly expand the
possibilities of primary prevention of cardiovascular
and a number of other diseases through non-pharma-
cological and pharmacological correction of endothe-
lial dysfunction.

The currently used methods for the endothelial
function can be conditionally divided into morpholog-
ical, instrumental, and laboratory ones.

MORPHOLOGICAL METHODS

The so called jar test, which was proposed back in
the 1930s, can serve as a prototype of morphological
methods for endothelial function assessment. Profes-
sor V.A. Valdman, the founder and the first head of
the Department of Intermediate Level Therapy of the
Leningrad Pediatric Medical Institute, was one of the
first to call the vascular endothelium “the arena where
the first collision of a macroorganism with microbes
occurs”. Studying vascular pathology, in 1936, he
proposed a test as a method for detecting hyperergic

swelling of the vascular endothelium (endotheliosis)
[3]. In fact, the jar test can be rightfully considered as
one of the first attempts to assess the functional state
of the vascular endothelium.

In 1978, J. Hladovec introduced a method for as-
sessing endothelial dysfunction by examining the
level of circulating desquamated endothelial cells
(DEC), which are cells that separate from the vessel
wall during its damage [4]. Currently, a computer-as-
sisted analysis of a DEC image is carried out (the cy-
tometry method). On average, the amount of DEC in
adults normally varies from 2 to 4 cells / 100 pl of
plasma [5]. In patients with cardiovascular diseases, it
was proposed to distinguish the degree of endothelial
dysfunction by the DEC concentration. A moderate
degree of endothelial dysfunction is defined when the
number of DEC is from 6 to 10, an average degree is
from 11 to 25, and a pronounced degree — 26 or more
[6].

Recently, increased attention has been paid to
apoptotic endothelial microparticles (EMPs) as new
markers of endothelial dysfunction. EMPs are mem-
brane vesicles released into the extracellular space
during activation or apoptosis of endothelial cells [7].
EMPs are known to express markers of cell damage,
such as intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule-1 (VCAM-1), E-se-
lectin, and von Willebrand factor (VWF) [8]. The
EMP concentration is determined by flow cytome-
try, and their morphology and size are determined by
cryotransmission electron microscopy using recep-
tor-specific labeling [9].

INSTRUMENTAL METHODS

One of the first instrumental methods to estimate
the vasoregulatory function of the endothelium was
coronary angiography with the administration of
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acetylcholine for evaluating endothelium-dependent
vasodilation (EDVD) and sodium nitroprusside for
evaluating endothelium-independent vasodilation
(EIVD) (S.W. Werns et al., 1989) [10]. Usually, ace-
tylcholine is used for intracoronary administration
during coronary angiography; interacting with the
intact endothelium, it has a stimulating effect on the
production of nitric oxide (NO) and other endotheli-
um-derived relaxing factors.

In endothelial dysfunction, or damaged endotheli-
um, acetylcholine causes either weak vasodilation or
even vasoconstriction [11]. To assess EIVD, exoge-
nous sources of NO (nitroglycerin, sodium nitroprus-
side), which directly affect vascular smooth muscles,
are administered via the intracoronary route. Chan-
ges in the diameter of the arteries are recorded using
digital quantitative image analysis systems and intra-
vascular ultrasound catheters [12]. The method is the
most accurate for assessing the vasoregulatory func-
tion of the endothelium due to direct assessment of
vascular reactivity in the coronary arteries. However,
it has limitations due to the invasiveness of the proce-
dure and the high cost.

D.S. Celermajer et al. (1992) developed a non-in-
vasive method for diagnosing the functional state of
the endothelium by evaluating postocclusive chang-
es in the diameter of the brachial artery using high-
resolution ultrasound [13]. This method for evaluating
endothelial function is called flow-mediated dilation
(FMD). During the test, endothelium-mediated NO
release occurs, which leads to vasodilation. The de-
gree of vasodilation can be quantified as an indicator
of vasomotor function [14]. The method consists in an
increase in shear stress as a result of elevated blood
flow through the peripheral artery. This is achieved
by creating reactive hyperemia, which implies a
five-minute occlusion of the brachial artery by infla-
ting the cuff to a pressure 50 mmHg higher than sys-
tolic blood pressure. Then, after five minutes, the cuff
is decompressed, which leads to increased blood flow
and increased shear stress. Using a high-resolution ul-
trasound sensor, blood flow velocity parameters are
measured within 15-20 seconds, and the artery dia-
meter is estimated 45-60 seconds after the decom-
pression, when its maximum increase is noted [13].
The EDVD index of the brachial artery is calculated
by the formula:

EDVD = (D,-D,)/ D, , 100%,

where D, is the initial diameter of the brachial artery,
and D, is the diameter of the brachial artery after de-

compression [15]. The advantage of the method is its
non-invasiveness. It allows to repeat measurements to
evaluate the effectiveness of various interventions that
may affect the state of the vascular endothelium [16].

T. Anderson et al. (1995) demonstrated a close
correlation between the EDVD parameters obtained
during coronary angiography with acetylcholine and
parameters obtained during ultrasound examination of
the brachial artery. It allowed to use the brachial ar-
tery as a universal model for further evaluation of the
effects of various factors on endothelial function [17].

T. Gori et al. (2008) described a new non-invasive
method — low flow-mediated constriction (L-FMC),
which allows to assess arterial tone at rest. L-FMC
consists in narrowing the brachial artery due to a de-
crease in blood flow after arterial occlusion using a
distal cuff. L-FMC is a simple and fast method that
complements FMD and extends diagnostic capabili-
ties [18].

The simplest and fastest method for instrumental
diagnosis of endothelial dysfunction is analysis of the
volume pulse wave shape, which is recorded using a
photoplethysmographic sensor located on the nail pha-
lanx of the patient’s finger, with subsequent proces-
sing of the received signal on the computer. During
the study, the contour of a volume pulse wave is re-
corded by merging two waves: systolic (direct) and
reflected. The reflection index (RI) is calculated as
the ratio of direct and reflected wave amplitudes to
the reflection time (T), by which the reflected wave
lags behind the systolic one. The stiffness index (SI)
is calculated as the ratio of the patient’s height L (in
meters) to the reflection time (in seconds). In various
pathologies of the cardiovascular system, a decrease
in vascular elasticity is observed, which is indicated
by an increase in the RI and SI [19].

LABORATORY METHODS

Laboratory methods for evaluating endothelial
function consist in determining the concentration of
certain factors synthesized by the endothelium and
performing various functions.

Mainly, the levels of NO and its metabolites are
primarily used to assess the endothelial vasomotor
function [20]. It is known that NO is synthesized as a
result of oxidation of L-arginine by the oxygen atom
with the participation of NO-synthase:

2L-arginine + 3SNADPH + 40, + 3H+ — 2L-citrul-
line + 2NO + 3NADPH + 4H,0

According to their structure, NO-synthase (NOS)
isoforms are divided into endothelial (eNOS), neuro-
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nal (nNOS), and inducible (iNOS). According to the
mechanism of action, they are divided into constitu-
tional (cNOS) and inducible (iNOS) [21, 22]. ¢ctNOS
are involved in NO synthesis in hypoxic conditions
with vasoconstriction of blood vessels, iNOS — after
their induction by bacterial endotoxins, some inflam-
matory mediators, and reactive oxygen species (ROS)
[21]. NO-synthases can exert their effect only in the
presence of cofactors, such as flavins, NADPH oxi-
dase (NOX), and tetrahydrobiopterin [23].

Since NO has a half-life of only 0.1 seconds [24],
the levels of end products of NO oxidation — nitrites
and nitrates (NO_ ) —are usually determined. The study
material can be plasma, blood serum, or culture flu-
ids [25]. The most common method for determining
the NO_ levels is the spectrophotometric method with
Griess reagent.

At the first stage of this study, the nitrite ion is
determined by the reaction of nitrites with Griess re-
agent, which contains an aqueous solution of 0.05%
N-(1-naphthyl)ethylenediamine and a 1% solution
of sulfonamide in acetic acid [26]. The reaction pro-
duces a stained diazo compound with an absorption
maximum at the wavelength of 548 nm. Since Griess
reagent detects only nitrites, reactions of reducing ni-
trates to nitrites are performed using either nitrate re-
ductase or Vanadium (III) [27, 28].

In various cardiovascular diseases, a decrease in
NO, concentration is observed, which may be caused
by a decrease in the expression and activity of eNOS,
a decrease in the level of L-arginine and NO-synthase
cofactors, or an increase in endogenous NO inhibitors.
In some patients, there is an increase in the level of
NO_ with functional signs of reduced EDVD, which
indicates severe endothelial dysfunction. An increase
in the concentration of the end products of NO oxi-
dation may be associated with activation of iNOS by
inflammatory mediators (tumor necrosis factor-a, in-
terleukin-6 (IL-6), IL-1B), lipopolysaccharides (LPS),
and ROS. With excess NO, toxic peroxynitrite is
formed, which has a cytostatic and cytotoxic effects
[25].

To assess endothelial dysfunction, the concentra-
tion of asymmetric dimethylarginine (ADMA), an
endogenous inhibitor of NO synthase, is also deter-
mined. ADMA is an amino acid synthesized from ar-
ginine by protein arginine methyltransferase (PRMT).
There are two isoforms of PRMT, one of which,
PRMT-1, activates ADMA formation, and the second
one, PRMT-2, activates symmetric dimethylarginine
(SDMA) formation. It is ADMA that has an inhibi-

tory effect on three NOS isoforms [29]. The ADMA
concentration is determined using high-performance
liquid chromatography with highly sensitive laser-in-
duced fluorescence detection [30].

To assess vasoconstrictor functions of the endo-
thelium, the level of endothelin-1 (ET-1) is deter-
mined. High concentrations of ET-1 contribute to
the development of endothelial dysfunction. ET-1 in-
creases production of endothelial superoxide, which
leads to EDVD disruption and triggering of proin-
flammatory processes [31]. High concentrations of
ET-1 in the blood serum are found in patients with
coronary artery disease, arterial hypertension, kidney
disease, as well as obstetric and gynecologic pathol-
ogy [32].

Evaluation of endothelial function also involves
determining the concentration and functional activi-
ty of von Willebrand factor (vWF), which mediates
platelet aggregation and adhesion to the vascular en-
dothelium. vWF is a multimeric plasma glycoprotein
that is excessively synthesized by endotheliocytes
and megakaryocytes in the form of a propeptide
(vWFpp), which then undergoes post-translational
modifications. The vWFpp, together with vWF, is
stored inside endothelial cells in Weibel-Palade bo-
dies and in a-granules of megakaryocytes [33-35].
Inflammatory cytokines are able to stimulate pro-
duction of vWF and vWFpp in high concentrations
from Weibel-Palade bodies and a-granules (IL-8 and
TNF-a) and inhibit the cleavage of vWF (IL-6). As
a result, the hyperreactive factor accumulates in the
blood and on the surface of endothelial cells, which
leads to increased activation of platelet aggregation
and adhesion to vascular endothelium [36]. Studies
showed the importance of increasing the vWF con-
centration as a predictor of a risk of recurrent myocar-
dial infarction [37].

There are several laboratory tests for assessing the
level and activity of vWF. Quantitative determination
of the vWF antigen is performed by the enzyme immu-
noassay (VWF:Ag) [34]. It is also proposed to evaluate
the level of vWFpp in the blood plasma as a marker
of endothelial dysfunction, since vWFpp is not used
in platelet aggregation, in contrast to the vWF antigen
(VWEF:Ag) [38]. Analysis of the vWFpp / vWF:Ag
ratio is used to assess the degree of vWF clearance. In
normal human plasma, the vWFpp / vWF:Ag ratio is
1.0. In patients with type 1C von Willebrand disease,
a decrease in the vVWF concentration is observed due
to its rapid elimination, which leads to an increase in
this ratio [33, 39].
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Activity evaluation (ristocetin-cofactor (RCoF)
activity) is based on the ability of vWF to activate
platelet aggregation and adhesion through interac-
tion of the factor A1 domain with the platelet mem-
brane receptor — glycoprotein Ib (GPIb). The process
is imitated by adding ristocetin to the suspension of
washed red blood cells in the presence of the pa-
tient’s plasma, which promotes binding of vWF to
GPIb [40]. The aggregation rate is measured by an
aggregator. Normal values of the method range from
50 to 200 IU / dl [41]. The test does not exclude false
results due to possible defects in the ability of vVWF
to bind ristocetin [42]. A new analysis was deve-
loped that does not involve the use of ristocetin. It
is based on the use of recombinant GPIb with en-
hanced function, which spontaneously binds vWF in
vitro [43].

vWF is able to form bonds with collagen through
the A3 domain when the endothelial lining is da-
maged. This fact is the basis for another diagnos-
tic test — quantitative determination of the colla-
gen-binding activity of vWF by enzyme immunoas-
say (VWF:CB) [44].

Through the domains D and D3, vWF binds to co-
agulation factor VIII (FVIII) and transports it through
the bloodstream in an inactive form. If the endothelial
lining is damaged, vWF delivers FVIII to the site of
injury, where FVIII forms a complex with coagulation
factor IX [34, 40, 41]. The vWF / FVIII binding test
(VWF:FVIIIB), which is mainly used for the diagnosis
of type 2N von Willebrand disease, allows to evaluate
the affinity of vWF to FVIII [45].

To analyze the anticoagulant function of the endo-
thelium, the level of thrombomodulin (TM), which is a
transmembrane glycoprotein expressed on the surface
of endothelial cells of blood vessels, is examined. At
the site of endothelial damage, thrombin binds to TM,
forming a thrombin — TM complex that promotes ac-
tivation of protein C, which splits factors Va and VII-
Ia, thereby preventing excessive fibrin clotting. The
concentration of TM in the plasma of healthy people
is relatively low. In case of damage to the endotheli-
um, accompanied by proteolysis, the concentration of
TM in the blood plasma increases by 1.5-2 times. The
level of TM in the blood is measured by the enzyme
immunoassay [46].

To assess fibrinolytic function, the level of tissue
plasminogen activator (tPA) produced in endothelial
cells is examined. The tPA provides an external path-
way for plasminogen activation by forming a triple
complex (fibrin + plasminogen + tPA), due to which

the resulting plasmin provides proteolytic degradation
of fibrin [47]. The tPA concentration is also deter-
mined by the enzyme immunoassay [32].

The endothelium is known to play an important
role in adhesion and migration of leukocytes through
secretion of adhesive molecules, such as ICAM-1,
VCAM-1, P-selectin, E-selectin, and VE-cadherin.
Changes in the concentration of these substances in-
dicate endothelial damage and the severity of inflam-
mation, and can be used to determine a prognosis of
the disease [48].

The endothelium is directly involved in activation
of vascular growth in hypoxia and tissue damage. One
of the most important regulators of angiogenesis is
vascular endothelial growth factor (VEGF), which is
used as a marker of endothelial dysfunction. Deter-
mination of VEGF concentration is most important
for the diagnosis of cancer, since the growth of blood
vessels in a tumor contributes to its activation, rapid
growth, and metastasis. VEGF, which interacts with
vascular endothelial receptors, is the most powerful
mediator of this process [49].

CONCLUSION

Currently, a clinical researcher has a wide range
of methods for endothelial function assessment:
laboratory, instrumental and morphological tech-
niques. Further research of the endothelial function
in normal and pathological conditions could clarify
components of the pathogenesis of cardiovascular
diseases that are still unclear and suggest measures
of primary and secondary prevention. Parameters
that characterize the functions of the endothelium,
of course, are only surrogate intermediate points for
evaluating the effectiveness of certain effects. How-
ever, on the other hand, the assessment of endothelial
function can have a great prognostic value, since en-
dothelium dysfunction is one of the earliest preclin-
ical markers of vascular damage. And, conversely,
restoration of impaired parameters is probably one
of the first markers of the effectiveness of a preven-
tive or therapeutic intervention. Therefore, the study
of the properties and functions of the endothelium,
as well as development and optimization of diagnos-
tic methods for assessing its condition are necessary
and relevant.
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The problem of overdiagnosis of vertebral artery compression syndrome
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ABSTRACT

Vertebral artery compression is a syndrome that occurs as a result of hemodynamically significant partial or
complete obstruction of vertebral arteries by extravascular structures. In clinical practice, this condition is most
often called vertebral artery syndrome. Any vertebral segments can be compressed, but most often the lesion is
determined at the level of C1-C2. Russian authors consider vertebral artery compression to be a common cause of
a wide range of patient complaints, including dizziness, headaches, and subjective tinnitus. In some studies, it is
reported that vertebral artery syndrome develops in 50% of patients with degenerative changes in the cervical spine.

In the world literature, vertebral artery compression syndrome which is often referred to as “bow hunter’s
syndrome” is called a rare pathology. Such a pronounced difference in the frequency of detection of vertebral artery
compression in Russian and world literature may be associated with a lack of common diagnostic criteria, low
awareness of alternative diagnoses, and incorrect interpretation of patient complaints. It is obvious that these factors
need to be corrected in order to reduce the likelihood of overdiagnosis of vertebral artery compression syndrome
and improve the quality of medical care.
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PE3IOME

CHHIPOMOM SKCTpaBa3aIbHON KOMIIPECCHH MO3BOHOYHBIX apTepHil HAa3hIBAIOT CHMIITOMOKOMILIEKC, BO3HHKAIO-
muil B pe3ynbTaTe TeMOJMHAMUYECKH 3HAYMMON YaCTUYHOM WM MONHON OOCTPYKIMM MO3BOHOYHBIX apTepHi
9KCTPABa3adbHBIMHA CTPYKTYpaMH. B KiIMHH4Yeckol MpakTHKe MAaHHOE COCTOSHHE 4Yalle BCEr0 Ha3BIBAIOT
CHHAPOMOM II03BOHOYHOM apTeprnn. Kommpeccnu MokeT OBITh IMOJBEPIKEH JTI000H CerMeHT, HO HanOoJee 9acTo
nopaxkeHne ompenenssior Ha ypoBHe C1-C2. OreuecTBeHHBIE aBTOPHI CYMTAIOT KOMIIPECCHIO MO3BOHOYHBIX
apTepuil PacIpOCTPaHEHHOH NPHYMHON IIMPOKOTO CIIEKTpa Kano0 IanMeHTa, BKIIOYas TOJOBOKPYKEHHE,
TOJOBHBIE 00JH M CyOBEKTHBHBIH ITyM B royioBe. B oTaensHBIX paboTax cOOOMIAIOT, YTO CHHAPOM IT03BOHOYHOM
aprepuu pazBuBaercs y 50% ManueHToB ¢ [ereHepaTHBHBIMU N3MEHCHUSIMU [IEHHOTO OT/e1a TO3BOHOYHHKA.

B MupoBoil nureparype CUHIPOM KOMIIPECCHM MO3BOHOYHBIX apTEPHUM, KOTOPBIM Yallle UMEHYETCS «CHHAPOM
ny4yauka» (bow hunter’s syndrome), Ha3pBaoT penkoil marosorueil. Yem o0OycClIOBIEHA CTOJb BBIPAYKCHHAs
pa3HUIA YaCTOTHI BBIABICHHS KOMIIPECCHH IO3BOHOYHBIX apTepuil B OTEUECTBEHHOW M MHPOBOH nuTepaTtype?
K BO3MOXHBIM IPUYMHAM YKa3aHHOTO ()eHOMEHA MOTYT OBITh OTHECEHBI: OTCYTCTBHE €HHBIX AMAarHOCTHYECKUX
KPUTEPHEB, HU3Kasi OCBEIOMICHHOCTh 00 aTbTEpPHATUBHBIX AUArHO3aX M HEBEPHAS HHTEPIPETALUS KaJI00 MalueHTa.
OueBHIHBIM SBIAETCS HEOOXOAMMOCTh KOPPEKIHMH YKa3aHHBIX ()AKTOPOB C IIENBIO CHIDKEHHUS BEPOSTHOCTH
THIEPINArHOCTUKY CHHAPOMA IO3BOHOYHOH apTEPHH U MOBBIIICHHS Ka4eCTBA OKa3aHUSI MEJUIIHCKOIN MOMOIIH.

KaroueBble ciioBa: CUHIAPOM TO3BOHOYHOM apTepuun, KOMIIpECCHUA, YJIbTpPa3sByKOBass AUArHOCTHKA, KPpUTCPHUU,
TUTICpANAarHOCTHKA.

KondaukT uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HaCTOSIIEeH CTaThH.

Jns mutuposanus: [lsenos A.H., uenko A.O., ®enoposa E.I1., UBuenko O.A. [Ipobiema runepauarHocTu-
K{ CHHIPOMA SKCTPaBa3aIbHOW KOMIIPECCUH TI03BOHOYHBIX apTepHid. broiremens cubupckoii meouyunst. 2021; 20
(2): 210-215. https://doi.org/10.20538/1682-0363-2021-2-210-215.

INTRODUCTION

Extravascular compression of the vertebral arteries
(VA) is a syndrome arising as a result of hemodyna-
mically significant partial or complete obstruction of
the VA by extravascular structures. In clinical prac-
tice, this condition is most often referred to as vertebral
artery compression syndrome (VACS). Any vertebral
segments can be compressed (Fig. 1), but most often
the lesion is determined at the level of C1-C2 [1].

Russian authors consider VA compression to be a
common cause of a wide range of patient complaints,
including dizziness, headaches, and subjective tinni-
tus [2]. There are publications in which VA compres-
sion was detected in 45% of patients with dizziness
[3]. Also, some studies reported that VACS developed
in 50% of patients with degenerative changes in the
cervical spine [4].

At the same time, in the world literature, VACS,
which is often referred to as “bow hunter’s syn-
drome”, is called a rare pathology [5, 6]. This is per-
fectly demonstrated by V. Rastogi et al. (2015) who
had founded only 153 cases of VACS from 1966 and
2013 [7]. Such a pronounced difference in the frequen-
cy of VACS detection in Russian and world literature
may be associated with a lack of common diagnostic
criteria, low awareness of alternative diagnoses, and
incorrect interpretation of patient complaints.

V4

Fig. 1. Vertebral artery segments: V1 — origin to the transverse

foramen of C6; V2 — VA ascends through the transverse

foramina of the cervical vertebrae; V3 — from the C2 transverse
foramen until it enters the skull; V4 — intracranial segment
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LACK OF COMMON DIAGNOSTIC
CRITERIA FOR VACS

Nowadays, there are no clinical guidelines that
propose recommendations for the diagnosis of VACS
[8, 9], as a result, different authors use different cri-
teria and methods of patient examination. Computed
tomography (CT) and magnetic resonance imaging
(MRI) contribute to the diagnosis of VACS, howev-
er, obligatory head rotation (maintaining this position
for 2 minutes) to demonstrate compression carries
a potential risk of neurological complications [10],
therefore, researchers use conventional angiography
for diagnosis [5, 11]. Most often, the diagnostic crite-
ria for VACS are considered to be intraluminal filling
defects in the VA during head rotation with the onset
of clinical manifestations. Due to a high cost and po-
tential complications of the procedure, angiography
is commonly performed after ultrasound examina-
tion [12].

It should be noted that the ultrasound criteria for
VACS vary from author to author. For example, in a
duplex study, T.V. Zakhmatova et al. (2014) evalu-
ated the effect of extravascular structures on VA by
calculating the ratios of blood flow indicators (V3 /
V1 maximum blood flow rate; V3 / V1 time-averaged
maximum blood flow rate). With the V3 / V1 ratio of

more than 1.0, the blood flow was regarded as com-
pensated, and with the ratio being less than 0.7 — as de-
compensated [13]. M.L. Dicheskul and V.P. Kulikov
(2011) demonstrated that the peak systolic velocity
(PSV) in the V4 segment in patients with cervical
spine pathology during head rotation was significantly
decreased compared to healthy volunteers.

The authors suggested a decrease in PSV > 30%
as a diagnostic threshold [14]. The same group of
authors studied blood flow parameters in the VA
during head rotation in patients with vertebrobasilar
insufficiency (VBI). Duplex scanning of the suboc-
cipital and intracranial segments of the VA was per-
formed in 28 healthy volunteers and 70 patients with
stage I-II VBI according to the classification by A.B.
Sitel [15]. The authors concluded that a reduction of
PSV > 30% in the V4 segment of the VA during head
rotation was a highly specific indicator of extravascu-
lar compression — 98% (CI 94.8-99.8%) with a pre-
dictive value of 94.6% (CI 81.8-99.2%); the PSV was
significantly lower in patients with VBI (p <0.05). It
was also noted that the absence of changes in the PSV
during head rotation did not guarantee the absence
of extravascular compression of VA [16]. The main
methodological defect of the study was the use of VBI
classification proposed by A.B. Sitel (Table 1).

Table 1

Stage

VBI classification proposed by A.B. Sitel (2008)
Clinical features

It is characterized by the predominance of subjective symptoms over objectively detectable disturbances of movement and sensitivity,

there is an autonomic dysfunction, mild short-term dizziness, episodes of blurred vision. Functional blockages are detected in the

craniocervical junction, the region of the cervicothoracic junction, and the lower back. This stage is also characterized by the inferior
oblique muscle syndrome, contracture of the muscles of the neck, anterior chest wall syndrome, and interscapular pain syndrome

II

It is characterized by more intense and longer episodes of dizziness and headache attacks usually starting with pain in the neck or

behind the ear region. There are periods of hearing impairment in the form of hearing loss, the appearance of tinnitus and imbalance;

visual disturbances in the form of floaters and cloudy vision; pain in the region of the heart, not related to stress or premature ventricular

contractions. Functional blockages, in contrast to the first stage, are detected in both the middle and upper cervical regions, the lumbar
lordosis is straightened

I

It is characterized by more pronounced clinical presentation: severe headache attacks, analgesics and non-steroidal anti-inflammatory

drugs do not bring relief, dizziness with nausea and vomiting, and drop attacks. Attacks are triggered by throwing the head back or

turning to the side and using the rolling stairs or transport. Functional blockages are detected in the motion segments of the cervical
and lumbar spine

v

Stage 1V clinically coincides with stage III discirculatory encephalopathy, since patients have signs of prior strokes in the carotid
arteries and brain stem and / or persistent neurologic deficit

Clinical signs of stages I and II of VBI classifica-
tion by A.B. Sitel are non-specific and can be mani-
festations of a wide range of pathological or physio-
logical conditions. Unfortunately, this fact challenges
the conclusions of M.L. Dicheskul and V.P. Kulikov,
since the study was conducted on a heterogeneous
group of patients whose complaints were most likely
caused by various diseases (primary headaches [17],

benign paroxysmal positional vertigo (BPPV) [18]
and others [19]).

The absence of common diagnostic ultrasound cri-
teria for VACS is observed not only in the Russian
Federation, but in other countries as well. For exam-
ple, in Japan. M. Kamouchi et al. (2003) evaluated the
qualitative parameters of blood flow in the VA (reduc-
tion of the PSV in the V2 segment and disappearance
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of the diastolic component during rotation) in patients
with suspected VACS [20]. Y. Iguchi et al. (2006) as-
sessed the qualitative characteristics of the blood flow
in the posterior cerebral artery (PCA) and basilar ar-
tery during transcranial doppler ultrasound [11].

It should be noted that the disappearance of the
diastolic component in the VA during head rotation
as a sign of VA compression was also described by
J. Yeh et al. (2005) [21]. An additional criterion was
reduction of PSV by more than 50% in the extracra-
nial segments of the VA during head rotation. The
assessment of the blood flow parameters in the PCA
with transcranial doppler ultrasound is used in other

countries as well. In particular, reduction of PSV in
the PCA > 50% (compared to the baseline value)
during head rotation is a criterion for VACS in some
ultrasound laboratories in the USA and Europe [5,
12, 22].

The criteria are presented in Table 2. In our prac-
tice, in patients with suspected VACS, we evaluate
blood flow in the V2 segment during head rotation.
The patient is recommended to perform angiography
to verify the diagnosis, if PSV decreased by more
than 50%, the diastolic component is absent, and typ-
ical clinical signs of VACS are observed, which is
quite rare.

Table 2
Ultrasound criteria of extravascular compression of the vertebral arteries
Author Method Criteria
M.L.Dicheskul, 2012 [16] Duplex study Reduction of PSV >30% in the V4 segment of the VA during rotation
The V3 / V1 maximum blood flow rate or V3 / V1 time-averaged maximum blood
T.V. Zakhmatova, 2014 [13] Duplex study flow rate of more than 1.0 — compensated blood flow; less than 0.7 — decompen-
sated blood flow
. Qualitative changes in the blood flow in the VA (reduction of the PSV in the V2
M. Kamouchi, 2003 [20] Duplex study segment and disappearance of the diastolic component during head rotation)
- > <00/ - - -
J. Yeh, 2005 [21] Duplex study Reduction of PSV > 50% in extracranial VA segments and disappearance of the

diastolic component during head rotation

Y. Iguchi, 2006 [11] Transcranial Doppler

Qualitative changes in the blood flow in the PCA and basilar artery (gradual re-
duction of the blood flow and blood flow cessation with maximum head rotation)

M.D. Vilela, 2005 [12],
M. Sturzenegger, 1994 [22],
G.F. Jost, 2015 [5]

Transcranial Doppler

From the data demonstrated above, the absence
of common ultrasound criteria for VACS is clear-
ly observed, which affects the difference in the rate
of VACS diagnosis in individual diagnostic centers.
However, ultrasound examination is preceded by the
analysis of complaints and history, which misinterpre-
tation can also lead to overdiagnosis of VACS.

EVALUATION OF PATIENT COMPLAINTS
AND HISTORY IN SUSPECTED VACS

Interpretation of patient complaints and history is
of great importance, since this is the starting point for
formulation of a diagnostic hypothesis [23] and dif-
ferential diagnosis [24]. The common complaints in
VACS include dizziness, headache, nausea, vomi-
ting, and visual disturbances during head rotation re-
lieved by returning to a neutral position [10]. In the
literature, these complaints are considered as a part
of VBI, which includes only transient ischemic attack
and ischemic stroke in the vertebrobasilar arteries. So,
VBI is defined solely as stroke (acute cerebrovascular
disease).

Reduction of PSV in PCA > 50% with head rotation followed by reactive hyper-
emia when returning the head to the neutral position with an increase in PSV >

10% compared to the baseline value

In Russian literature, VBI is understood as a vari-
ant of chronic cerebral ischemia [25], a diagnosis of-
ten masked by other diseases (tension-type headache,
depressive disorders, etc.) [26]. Perhaps, the diffe-
rence in the perception of VBI (as an acute condi-
tion in the world literature and as a chronic process in
the Russian one) contributes to the overdiagnosis of
VACS in Russia. At the same time, clinical manifes-
tations of VA compression are non-specific and can
occur in various pathologies. For example, BPPV is
the most common cause of vertigo in adults [27], and
migraine is a common cause of headaches [28]. Both
conditions are often accompanied by nausea, vo-
miting, and visual disturbances. Considering that in a
patient with BPPV, a vertigo attack can be triggered
by turning the head [29], it is BPPV that should be
suspected upon examination, and not rare VACS
[7]. However, low awareness of doctors in medical
and diagnostic centers about BPPV [30] and chro-
nic migraine [31] can also lead to misinterpretation
of patient complaints, followed by overdiagnosis of
VACS.
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Of course, the reasons for VACS overdiagnosis
are not limited to the absence of uniform criteria and
misinterpretation of patient complaints. Cognitive
biases should also be taken into consideration. They
include overconfidence bias, confirmation bias, and

anchoring bias. Table 3 provides descriptions and
examples of the listed psychological phenomena.
More detailed information about them can be found
in the study by E.D. O’Sullivan and S.J. Schofield
[32].

Table 3

A short list of possible cognitive biases

Cognitive biases Definition

Example

Overconfidence bias

Overestimation of the likelihood of a diagnosis based
on the ease with which it comes to mind

Establishing a diagnosis based on a previous pa-
tient with similar clinical presentation

Confirmation bias . .
diagnosis

Selective preference for evidence supporting the

Use of scientific articles that describe criteria for
confirming the diagnosis, ignoring alternative
publications

Anchoring bias

CONCLUSION

Different approaches to the interpretation of diag-
nostic criteria for VACS are reflected in different fre-
quency of diagnosis of VA compression. It is obvious
that unified criteria for diagnosis of VACS and rais-
ing awareness of doctors about alternative diagnoses
(BPPV, migraine, and other diseases) are required in
order to reduce the likelihood of VACS overdiagnosis
and improve the quality of medical care.
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ABSTRACT

The review presents the analysis of data proving the role of platelets in the mechanisms of regulation of reparative
tissue regeneration. The influence of platelets on damage, apoptosis, and proliferation of cells, as well as on
extracellular matrix remodeling, angiogenesis, and neurogenesis is shown. Their interaction with macrophages in
restoring the structure of damaged tissues is assessed. Several regenerative properties of platelets are characterized.
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INTRODUCTION

It has long been thought that platelets are involved
only in the processes of hemostasis. However, stu-
dies over the past two decades have shown the poly-
functionality of these formed blood elements, which
makes them an important link in body adaptation to
various extreme factors, such as hypoxia, ionizing ra-
diation, infection, stress, etc. [1].

Platelets play a particular role in reparative pro-
cesses, being the first to react to damage, along with
neutrophils and macrophages. However, experimental
studies showed that depletion of the neutrophil storage
pool does not affect the regeneration process [2]. Plate-
lets accumulate at the ends of damaged blood vessels,
turn fibrinogen into fibrin, and form a blood clot con-
sisting of cross-linked fibrin, fibronectin, vitronectin,
thrombospondin, red blood cells, and platelets [3, 4].
In this clot, platelets are responsible for activating and
releasing important biomolecules from their a-gra-
nules, including platelet-specific proteins, growth fac-
tors, clotting factors, adhesion molecules, cytokines,
angiogenic factors, proteoglycans, and cytokines /
chemokines [5]. Secretion of cytokines, chemokines,
and growth factors, in turn, induces proliferation and
activation of cells involved in wound healing, such as
fibroblasts, neutrophils, monocytes, smooth muscle
cells, and mesenchymal stem cells (MSCs) [6].

Antiplatelet drugs inhibit regeneration by slowing
down the secretion of growth factors, such as vascular
endothelial growth factor (VEGF), by platelets. So,
in rats with gastric ulcer, the adenosine diphosphate
(ADP) receptor inhibitor — ticlopidine — not only sig-
nificantly suppresses platelet aggregation, but also
disrupts gastric ulcer healing and angiogenesis. More-
over, platelet transfusions can reverse this effect [7].
In this case, platelets are present in the bloodstream
but do not release their granules.

It can be assumed that the regenerative effect of
platelets is due to one of three components: growth
factors, chemokines, or proteins localized on the gra-
nule membrane and embedded in the platelet mem-
brane after activation.

In trauma, the injury site is filled with a 3-dimen-
sional polymerized fibrin clot containing plasma rich
in wound healing factors, platelets, MSCs, and fibro-

blasts. Within several days, the cells inside the wound
form a complex cocktail of wound healing, neuro-
trophic, and other factors. These observations served
as the basis for the use of platelet-rich plasma ((PRP),
platelet concentrate, platelet gel) for stimulating re-
generation.

Blood plasma with a high platelet content is a
complex of physiologically active substances that
are defined as platelet-derived wound healing fac-
tors (PDWHF) [8-10]. They include several isotypes
of platelet-derived growth factors (PDGF): ADP,
adenosine triphosphate (ATP), calcium, serotonin,
platelet factor 4, fibronectin, f-thromboglobulin, von
Willebrand factor (vWF), fibrinogen, blood clotting
factors V and XIII, transforming growth factor-f§
(TGFp), vascular endothelial growth factor (VEGF),
epidermal growth factor (EGF), basic fibroblast
growth factor (B-FGF), fibroblast growth factor-2
(FGF-2), platelet factor 4 (PF4), ciliary neurotrophic
factor (CNTF), insulin-like growth factor-1 (IGF-1),
and platelet-derived angiogenesis factor (PDAF) [9,
11]. Some of these factors are involved in recruiting
progenitor cells involved in tissue healing to the site
of damage, while others are targeted by cells of the
damaged tissue.

Although PRP is increasingly used for wound clo-
sure and activation of wound healing [12], specific
mechanisms of platelet regulation of reparative pro-
cesses have only recently attracted the attention of re-
searchers. The accumulated clinical and experimental
data allow to look at the physiology of blood plates
from a new perspective.

Platelets are non-nuclear elements of blood, the
cytoplasm of which can contain up to 100 membrane
granules. The granules act as storage tanks for active
substances. Several types of platelet granules were
described, of which a-granules, dense granules, and
lysosomes are of the greatest interest [13, 14].

a-granules are the most numerous (40-80%) and
the largest (200-400 nm). They store more than 300
different proteins, such as blood coagulation proteins
(factor V, factor IX, factor XIII, antithrombin, plas-
minogen, plasminogen activator inhibitor-1 (PAI-1)),
adhesion molecules (fibrinogen, vWF, thrombos-
pondin), chemokines, and growth factors (vascular
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endothelial growth factor (VEGF), PDGF, FGF, EGF,
hepatocyte growth factor (HGF), TGFp). The release
of these biologically active substances is not random
but proceeds under the influence of an external stim-
ulus. The contents of the granules are released after
adhesion to collagen, other matrix components, or in
response to soluble agonists, such as ADP or thrombin
[5]. a-Granules are considered to be the key organ-
elles with regard to platelet function.

Dense granules are smaller in size and quantity,
store high concentrations of calcium, magnesium,
nucleotides (ATP, ADP, cyclic adenosine monophos-
phate (cAMP), uridine triphosphate (UTP)), and py-
rophosphates, serotonin (5-HT) and histamine. Secre-
tion of dense platelet granules plays a major role in
enhancing platelet response and thrombosis.

Platelet lysosomes, like in other cells, contain en-
zymes, such as cathepsin, elastase, collagenase, car-
boxypeptidase, glucosidase, glucuronidase, and acid
phosphatase, which are associated with degradation
of proteins, carbohydrates, and lipids [15-17].

In addition to protein synthesis, platelets also act
as a source of active metabolites, such as eicosanoids
synthesized from arachidonic acid, which are released
from membrane phospholipids. Thromboxane A2
(TXAZ2) is a potent vasoconstrictor and is also asso-
ciated with a proliferative response of damaged ves-
sels [18]. Sphingosine-1-phosphate (S1P), which has
the mitogenic action, is secreted by activated platelets
at the time of clot formation and stimulates assembly
of the fibronectin matrix and expression of TF (tis-
sue factor) in endothelial cells [19]. Platelet-activa-
ting factor (PAF) is an active platelet-derived lipid
that suppresses leukocyte migration and activates en-
dothelial cells [20].

The platelet membrane contains many function-
al cell adhesion molecules, such as P-selectin, GPIIb/
IIla, GPIb, and integrins, which are not only involved
in clot formation, but also allow platelets to interact
with endothelial cells, white blood cells, including
macrophages, and progenitor cells [21, 22]. P-selectin
is present on the activated platelet membrane after the
release of a-granules. This ensures that only activated
platelets interact with immune and endothelial cells.
The main leukocyte ligand for P-selectin is PSGL-1.
Parallel release of cytokines and chemokines affects the
interaction of platelets with leukocytes. This leads to
increased regulation of leukocyte transcription factors
and production of more cytokines and chemokines [5].

After damage, substances that are usually found in-
side cells enter the extracellular space. These endog-

enous molecules, which include proteins and nucleic
acids, are called dampers and are a key signal for ini-
tiating immune responses and regeneration. Dampers
can activate various types of receptors, including Toll-
like receptors, nucleotide-binding oligomerization do-
main (NOD)-like receptors, retinoic acid-inducible
gene 1 (RIG-1)-like receptors, C-type lectin receptors
(CLR), receptors for advanced glycation end products
(RAGE), G-protein-coupled receptors (GPCR), and
ion channels [23], located on epithelial cells, endothe-
lial cells, fibroblasts, neutrophils, macrophages, plate-
lets, dendritic cells, etc.

The platelet response begins with the interaction of
the P2Y'1 and P2Y 12 receptors located on the platelet
membrane with ADP molecules emerging from dam-
aged cells, and the G2 and Gi proteins, respectively,
are secondary messengers in transmitting this signal.
These receptors are known for their central role in
platelet activation and aggregation [5, 23].

Platelet activation causes release of substances
from dense granules through exocytosis involving Rab
proteins. The released components include ADP (ac-
tivating neighboring platelets in the above-described
way), ATP, inorganic polyphosphate, pyrophosphate,
serotonin, and calcium.

Activated platelets also release their o-gran-
ules containing biologically active substances, such
as chemokine ligand 5 ((CCL5) or regulated upon
activation, normal T cell expressed, and secreted
(RANTES)), thrombin, transforming growth factor
B (TGF-B), PDGF and VEGF, platelet factor 4, TF,
IGF, FGF, CXCL12 or stromal cell-derived factor-1
(SDF-1), CD40 ligand, and EGF [3, 5, 24, 25]. Factors
secreted by platelets induce and increase the activi-
ty of fibroblasts and have chemotactic effects first on
neutrophils and then on macrophages, which ultimate-
ly leads to removal of dead cells and cell debris [26].
Moreover, platelets synthesize and secrete factors that
induce and regulate proliferation and migration of
other cell types, such as smooth muscle cells (SMCs)
[27] and MSCs [28].

Cell proliferation and extracellular matrix remod-
eling are particularly important in early stages of re-
generation. This response is modulated by the TGFf
signaling pathway in all Smads proteins. Inhibition
of this pathway by the TGFP antagonist SB-431542
leads to a decrease in cell proliferation and prevents
regeneration [29]. Thus, in mice with TGF-f3 defi-
ciency, inhibition of tissue inhibitor of metallopro-
teinases-2 (TIMP2) and matrix metallopeptidase-13
(MMP-13) or collagenase-3 was observed [30]. This
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enzyme shows very high degrading activity against
collagens of types I, II, III, IV, and XIV during en-
dochondral and intramembranous osteogenesis. In
human fibroblasts, it was shown that the addition of
TGF-B1 led to an increase in the levels of mRNA and
matrix metalloproteinase-2 (MMP-2) and a decrease
in the level of collagenase mRNA [31]. TGF-B1 also
regulated synthesis of TIMPs, which inhibit matrix
metallopeptidases (MMPs) via the mitogen-activated
pathway [32].

Activated platelets trigger recruitment, adhe-
sion, and proliferation of adult stem cells, including
CD34-positive progenitor cells [33], MSCs [28], SMS
precursors [27, 34], and endothelial cell precursors
[35]. Stromal cell-derived factor-1 (SDF-1) [36] and
IGF-1 [37], which are also released by platelets, act
as “homing beacons” for progenitor cells at the site
of damage.

Activated platelets form extracellular vesicles by
releasing their plasma membrane - platelet extracellu-
lar vesicles (PEV), through which intercellular com-
munication with leukocytes is carried out. Although
PEV can be produced in healthy individuals, their
increased level is detected in injuries. The ability of
PEV to bind to granulocytes, lymphocytes, and mono-
cytes to form leukocyte vesicular complexes (LVCs)
was shown [38—40].

Platelets are involved in the regulation of apop-
tosis and interaction of regenerating cells [41]. They
secrete both proapoptotic (Fas-L [42], CD40L [43],
tumor necrosis factor (TNF)-related apoptosis-indu-
cing ligand (TRAIL) [44], TNF-like weak inducer of
apoptosis (TWEAK) [45], and tumor necrosis factor
superfamily element 14, also known as LIGHT [46])
and anti-apoptotic (HGF [47], SDF-1 [22], serotonin
[27, 48], ADP [27] and S-1-P [49]) mediators. In ad-
dition, platelet-derived microparticles can regulate
apoptosis in endothelial cells and SMCs and transmit
survival signals to monocytes, endothelial cells, and
neural stem cells. In the spleen and lungs, granzyme
B acts as a meditator for platelet-induced apoptosis.
Amphoterin, which is exported on the cell surface of
platelets upon their activation, also regulates apop-
tosis and autophagy of tumor cells, which depends
on redox processes (redox status). Therefore, plate-
lets regulate a complex set of tissue repair mecha-
nisms [50].

Along with matrix remodeling, proliferation, and
differentiation of specific cells, restoration of micro-
circulation and innervation plays an essential role in
reproducing the structure the damaged tissue.

There is growing evidence that platelets are a nec-
essary condition for angiogenesis in wound healing
/ tissue regeneration [51, 52]. At the sites of platelet
aggregation, regeneration of damaged vascular intima
begins [53].

An injection of own platelets and leukocytes in a
rat with hind limb ischemia initiated angiogenesis in
it [54]. There was a significant decrease in neovascu-
larization with a fall in the number of platelets in vivo
[55, 56]

Platelets secrete various promoters of angiogen-
esis, such as VEGF, basic fibroblast growth factor
(bFGF), EGF, and PDGFs or angiopoietin-1 [57].

VEGF is a very powerful angiogenic factor [58,
59]. Changes in the proliferative activity of the endo-
thelium and apoptosis of endothelial cells are caused
by release of VEGF and endostatin by platelets [7].
The VEGF-C and VEGF types are contained in
a-granules of platelets and are released upon platelet
activation [60]. Platelets not only synthesize VEGF
but also act as carriers of this factor from other sources
of its formation [60].

In platelets and megakaryocytes, angiopoietin-1
(which provides stabilization of proliferating endothe-
lial cells and vessels) was found in vascularized tis-
sues, while it was absent in these cells in non-vascular
zones [61]. Angiopoietin-1 is released from platelets
after their activation, for example, by thrombin [61].

Redistribution of endogenous growth factors from
the cytoplasm of intact platelets to the periphery of
filopodia and laminopodia in activated platelets may
be associated, at least to some extent, with the re-
gulation of angiogenesis [62, 63]. In addition to an-
giogenesis stimulators, platelets secrete a number of
its inhibitors, such as angiostatin, endostatin, platelet
factor (PF)-4, or thrombospondin (TSP)-1. Angiosta-
tin is an example of an angiogenesis inhibitor formed
by platelets, which is released during the aggregation
of blood plates [64].

Endostatin specifically inhibits endothelial cell
proliferation and powerfully suppresses angiogenesis
and tumor growth [65]. PF-4 was the first hemostatic
protein to show an angiogenesis-inhibiting effect in
vivo [66]. At least partially, the antiangiogenic activity
of PF-4 is due to interference with FGF-2, which caus-
es inhibition of its dimerization following interaction
with the FGF receptor and internalization.

Platelet thrombospondin (TSP) is also an inhibitor
of angiogenesis; it destabilizes local contacts of endo-
thelial cells and inhibits proliferation of the latter [67].
Moreover, thrombospondins, megakaryocytes, and
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platelets act as the main antiangiogenic switches and
determine the degree of revascularization in vivo [68].

Interestingly, platelet-induced angiogenesis re-
quires the physical presence of platelets, because their
secretion (supernatant) alone does not have a notice-
able effect on tube formation in vitro [69]. Thus, the
cell-cell interaction between platelets and endothelial
cells appears to play an important role in neovascu-
larization. In another study, adding platelets to a solu-
tion for infusions before injecting animals induced
dose-dependent angiogenesis [70].

To initiate angiogenesis, destabilization is neces-
sary — weakening of intercellular contacts between
endothelial cells, destruction of the basement mem-
brane, as well as local proteolysis of matrix proteins
for endothelial cells or their precursors from the circu-
lating blood to migrate and form new vessels [71, 72].

Urokinase is most often considered as a key re-
gulator of vascular wall remodeling after mechanical
damage [73]. Activated platelets release neurotrans-
mitters, serotonin, dopamine, histamine, and gluta-
mate, and can also alter the activity of neuronal cells
[74]. The presence of platelets in the area of damage to
the nervous system accelerates restoration of function
and enhances not only angiogenesis but also neuronal
regeneration [75].

In small experimental animals, it was shown that
when the central and peripheral sections of the cut
nerve are connected with a collagen tube filled with
PRP, it induces axon regeneration. Thus, it is possible
to compensate for the defect of the sciatic nerve in
rats up to 1 cm long [76—79]. In this case, a thicker
myelin sheath is formed, the rate of regeneration in-
creases and recovery goes over a greater distance [10].
For PRP fibrin to promote more neurons to regenerate
over a greater distance, it must bind and interact with
neurotrophic cells. In this interaction, an important
role is attributed to such factors as nerve growth fac-
tor (NGF), brain-derived neurotrophic factor (BDNF),
glial cell line-derived neurotrophic factor (GDNF),
neurotrophin-3 (NT-3), and PDGF [80-85]. These
factors, which, in turn, are associated with platelets
and mesenchymal cells, transform matrix fibrin to ac-
tively promote axonal regeneration [86].

The noted phenomenon was shown during tran-
section of the facial nerve in the guinea pig [87], the
facial nerve in the rat [76], the sciatic nerve in the
rat [77, 88-90], and the cavernous nerve in the rat
[87,91].

It is generally accepted that macrophages are an
important link in the regeneration process, acting as

coordinators of actions aimed at restoring the origi-
nal tissue structure or scarring. Macrophages act as a
source of proinflammatory cytokines in the damaged
area, such as interleukin (IL) 1, IL-6, and tumor necro-
sis factor (TNF). They are responsible for controlling
adhesion and migration of inflammatory cells, as well
as proliferation of fibroblasts and keratinocytes [3].

The depletion of macrophages in axolotl by in-
jecting clodronate encapsulated in liposomes leads
to impaired regeneration of the amputated limb [92].
Clodronate is unable to penetrate into the cell mem-
brane. However, being encapsulated in liposomes, it
is phagocytosed by macrophages. This drug is meta-
bolized by macrophages in vitro to adenosine-5- [B,
y-dichloromethylene] triphosphate (AppCCl2p). Ap-
pCCI2p (ATP analogue), inhibiting the mitochondrial
electrogenic ADP / ATP translocase, causes depola-
rization of the mitochondrial membrane and subse-
quent cytochrome C release and caspase activation,
which leads to specific apoptosis of macrophages
[93]. Therefore, we can talk about a relationship
between the lack of regeneration of the extremities
and depletion of macrophages in this experiment.

Selective macrophage depletion using clodro-
nate in modeling myocardial infarction leads to a
serious violation of the myocardial architecture, in-
creased collagen deposition, and increased mortality
in mice [94, 95].

The use of a transgenic mouse (lysM-Cre / DTR
mouse strain) containing macrophages sensitive to
diphtheria toxin (DTox) showed delayed wound hea-
ling with strong morphological disturbances [96].
This is due to a decrease in TGF-B1 expression, a dys-
regulated VEGF pattern, and an almost complete loss
of wound contraction in the absence of myofibroblast
differentiation. Macrophage depletion was detected
by decreased mRNA expression of EGF-like mo-
dule-containing mucin-like hormone receptor-1 (Emr-
1) and lysozyme of macrophages (LysM), which is a
macrophage-specific marker F4/80.

All of the above-mentioned studies suggest that
macrophages play a significant role in the regenera-
tion process. Without these cells, regeneration fails, a
hypertrophic scar or a non-healing wound is formed.

The macrophage population can be divided into
two functional phenotypes. They are named M1
(classically activated) and M2 (alternatively activa-
ted) macrophages [3]. M1 macrophages are activated
in response to damage to lipopolysaccharide (LPS),
TNF-a, and interferon (INF)y [97]. These ligands act
on macrophages via LPS /IFNy or TLR-2, -3, -4, and -9
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and cause the release of IL-1B, TNFa, and IL-6, me-
diated by the signaling factors NF-kB, STAT1, IRFS5,
and AP-1 [98]. These cytokines amplify the inflam-
matory and antimicrobial responses [3, 99, 100].

IL-4 and IL-13 (M2a), which trigger Fcy receptors
in the presence of a Toll-like receptor (M2b) or IL-10
(M2c), can stimulate macrophages to differentiate into
M2 macrophages [97, 98]. These three macrophage
phenotypes are not activated, for example, M1, and
exhibit properties different from them.

M1 and M2a macrophages are present together
at the site of damage. Macrophages migrating to the
wound on the 1% day after injury mainly (85%) show
the M1 phenotype [101], but on the 5" day, the M2
phenotype is the dominant macrophage population in
the wound [98]. Compared to the axolotl, the mam-
malian has an increase in proinflammatory cytokines
over anti-inflammatory ones after injury [92], which
may be a key reason for the decrease in the regenera-
tive properties of mammalian tissues.

The activation of both Toll-like and Fcy receptors
in macrophages results in the M2b phenotype. The
M2b phenotype, as compared to M2a, produces much
higher levels of IL-10 along with the proinflammatory
cytokines TNFa, IL-1P, and IL-6 [97]. During a later
proliferative phase, the M2b-mediated release of IL-10
appears to stimulate the activation of M2¢ macrophages
[98]. IL-10 inhibits production of proinflammatory cy-
tokines, such as TNFa, IL-6, and IL-12, and antigen
presentation by macrophages through the downregula-
tion of major histocompatibility complex (MHC) class
II molecules [97]. Activation of the STAT3 signaling
pathway results in the release of TGFp.

Since platelets and macrophages play the key role
in regeneration, the mechanisms of interaction of these
cells in the dynamics of repairing damaged tissues are
of particular importance.

During regeneration, platelets and macrophages
interact with one other both directly and indirectly
through other cells (for example, endothelial cells),
exerting a reciprocal effect. Platelets and platelet fac-
tors (mediators) activate and modulate apoptosis in
monocytes, and platelet phagocytosis is essential in
pro- and anti-inflammatory processes [102].

With the direct interaction of activated platelets
with blood monocytes, platelet-monocyte complexes
form. Aggregates of platelets with monocytes form
more easily (i.e. at lower concentrations of platelet
agonists) and faster and are more stable than plate-
let-neutrophil and platelet-lymphocyte complexes
[103]. Sialidase treatment of platelets leads to an in-

crease in their binding to homologous peritoneal mac-
rophages but does not affect the rate of phagocytosis.
The interaction of platelets with macrophages is me-
diated by a galactose-specific receptor on the surface
of macrophages [104].

Infection-induced thrombocytosis is a clinically
significant complication of tuberculosis, accompanied
by impaired immunity. Inhibition of platelets with as-
pirin or treatment of the platelet-specific receptor, gly-
coprotein IIb / I1la, with inhibitors leads to a decrease
in platelet-macrophage interactions and restoration of
macrophage-mediated immunity to mycobacterial in-
fection [105, 106].

When interacting with activated platelets through
PSGL-1 / P-selectin, as well as when binding products
of activated platelets (RANTES, IL-1f8, and PAF),
NF-kB-dependent inflammatory genes are induced in
monocytes [107]. Binding of PSGL-1 leads to the ac-
tivation of the MAP kinase and the mTOR pathways
[107]. A signal triggered in monocytes upon contact
with platelets and binding of endogenous IL-1 induc-
es expression of cyclooxygenase-2 (COX-2) and for-
mation of prostaglandin E2 (PGE2) dependent on it
[107]. The latter, in turn, reduces the activity of plate-
lets [108, 109].

Upon contact with platelets, monocytes acquire
an inflammatory phenotype and increase the affinity
of adhesion to the endothelium [110, 111]. Platelets
are captured by monocytes and macrophages, which
causes an increase in the release of cytokines from
monocytes [112]. Thus, activated platelets affect the
survival and differentiation of monocytes, after which
the complexes of monocytes with activated platelets
disintegrate [113].

Platelet-macrophage communication is also carried
out through PEVs, which, after binding to the mono-
cyte and formation of a platelet-monocyte complex,
is absorbed by the latter within 30—-60 minutes [110].
Thus, PEVs can deliver, in particular, the RANTES
chemokine (CCL5) to monocytes and endothelial
cells, promoting the attraction of monocytes to the
subendothelium [114]

CCLS is one of the most important monocyte che-
moattractants released by platelets after injury. CCL5
interacts with the endothelial surface in the presence
of the cytokine IL-1PB and acts as a cell-associated
signal for monocyte adhesion and migration across
the vascular endothelium. IL-1 is also released from
platelets [5].

RANTES is also secreted by endothelial cells un-
der the influence of IFNy and TNFa [115]. TGFB not
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only stimulates the activation of macrophages M2c, but
the M2c subtype itself is an important source of TGFp,
which contributes to many aspects of wound healing:
inflammation, chemotaxis, wound reduction, angiogen-
esis, and extracellular matrix (ECM) deposition [3].

The exposure of activated platelets to monocytes
causes an increase in the expression of tissue factor
(TF) and binding to the coagulation factor Xa and
fibrinogen. The resulting thrombin causes not only
aggregation and activation of platelets, but also ac-
tivation of monocytes, directing them to enhanced
adhesion and production of chemokines CCL2 and
RANTES [116, 117]. Binding of the platelet cytokine
CXCL13 to the CXCRS receptor on monocytes leads
to inhibition of TNFa and IL-6 production [118].

Platelets eject microparticles not only upon activa-
tion but also upon aging as a result of an apoptosis-like
process (apoptosis-induced platelet microparticles).
With prolonged incubation with monocytes, they con-
tribute to cell differentiation but suppress their prolif-
eration. Analysis of monocyte membrane receptors
shows increased levels of expression of CD11b (in-
tegrin aMb2), CD14, and CD31 (platelet / endothe-
lial cell adhesion molecule-1), as well as chemokine
receptors CCRS and CXCR4, but not CCR2, which
means that apoptosis-induced platelet microparticles
polarize cells towards resident monocyte M2. Cells
treated with apoptosis-induced platelet microparticles
actively consume oxidized low-density lipoprotein
(LDL) and release matrix metalloproteinases and hy-
drogen peroxide. One more confirmation of differenti-
ation in direction of resident professional phagocytes
is that particles stimulate expression of LDL, CD36,
and CD68 receptors, as well as production of proin-
flammatory and immunomodulatory cytokines by
monocytes [118].

Therefore, there is no doubt that in the processes
of reparative regeneration, one of the leading places
is occupied by platelets participating in its regulation
at all stages of restoring the structure of damaged tis-
sue. Deciphering the specific mechanisms of their re-
parative function will allow to develop new effective
methods of targeted effect on wound healing.
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ABSTRACT

The article presents a case of pulmonary embolism with comorbid acute inferior myocardial infarction in the
54-year-old patient who was admitted to the Regional Center for Percutaneous Coronary Interventions. Coronary
angiography revealed a multivessel lesion with angiographic signs of instability in the proximal third of the right
coronary artery. Pulmonary angiography revealed signs of pulmonary embolism with moderate impairment of
pulmonary perfusion.

The described combination is challenging in terms of both diagnosis and subsequent treatment strategy. A feature of
this case is the use of a double surgery, consisting of revascularization of the infarct-related artery and fragmentation
of thrombotic masses in the pulmonary artery, in combination with thrombolytic therapy.

Key words: acute myocardial infarction, pulmonary embolism, thrombolysis, coronary angiography, pulmonary
angiography.

Conflict of interest. The authors declare the absence of obvious or potential conflict of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

For citation: Zakharyan E.A., Grigoriev P.E., Shatov D.V. Pulmonary embolism with comorbid acute myocardial

infarction: a clinical case. Bulletin of Siberian Medicine. 2021; 20 (2): 228-232. https://doi.org/10.20538/1682-
0363-2021-2-228-232.

Tpom603M60/11A 1€roYHON apTepun B COYETaHUU
C OCTPbIM MHPAPKTOM MUOKapAA: KAMHUYECKUN Cy4ai

3axapbsaH E.A.", FTpuropbes N.E.>3, laTos [1.B.’

I Meouyunckan axademusi (MA) umenu C.HU. I'eopauesckozo, Kpvimckuii ¢hedepanvhuiii ynusepcumem (KQOY)
umenu B.U. Bepnaockozo
Poccus, 295006, Pecnybnurxa Kpvim, 2. Cumgpeponons, 6yrveap Jlenuna, 5/7

2 Ceeacmononbckuil 20cy0apcmeentblil YHUGepCUmen
Poccus, 295053, Pecnybauxa Kpvim, e. Cesacmononw, yi. Yuusepcumemckas, 22

DA Shatov Dmitry V., e-mail: dmitrii_shatov@mail.ru.

228 Bulletin of Siberian Medicine. 2021; 20 (2): 228-232



Clinical cases

3 Akademuueckutl HAYYHO-UCCLEO0BAMENbCKULL UHCMUMYT (DUBUHECKUX MeMO008 NeUeHUsl, MEOUYUHCKOTL
kaumamonozuu u peaburumayuu umenu U.M. Ceuenoea (AHUHU um. U.M. Ceuenosa)
Poccus, 298603, Pecnybauxa Kpvim, 2. Aima, yn. Myxuna, 10

PE3IOME

[pencrarieH ciydail couetaHus TPOMOOIMOOIHNHU JIETOYHON apTEepUU U OCTPOTO HUYKHETO MH(apKTa MHOKap/a
y 54-7eTHero maiueHTa, KOTOPHIi MOCTYNUI B PETHOHAIIBHBIA LIEHTP 1O MPOBEACHHIO YPECKOKHBIX KOPOHAPHBIX
BMeIIaTeabcTB. [Ipy  BBIMOJHEHUH KOpPOHApOAHTHOTpapuu OOHAPYKEHO MHOTOCOCYAUCTOC TMOPAKEHHE C
aHTHOrpaMUECKUMHU TMPH3HAKAMHM HECTAOWJIBHOCTH B MPOKCUMAIBHON TPETH MpaBOW KOPOHAPHOH apTepuw,
MIPU aHTHOMYJIBMOHOTPAhUH — KapTUHA TPOMOOIMOOIHH JIETOYHOM apTEepUU C HApYIICHHEM Mepy3uu JIETKAX
cpelHell CTeneHH TSKECTH.

OmnncaHHOe COYeTaHHWE NPEACTaBIsIeT COOOHW TPyNHYIO 3aJady KaK C TOYKH 3PEHMS JHArHOCTUKH, TaK M
nocnenyromei ne4eOHoi TakTHKH. OCOOCHHOCTBIO JAHHOTO ciydas SIBISETCS IPUMEHEHHE BOMHOTO
WHTEPBEHIIMOHHOTO BMENIATEIbCTBA, COCTOSIIETO M3 PEBACKYIAPH3AIMH WH(APKT-3aBUCUMOH apTepuul U
(parMeHTaMy TPOMOOTHIECKHX MACC B JISTOYHON apTepHH B COYETAHHH C TPOMOOINTHIECKOI Tepareii.

KoroueBble ciroBa: octpelii nHGApKT MHOKap/a, TPOMOOIMOOIIHS JIETOYHOM apTepuH, TPOMOOIIM3HC, aHTHOTPa-
(b¥sT KOPOHAPHBIX COCY/I0B, AHTHOITYJIBMOHOT paQHs.

KoHdumuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX U MOTEHLHAIBHBIX KOH()IMKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThU.

HUcTounuk (I)HHaHCI/Ip()BaHHSI. ABTOpLI 3asIBJIIOT 00 OTCYTCTBHU UCTOYHHKA (bHHaHCI/IpOBaHI/ISI Ipy NPOBEACHUN
HUCCIICIOBaHMs.

Jns uurupoBanus: 3axapesH E.A., ['puropses [1LE., llaros JI.B. Tpom003MO0mHs €rodHol apTepun B cove-
TaHWH C OCTPBIM WH(PAPKTOM MHOKap/a: KIHHUIECKUH ciydail. broitemens cubupckou meouyunst. 2021; 20 (2):

228-232. https://doi.org/10.20538/1682-0363-2021-2-228-232.

INTRODUCTION

Pulmonary embolism (PE), having no clinical spec-
ificity, is one of the diseases that require differential
diagnosis, including differential diagnosis with acute
myocardial infarction (AMI). Treatment of patients
with a combination of these diseases is particularly
difficult [1]. An example of successful application of
the interventional strategy in managing a patient with
pulmonary embolism with comorbid AMI is described
below.

CLINICAL CASE

A 54-year-old patient was delivered by an ambu-
lance team to the Regional Center for Percutaneous
Coronary Interventions with the diagnosis of acute
coronary syndrome with ST-segment elevation. He
had considered himself sick for 1.5 hours, when se-
vere weakness, shortness of breath, and tightness in
the chest with loss of consciousness appeared for the
first time in his life.

He had a history of smoking up to one pack of
cigarettes a day and did not measure blood pressure.
There were no other risk factors for cardiovascular
diseases. Consciousness was clear. The skin was of

a normal color. Body mass index (BMI) was 26 kg
/ m?. There was no edema on the lower extremities.
Breathing was adequate, with a rate of 16 breaths per
minute. Upon auscultation, vesicular breathing was
noted, both lungs were clear, SpO, 90%. The heart
tones were rhythmic and muffled; no heart murmurs
were detected. Blood pressure in both arms was 120
/ 80 mm Hg, the heart rate was 100 beats per minute
(against the background of a dopamine infusion at a
dose of 3 mcg / kg / min). The abdomen was soft and
painless. The lower edge of the liver was at the border
of the costal arch. When examining other organs and
systems, no pathological abnormalities were detected.

Laboratory findings: troponin I and creatine phos-
phokinase-MB (CPK-MB) were negative upon ad-
mission to the hospital (upon repeated examination
after 12 hours, the upper limit of normal values was
exceeded by 10 times), D-dimer upon admission was
> 8,000 ng / ml.

The electrocardiogram showed ST segment eleva-
tion in aVL of 1 mm, ST segment depression in II, III,
and V, of up to 2 mm, and right bundle branch block
(Fig. 1). Coronary angiography revealed arterioscle-
rosis, calcification of the coronary arteries; stenosis
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of the left main coronary artery before bifurcation of
more than 65%; stenosis of the proximal third of the
anterior interventricular branch of more than 70%;
stenosis of the middle third of the anterior interven-
tricular branch of about 60%; stenosis of the orifice of
the diagonal branch of more than 40%, stenosis of the
orifice and the proximal third of the intermediate ar-
tery of about 50%; stenosis of the proximal third of the
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right coronary artery (RCA) of more than 85% with
angiographic signs of instability; and angiographic
signs of mural thrombosis of the middle third of the
RCA (Fig. 2).

Stenting of critical stenosis of the proximal third
and thrombosis-affected area of the middle third of the
RCA was performed with a good angiographic result

(Fig. 3).
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Fig. 1. Electrocardiogram of the patient upon admission: speed — 25 mm / sec, voltage — 10 mm

Fig. 2. Image of the RCA obtained during coronary angiography

After stenting, taking into account the features of
the clinical presentation and the results of D-dimer de-
termination, it was decided to perform pulmonary angi-
ography, which revealed signs of pulmonary embolism
(mainly on the right) of moderate severity (Miller index

Fig. 3. Image of the RCA after stenting

19) (Fig. 4). Mechanical fragmentation of the throm-
bus with selective thrombolysis (alteplase — 15 mg
in 15 minutes) and subsequent systemic administra-
tion of a thrombolytic (alteplase — 85 mg in 1.5 hours)
were performed (Fig. 5).
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Fig. 5. Pulmonary arteries after fragmentation of thrombotic
masses and selective thrombolysis

In echocardiography (after percutaneous coronary
intervention (PCI)), dilation of the right ventricle
(RV) and left ventricle (LV) cavities, aortic dilation at
the level of the sinus of Valsalva, asymmetric hyper-
trophy of the LV myocardium (posterior wall — 0.9—
1.3 cm, interventricular septum — 1.2—1.5 c¢cm), hypo-
kinesis of the posterior LV wall, and LV ejection frac-
tion of 47% were detected.

Ultrasound examination of the lower extremities
(after PCI) revealed thrombotic masses with signs of
recanalization of up to 20% in one of the posterior
tibial veins on the right side; mural thrombotic masses
with signs of recanalization of up to 50% in the deep
femoral vein; and thrombotic masses with signs of re-
canalization of up to 50% in the sural veins on the
left side.

The postoperative period was uneventful. On the
14" day, the patient was discharged for further treat-
ment in an outpatient setting with a recommendation
to continue double antiplatelet therapy in combination
with dabigatran under the supervision of a cardiologist
and vascular surgeon.

DISCUSSION

Three types of a combination of AMI and PE are
described in the literature: PE as a complication of
AMI; AMI resulting from paradoxical embolism with
a functioning foramen ovale, combined with PE; and
AMI as a complication of PE [2—4]. We believe that
in the case under discussion, the third variant is most
likely to develop against the background of critical
stenosis of RCA, which is consistent with the 4™ Uni-
versal definition of myocardial infarction [5].

The following reasons for ST segment elevation
in PE are suggested: 1) true myocardial ischemia
(occlusion, embolism, atherosclerotic plaque); 2) in-
sufficiency of coronary artery blood flow due to an
acute increase in the right ventricular afterload [6]; 3)
transmural ischemia of the right ventricle due to hy-
potension, hypoxemia, pulmonary arterial hyperten-
sion, and hypercatecholaminemia [7]; 4) compression
of the coronary arteries by a dilated pulmonary artery
due to developmental abnormalities [8, 9].

In addition to the difficulty in diagnosing such a
combination of diseases, there are also difficulties in
determining the most optimal treatment strategy. In
most of the described cases, systemic thrombolysis
was used, which was performed at various time in-
tervals, due to delayed diagnosis of PE by contrast
enhanced computed tomography (CT). There is a de-
scription of a clinical case using a double intervention
[10].

According to the latest European recommenda-
tions for the diagnosis and management of patients
with acute pulmonary embolism, pulmonary angio-
graphy is indicated for elective invasive percutaneous
treatment of PE [11]. In our case, taking into account
the patient’s being in the catheter laboratory, in or-
der to minimize time loss associated with patient’s
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transportation, it was decided to perform an emergen-
cy pulmonary angiography with subsequent interven-
tion.

CONCLUSION

The given clinical example demonstrates the com-
plexity of diagnosing and treating a patient with a com-
bination of life-threatening conditions. In the presence
of initial hypotension (shock) with an impossibility to
perform immediate CT angiography, bedside echocar-
diography is a method for verifying the diagnosis of
high-risk PE, the results of which will allow to differ-
entiate PE and AMI in the shortest possible time [11].
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A rare case of a metastatic neuroendocrine tumor of the pancreas
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ABSTRACT

Aim. To study a rare sporadic case of metastatic gastrinoma associated with mutations in the MENI and 7SC2
genes in a 25-year-old male.

Materials and methods. A retrospective analysis of the history of a 25-year-old patient with sporadic gastrinoma
with a highly aggressive clinical course and high metastatic potential was performed. Sequencing of the DNA ex-
tracted from the surgical tumor biopsy was performed on the [llumina NextSeq 550 sequencer (Illumina Inc., USA)
with the mean coverage of at least 100x using the AmpliSeq target panel for [llumina Comprehensive Cancer Panel
for studying exons of 409 genes, mutations in which are associated with oncopathology.

Results. The article presents the results of complex diagnosis and treatment of metastatic gastrinoma using modern
locoregional therapy and drugs from the group of somatostatin analogues. Using next generation sequencing and
Sanger sequencing, sporadic mutations in the MENI and TSC2 genes with pronounced clinical significance were
identified in the extracted DNA.

Conclusion. The identified mutations, being the drivers of the tumor process, apparently determined the atypical
development of the presented clinical case — the sporadic Zollinger — Ellison syndrome. Complete morphological and
immunohistochemical validation of the neuroendocrine tumor before treatment determined a successful treatment
strategy, including the use of somatostatin analogues in adjuvant and neoadjuvant therapies in combination with
chemoembolization of hepatic metastases.

Key words: neuroendocrine tumor, Zollinger — Ellison syndrome, next generation sequencing, metastases.
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PE3IOME

Henb. M3yyeHne peaKoro Cropajnyeckoro ciryyas METacTaTH4eCKON raCTPUHOMBI, aCCOLMUPOBAHHON € MyTaIlH-
simu B reHax MENI u TSC2, y My>X4uHBI 25 JeT.

MatepuaJnbl 4 MeTOAbI. BbuT TpoBeieH peTPOCIEKTUBHBII aHATIM3 UCTOPUH OOJIE3HU MalMeHTa 25 JIeT ¢ Halu4u-
€M CIOPaJNUECKOH FaCTPHHOMBI C BEICOKO arpeCCHBHBIM KIIMHHYECKUM TEUEHHEM M BHICOKMM METaCTaTHIECKHM
notenmuanom. Cexsenuponanue JJHK, sxcTparnpoBanHoi 13 oneparioHHOro 6MOMNTaTa OMyXOJIH, TPOBOIMIH Ha
cexsenarope [1lumina NextSeq 550 (Illumina Inc., CIIIA) co cpeannum nmokpbitTueM He meHee 100% ¢ mpuMeHeHneM
tapretHoil manenn AmpliSeq Comprehensive Cancer Panel for [llumina mis uccnemnoBaHust 9K30HHBIX PETHOHOB
409 reHoB, MyTallud B KOTOPBIX aCCOLIMUPOBAHbI C OHKOTIATOIOTHEH.

PesyabTatsel. IlpencraBineH pe3yiabTaT KOMIUIEKCHOH AMArHOCTHKM M YCIIEIIHOIO JIEYEHUS METacTaTHYeCKOH
racTPUHOMBI C IPUMEHEHHEM COBPEMEHHBIX JIOKOPETHMOHAJIBHBIX METOJOB JICUCHUS M IpenapaToB U3 IPYIIIbI
aHaJoroB comarocraTuHa. C IMOMOUIbIO CEKBEHMPOBaHMS HOBOT'O IIOKOJICHHMS U CEKBEeHHpoBaHUs 10 CaHrepy
B skcrparupoBanHoi JIHK Obuin BeieneHsl cnopaauueckue Myranuu B reHax MENI u TSC2 ¢ BbIpaKEHHBIM
KIIMHUYECKUM 3HaYCHUEM.

3aka0ouenne. MnenTndunupoBanHble MyTaliH, SBISHICH JpaifBepaMy OIyXO0JIEBOTO IPOIEcCca, OUEBHIHO, OIpe-
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Arare case of a metastatic neuroendocrine tumor of the pancrea

INTRODUCTION

At the annual meeting of the American Surgical
Association in Philadelphia on April 29, 1955, Robert
Zollinger and Edwin Ellison were the first to present
the relationship between non-insulin-secreting tumors
of the pancreas and hypersecretion of hydrochloric
acid in the stomach. Due to the ability to produce a
large amount of gastrin, the tumor became known as

gastrinoma. Clinical manifestations of the disease are
included in the Zollinger — Ellison syndrome (ZES),
although these terms are currently used as synonyms.
It has been only 65 years since the first description of
the syndrome, but during this time, more than 3,300
articles have been published, and unique clinical data
of more than 1,000 patients have been presented. It
has been established that the annual incidence of the
disease is 1 case per 1 million population [1].
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The initial manifestations of the disease usually ap-
pear at the age of 30-60 years. The onset of manifes-
tations is associated with the tumor status — sporadic
or hereditary cancer [2]. ZES includes ectopic secre-
tion of gastrin by a neuroendocrine tumor, gastrino-
ma, primarily localized in the duodenum (60-80%)
or pancreas (10—40%). The result is hypersecretion
of hydrochloric acid and subsequent development of
gastroesophageal reflux disease and ulcer, which are
normally resistant to classical drug therapy [3].

In 30% of patients with multiple neuroendocrine
neoplasia type 1 (MENT), a pancreatic neuroendocrine
tumor (pancreatic NET) is diagnosed, and gastrinoma
in this case develops exclusively before the age of 20
and is more often localized in the duodenum [4, 5].
The treatment strategy and the outcome for sporadic
gastrinomas and gastrinomas associated with MENI
are different. Distinctive features of the latter include
their small size, multifocal growth, and high metastat-
ic potential. The main method of treatment is surgical,
but its results are still characterized by a low rate of
favorable outcomes. Signs of biochemical recurrence
are present in more than 95% of patients within 3
years after surgery [6].

It should be noted that a combination of ZES with
other hereditary syndromes is an extremely rare phe-
nomenon. The literature describes only one case of
gastrinoma in a 34-year-old man who was diagnosed
with tuberous sclerosis in childhood without a fami-
ly history of the condition. At the time of diagnosis,
multiple metastases were found in the liver, lungs,
and spine. Being inoperable, the patient died 6 months
later [7]. Early clinical manifestations and an aggres-
sive course of the disease are not typical of sporadic
gastrinomas. In this regard, the case of pancreatic gas-
trinoma without a family history of the disease with
early development of ZES and the presence of spo-
radic mutations in the MENI and TSC2 genes is of
particular interest.

CLINICAL CASE

In September 2018, patient A., 25 years old, went
to a general practitioner in the place of residence with
complaints of general weakness, dizziness, abdominal
pain in the anticardium arising after eating, and nag-
ging pain in the right hypochondrium. The performed
esophagogastroduodenofibroscopy helped to detect an
ulcerative lesion in the cardiac region of the stomach
and erosive duodenitis. Magnetic resonance imaging
(MRI) of the abdominal organs showed a neoplasm in
the tail of the pancreas (45 x 55 x 42 mm) and similar

lesions in S1 (14 x 20 mm) and S7 (16 x 16 x 10 mm)
segments of the liver (Fig. 1).

Fig. 1. MRI of the abdominal organs. Visualization of a
metastatic focus in the liver parenchyma

For further examination and treatment, patient A.
was referred to the National Medical Research Cen-
ter for Oncology (NMRCO), Rostov-on-Don (former
Rostov Research Institute of Oncology — RRIO).
The morphological study of the biopsy material from
the pancreas and liver made it possible to verify the
neuroendocrine tumor in the tail of the pancreas. Ac-
cording to the immunohistochemical study, strong
positive reactions were determined with the classical
markers of the neuroendocrine phenotype: chromo-
granin A (CgA), synaptophysin, Ki-67 = 10% (which
corresponds to a highly differentiated G2 pancreat-
ic NET, according to the classification of the World
Health Organization (2017)). In addition to the man-
datory minimum set of markers, an expanded panel
of markers to determine expression of a range of hor-
mones was used. It identified high levels of gastrin
expression. Besides, somatostatin receptors type 2A
were present in large numbers on the surface of pri-
mary cancer cells.

Therefore, according to the results of histological
and immunohistochemical studies, a functionally ac-
tive pancreatic NET — gastrinoma — with clinical pre-
sentation of ZES was verified. The diagnosis of pT-
3N1M1 (hep), stage IV neuroendocrine tumor of the
tail of the pancreas with regional lymph node and liver
metastases was established.

TREATMENT

The NMRCO board of the NMRCO board of doc-
tors recommended to carry out surgical treatment in-
cluding corporocaudal resection of the pancreas with
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splenectomy and atypical resection of the S1 and S7
segments of the liver.

As preoperative preparation, the patient was pre-
scribed lanreotide, which decreased CgA in the blood
serum from 500 to 34 nmol /1. After 1 month of taking
lanreotide, the surgery was performed. Laparotomy
visualized a tumor in the tail of the pancreas, growing
to the splenic hilum up to 1.5 cm in diameter (Fig. 2).
The tumor conglomerate included the splenic artery
and vein and was tightly adjacent to the left lateral
semicircle of the superior mesenteric and portal veins.
The splenic artery was tumor-free. Enlarged paraca-
val lymph nodes were identified. Mobilization of the
ligament of Treitz and transsection of the peritone-
um above the mesentery of the small intestine visua-
lized the superior mesenteric vein. It was dorsomedi-
al to the tumor. The surgery included corporocaudal
resection of the pancreas, splenectomy, resection of
the mesentery of the large intestine, perirenal fat, and
left adrenal gland. Atypical resection of the S1 and S7
segments of the liver was performed.

Fig. 2. Gross specimen of the tumor in the tail of the pancreas

In the postoperative period, the patient continued
to receive lanreotide, against the background of which
the progression of the disease was recorded 3 months
after the surgery: elective MRI showed a neoplasm
in the liver S7 segment, 12 x 11 x 10 mm in size
(Fig. 3).

The NMRCO board of doctors recommended to
carry out transarterial chemoembolization (TACE) of
the liver using lipiodol-cisplatin emulsion. Consider-
ing the progression of the metastatic process in the liv-
er, it was decided to add chemotherapy to the ongoing
treatment according to the GEMOX scheme.

The patient was included in the study of the genetic
profile of pancreatic NET by the method of massive-
ly parallel sequencing (next generation sequencing,

NGS). Sequencing of DNA extracted from the surgi-
cal biopsy of the tumor was performed on the [llumina
NextSeq 550 sequencer (Illumina Inc., USA) with an
average coverage of at least 100 X using the AmpliS-
eq ™ target panel for [llumina Comprehensive Cancer
Panel ® to study exon regions of 409 genes, mutations
in which are associated with oncopathology. Analy-
tical sensitivity for mutation detection was 5%. The
pathogenicity of the identified nucleotide substitutions
was assessed according to the recommendations of the
American College of Medical Genetics and Genom-
ics (ACMG) and Association of Molecular Pathology
(AMP )[8].

Fig. 3. MRI of the abdominal organs 3 months after the

corporoduodenal resection of the pancreas and atypical liver

resection with signs of the disease progression in the liver S7
segment

In the studied DNA sample, 1,041 variants of nu-
cleotide sequences were found, two of which, in the
MENI and TSC?2 genes, were identified as pathogen-
ic mutations with strong clinical significance accor-
ding to the ACMG and AMP classification (Fig. 5). A
frameshift mutation in the MENI gene at ¢.248delT
(p.Leu83ArgfsTer36) was described in the stu-
dies on pancreatic tumors [9, 10]. The detected vari-
ant was represented by a mosaic form (variant allele
frequency (VAF) was 12.6%). The mutation ¢.337-
1G>A (rs45517105), presented in the mosaic form
(VAF =7.6%) and associated with tuberous sclerosis,
was found at the 3° acceptor splice site of intron 4 of
the 7SC2 gene [11].

The identified pathogenic mutations were subse-
quently verified by direct Sanger sequencing. Their
presence in the tumor and their absence in the blood
leukocytes were confirmed. Thus, the diagnosis of
sporadic gastrinoma with ZES was confirmed. Cur-
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rently, the patient is under medical supervision with
no signs of disease progression.

CONCLUSION

The presented case of sporadic gastrinoma is of
high scientific value. The rarity of this type of neuro-
endocrine pancreatic tumor is combined here with its
high malignant and metastatic potential and develop-
ment of a complete clinical picture of ZES against the
background of a fairly young age of the patient. Early
development of gastrinoma is usually associated with
the presence of hereditary syndromes, the manifesta-
tions of which were absent in the patient. However,
using NGS and direct Sanger sequencing, sporadic
mutations in the MENI and TSC?2 genes with a strong
clinical significance were detected, typically associa-
ted with development of multiple endocrine neoplasia
type 1 (MENI) and tuberous sclerosis, respectively.
Obviously, the combination of two pathogenic muta-
tions predetermined high aggressiveness of the dis-
ease.

Emerging new methods of locoregional therapy
for hepatic metastases in NET, such as TACE, made
it possible to select a personalized treatment strategy
and exclude its aggressive impact on the entire liver
parenchyma. High efficiency of this method is proven
by the absence of disease progression in the described
patient within 16 months of follow-up after TACE.
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Cephalalgia against the background of systemic mastocytosis: a clinical case
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ABSTRACT

The article presents a clinical case of comorbid pathology — development of migraine against the background
of systemic mastocytosis. The classification and clinical manifestations of systemic mastocytosis, a rare blood
disease, are given.

This clinical case illustrates an example of excessive mast cell degranulation (with the release of proinflammatory
and vasodilating agents as a result of mast cell pathology). In this regard, in addition to the pathogen-specific
therapy for systemic mastocytosis (including prevention of mast cell degranulation), it seems important to describe
the effectiveness and the possibility of prescribing preventive and emergency therapy for migraine against the
background of the underlying hematological disease — systemic mastocytosis.

Treatment of cephalalgia in patients with mastocytosis is a complex clinical task, in the solution of which it is
necessary to take into account serious limitations in prescription of acetylsalicylic acid and other non-steroidal
anti-inflammatory drugs.

Key words: cephalalgia, migraine, aura, mast cells, systemic mastocytosis.
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PE3IOME

HpI/IBe,IIeH KIUHAYECKUH cnyqaﬁ KOMOp6I/IﬂH0ﬁ NaTOJIOTUU — Pa3BUTHUA MUT'PEHHU Ha q)OHe CHCTCMHOI'O MacCTOIIu-
TO3a. HpHBOIIﬂTCSI Knaccn(pm(aum{, KIIMHUYICCKHUE MPOSABICHNUA CUCTEMHOTO MaCTOIIUTO3a — PEAKOI'O KIIOHAJIbHOT'O
3a00J1€BaHUs KpOBHU.

JlaHHBIH KITMHUYECKUH ClTydaii WIUTIOCTpUPYeT NpHMep H30BITOYHON JIerpaHy ISIUK TyYHBIX KIETOK (C BBIACICHH-
€M MPOBOCIIANIUTENBHBIX U Ba30AMIaTUPYIOIINX areHTOB B pe3yJIbTaTe MaTOJIOTHMH MacTOIUTOB). B cBsi3u ¢ aTnM,
MIOMHMO TTaTOr€HETHYECKON Teparii CHCTEMHOI'0 MacTOIMTO3a (BKIIOYAIOIIEH NMPOQHIAKTHKY eTpaHyISsIIH
TYYHBIX KJIETOK), HaM IIPEACTABISETCS TAKXKe BAKHBIM OTPa3UTh 3P(HEKTHBHOCTh ¥ BO3MOXKHOCTh HAa3HAYECHUS
Npo(UIIAKTHYECKOH W AKCTPEHHON TepallMy MHUTPEHH Ha ()OHE OCHOBHOI'O I'eéMaTOJOTHYECKOro 3a0oJeBaHMs —
CHCTEMHOTO0 MaCTOLINTO34.

Tepanust ro10BHON 00NN y MAIIMEHTOB ¢ MACTOLIUTO30M IPEACTABISIET COOOH CIOKHYIO KIMHUYECKYIO 331auy, B
pelIeHrH KOTOpOoi HEOOXOMMO YUHUTHIBATH CEPhE3HbIC OIPAHMYCHHS B HA3HAUCHUH al[CTHIICAIUIIMIOBOH KHUCIIO-
ThI U IPyTUX HECTEPOUAHBIX IPOTUBOBOCIATIUTENILHBIX IPEMapaToB.

KuioueBblie cjioBa: 1ieairuuecKuii CHHIAPOM, MUTPEHb, aypa, TYUYHbIC KJIETKH, CHCTEMHbIH MaCTOLIUTO3.

KoHpauKT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIbHBIX KOH(IIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOSIEeH CTaThU.

Hcrounuk ¢puHAHCHPOBaHUSA. ABTOPBI 3asBJIAIOT 00 OTCYTCTBMU (MHAHCHPOBAHMS IPH NPOBEACHUH MCCIIENIO-
BaHUSL.

CooTBeTcTBHE NPUHIIMNAM dTHKH. J[J1s TyOIUKAIMN TAHHOTO KIMHIHYECKOTO CITydasi ObUIO MOTYYEeHO ITHChMEH-
Hoe coruacue nanueHTa. MceiaenoBanme o100peHO JOKaIbHBIM 3THIECKAM KOMUTETOM (Tipotokon Ne 11-3/19 ot
20.11.2019).

Jns nurupoBanusi: Kysuenosa [1.1., Tanamsa M.M., Menuksu A.JI., Cybopresa U.H., Packypaxes A.A. Ile-
(anruyeckuii cuHApPOM Ha (POHE CHCTEMHOr0 MacToLuTo3a. Kinuuueckuii ciyqail. bromemens cubupckoii meou-

Cephalalgia against the background of systemic mastocytosis: a clinical case

yunwl. 2021; 20 (2): 239-244. https://doi.org/10.20538/1682-0363-2021-2-239-244.

INTRODUCTION

Cephalgic syndrome often accompanies the
course of various pathological processes. The al-
gorithm for examining a patient with headache (ac-
cording to regional and international clinical guide-
lines) consists of anamnesis, clinical presentation,
instrumental examination, and exclusion of secon-
dary causes of headache. It is especially important
to exclude these causes when alarming signs appear
— markers indicating the need for additional exam-
ination. Such alarming signs include the first onset of
headache after 50 years and thunder-like headache,
progressively worsening and atypical for the patient,
if accompanied by neurological symptoms and signs
of intracranial hypertension [1-3].

Cephalalgia is often associated with giant cell
arteritis, transient ischemic attacks, stroke, brain tu-
mors, venous sinus thrombosis, subarachnoid hemor-
rhage, epilepsy, mitochondrial encephalomyopathy,

lactic acidosis, and stroke-like episodes (MELAS),
cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy (CADA-
CIL), cervical artery dissection, cervicalgia, and oth-
er diseases [2].

This article presents our own experience in trea-
ting cephalalgia in a patient with a verified diag-
nosis of mastocytosis. Mastocytosis is a rare blood
disease that involves proliferation of mast cells
(MCs) [4]. MCs were first described in 1863 by
Frederick Recklinghausen (1833—-1910) [5]; they
play an important role not only in allergic reactions,
but also in the immune response. The prerequisite
for mastocytosis development is appearance of
clonal MCs with a D816V mutation in the c-KIT
gene. The product of this gene is transmembrane ty-
rosine kinase receptor CD117 for mast cell growth
factor, and disturbances of the receptor appara-
tus lead to tumor transformation and inhibition of
apoptosis.
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The disease occurs among adults and children
and is characterized by growth, activation, and ac-
cumulation of MCs in various organs and tissues
of the body. With excessive accumulation of MCs
in the skin (the so-called cutaneous mastocytosis),
patients can be diagnosed with atopic dermatitis for
many years under the supervision of dermatologists
and allergists [6]. Another variant of the course is
accumulation of MCs in other areas (skeletal system,
gastrointestinal tract, liver, spleen, central nervous
system), which is typical of systemic mastocytosis.
According to the 2016 World Health Organization
(WHO) criteria, mastocytosis can be divided into
several subtypes: cutaneous mastocytosis, indo-
lent (sluggish) systemic mastocytosis, smoldering
systemic mastocytosis, systemic mastocytosis with
associated hematological non-mast cell disease, ag-
gressive systemic mastocytosis, mast cell leukemia,
and mast cell sarcoma.

The cutaneous form of mastocytosis in children in
80% of cases independently regresses after puberty
without any specific treatment. The aim of this article
was not to discuss in detail the criteria for establi-
shing the diagnosis of systemic mastocytosis. We
only note that there are major criteria (multifocal
dense infiltrates consisting of MCs (> 15 in the aggre-
gate) and determined in a biopsy sample of the bone
marrow and (or) other organs) and minor criteria (in
biopsies of the bone marrow or other organs, > 25%
of MCs located in the infiltrate are spindle-shaped or
have atypical morphology, or > 25% of all MCs ob-
tained from bone marrow aspirate smears are imma-
ture or atypical; D816V mutation of the c-KIT gene,
mast cells in the bone marrow or organs express CD2
and / or CD25, serum tryptase levels are higher than
20 pg / 1). The diagnosis is valid in the presence of
one major and one minor or three minor criteria [7].

Typical symptoms of mastocytosis include urti-
caria, pruritus, rhinorrhea, nausea, dyspepsia, and
nonspecific manifestations in the pulmonary sys-
tem (wheezing, shortness of breath). In the nervous
system, the most frequent manifestation of systemic
mastocytosis is headache [8, 9]. Highly variable cli-
nical presentation is due to paroxysmal degranula-
tion of MCs in the tissue or in the systemic circula-
tion, resulting in rhinorrhea, itching, syncope, diar-
rhea, and cephalalgia.

There is a sufficient number of studies descri-
bing the relationship between development of mi-

graine in patients and pathology of MCs; hence,
correction of cephalalgia remains the most impor-
tant aspect in the treatment of patients with masto-
cytosis [10].

The role of MCs in the pathophysiology of mi-
graine is widely discussed [11]. Peptides, such
as calcitonin gene-related peptide, chemokine A,
neurotensin, pituitary adenylate cyclase-activating
peptide, and substance P, activate MCs, releasing
vasoactive and proinflammatory mediators, which
ultimately lead to the development of cephalalgia.
In response to the effect of corticotropin-releasing
hormone, MCs secrete proinflammatory and vaso-
dilator molecules (interleukin-6 (IL-6), vascular en-
dothelial growth factor (VEGF), nitric oxide (NO),
histamine). Such a pathological chain develops as
a result of stress factors, playing an important role
in the development of migraine attacks. It is known
that vasodilation of extracerebral vessels and cortical
spreading depression are also involved in the patho-
genesis of migraine, which explains some of the aura
symptoms [12].

The Mayo Clinic conducted a retrospective study
on the association between headache and MC acti-
vity. It included 64 patients with an established diag-
nosis of systemic mastocytosis (7), of which cepha-
lalgia was observed in 36 patients (56.2%). Of these,
21 patients were carriers of the D816V mutation in
the c-KIT gene (28 people were examined), hea-
dache was determined according to the Internation-
al Headache Criteria [13]. In patients suffering from
migraine and other types of headache in the clinical
presentation, the following symptoms were noted
(during the attack): redness, local fever, heaviness
in the chest, abdominal pain. This symptom complex
allowed the authors of the study to suggest an asso-
ciation between activation of mast cells and deve-
lopment of cephalalgia. In this work, the authors also
noted a five-fold increase in the prevalence of aura
symptoms in comparison with the general popula-
tion [14].

Treatment of patients with mastocytosis presents
certain difficulties, since a sufficiently large number
of drugs can be triggers of mast cell activation (in-
cluding development of anaphylactic shock); there-
fore, their use is limited in this cohort of patients.
These drugs include (among others) non-steroidal
anti-inflammatory drugs, antibiotics (vancomycin,
polymyxin), and vitamin B1 (thiamine).
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CLINICAL CASE

Patient R., 45 years old, had an appointment with
a neurologist at the Research Center of Neurology
with complaints of headache attacks, mainly in the
right side of the head, lasting from several hours to
2-3 days. Before the attack, the patient noted (not
always) zigzagging lines, sometimes bright flashes
before the eyes. Headache attacks were often trig-
gered by drinking wine. The frequency of attacks
varied from 1-2 times a month to 2-3 times a week,
depending on the season (more often, in winter). To
relieve these symptoms, the patient took metamizole
sodium and triptans (no effect). Upon additional
questioning, it turned out that triptans were taken
during a full-blown painful attack (which may ex-
plain their ineffectiveness).

From the anamnesis, it is known that since 1998,
the patient has been observed by dermatologists for
cutaneous mastocytosis. In 2013, she went to the Re-
search Center of Hematology, where an examination
was carried out. A skin biopsy was performed. In the
skin biopsy, the morphological pattern and immuno-
phenotype (in the upper layers of the dermis, elon-
gated cells expressed CD117, CD25, and Tryptase)
corresponded to the diagnosis of mastocytosis.

A molecular genetic study of peripheral blood re-
vealed a D816V mutation in the c-KIT gene. Serum
tryptase level was 16.9 pg / ml (reference value is
less than 11 pg / 1). During the histological exam-
ination of the trepanobioptate, no data for the dam-
age to the bone marrow were obtained. According
to the ultrasound data, the sizes of the liver, spleen,
and lymph nodes were within normal values. Com-
plete blood test parameters were within normal val-
ues (hemoglobin — 141 g/ 1; erythrocytes — 4.63 10"
/1; platelets — 235 x 10°/ 1; leukocytes — 8.63 x 10°
/'1). Coagulogram revealed normal coagulation (ac-
tivated partial thromboplastin time (APTT) — 25.3
sec; prothrombin index according to Quick — 92%j;
fibrinogen — 3.3 g / 1); platelet aggregation with ad-
enosine diphosphate (ADP) — 73%; with ristomycin
— 86%; with collagen — 84%. The patient received
symptomatic therapy: sodium cromoglycate, ketoti-
fen — in case of itching. During the observation pe-
riod, the patient noted the appearance of new macu-
lopapular rash of red and brown color on the skin of
the thighs, legs, hands, and neck. Darier’s sign was
positive. Headache was the predominant symptom in
the clinical presentation.

Due to the appearance of complaints of headaches
and the predominance of cephalalgia in the clinical
presentation, it was recommended to contact the Re-
search Center of Neurology. The general somatic
status included a reduced body mass index (17 kg /
m?), a tendency to arterial hypotension (BP of 100 /
60 mm Hg), and heart rate of 59 beats per minute).

In the neurological status: conscious, correctly
oriented in place, time and self. Emotional back-
ground: somewhat emotionally labile. There were
no meningeal symptoms. Cranial nerves were intact.
No paresis was detected, tendon and periosteal refle-
xes were lively and symmetric. There were no clear
sensitivity disorders. There were no pathological py-
ramidal signs. The finger-nose test was performed
with discoordination on both sides. Slight staggering
during the Romberg test was observed. Subjective
headache assessment on the Visual Analogue Scale
(VAS) — 7 points.

Findings of instrumental and laboratory research
methods. Magnetic resonance imaging (MRI) of the
brain: a single focal lesion of vascular origin in the
right frontal region was determined (migraine fo-
cus?); the rest of the departments were without pa-
thology. Electroencephalography (EEG) revealed
nonspecific signs of dysfunction of the brain bio-
electrical activity and dysfunction of diencephalon
structures. Duplex ultrasound of the main arteries of
the head revealed no pathology.

Complete blood count and biochemistry within
normal limits; the coagulogram showed normal co-
agulation. According to the data of platelet aggrega-
tion, an increase in their aggregation properties was
noted: with ADP — 50 (37-43)%; with adrenaline —
48 (40-46)%.

Taking into account the clinical manifestations
and the data of instrumental research methods, the
diagnosis of migraine with aura was established. It
was decided to prescribe tricyclic antidepressants in
therapeutic doses (amitriptyline, 50 mg/ day). As the
background therapy, we did not prescribe calcium
and beta-blockers (taking into account the tenden-
cy to hypotension and bradycardia), so we selected a
caffeine-containing combination drug which also has
antiplatelet properties.

Prescription of acetylsalicylic acid for mastocy-
tosis is unacceptable due high risk of anaphylaxis.
In addition, we recommended to take triptans to stop
seizures (with a need to take it in the first minutes of
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Clinical cases

an attack or during aura symptoms). After 3 weeks,
a positive trend was noted in the form of a decrease
in the frequency and intensity of attacks. During
the follow-up, a single attack was noted. A repeat-
ed blood test (after 3 weeks) of platelet aggregation
with adrenaline and ADP showed a significant de-
crease in the aggregation properties of the latter (34
and 38%, respectively), which indicates an import-
ant contribution of antiplatelet therapy to prevention
of cephalalgia.

CONCLUSION

An important aspect of neurological practice is
management of comorbid patients with cephalalgia.
One of the main aspects in treatment of headaches
(as well as the underlying disease) against the back-
ground of mastocytosis is preventing activation of
mast cells (degranulation of cytoplasmic compart-
ments with release of histamine, prostaglandins, in-
terleukins, etc.), which lead to variable clinical pre-
sentation, including the development of a migraine
attack. Patients should avoid overheating (baths,
saunas) and sun exposure and follow a strict diet
that excludes seafood (especially shrimps, lobsters,
crabs, caviar), alcohol, chocolate, tyramine-con-
taining foods (cheeses, nuts, cereals, legumes), and
canned food. Such restrictions are also effective in
preventing the frequency of migraine attacks [15].

REFERENCES

1. Steiner T.J., Paemeleire K., Jensen R., Valade D.,
Savi L., Lainez M., Diener G., Martelletti P. Europe-
an principles of management of common headache
disorders in primary care. J. Headache Pain. 2007; 8 (1):
S3-47. DOI: 10.1007/s10194-007-0366-y.

2. Osipova V.V, Filatova E.G., Artemenko A.R.,. Lebede-
va E.R., Azimova Yu.E., Latysheva N.V., Sergeev A.V.,
Amelin A.V., Koreshkina M.I., Skorobogatykh K.V.,
Ekusheva E.V., Naprienko M.A. V., Isagulyan E.D.,
Rachin A.P., Danilov AlB., Kurushina O.V., Parfe-
nov V.A., Tabeeva G.R., Gekht A.B., Yakhno N.N. Di-
agnostics and treatment of migraine: recommendations
of Russian experts. Journal of Neurology and Psychia-
try named after S.S. Korsakov. 2017; 117 (1): 28-42 (in
Russ.). DOIL: 10.17116/jnevro20171171228-42.

3. Osipova V.V., Azimova Yu.E., Tabeeva G.R., Taraso-
va S.A., Amelin A. V., Kutsemelov I.V., Moldovanu 1.V,
Odobescu S.S., Naumova G.I. Diagnostics of headaches
in Russia and the countries of the post-Soviet space: the

bionneteHb cMbupcko meanumHbl. 2021; 20 (2): 239-244

10.

11.

12.

13.

14.

15.

. Recklinghausen F von.

state of the problem and ways to solve it. Annals of Clin-
ical and Experimental Neurology.2012; 6 (2): 16-21 (in
Russ.).

. Akin C., Metcalfe D.D. Systemic mastocytosis. Annu.

Rev. Med. 2004; 55 (1): 419-432. DOI: 10.1146/an-
nurev.med.55.091902.103822.

Uber Eiter und Binde-
gewebskorperchen. Virchows Arch. Pathol. Anat. Physi-
ol. Klin. Med. 1863; (28): 157-197.

. Castells M., Austen K.F. Mastocytosis: mediator-related

signs and symptoms. Int. Arch. Allergy Immunol. 2002;
127 (2): 147-152. DOL: 10.1159/000048188.

. Valent P., Akin C., Metcalfe D.D. Mastocytosis: 2016

updated WHO classification and novel emerging treat-
ment concepts. Blood. 2017; 129 (11): 1420-7. DOI:
10.1182/blood-2016-09-731893.

. Scully R.E., Mark E.J., McNeely W.F., Ebeling S.H.,

Phillips L.D. Case records of the Massachusetts Gen-
eral Hospital. Weekly clinicopathological exercis-
es. Case 20-1997. A 74-year-old man with progres-
sive cough, dyspnea, and pleural thickening. N. Engl.
J. Med. 1997; 336 (26): 1895-1903. DOI: 10.1056/
NEIM199706263362608.

. Georgin-Lavialle S., Gaillard R., Moura D., Hermine O.

Mastocytosis in adulthood and neuropsychiatric disor-
ders. Transl. Res.2016; 174: 77-85.e1. DOI: 10.1016/j.
trsl.2016.03.013.

Hermine O., Lortholary O., Leventhal P.S., Catteau A.,
Soppelsa F., Baude C., Lortholary O., Leventhal P.S.,
Catteau A., Soppelsa F., Cohen-Akenine A., Palméri-
ni F.,Hanssens K., Yang Y., Sobol H., Fraytag S., Ghez
D. et al. Case-control cohort study of patients’ percep-
tions of disability in mastocytosis. PLoS One. 2008; 3
(5): €2266. DOI: 10.1371/journal.pone.0002266.
Theoharides T.C., Donelan J., Kandere-Grzybowska
K., Konstantinidou A. The role of mast cells in mi-
graine pathophysiology. Brain Res. Rev. 2005; 49 (1):
65—76. DOI: 10.1016/j.brainresrev.2004.11.006.
Spierings E.L.H. Pathogenesis of the migraine at-
tack. Clin. J. Pain. 2003; 19 (4): 255-262. DOL
10.1097/00002508-200307000-000009.

The International classification of headache disor-
ders; 2nd ed. Cephalalgia. 2004; 24 (1): 9-160. DOI:
10.1111/j.1468-2982.2003.00824 .

Smith J.H., Butterfield J.H., Cutrer F.M. Prima-
ry headache syndromes in systemic mastocyto-
sis. Cephalalgia. 2011; 31 (15): 1522-1531. DOI:
10.1177/0333102411421683.

Melikian A.L., Subortseva I.N., Goriacheva S.R., Ko-
losheinova T.I., Vakhrusheva M.V., Kovrigina A.M.
et al. Mastocytosis. Review of the literature and de-
scription of clinical cases. Ter. Arkh. 2014; 86 (12):
127-134. DOI: 10.17116/terarkh20148612127-134.

243



Kuznetsova P.l., Tanashyan M.M., Melikyan A.L. et al. ~Cephalalgia against the background of systemic mastocytosis: a clinical case

Authors information

Kuznetsova Polina L., Cand. Sci. (Med.), Researcher, 1st Neurological Department, Research Center of Neurology, Moscow, Russian
Federation. ORCID 0000-0002-4626-6520.

Tanashyan Marine M., Dr. Sci. (Med.), Professor, Corresponding Member of RAS, Deputy Director for Research, Head of the 1st
Neurological Department, Research Center of Neurology, Moscow, Russian Federation. ORCID 0000-0002-5883-8119.

Melikyan Anahit L., Dr. Sci. (Med), Head of the Department of Treatment Standardization, National Research Center for Hematology,
Moscow, Russian Federation. ORCID 0000-0002-2119-3775.

Subortseva Irina N., Cand. Sci. (Med.), Senior Researcher, Department of Treatment Standardization, National Research Center for
Hematology, Moscow, Russian Federation. ORCID 0000-0001-9045-8653.

Raskurazhev Anton A., Cand. Sci. (Med.), Researcher, 1st Neurological Department, Research Center of Neurology, Moscow,
Russian Federation. ORCID 0000-0003-0522-767X.

(4) Kuznetsova Polina I., e-mail: kuznetsova@neurology.ru.

Received 02.06.2020
Accepted 28.12.2020

244 Bulletin of Siberian Medicine. 2021; 20 (2): 239-244



JUBILEE

23\

The 80™ birthday of Academician Leonid Barbarash

Dedicated to the 80™ birthday of Academician Leonid Barbarash, the founder of Kuzbass Cardiology
Center (Kemerovo) and Research Institute for Complex Issues of Cardiovascular Diseases.

Leonid S. Barbarash (born June 22, 1941) — Dr.
Sci. (Med.), Professor, Academician of the Rus-
sian Academy of Sciences, Honored Doctor of the
Russian Federation, a top-class cardiac surgeon, the
founder of Kuzbass Cardiology Center (Kemerovo),
a teacher, a scientist, and a director. The diversity
of his knowledge and areas of research became the
basis for progressive development of cardiology and
cardiac surgery in Kuzbass. The principle of orga-
nization of the center that combines several clinical
and research areas has proven its viability and effec-
tiveness.

Thanks to the organizational talent of Leonid
Barbarash, Kuzbass developed a unique and inno-
vative closed model of medical care delivery for

patients with circulatory system diseases, which en-
compasses all levels of medical care delivery (from
outpatient and inpatient care to high-tech medical
care and rehabilitation) with a unified approach to
strategic management. His outstanding qualities of
a scientist, specialist, and professor helped to build a
team of highly qualified doctors, scientists, cardiol-
ogists, cardiac surgeons, anesthetists and resuscita-
tors, specialists in functional diagnostics, engineers,
chemists, mathematicians, and biologists.

In 1987, Leonid Barbarash was the first surgeon
behind the Urals to perform aortic valve replacement
with combined coronary bypass grafting, followed
by the first ascending aortic aneurysm surgery. He
streamlined provision of high-tech medical care for
patients with circulatory system diseases. For the
first time in the world, Leonid Barbarash and his
students developed and introduced to the market a
fundamentally new generation of epoxy-treated bi-
oprostheses, later implementing them into clinical
practice. Research in the field of bioprosthetic heart
valves resulted in establishing NeoKor closed joint-
stock company in 1987. Under the leadership of
Leonid Barbarash, the Laboratory of Reconstructive
Cardiovascular Surgery was established in 2001,
which was transformed into Research Institute for
Complex Issues of Cardiovascular Diseases in 2009.

Leonid Barbarash has received many honorary
awards and titles for his outstanding contribution to
healthcare. The European Association for Cardio-
thoracic Surgeons awarded the team led by Leonid
Barbarash the C. Walton Lillehei Award in 1997. In
2004, Leonid Barbarash was given the A.N. Baku-
lev Award for establishment of the cardiac surgery
center and personal contribution to the development
of bioprosthetic heart valves. Moreover, he received
the 2001 Russian Federation National Award in Sci-
ence and Technology.

In 2005, Leonid Barbarash was awarded the
“Prizvanie” (Vocation) National Award of the
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Ministry of Healthcare and Social Development of
the Russian Federation for his contribution to the
development of bioprosthetic heart valves and car-
diovascular surgery. In 2007, he received the same
award in the nomination “For developing a new
method of treatment” for developing unique domes-
tic bioprosthetic heart valves and a special method of
their preservation.

In 2007, Leonid Barbarash was awarded the Order
of Honor. In 2019, he was awarded the title “Honor-
ary Worker of Science and Technology of the Rus-
sian Federation”. Moreover, Academician Barbarash

was awarded the titles “Hero of Kuzbass” (2013) and
“Honorary Citizen of the Kemerovo Region” (2006).

For more than 45 years, Academician Leonid
Barbarash has been passing on his knowledge to stu-
dents, clinical residents, postgraduates, and young
practitioners. Leonid Barbarash is the author of more
than 700 scientific papers, including 15 monographs
and books, as well as more than 70 inventions and
utility models. Under his leadership, 14 doctoral and
30 candidate theses have been defended.

Dear Leonid S. Barbarash,
happy 80" birthday!
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HAYYHO-NMPAKTUYECKUE KOHOEPEHLIUUN CUBIMY B 2021 r.
Bcepoccmiickaa HayuyHO-NpakTuyeckasa KoHpepeHuua

TUMNOBLIE NATO/IOTMYECKUE NMPOLECCHI:
COBPEMEHHbIE TPEHAbI B HAYKE

MNoceAweHa 130-neTuio cTapeniueint B asmaTckom Yactu Poccum
Kadenpbl natopusnonorum UmnepaTopckoro (rocyaapcrBeHHOro)
TomcKkoro yHuBepcuTeTa — TOMCKOro MeAuLMHCKOrO MHCTUTYTa —

Cnbupckoro rocyaapcTBEHHOIO MeaULMHCKOro YHUBEpCUTEeTa
1 75-neTuio co AHA POXKOEHMA 3aCNYKEeHHOro aeatens Hayku PO,

akagemuka PAH Bayecnasa Buktoposuya HoBUUKOrO.

MEPONPUATUA B PAMKAX KOH®EPEHLIMA
BbICTYNNEHMA BblAAOLMXCA POCCUNCKMUX YHEHbIX C aKaAeMUYECKUMMN IEKLUAMMU;
NAEHapHbIE U YCTHbIE AOKNaAbl YYEHbIX — BEAYLLMX CNEUnanncToB B 061acTn natono-
rMKn 1 NaTonorudeckom Gpusnonoruu;
obcykaeHue HOBble NOAXOAOB B npenofasaHuu NaTtoPpUsMONOrMKU B POCCUINCKUX
BY3aX M MHHOBALMIA B BbiCLeM 0bpa3oBaHuy;
MY3EeM1HbIN Yac 06 NCTOPUKN HayYHO-MEeANLMUHCKUX WKon CubIrMY.

Bpemsa npoBeaeHus: 7-8 centabpna 2021 r.
Mecto nposegeHusa: Cublrmy, r. Tomck, MocKoBCKuUiA TpakKT, 2..
e-mail: kaf.pat.fiziolog@ssmu.ru

UHdopmaLma o 4oCTyne K OHNaWH-TPAHCAALUU MEPONPUATUIA KOHbEpPEeH LMK
byaeTt pasmewleHa 15 asrycrta 2021 r. Ha caiite CubrMy
Ha CcTpaHuLLe Kadeapbl NaToGMU3NONOIUK MO CChINKE
https://www.ssmu.ru/ru/obrazovanie/departments/patfiz/

MepcoHanbHasa nHbopmaLMa 0 JOCTYNe Ha NAOWAAKY NpoBeaeHUA KoHbepeHuuu
ANA yAANeHHbIX NQYETHbIX rOCTei U Y4aCTHUKOB C OHNIAWH-A0KN3A3aMM
GyAeT pasocnaHa JONONHUTENBHO.




HAYYHO-NMPAKTUYECKUE KOHOEPEHU W CUBIMY B 2021 r.
MexxayHapoaHas Hay4YHO-TpaKTu4YecKkasa KoHdpepeHUuuA

. PASPABOTKA JIEKAPCTBEHHDbIX CPEACTB -
.. TPAAUUUNU U NEPCMNEKTUBDI

MoceALEeHa 3HaKoBbIM AaTamM B UCTOPUU pa3suTus seayliein B Cubupu
WwKoAbl papmaLeBTUYecKoro 06paszoBaHna n HayKu:

100 net co AHA poXKAeHWA Bblaatouieroca Gapmakosora, AOKTOpa MeANLMUHCKUX
Hayk, npodeccopa Anbbeprta Camoitnosuya CapaTtMKoBa;

100 net co gHA poXKAeHUA u3secTtHoro botaHmMka n papmarkorHocra, AoktTopa buono-
rmyeckmx Hayk, npodeccopa Tamapb! MasnosHbl bepe3osckoi;

80 net dapmaueBTUYECKOMY PaKynbTeTy;

75 net co gHA poxaeHus gexkaHa dpapmauestuydeckoro pakynbreta CublrMY, noktopa
bapmauesTuyeckux Hayk, npodeccopa CrenaHa EsreHbesnya AMUTPYKa, BHECLIero
3HaYUTENIbHbIW BKNa4 B pa3eutue GpapmauesTnyeckoro obpasosaHus.

HAYYHBIE HAMPABJIEHUA KOH®EPEHLIAW
* GapmaueBTuyeckas paspaboTka.
 [pupoaHble coeanHEHUA — UCTOYHUK HOBbIX IEKAPCTBEHHBIX CPEACTB.
* AKTYaNbHble BOMPOCHI 3KCNEPUMEHTANBHON U KAMHUYECKOM dapmaKkonornu.

K y4actuio npurnaluaorca CTyaeHTbl, aCNMpaHTbl U Monoabie y4yeHble
POCCUMUCKUX U 3apyBeXxHbIX BY30B U aKafeMUYECKUX UHCTUTYTOB.
Bpems nposegenun: 13—16 ceHtabpa 2021 .

Mecto nposegeHus: CublrMy, r. Tomck, MOCKOBCKWIA TPaKT, 2.
KoHdepeHuua byger akkpeauTtosaHa B cucteme HM®PO.

Caiir: conf.ssmu.ru/ddtp

Bcepoccuiickana Hay4yHo-npaKkTuyeckas KoHdpepeHuna
UHHOBALIMOHHbIE TEXHOJIOTUU

“ B O®TAZIbMO/IOTUN

MoceaweHa 130-netuto kadenpsl opranbMmonornm
CubupcKoro rocyaapcTBEHHOTO MEAULMHCKOrO YHUBEpCUTeTa

Bpemsa npoBegenusa: 16—-17 ceHrabpa 2021 r.
Mecto npoBegeHusa: CubIrMY, r. Tomck, MOCKOBCKWIA TPaKT, 2.
KoHdepeHuma npoBoguTca nog arugon O6uiectea odranbmonoroe Poccum.

HAYYHbIE HAMPAB/TEHWUA KOH®EPEHLINU
* dyHOaMeHTaNbHble uccneaoBaHma B opTanbMONOTUMN.
* CoBpeMeHHbIe MPUHLMMbI AUarHOCTUKK B OPTaIbMONOTUN.
* AKTya/ibHble TEHAEHL MKW Ne4YeHUA NaTo/10rMn opraHa 3peHuns.

KoHdepeHuuna 6yper akkpegurtosaHa B cucreme HM®O.
e-mail: Confophthalm2021@mail.ru




