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Patterns of changes in immune and hormonal regulation in hand-arm
vibration syndrome and sensorineural hearing loss

Bodienkova G.M."?, Kurchevenko S.l."

! East-Siberian Institute of Medical and Ecological Research
3, 124 Microdistrict, Angarsk, 665827, Russian Federation

? Irkutsk National Research Technical University
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ABSTRACT

The aim of the research was to identify changes in immune and hormonal regulation in patients with hand-arm
vibration syndrome and sensorineural hearing loss to substantiate informative biomarkers.

Materials and methods. Men with occupational injury induced by exposure to vibration and noise were examined.
The first group included 26 people diagnosed with stage 1 and 2 hand-arm vibration syndrome. The second group
consisted of 38 patients diagnosed with sensorineural hearing loss. Serum levels of cortisol, dehydroepiandros-
terone sulfate, prolactin, free triiodothyronine (T,), free thyroxine (T,), thyroid-stimulating hormone (TSH), and
interleukins IL-1p, IL-8, IL-10 were determined by enzyme-linked immunosorbent assay.

Results. The results of the study revealed the peculiarities in the immune and hormonal regulation in hand-arm
vibration syndrome and sensorineural hearing loss. More pronounced changes were observed in sensorineural
hearing loss. A common pattern in patients with hand-arm vibration syndrome and sensorineural hearing loss
was an increase in cortisol, prolactin and IL-8 and a decrease in free T, and IL-1p. Differences in the identified
changes in the immune and hormonal status were characterized by increased TSH production in the first group, and
increased free T, production and decreased IL-10 in the second group. In hand-arm vibration syndrome, high levels
of cortisol were accompanied by a decrease in the IL-1p and IL-10 concentrations. In sensorineural hearing loss, an
increase in the prolactin concentration was accompanied by increased production of IL-8.

Conclusions. The identified features of immune and hormonal relations may be induced by the intensity of cortisol
and prolactin production under the effects of various physical factors. Persistent high levels of cortisol and prolactin
in the examined patients are important pathogenetically significant factors in the development of the disease. New
laboratory indicators (IL-4, prolactin, free T,) for additional diagnosis of occupational sensorineural hearing loss
were identified.

Key words: hand-arm vibration syndrome, sensorineural hearing loss, hormonal status, cytokines, diagnostic
markers.
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3aKOHOMEPHOCTU USMEHEHUA UMMYHO-FTOPMOHa/IbHOM peryaaumm
npu BMbpayMoHHOM 60/1€3HU U HEMPOCEHCOPHOM TYrOyXOCTH

BboauenkoBa I.M."?, KypueBeHko C.I.’

I Bocmouno-Cubupckuil uHcmumyn mMeouKko-3Kk0a02U4eCKUX UCCIe008aHUlL
Poccus, 665827, Upkymckas obracmy, e. Aneapck, muxpopaiion 124, 3

2 Upkymckuil HAYUOHAAbHBIIL UCCIeO08AMENbCKUTL MEXHUYECKUT YHUBEPCUMEen
Poccus, 664074, 2. Upkymck, ya. Jlepmonmosa, 83

PE3IOME

Hens wccrmenoBaHWs — BEIIBUTH 3aKOHOMEPHOCTH HMMMYHO-TOPMOHAIBHOM PETYISIMU HpPH BHOPaIMOHHON
00JIe3HN M HEHPOCEHCOPHOI TYTOyXOCTH JUIsi 000CHOBaHUS HH()OPMATHBHBIX OHOMapKEPOB.

Marepuajbl 1 MeToabl. [IpoBeneHo obcnenoBaHNe MYKUUH C TPO(ECCHOHATBHON MATONIOTHEH, HHIIyIUPOBAH-
HOU BO3/ICHCTBHEM BHOpAlMK U IIyMa. B mepByro Tpyniy BKIIOYEHBI 26 MAEHTOB ¢ BUOPALIMOHHON O0JIC3HBIO
[-1I ctamum, Bo BTOpyIo — 38 manneHToB ¢ MpoQecCHOHaTBHON HEHPOCEHCOPHOH TYTOyX0CThI0. METOI0M HMMY-
HO(EPMEHTHOTO aHaM3a B CHIBOPOTKE KPOBU OIMPEAEISUTN COJAEpPIKaHUE KOPTH30J1a, AETHAPO3ITHAHAPOCTEPOHA
cynbdara, IpoJaKTHHA, CBOOOJHOTO TPUHOATUPOHUHA, CBOOOJHOTO TUPOKCHHA, THpeoTpornHoro ropmoHa (TTD);
uHTepneikuna (IL) 1B, IL-8, IL-10.

Pe3yabTartsl. Pe3ynbraThl HCClieIOBaHUS TIO3BOJIMIIH BBISSBUTE OCOOCHHOCTH HMMYHO-TOPMOHAIIBHON PEeryJIsiiy
MIpU BUOPAIIMOHHOW 0OJIE3HU U HEHPOCCHCOPHO# Tyroyxoctu. OOIieil 3aKOHOMEPHOCTBIO Y MAIIMCHTOB ¢ BHOpa-
LMOHHOHN OO0JIE3HBIO M HEHPOCCHCOPHON TYrOyXOCTBIO SIBJSIFOTCS BO3pacTaHUe KOPTH30Ja, MposakTuHa, 1L-8 n
cHukenue ceoboanoro (cB.) T,, IL-1PB. Pa3nuuus BbIABICHHBIX M3MEHCHUH B MMMYHO-TOPMOHAJIBLHOM CTaTyce
XapaKTEPU30BAIMCh ISl NIEPBBIX ycunenueM nponykuun TTI, 1 BTOpBIX — BO3pacTaHUEM NMPOAyKUuM CB. T,
u cHikenneM [L-10. ITpu BuOparioHHO# 00J€3HH BHICOKHE YPOBHH KOPTH30J1a CONPOBOXKIAIHCH CHUKCHUEM
kouuenrpaiuu [L-1p u IL-10, a npu HelipoceHCOPHOW TYrOyXOCTH BO3pACTaHHE KOHIIEHTPALMHU IIPOJIAKTHHA CO-
IPOBOXKJAJIOCH yBeJINUeHUEM npoaykiuu 1L-8.

3aka0yenne. BrIsBIeHHBIE 0COOCHHOCTH MMMYHO-TOPMOHAIBHBIX B3aHMOOTHOLIEHHH MOTYT OBITH 00YyCIIOB-
JICHBl HTHTEHCUBHOCTBHIO BEIPAOOTKM KOPTH30J1a U MPOJIAKTHHA IPH BO3ACHCTBHN (QM3HIECKUX (aKTOPOB pa3iiny-
HOH npupo/sl. COXpaHsIONINecs BEICOKHE KOHICHTPAMK KOPTHU30J1a U NIPOJIAKTHHA Y 00CIICOBAHHEIX SBIISIOTCS
B)XHBIMHU ITATOTCHETHUECKN 3HAUMMBIMU (haKTOPaMH B PAa3BUTHH M TeUeHHH 3a0oieBaHmil. OnpeesieHbl HOBBIE
OGroMapKeps! ISl JOTIOJTHUTENBHOM ANarHOCTHKA MpodeccnoHanbHoi HelipoceHcopHoi Tyroyxoctu (IL-4, mpo-
nakTuH, cB. T,).

KuroueBble cnoBa: BuOpanuonHast 00J1€3Hb, HEHPOCEHCOPHAS! TYTrOyXOCTh, TOPMOHAIIBHBINA CTATYC, LUTOKUHBI,
MapKepbl AUArHOCTUKH.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIEH CTaThH.

Hctounnk ¢puHaHCHPOBaHHUS. ABTODBI 3asBISIIOT 00 OTCYTCTBMH (DUHAHCUPOBAHUS IPH NPOBEICHHU HUCCIIEI0-
BaHUSI.

CooTBercTBHE MPUHOUNAM 3THKH. O0CII€I0BaHNS BEHIIOJIHEHBI ¢ HHPOPMHPOBAHHOTO COTJIACHS IAI[MEHTOB.
HcenenoBanue 0100peHO JTOKATBHBIM ATHUECKAM KOMUTETOM (TIpoTokoi Ne 6 ot 15.11.2012).

Jia nurupoBanus: bonuenkosa I'.M., Kypuesenko C.1. 3akoHOMEpPHOCTH U3MEHEHUN UMMYHOIOPMOHAJIBHON

PEryJsIU TPH BUOPAIIMOHHOW OO0JIE3HH W HEHPOCEHCOPHOM TYTOYXOCTH. broiemens cubupckot mMeOuyuns.
2020; 19 (2): 6-12. https://doi.org: 10.20538/1682-0363-2020-2-6-12.
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INTRODUCTION

The problem of hand-arm vibration syndrome
(HAVS) and occupational sensorineural hearing
loss (SNHL) has retained its medical and social
significance. These diseases have high prevalence
and contribute to the disability of the working
population. In this regard, they cause significant
social and economic losses, since an occupational
disease develops after 5—7 years of contact with
the noise and vibration factor. In 3.6% of cases,
it is diagnosed in people after 1-4 years of work
in conditions of exposure to local vibration [1].
An important role in the pathogenesis of HAVS
and SNHL is assigned to nervous, immune and
endocrine regulation [2]. It is known that the effects
of noise and vibration on the body of workers lead
to the state of chronic stress. In this condition,
hormones of the adrenal cortex inhibit the activity
of cells of the immune system. In the long term,
it results in a decrease in the body’s resistance to
infectious diseases, possible growth of various
tumors, etc. [3]. Thus, studies allowing to identify
violations of the immune and hormonal regulation
remain relevant. In addition, the role of hormones
in HAVS and SNHL is not well understood [4, 5].
The findings obtained in the studies may help take
necessary measures to preserve health of workers
and prevent work-related diseases.

The aim of the research was to identify changes
in immune and hormonal regulation in patients with
HAVS and SNHL and substantiate informative
indicators.

MATERIALS AND METHODS

The study included 64 men with work-related
diseases induced by exposure to noise and vibra-
tion. The first group included 26 people diagnosed
with stage 1-2 HAVS. Their age was 48.9 + 1.8
years and their occupational contact with vibration
lasted 24.2 + 1.9 years. The second group consisted
of 38 patients diagnosed with SNHL. Their age was
54.1 £ 0.1 years and their occupational contact with
noise lasted 31.1 + 1.4 years. Patients were diag-
nosed by occupational therapists in accordance with
the International Classification of Diseases, Tenth
Revision (ICD-10). The comparison group consist-
ed of 24 generally healthy men with matching age
and employment time, who did not have occupa-
tional contact with vibration and noise.

Serum levels of cortisol, dehydroepiandrosteron
sulfate (DHEA-S), prolactin, free triiodothyronine
(free T,), free thyroxine (free T,), and thyroid-stim-
ulating hormone (TSH) were determined by en-
zyme-linked immunosorbent assay (Alkorbio, St.
Petersburg, Russia). The same method was used to
measure the levels of cytokines IL-1p, IL-8 and IL-
10 (Vector-Best, Novosibirsk, Russia).

The results were analyzed using STATISTICA
6.0 software package (StatSoft, the USA). The age
and employment time of the patients were presented
as a mean (M) and a mean error (m). The results
of the studies were presented in form of a median
(Me) and upper (75%) and lower (25%) quartiles
(025-0Q75). The groups were compared using the
Friedman test. Significance of differences was
estimated using the nonparametric Wilcoxon-
Mann-Whitney test with the Bonferroni correction.
Correlation analysis was performed using the
Spearman’s rank correlation coefficient. The
differences were statistically significant at p < 0.05.
Discriminant analysis was performed according to
the manual for physicians “Discriminant Analysis
in Biomedical Research” (using STATISTICA 6.1
[8] and the Discriminant Analysis module). The
informativity of the analyzed indices was assessed
in evaluation steps using the cutoff 7 > 3.0. The
Mahalanobis Distance Classification D2 was used
as the classification criterion.

RESULTS

We have previously shown that workers with
employment experience exposed to vibration have
activation of immune cells with the release of IL-
1B and TNFa, which contribute to the production of
glucocorticoids [3]. Glucocorticoids can inhibit the
immune system. Steroid hormones of the adrenal
cortex are regulators of vital processes, such as
coordinated growth, differentiation, reproduction,
adaptation, and behavior [6]. Based on this
knowledge, we conducted a comparative evaluation
of the levels of glucocorticoid and thyroid hormones
in patients with HAVS and SNHL (Table 1).

The results of the study showed an excess of
cortisol in serum of patients with HAVS by 1.7 times
(»p =0.043) and in patients with SNHL by 2.8 times
(p = 0.0003), in contrast to the comparison group.
A more significant increase in cortisol levels was
observed in SNHL patients compared to HAVS
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patients (p = 0.001). In patients with HAVS, a
decrease in TSH level was registered, as opposed

to SNHL patients (p = 0.00003) and the comparison
group (p = 0.002).

Table 1

Hormone levels in patients with hand-arm vibration syndrome (HAVS) and sensorineural hearing loss (SNHL), Me (Q,.—0.)

Parameter Unit Patients viith HAVS, Patients viith SNHL, Comparison group, 7 = 24
n=26 n=38

Cortisol nmol/l 648.7 (278.9-803.6)* 1085.2 (795.1-1296.7)** 378.7 (211.9-532.4)
DHEA-S nmol/l 1.4 (1.2-1.9) 1.5 (1.1-1.9) 1.7 (1.3-1.9)
Prolactin mlU/L 117.9 (19.8-184.9)* 254.9 (180.1-297.4)** 55.8 (0.001-109.9)
Free T, nmol/l 4.6 (4.3-5.1) 5.4 (3.6-6.4)" 3.8(3.24.8)

Free T, nmol/l 11.7 (9.5-12.8)* 13.8 (12.2-14.7)** 15.5 (14.1-16.7)
TSH mlU/L 0.7 (0.5-1.3)* 1.7 (1.2-2.3)* 1.3 (1.0-1.6)

¢ differences as opposed to the comparison group; *differences between the groups of patients with HAVS and SNHL are statistically significant

at p<0.016.

An increase in the concentration of free T, was
found only in patients with SNHL (p = 0.016). The
free T, concentration decreased both in patients with
HAVS (p = 0.00001) and in patients with SNHL
(p = 0.005) relative to the comparison group. An
increase in prolactin concentration by 2.1 times
(p=0.04) was detected in patients with HAV'S, and by
4.5 times (p = 0.001) in patients with SNHL relative
to the comparison group. A significant increase
(»=0.002) in this parameter was observed in SNHL
patients in contrast to HAVS patients. Prolactin is
known to stimulate the production of a number
of cytokines [7]. A significant prolactin increase
(p = 0.002) was observed in SNHL patients in
contrast to HAVS patients.

The detected hormonal changes in the examined
patients were accompanied by cytokine balance
disorder (Table 2).

Table 2

Serum cytokine levels in patients with hand-arm vibration
syndrome and sensorineural hearing loss, Me (0,.~0..)

P Zi:in HAVS, SNHL, C";‘gl"l‘;ison
pe/ml n=26 n=3s n=24

IL-1B | 0.01(0.01-0.1)* | 0.01(0.01-2.7) | 0.9 (0.5-1.8)
IL-8 6.8(5.7-83) | 87(4.1-205) | 2.7(1.8-3.1)

IL-4 0.01 (0.01-0.02)
IL-10 1.1 (0.01-1.66)

0.01 (0.01-0.01)
0.01 (0.01-0.01)*

0.01 (0.01-8.8)
2.1(0.01-13.4)

¢ differences as opposed to the comparison group are statistically
significant at p < 0.016.

A significant decrease in the concentration of
IL-1B (0.01 (0.01-0.1) pg/ml, p = 0.013) in pa-
tients with HAVS and a pronounced trend towards
a significant decrease in patients with SNHL (0.01
(0.01-2.7) pg/ml, p = 0.056) were revealed. High
IL-8 values (p = 0.002) were determined in patients
with HAVS and SNHL, as opposed to the compari-
son group (p =0.0047 and p = 0.0016, respectively).
A decrease in IL-10 was registered in patients with
SNHL only (0.01 (0.01-0.01) pg/ml), in contrast
to the comparison group [2.1 (0.01-13.4) pg/ml;
p=0.015].

At the next stage, the correlation between
changes in the hormonal status and cytokine levels
was revealed. Following the correlation analysis,
it was revealed that patients with HAVS had a
negative correlation between cortisol level and
IL-1B level (r = —0.49; p = 0.018) and a positive
correlation between cortisol level and IL-10 level
(r=10.49; p = 0.018). Patients with SNHL showed
a positive correlation between prolactin level and
IL-8 production (» = 0.44; p = 0.009).

Informative indicators for SNHL diagnosis were
found with the help of discriminant analysis; 23
immunological indicators were processed from the
group of patients with SNHL and the comparison
group.

As a result of the calculations, the most sig-
nificant criteria were IL-4 (p = 0.0045), prolactin
(p=10.0098), and free T, (p = 0.0227). The accuracy
of SNHL diagnosis equaled 98%.
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DISCUSSION

Comparative estimation of glucocorticoid and
thyroid hormone levels in patients with HAVS
and SNHL revealed both common patterns and
distinctive features of their concentration. Both
HAVS and SNHL patients were found to have
exceeded cortisol levels. In patients with SNHL,
cortisol production was 2 times higher than in
patients with HAVS. The expected differences in
DHEA-S level were not revealed in patients with
HAVS and SNHL. Itis known that long-term cortisol
excess may be accompanied by impaired sensitivity
of adrenal cortex cells to adrenocorticotropic
hormone and, consequently, by a decrease in DHEA
production. Due to its biological effects, DHEA is
considered as an inhibitor to the effects of cortisol
on various body systems (especially the immune
system and the brain) [8§—10].

Individual authors note that there is a decrease
in the production of DHEA-S with not changing or
slightly increasing level of cortisol in some diseas-
es accompanied by central nervous system (CNS)
disorders. It results in a decrease in the DHEA/
cortisol ratio [11]. A twofold increase in prolactin
level is seen in patients with SNHL compared to
patients with HAVS. Prolactin affects the immune
system under stress [12], stimulating cytokine pro-
duction, T-cell proliferation, NK cells, neutrophils,
and dendritic cells [13]. A decrease in the average
free T, and IL-1P levels and increased IL-8 are a
common pattern for both HAVS and SNHL. A
specific feature of the detected changes in the pa-
tients with SNHL is the increase in free T, pro-
duction and the decrease in IL-10 level. Patients
with HAVS are characterized by increased TSH
production. As it is known, free T, and free T, are
involved in the regulation of TSH emissions [14].
Free T, is the main TSH suppressor, as its high
concentrations block TSH production, while low
levels increase it [15].

According to the work of R.G. Fedina. et al.,
there is a significant increase in cortisol and a
decrease in free T, and free T, even in apparently
healthy workers exposed to vibration hazards [16].
V.S. Rukavishnikov and A.V. Lizarev demonstrated
that only insignificant changes of the mentioned
hormones are noted in patients with HAVS along
with an increase in the length of service [17]. The
results of the examination of workers in the machine-

building industry exposed to increased levels of
vibration and noise may be found in literature. The
workers showed an increase in adrenocorticotropic
and luteotropic activity of the adenohypophysis and
a decrease in androgen production [18].

These results confirm that prolonged exposure to
high doses of cortisol and prolactin contributes to
the development of various disorders in the immune
systemregulation [ 19]. Thus, in patients with HAVS,
high cortisol level was accompanied by a decrease
in IL-1P and an increase in IL-10 concentrations.
In patients with SNHL, prolactin production had a
positive correlation with IL-8 production. IL-1 is
a multifunctional cytokine. It easily penetrates the
brain through the blood-brain barrier and causes
secretion of corticotropin-releasing factor in the
hypothalamus. This factor affects the functional
activity of the pituitary and adrenal glands. In
response to that, the pituitary gland stimulates
adrenocorticotropic hormone secretion. The adrenal
cortex stimulates glucocorticoid hormones. There
is experimental evidence that cytokines have both
immune and neurotropic effects. They are produced
in the CNS and can have a direct effect on the
nervous system [20, 21].

The established differences in immune and
hormonal relationships may be induced by the
intensity of cortisol and prolactin production
in HAVS and SNHL. The findings prove that
high concentrations of cortisol and prolactin in
patients with HAVS and SNHL are important
pathogenetically  significant factors in the
development of the diseases. Thus, new informative
laboratory indicators (IL-4, prolactin, free T,) can be
used to identify changes in immune and hormonal
regulation in patients with SNHL.

CONCLUSION

The patterns of immune and hormonal reg-
ulation in occupational HAVS and SNHL were
revealed. The common pattern of changes in hor-
monal and cytokine profiles in patients with HAVS
and SNHL was the following: increased levels of
cortisol, prolactin, IL-8 and decreased levels of
free Th, and IL-1pB. A distinctive feature of occupa-
tional SNHL was the increase in free T, production
and the decrease in anti-inflammatory IL-10 level.
In patients with HAVS, the increase in TSH pro-
duction was identified. It was found that patients
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with HAVS had a negative correlation between the
cortisol level and the concentration of pro-inflam-
matory IL-1P and a positive correlation between
cortisol and anti-inflammatory IL-10. Patients
with SNHL had a positive correlation between
the prolactin concentration and IL-8 production.
The identified features of immune and hormonal
relationships may be determined by the intensi-
ty of cortisol and prolactin production. Persistent
high levels of cortisol and prolactin are important
pathogenetically significant factors in the devel-
opment of HAVS and SNHL. The obtained new
informative laboratory indicators (IL-4, prolactin,
free T,) will allow to expand the evidence base for
the diagnosis of SNHL.
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ABSTRACT

Aim. To study the 8-year dynamics of somatic pathology in residents of the Khanty-Mansi Autonomous Okrug —
Yugra.

Materials and methods. The article analyzes the migration of the population of the Far North and the dynamics
of the incidence of chronic non-infectious pathology among residents of territories equated to the Far North — the
Khanty-Mansi Autonomous Okrug — Yugra, based on literature data and officially registered statistics for clinical
and statistical groups for the period 2010-2017.

Results. The analysis revealed the leading groups of somatic pathology in the Khanty-Mansi Autonomous Okrug —
Yugra. The indicators of population dynamics of the territories of the Far North of Russia were estimated.

Conclusions. The study identified patterns in different flows of the Russian population in and from the North, the
incidence rate (defined by the leading group of diseases) and its dynamics, characteristic of the territories equated
to the Far North. The obtained data make it possible to identify priority research areas aimed at analyzing the
frequency of diseases of internal organs in the territories equated to the Far North, the features of their course and
outcomes as well as to develop effective programs of primary and secondary prevention of these diseases.

Key words: Far North, morbidity, somatic pathology, metabolic syndrome, steatohepatitis, respiratory diseases,
diseases of the digestive system, hypertension, coronary heart disease, opisthorchiasis.
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MarepuaJjibl 1 MeTOABI. B cTaThe nmposeneH ananu3 murpannu Hacenenus Kpaiinero Cesepa, n3ydeHa AHHaAMHKA
3200J1eBa€MOCTH XPOHUYECKOW HENH(PEKIIMOHHOU MATOJIOTUEH Y JKUTEJIeH TEPPUTOPHH, IPUPaBHEHHOI Kk KpaiiHe-
My Cesepy, — XMAO — IOrpsl. Mcnons30BaHbl JaHHBIC TUTEPATYPHI X OQUIMAIBHO PETUCTPUPYEMOH CTATUCTHKH
10 KJIMHUKO-CTaTHCTUYECKUM TpyraM 3a repuog 2010-2017 rr.

PesyabTarhl. BeisABiIeHb! TUANPYIOLIUE TPYIIIBI COMAaTHUECKOM NATONOTUK B XaHTbI-MaHCUIICKOM aBTOHOMHOM
okpyre — lOrpe. OrieHeHbI MoKa3aTenyu AMHAMUKN HaceneHus Tepputopuii Kpaiinero Cesepa Poccun.

3axumouenne. [ToydeHHbIC JTaHHBIC TO3BOJISIFOT ONPEACITUTh IPUOPUTETHI IS HAYUHBIX UCCIICIOBAHUIA, HAITPAB-
JICHHBIX Ha aHAJIN3 YaCTOThI 00JIC3HEH BHYTPCHHUX OPTaHOB Ha TEPPUTOPHUSX, pUpaBHEHHBIX K Kpaiinemy Cee-
Py, 0OCOOCHHOCTEH X TCUCHHS U UCXOJIOB, & TAKXKE pa3paboTKy 3(PPEKTUBHBIX MPOrPaMM IIEPBUYHON U BTOPHUHON
MPOPUIAKTUKA 3TUX 3a00JICBAHUI.

KiroueBble cioBa: Kpaitnuii CeBep, 3a0051eBaeMOCTb, COMaTHYECKas MATOJNOTHUS, METAOOINYECKUI CHHAPOM,
CTEaTorenaTur, OOJEe3HU OPraHOB JbIXaHMS, OOJNE3HH MUILEBAPUTEIBHON CUCTEMBI, apTepuaibHas IMIEePTeH3Hs,
uieMuyeckas 00JIe3Hb CepALa, OMUCTOPXO03.

KonpaukTt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIICH CTaThH.

Hcrounuk ¢puHAHCHPOBAHUSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBMH (MHAHCHPOBAHUS TPU NPOBEACHUH MCCIIENI0-
BaHUSL.

Jasa uutupoBanus: Bepuwxnuxosa JLH., Apsavmkuna O.JL, TepentseBa H.H. Comaruueckast naTonorus y xu-
tenelt Xantel-Mancuiickoro ABronomMHoro Oxpyra — FOrpsl. bwoanemens cubupckoti meduyunvt. 2020; 19 (2):
13-19. https://doi.org: 10.20538/1682-0363-2020-2-13-19.

Somatic pathology in residents of Khanty-Mansi Autonomous Okrug — Yugra

INTRODUCTION

Health problems of the global population are caused
by many factors, primarily genetic and environmental
ones. If we are evaluating human health, it is important
to understand the degree of influence of climatic and
geographical factors (primarily, cold and increased
geomagnetic activity); we also need to keep in mind the
technogenic factors. Due to migration of the population
to economically developed regions of the world and to
the Far North and equivalent territories, it is necessary to
control the state of health of the indigenous population and
people coming from other geographical locations [1].

The northern territories occupy 20% of the globe,
and in Russia, 7.4% of the population live in 11 northern
regions (beyond the 60th parallel). [2] The growing
interest in the Northern territories is primarily explained
by abundance of mineral resources such as gas,
diamonds, oil, etc., as well as by the rapidly developing
mining industry.

Migration in most regions of the Far North and their
equivalent territories is ambiguous. On the one hand, it
happens due to complete or partial urbanization of the
small indigenous minorities of the North, and on the other
hand, due to relocation of the working-age population of
the country from favorable climatic conditions of life to
unfavorable and difficult ones to work in national and
international corporations [2—4]. Migration processes are
complex for both the first and the second categories of the
population. In this regard, the processes of maladaptation
of the human body are developing, and these processes

are characterized by tension and restructuring of
homeostasis [4, 5]. The problem of human life in the
northern latitudes is determined by survivability in
extreme situations and the necessity to maintain good
health in complex interactions with new technogenic,
environmental, social, and psychological factors [3, 6,
7]. Change in the nature of nutrition plays a significant
role, especially for the indigenous minorities of the North,
who are accustomed to their culture and stereotypes that
have developed over the centuries [1, 4, 7].

Taking into account the fact that the risk of developing
internal organ diseases increases significantly inthe North
[7-10], it is extremely important to develop measures
aimed at improving the quality of life and increasing the
life expectancy of a person living in atypical and extreme
conditions within the P5 paradigm of medicine [11, 12].

Clinical epidemiology, as a tool of evidence-based
medicine, allows to objectively assess the situation with
non-infectious pathology that dominates the structure of
mortality and justify the measures for targeted correction
ofnegative effects in high-risk groups [6, 12, 13].

The aim of this research was to carry out a
comparative study of the parameters and structure of the
most common somatic pathology in the residents of the
Khanty-Mansi Autonomous Okrug — Yugra (KhMAO —
Yugra).

MATERIALS AND METHODS

Demographic parameters and incidence rates of
the residents of KhMAO — Yugra have been analyzed
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using a continuous sampling method during an 8-year
period, from 2010 to 2017. We took the data on the
size and migration of the Russian population [14]
from official statistics and collections prepared by the
Department of Monitoring, Analysis, and Strategic
Development in Healthcare of the Ministry of Health of
the Russian Federation. The data were also provided by
the Federal Research Institute for Health Organization
and Informatics of the Ministry of Health of the Russian
Federation. The clinical and statistical groups were
formed on the basis of official reporting statistics forms
No. 12 “Information about the number of diseases
registered in patients living in the area of examination of
the medical institution” and No. 14 “Information about
the hospital activities”.

The dynamics of the most important morbidity
parameters was analyzed, including long-term annual
average values for somatic systems of organs. The
study was conducted as part of the research topic of

the Department of Internal Medicine of Surgut State
University, approved on 24.06.2019. The initiative
theme of the R&D No. AAAA-A19-119062490051-6
“Predictors of the genesis, course and outcome of
chronic and comorbid diseases” was registered in the
Unified State Information System for Recording the
Results of Research, Developments and Technological
Works.

RESULTS AND DISCUSSION

Analysis of the dynamics of migration flows from
central Russia to the northern regions and migration flows
from them allows to assess the demographic situation in
the country (Table 1). As of 01.01.2018, 146, 880, 432
residents lived in the Russian Federation.

9, 920, 891 people lived in 26 regions of the Far
North and the territories equated to them, which is 6.75%
of the whole population of the country or every 14%-15%
resident (Table 1).

Table 1
The number of inhabitants and migration trends in the territories of the Far North and areas equated to them in 2018*
Ne Region Population as of 01.01.2018 Total growth Natural growth Migration growth
Regions of the Far N0r~th and areas 9,920, 891 37,895 12,975 50, 870
equated to them, in total
1 Altai Republic 30, 762 213 446 -233
2 Republic of Buryatia 94, 897 -1,283 120 -1, 403
3 Republic of Karelia 622,484 —4,428 -3, 108 -1, 320
4 Komi Republic 840, 873 -10, 638 -1, 362 -9,276
5 Sakha Republic 964, 330 2,679 5,619 -2, 940
6 Tyva Republic 321,722 2,701 3, 681 -980
7 Zabaikalsky Krai 21, 041 —440 -13 —427
8 Kamchatka Krai 315,557 -834 -132 —702
9 Krasnoyarsk Krai 439, 276 —133 1,201 -1, 334
10 Perm Krai 28, 387 -393 =71 -316
11 Primorsky Krai 99, 173 -1, 676 —687 -989
12 Khabarovsk Krai 515,285 -5,610 -2, 064 -3, 546
13 Amur Oblast 94, 690 -1, 380 -297 -1, 083
14 Arkhangelsk Oblast including the 1,155, 028 ~10, 909 3.816 7,093
Nenets Autonomous Okrug
15 Nenets Autonomous Okrug 43,997 -168 224 -392
Arkhangelsk Oblast without the
16 Autonorgnous Okrug 1, 111,031 -10, 741 —4, 040 -6, 701
17 Irkutsk Oblast 534,792 -6, 712 —1,772 —4, 940
18 Magadan Oblast 144, 091 -2, 857 -194 -2,663
19 Murmansk Oblast 753,557 -5,501 -1, 099 —4, 402
20 Sakhalin Oblast 490, 181 —543 -219 -324
21 Tomsk Oblast 192, 620 -2,120 -190 -1, 930
Tyumen Oblast including the
2 i Okrug o 2,212,797 11, 654 16, 860 -5,206
23 gig;yf\ﬁigzmmmmous 1,655,074 8,721 12, 145 -3, 424
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Table 1 (continued)

24 Yamalo-Nenets Autonomous 538, 547 2,932 4,667 1,735
Okrug
Tyumen Oblast without the
25 Autonomous Okrug 19,176 1 48 —47
26 Chukotka Autonomous Okrug 49, 348 315 78 237

*http://www.rosstat.gov.ru/wps/wem/connect/rosstat_main/rosstat/ru/statistics/publications/catal og/doc 1140096034906

Official data from Rosstat show that in 25 out of
26 regions mainly negative migration statistics was
revealed, and only 12 regions had positive dynamics
with natural population growth. Having analyzed the
migration processes in 11 regions of the Far North, it can

be noted that 10 of them have outflow of the population.
In 2018 alone, 271, 384 people arrived in the Far North
of Russia and 305, 382 people left it, so the migration
loss of the population in this year was 33, 998 people in
10 out of 11 regions (table 2).

Table 2
‘ Dynamics of migration of the population in the Far North regions in 2018*
Ne Region Number of immigrants (n =) Number of emigrants (n =) Dynamics %
1 Republic of Karelia 22,161 23,331 —-1.05
2 Komi Republic 31, 695 40, 484 —1.28
3 Nenets Autonomous Okrug 2,309 2,566 —-1.11
4 Murmansk Oblast 35, 460 39, 866 -1.12
5 Khamy(')Mhi‘gS‘_%‘l‘;‘r);“’mous 66,390 72,549 109
6 Yamalo-Nenets Autonomous Okrug 30, 549 34,211 -1.12
7 Tyva Republic 12,307 13, 406 -1.09
8 Sakha Republic 39,226 44, 404 -1.13
9 Magadan Oblast 6, 629 8,707 -1.31
10 Sakhalin Oblast 19, 383 20, 769 -1.07
11 Chukotka Autonomous Okrug 5,275 5, 089 +1.04
Total 271, 384 people 305, 382 people —33, 998 people

*http://www.rosstat.gov.ru/wps/wem/connect/rosstat_main/rosstat/ru/statistics/publicatio ns/catalog/doc 1140096034906

In 2018, the Sakhalin Oblast, KhMAO — Yugra and
the Republic of Tyva were the most attractive of the 11
Northern territories of Russia, with 1.07% — 1.09% of
the population leaving them (Table 2). The largest num-
ber of migrant’s returns was registered in the Republic
of Komi — 8, 789 people, or 1.28% , and the lowest — in
the Chukotka Autonomous Okrug, from which only 186
people left (+1.04%).

As 0f 01.01.2018 and 01.01.2019, KhMAO — Yugra
had 1, 655,074 and 1, 663, 795 residents, respectively, so
the total population growth was 1.5%. As 0f 01.01.2019,
1.14% of'the total population of Russia lived in KhMAO —
Yugra. The population of this region is primarily young,
aged 34-39 years.

Due to the common climate, geographical and
environmental characteristics of all northern territories,
the results of the study on epidemiological indicators in
one of them can be extrapolated to all northern territories

of'the Russian Federation and the globe. Atthe same time,
human life expectancy in the North is very important,
since people migrating to other climatic territories are
initially burdened with chronic somatic diseases [3].

In KhMAO — Yugra, the mortality rate is generally
lower than in other regions of the country, but among
working age population it reaches 73.5% of the total
number of deaths, which necessitates a detailed study of
the causes of this situation and development of measures
for practical healthcare [3, 9, 13].

Studying the officially registered morbidity rates
in Russia and in the territories of the Tyumen Oblast
and KhMAO — Yugra, we obtained the following data.
According to the long-term annual average indicators
of the general morbidity of the population, KhMAO —
Yugra parameters did not differ from the all-Russian ones
(Fig.1). However, in the North, there was a progressive
increase in the morbidity of the population despite their
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young age (Fig. 2). The total morbidity of the population
in KhMAO — Yugra is 10.7% — 10.5% higher than the
morbidity rate of the population in the Ural Federal
District (UrFD) and the Tyumen Oblast, excluding
KhMAO - Yugra (Fig. 1).

KhMAO - Yugra 152 1037
Tyumen 145 000.5
UrFD 142 67
The Russian-
Federation 15229215
135 000 140 000 145 000 150 000 155 000

Fig. 1. Weighted average indicators of general morbidity of the
population for the period 2010-2018 (per 100, 000 population)

Regional indicators of morbidity were compared
with indicators throughout Russia, in the UrFD and
the Tyumen Oblast, without taking into account the
population of KhMAO — Yugra. During the analysis of
the health status of the population of KhMAO — Yugra,
we identified the following facts (Fig. 1 —2).

Over the course of eight years, the long-time annual
average rates of morbidity per 100, 000 population in the
compared territories varied from 142, 678 to 152, 292.5
[5]. The overall morbidity of the young population in
KhMAO — Yugra did not differ much from the national
average value. The morbidity was 9, 425.7 higher than
in the UrFD and 7, 103.2 higher than in the Tyumen
Oblast (Fig. 1). In addition to the highest morbidity rates
in KhMAO — Yugra, it had progressive growth rates,
compared with the general morbidity in the Russian
Federation (Fig. 1).

Amongst somatic pathologies, the leading ones are
diseases of the respiratory, cardiovascular, digestive and
endocrine systems, which is confirmed by the literature
[2].

Despite the young age of KhMAO - Yugra
population, respiratory diseases in the region have
prevailed over similar indicators throughout Russia
since 2010, apart from indicators in the Tyumen Oblast
and the Ural Federal District with an annual progressive
increase starting in 2013 (Fig. 2).

In KhMAO — Yugra, the incidence of cardiovascular
diseases is the lowest in comparison with other regions
and Russia on the whole. The fluctuations in new cases of
cardiovascular diseases in different years was registered

(Fig. 3).

KhMAO - Yugra 513497
26 196.1
Tyumen
30195.9
UrFD
The Russian 29 959.4
Federation

22000 24000 26 000 28 000 30000 32000

Fig. 2. Weighted average morbidity rates for the period
20102018 (pathology of the respiratory system per 100, 000
population)

KAMAO - Yuga u 151972

The Russian
Federation

25465.3

0 10 000 20000 30 000
Fig. 3. Weighted average morbidity rates for the period 2010—
2018 (pathology of the cardiovascular system per 100, 000
population)

The pathology of the cardiovascular system is
predominantly represented by arterial hypertension and
coronary heart disease. Non-coronarogenic myocardial
diseases, pericarditis and acute rheumatic fever are less
common, but there is high prevalence of atherosclerosis
of wvarious localizations and infectious endocarditis
officially registered in other groups of pathologies.

The pathology of the digestive system is much more
common in KhMAO — Yugra than in the Ural Federal
District and the Tyumen Oblast (Fig. 4) and also has
progressive growth rates (Fig. 4). This may be explained
by the widespread prevalence of opisthorchiasis in the
Ob — Irtysh basin [14]. Moreover, the increase in the
incidence of steatohepatitis, cardiovascular pathology
in view of the cardiovascular disease continuum and
hypertension, which form the paradigm of the metabolic
syndrome [15], is confirmed by the dynamics of the
incidence of type 2 diabetes and obesity in KhMAO —
Yugra (Fig. 5)
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14 000
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M The Russian Federation; | UrFD; | Tyumen; - KhMAO — Yugra;
= Exponential (KhMAO - Yugra

Fig. 4. 8-year dynamics of mori)idity rates in KhMAO — Yugra
and other regions of Russia (pathology of the digestive system
per 100, 000 population)

The incidence of type 2 diabetes in the Ural Federal
District and the Tyumen Oblast is higher than in Russia
on the whole, which may serve as a marker of the
metabolic syndrome of residents of the Cisurals, the
North and territories equated to it.

Obesity is equally common in the Ural Federal District,
inthe Far North and in the Tyumen Oblast, but the number
of obese people in these territories is still higher than in
the rest of Russia (Fig. 6). This indicator characterizes

3000

2500

2000

1500

1000 -

500

°Y—1 T T T T T T
2010 2011 2012 2013 2014

Obesity

M The Russian Federation; | UrFD; | Tyumen; - KhMAO — Yugra,
= Exponential (KhMAO - Yugra);
— Logarithmical (XMAO — IOrpa)

Fig. 6. 8-year dynamics of morbidity rate of obesity in the
population of KhMAO —Yugra (per 100, 000 population)

oo | —
Yugra
33739
rymen | (N i
v | (N, .-

The Russian
Federation 28284
2400 2 600 2800 3000 3200 3400

Fig. 5. Weighted average incidence of type 2 diabetes for the
period 2010-2018 (per 100, 000 population)

the progressive growth of the disease among residents of
the Tyumen Oblast and KhMAO — Yugra, despite young
working age population and large migration flows, which
can be seen from the data on trend lines.

Thus, in the Khanty-Mansi Autonomous Okrug —
Ugra with minimal outflow of the population only in
2018, young age of residents and morbidity parameters
comparable with the all-Russian ones, an increase in
metabolic disorders is recorded, primarily of obesity and
type 2 diabetes.

CONCLUSION

We have analyzed the morbidity of the main classes
of internal organ pathologies in people living in the
economically developed territories of Russia, which are
equated to the Far North. KhMAO — Yugra attracts the
largest number of migrants from all over the country,
while the smallest number of people leaves the district.
The region has the highest and progressing morbidity
of respiratory diseases and pathologies forming the
metabolic syndrome — diabetes and obesity. In KhMAO —
Yugra, the largest number of patients suffer from type
2 diabetes, obesity and digestive diseases, in particular,
steatohepatitis.
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Structural and functional indicators of erythrocyte membranes in gastric
cancer patients with different histotypes of the tumor and stages of the
malignant process
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Medvedeva D.E., Maslov A.A.
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63, 14 Liniya Str., Rostov-on-Don, 344037, Russian Federation

ABSTRACT

The aim was to study the structural and functional parameters of erythrocyte membranes in the blood of patients
with gastric cancer (GC) — adenocarcinoma, depending on its grade, signet ring cell carcinoma (SRCC), and
combined gastric lesions (CGL).

Materials and methods. The membrane fluidity in the area of the lipid bilayer and protein-lipid contacts, the
polarity of the lipid bilayer and the immersion of proteins in the lipid matrix of the membrane in red blood cells
were evaluated by fluorimetry using the hydrophobic pyrene-based probe. The study included 86 patients with
GC divided into six groups: well- and moderately-differentiated adenocarcinoma (G1-2); poorly-differentiated
adenocarcinoma (G3); SRCC; CGL and two groups of patients with a component of undifferentiated cancer: G4 +
SRCC and G4 + G2-3. The results of the study were also analyzed in patients with serosal invasion and the spread
to adjacent structures (T4 according to the TNM classification of malignant tumors) and in patients with stage [V
disease.

Results. In all groups of GC patients, an increase in the membrane fluidity was observed. It was more pronounced
in the zone of protein-lipid contacts, but it was also observed in the lipid bilayer. The membrane fluidity increased
together with the grade of adenocarcinoma and was maximal when there were undifferentiated cells in stomach
tumors, reaching 93.8% in the zone of protein-lipid contacts and 54.1% in the lipid bilayer, compared with healthy
people (20 donors). An increase in the polarity of the lipid phase was also observed; it was most pronounced (by
7-8%, p =0.001 0.003) in adenocarcinoma patients with undifferentiated cells and with stage IV disease. A change
in the immersion of proteins in the lipid matrix of erythrocytes was less characteristic of GC, compared with other
cancers (breast, lung tumors, gynecological oncopathology, etc.).

Conclusions. Changes in the structural and functional properties of erythrocyte membranes reflect the state of the
disease in patients with gastric cancer and may be important for predicting the course of the disease and the success
of treatment.

Key words: gastric cancer, various tumor histotypes and cancer stages, erythrocyte membrane, fluidity, polarity,
protein immersion, pyrene-based fluorescent probe.
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CTPYKTYpPHO-}YHKLMOHA/IbHbIE NOKa3aTe/M MeMbpaH SpUTPOLUTOB KPOBHU

60/1IbHBIX PAaKOM Ke/yAKa C pa3HbIM MTMCTOTUNOM OMYXO/IM U CTaAgUEN

3/10Ka4e€CTBEHHOIro npouyecca

FopowunHckasa U.A., Hemawkanosa J1.A., ®paHymsaHy E.M., Cypukosa E.U.,
MepBepeBa [1.E., MacnoB A.A.

Hayuonanvuwiii meduyunckuii ucciedosamenvckuil yeump (HMUL]) onxonozuu
Poccus, 344037, e. Pocmos-na-/[ony, 14-s aunus, 63

PE3IOME

Hens. M3yunts cTpyKTypHO-(QYHKINOHAIEHBIE TOKA3aTeI MEMOPAH SPUTPOLIUTOB B KPOBH OOJIBHBIX PAKOM JKe-
nyaka (PXK) npu anenokaprHome, B 3aBUCHMOCTH OT CTEHEeHH ee TU(dEpeHIIMPOBKY, IPU MEPCTHEBUIHOKICTOU-
HoM pake (ITKP) n couetannom nopaxkennu xemyka (CIDK).

Marepuajbl 4 MeToAbl. OIICHUBAIN TEKY4eCTh MEMOpPaH B 00JIaCTH JIUITUIHOTO OMCIOS U OSTOK-THITUIHBIX KOH-
TaKTOB, TOJISAPHOCTH JIUITUHOTO OUCIIOS U MOTPYKEHHOCTh OEITKOB B JIMIUIHBINA MAaTPUKC MeMOpaHbI B 9PUTPO-
LIMTAaX KPOBH C HCIOJIb30BAaHUEM THAPOGOOHOT0 30H1a MUpeHa GIyopUMETPUYECKMM METOOM. B nccnenoBanne
ObLTO BKIIIOYEHO 86 GonbHBIX PXK, B 3aBHCMMOCTH OT THCTOTHIIA pa3feleHHbIX Ha mecTh rpymm: G1-2, G3, [1KP,
CITK, G4 + IIKP u G4 + G2-3. OtaensHO OBUIM MPOAHATM3UPOBAHBI PE3yIbTAThl HCCICAOBAHNS Y OOJNBHBIX C
HpOpacTaHUEM OIYXOJH B CEPO3HYIO 000JIOYKY M PacHpoCTpaHeHHeM Ha coceanue cTpykTypsl (T4 mo cucreme
knaccupukanun TNM) n y 60ompHBIX, HaxoauBmmxcs B [V cranum.

Pe3yabTatsl. Bo Becex rpynmnax 6onpHbIX PXK ycTaHOBNICHO yBenMUYeHHE TEKy4eCTH MeMOpaH, 0oJiee BEIPaKEHHOE
B 30HE OCNIOK-JIMIUIHBIX KOHTAKTOB, HO HaOIfo/aBIIeecs ¥ B JIMMUIHOM Oucioe. [Ipu 3ToM TekydecTh Bo3pac-
Taja 1Mo Mepe CHWKEHHsI CTeneHn MuddepeHIIMPOBKU aCHOKAPIIMHOMBI M Obllla MAKCUMAIBHOM TPH HAJTMYHK B
OITYXOJIH JKeTy/IKa HeAn(pPpepeHINPOBAHHBIX KJICTOK: BBILLE, YeM B TPYIIIE 310POBBIX, Ha 93,8% B 30He OesIOK-JIU-
MUIHBIX KOHTAKTOB U Ha 54,1% B qumuaHoM Gucioe. Habumro1anoch Takke MOBBINICHNUE MOSIPHOCTH JTUITUAIHOM
(asbl, Hanboee BrpakenHoe (Ha 7-8%, p = 0,002—0,003) y GoybHBIX aeHOKapIMHOMOM ¢ Hamn4YreM Heaudde-
PEHIMPOBAHHBIX KJIETOK U npH [V cramun npouecca. M3amMeHeHne NOrpy>KeHHOCTH OEJKOB B JIMITH/IHBIA MaTPUKC
IPUTPOLUTOB ObLIO MeHee xapakTepHo Jutsi PXK no cpaBHeHHIO ¢ ApyrumMu pakamu (MOJIOYHOM Keje3bl, JIETKOro,
OHKOTMHEKOJIOTHYECKasl MAaTOJIOTHS).

3akuouenue. M3mMeHeHne CprKTypH0-(1)yHKHI/IOHaJ'H)HI)IX CBOWCTB M€M6paH SPUTPOLUTOB OTPAKAET COCTOSAHUE
rnpomnecca 'y OOJIBHBIX PaKoOM JKeJIyJKa U MOKET UMETh 3HAYCHUEC IJId IIPOTHO3UPOBAHUS TCUCHUS 3a00JIeBaHuUs U
YCHICHIHOCTH JICHCHUA.

KuiroueBble ci10Ba: pak Keily/Ka, pa3IMyHble TUCTOTUIIBI OMYXOJIH M CTaIHH MPoIecca, MEMOPaHbI 3PUTPOLIUTOB,
TEKy4eCTh, MOJIAPHOCTD, MOTPYKEHHOCTh O€NIKOB, (DITyOpeclieHTHBIH 30H 1 TUpPEH.

KOHq).]'Il/lKT HHTEPECOB. ABTOpI)I JACKIIAPUPYIOT OTCYTCTBHUE SIBHBIX U NMOTCHUUAJIBHBIX KOH(i)J'[I/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'[PIKaIIPIeI71 HaCTOS{H.[efI CTaTbU.

HUcrounux q)nHchnpomu-ma. Pabota BrIIONIHEHA B paMKax roc3aganus PocToBckoro HAayYHO-HUCCIICA0BATEIIb-
CKOI'0 OHKOJIOTMY€CKOI'0 MHCTUTYTA.

CooTBeTcTBHE NPUHLIMIIAM 3THKH. Bece manmenTs! noamucany nHGOPMUPOBAHHOE COTIACHE HA yJacTHUE B HC-
cnenoBanuu. [IpoTokon uccnenoBanus ogoopen coseroM 1o 3tuke PI'BY «PocToBckuil HayyHO-HCCIE0BATEb-
CKHii OHKOJIOTHYeCKHi HHCTUTYT» (mpoTokos Ne 11/1 ot 03.11.2016).

Jns uutupoBanus: ['opommackas U.A., Hemamkanosa JI.A., @panuusan E.M., Cypukosa E.W., Mensenesa /1.E.,
MacnoB A.A. CTpyKTypHO-()YHKIMOHAIBHBIE [TOKA3aTEId MEMOPaH 3PUTPOIIMTOB KPOBU OOJIBHBIX PAKOM JKEITy I~
Ka C pa3HbIM THCTOTHIIOM OMYXOJIM U CTaJUeH 3JI0KAYeCTBEHHOTO Tpolecca. broinemens cubupckol Meouyumbl.
2020; 19 (2): 20-27. https://doi.org: 10.20538/1682-0363-2020-2-20-27.
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Structural and functional indicators of erythrocyte membranes

INTRODUCTION

According to the data of modern lipidomics,
membrane lipids play an important role in the
implementation of many cell functions and are involved
in the development of a number of pathologies,
including cancer [1]. The revealed compositional
features of various membranes (outer and inner
layers of the outer membrane, organelle membrane)
of tumor cells in different types and stages of cancer
open up opportunities for new strategies in treatment
and prevention of cancer [2]. Among the nonspecific
disorders of homeostasis that develop following
the effect of a tumor on the body are changes in the
structural and functional properties of the membranes
of peripheral blood cells, primarily erythrocytes
[3, 4]. In diseases of various origin, erythrocytes
undergo both specific and nonspecific structural,
functional, and metabolic rearrangements; therefore,
when studying various physiological processes and
pathological conditions, they are considered as a
universal cellular model reflecting changes in the
body [5]. It is assumed that the study of the functional
state of erythrocyte membranes in cancer patients is
very important for early diagnosis of the disease and
monitoring the success of treatment [6]. The authors
came to this conclusion after studying the dielectric
constant determined by structural changes in the
membranes, in erythrocytes of 28 healthy donors and
62 patients with breast and lung cancer.

Studying membranes with fluorescent probes pro-
vides important information about the structural state
of membranes. The fluorescence parameters of the
probe introduced into the membrane depend on the
physicochemical properties of its direct microenviron-
ment in the membranes, such as fluidity, polarity of the
medium, proximity of charged groups, the presence of
various acceptor molecules, electron excitation energy,
and diffusion of fluorescence quenchers [7, 8]. The use
of a hydrophobic pyrene-based probe allows to evalu-
ate the fluidity of blood cell membranes in the zones of
protein-lipid contacts and the lipid bilayer, the polarity
and immersion of proteins in the lipid matrix. Fluidi-
ty is a complex indicator that reflects both the struc-
ture and the basic properties of the lipid component of
membranes and zones of protein-lipid interactions; it
plays a key role in the regulation of all processes oc-
curring in cell membranes. Fluidity characterizes not
only the state of membranes, but also their ability to
react to changes in the body in response to develop-
ment of the malignant process and effects of chemo-

therapy [1, 9-11]. It has been proven that induction
of apoptosis by many antitumor agents is associated
with a change in the fluidity of tumor cell membranes
under their influence [12]. The polarity of the lipid bi-
layer reflects the state of the hydrophobic phase of the
membrane and the level of hydrophilic clusters formed
by hydroperoxides in it. Assessment of the immersion
of proteins in the lipid matrix allows to judge about
the association of proteins with membranes, as well as
about the oligomerization of membrane proteins which
may result from their oxidative modification [8].

The aim of this study was to assess the structural
and functional parameters of erythrocyte membranes
in the blood of patients with gastric cancer — adenocar-
cinoma, depending on its grade, signet ring cell carci-
noma, and combined gastric lesions.

MATERIALS AND METHODS

The study included 86 patients with gastric can-
cer who had not previously received treatment. The
average age of the patients was 62 years (61.9 £ 1.2).
Depending on the histotype of the tumor, the patients
were divided into six groups: 1) well- and moderate-
ly-differentiated adenocarcinoma (G1-2) — 24 people,
16 men and 8 women; 2) low-differentiated adeno-
carcinoma (G3) — 15 patients, 10 men and 5 women;
3) signet ring cell carcinoma (SRCC) — 19 people, 10
men and 9 women; 4) combined gastric lesions (CGL) -
adenocarcinoma with the presence of signet ring
cell fragments — 15 patients, 14 men and 1 woman;
5) patients with undifferentiated cells and signet ring
cell fragments (G4 + SRCC) — 5 people, 3 men and
2 women; 6) patients with undifferentiated cells in gas-
tric adenocarcinoma (G4 + G2-3) — 8 people, 6 men
and 2 women. In the G1-2 group, moderately differen-
tiated adenocarcinoma was detected in 92% of cases.
In addition, the results of the study were separately an-
alyzed in patients with serosal invasion and the spread
to adjacent structures (T4 according to the TNM clas-
sification of malignant tumors) and in patients with
stage IV cancer. All studied indicators in the blood of
patients were compared with the corresponding values
in a group of healthy men and women of compara-
ble age without cancer (the donor group consisted of
20 people). All patients gave an informed consent for
the use of biological material for scientific research.

Red blood cells were obtained by centrifuging hep-
arinized blood for 15 min at 1 500 rpm, followed by
three times washing them with physiological saline,
buffered with phosphate buffer (pH 7.4), and centri-
fuging at 3 000 rpm for 10 min, at 4 °C. In the red blood
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cells of patients with gastric cancer, the structural and
functional parameters of the membranes were evaluat-
ed using a pyrene-based fluorescence probe (C16H10,
M = 202.3; Serva, USA), determining the fluidity of
the membranes in the region of the lipid bilayer and
protein-lipid contacts, the polarity of the lipid bilayer
and the protein immersion into the lipid matrix of the
membrane according to the method of Yu.A. Vladi-
mirova and G.E. Dobretsova (1980) [7] on the Flu-
orat-02-Panorama spectrofluorimeter (Russia). The
method for determining the fluidity of membranes
is based on the ability of a pyrene-based fluorescent
probe to excimerize in a non-polar medium. The flu-
idity of the lipid bilayer of membranes is directly pro-
portional to the excimerization coefficient of pyrene
Fe / Fm, determined by the ratio of the fluorescence
peak of the pyrene excimer Fe (in relative fluores-
cence units at emission wavelength Aemi. = 470 nm)
to the fluorescence peak of the pyrene monomer Fm
(in relative fluorescence units at Aemi. = 393 nm)
with excitation wavelength A = 334 nm. The flu-
idity of protein-lipid contacts was determined by the
ratio of the fluorescence intensity of the pyrene ex-
cimer to the pyrene monomer at A_ = 282 nm. The
method is based on the ability of pyrene to intercept
the energy of absorbed light from aromatic protein
residues within a distance called the Forster radi-
us. The polarity of the lipid phase of the membranes
was evaluated by the ratio of the fluorescence inten-
sities of the two monomeric forms F,, / F, . in the
thin structure of the pyrene spectrum at A_ = 334
nm. The degree of immersion of proteins in the lipid
bilayer was determined by quenching of the fluores-
cence of aromatic amino acid residues (tyrosine and
tryptophan) following non-radiative energy transfer
to the pyrene molecule. To measure protein immer-
sion, the erythrocyte suspension was fluorimetric at
A, = 282 nm and Aemi. = 330 nm. Then, after incu-
bation with pyrene for 1 minute, the fluorescence in-
tensity of the sample was measured again. The height
of the fluorescence peak in this case (F) was less than
in the first measurement (F ) due to quenching of tryp-
tophan fluorescence by pyrene. We determined the
efficiency of energy transfer from tryptophanyls to
pyrene that was equal to the value of F —F.
Statistical processing of the results was carried
out using the Statistica 6.0 software package and Stu-
dent’s t-test for two independent samples. The dif-
ferences were considered statistically significant at
p <0.05, and at 0.1 > p > 0.05 a trend towards sta-
tistical significance was observed. The samples were

preliminarily checked for compliance with the normal
distribution according to the Shapiro — Wilk W-test
and Kolmogorov — Smirnov criterion. The data were
presented as M + m, where M is the sample mean, and
m is the error of the mean.

RESULTS

An examination of the state of erythrocyte
membranes showed an increase in their fluidity in all
groups of patients with gastric cancer, compared with
the level both in the zone of protein-lipid contacts
and in the lipid bilayer in the donors (table). Only
in G1-2 patients fluidity was elevated only in the
zone of protein-lipid contacts — by 31.1%. In patients
with low-grade adenocarcinoma, this indicator in the
zone of protein-lipid contacts increased by 52.3%
compared to the donor level, in the lipid bilayer — by
36.6%, which was 30.2% higher than in G1-2 patients
(p = 0.054). An increase in the adenocarcinoma
extent (T4) did not significantly affect the level of
fluidity — it was elevated in the zone of protein-lipid
contacts by 38.5% (p <0.001), and in the lipid bilayer
there was a trend towards its increase by 19.5%. The
most pronounced increase in erythrocyte membrane
fluidity was detected in patients with adenocarcinoma
with undifferentiated cells (G4 + G2--3): by 93.8%
in the zone of protein-lipid contacts and by 54.1% in
the lipid bilayer in comparison with healthy people,
which was statistically significantly higher than
the level in G1-2 patients — by 47.8% and 46.9%,
respectively (p < 0.05). In patients with SRCC and
combined gastric lesions, fluidity was elevated in
the zone of protein-lipid contacts by 36-38% and
in the lipid bilayer by 17.2-21.5%. In the presence
of undifferentiated cells in patients with SRCC, an
increase in fluidity was 51.9% and 34%, respectively,
as opposed to healthy people. The highest increase
in fluidity of the lipid membrane bilayer was found
in patients with stage IV disease — by 62.4%, while
in the zone of protein-lipid contacts the indicator
increased by 32.3%.

An increase in the fluidity of membranes in almost
all groups was accompanied by an increase in the po-
larity of their lipid phase. A statistically significant
increase in the polarity was detected in patients with
moderately-differentiated adenocarcinoma — by 3.9%,
with the advanced form of adenocarcinoma (T4) — by
4.6%, with combined lesions — by 5.1%. The great-
est increase in polarity was recorded in patients with
adenocarcinoma with the presence of undifferentiated
cells — by 7.1% and with stage IV disease — by 7.8%.
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Table

Structural and functional indicators of erythrocyte membranes in patients with different histotypes and stages of gastric cancer,
relative fluorescence units, M + m

Memb fluidity in th f
Groups of patients depending on cmbrane Auidity In the zone o Polarity of the Protein immersion in the
histology and stage protein-lipid contacts lipid bilayer membrane lipid phase lipid matrix
Healthy people, n =20 0.405+0.010 0.303 +£0.015 1.422 +£0.013 0.203 +0.005
. B 0.531 +£0.028 0.318 +£0.017 1.477 £ 0.017 0.204 £0.012
Adenocarcinoma G1-2, n =24 <0001 Pres= 0011 »=0013 Preg= 0.050
0.414 +0.053
Adenocarcinoma G3, n =15 0'61<7 g 8(‘)(;5 7 »=0.017 1.44 8 + 0.024 0'199110 %gzn
p=u p,=0.054 Py
+
Signet ring cell carcinoma (SRCC), 0.551 +0.021 0.3550.016 14540018 0.198 £ 0.017
n=19 »<0.001 p=0.020 P =0.078 P =0.086
: p]vs( = 0040 IVSt : 1VSt :
Combined gastric lesions (G2-3+ 0.559 +0.027 0.368 £ 0.038 1.494 +0.018 0.231 +0.016
SRCC), n=15 p <0.001 p=10.066 p=0.002 p=0.077
Presence of undifferentiated cells
+ +
and signet ring cell fragments 0'61<50 0%'?8 0'402 0 8&1107 1.457 +0.024 0.219 +0.032
(G4+ SRCC), n=5 p=o p=0
+
Presence of undifferentiated cells RSO 0.467 +0.105 1,523 +0.033 0.171 +0.029
in adenocarcinoma (G4+G2-3), 5 _ O. 019 p=0.014 p=0.002 p=0.035
= 1 ° = = =
n=38 Pros=0.065 p,=0.037 p,=0.084 Dy = 0.037
. 0.561 +0.035 0.362 +0.033 1.487 +£0.021
= +
Adenocarcinoma T4, n=17 »<0.001 »=0.074 »=0.010 0.223+£0.019
IV stage. n =4 0.536 +0.035 0.492 +£0.125 1.533 +£0.037 0.274 £ 0.049
£ »<0.001 »=0.003 »=0.003 »=0.013

Note. The data are presented as M + m, where M is the sample mean; m is the error of the mean. The statistical significance of the differences:
p — relative to the group of healthy people, p, — relative to the group of patients with adenocarcinoma G1-2, p, — relative to the group of patients

with adenocarcinoma G3, p,, , — relative to patients with stage IV disease.

Interestingly, in patients with gastric cancer, a
statistically significant increase in protein immersion
into the lipid matrix of erythrocyte membranes was
detected only at stage IV disease (by 35%, p=0.015),
and there was also a trend towards a significant in-
crease in patients with combined lesions (by 13.8%,
p=0.077). Patients with undifferentiated cells in gastric
adenocarcinoma showed a decrease in protein immer-
sion (by 15.8%, p = 0.035). According to the data ob-
tained at Rostov Research Institute of Oncology earlier,
this indicator turned out to be the most labile and dras-
tically increased at most localizations of the malignant
process; and its changes often correlated with the state
of patients and the effectiveness of therapy. Significant
changes in the immersion of proteins in the lipid matrix
of blood cell membranes were detected in gynecologi-
cal cancers, breast cancer, lung cancer, oropharyngeal
cancer, and malignant brain lesions [13, 14]. In patients
with breast cancer with high efficacy of chemotherapy,
normalization of initially increased protein immersion
in the lipid matrix of erythrocyte and lymphocyte mem-
branes was observed in the absence of positive changes

in patients with tumor stabilization [15]. Therefore, in
gastric cancer, the change in protein immersion in the
lipid matrix of erythrocyte membranes differed from
what was observed in other cancers.

Separately, it is necessary to dwell on the indica-
tors of erythrocyte membranes in patients with stage
IV gastric lesions. In these patients, the increase in the
fluidity was more pronounced in the lipid bilayer —
62.4%, than in the zone of protein-lipid contacts —
32.3%, while in all other groups of patients the in-
crease in fluidity in the zone of protein-lipid contacts
was more pronounced. The maximum increase in the
fluidity of the lipid bilayer among all groups corre-
sponded to the largest increase in the polarity of the
lipid phase of the membranes and in the immersion of
proteins in the lipid matrix. The fluidity of the lipid bi-
layer in patients with stage IV lesion was significant-
ly higher than in patients with adenocarcinoma G1-2
and SRCC (54.7% and 38.6%, respectively). A trend
towards statistical significance of higher levels of po-
larity in these patients relative to patients with SRCC
(by 5.4%) and immersion relative to patients with
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adenocarcinoma G1-2, G3, and SRCC (by 34.3%,
37.7%, and 38.4%, respectively) was revealed. Sta-
tistically significant excess of protein immersion was
observed in patients with stage IV disease, as opposed
to a reduced level of this indicator in patients with G4
+ G2-3 (by 60.2%), with a trend towards a significant
decrease in the fluidity of protein-lipid contacts (by
31.7%) relative to the same group.

DISCUSSION

According to the data obtained, the majority of
examined patients with gastric cancer were charac-
terized by an increase in the erythrocyte membrane
fluidity which was more pronounced in the zone of
protein-lipid contacts, but also observed in the lipid
bilayer. The greatest changes were revealed in the
presence of undifferentiated cells in stomach tumors.
In this case, an increase in the fluidity of erythrocyte
membranes was observed both in gastric adenocarci-
noma and in SRCC. In adenocarcinoma, it was also
accompanied by a more pronounced increase in the
polarity of the lipid phase of the membranes. And only
the G4 + G2-3 group of patients was characterized by
a statistically significant decrease in the immersion of
proteins in the membrane lipid matrix.

The fluidity is known to characterize the ability of
membranes to respond to disorders occurring in the
body, including the development of a malignant pro-
cess [16]. The reason for the increase in the fluidity of
the lipid bilayer may be an increase in the free radical
oxidation of membrane lipids, their interaction with
lipid peroxidation products, and a change in the lipid
composition of membranes [3, 17]. The main factors
determining the fluidity of membranes include the
content of cholesterol, which contributes to a more
stringent ordering of the lipid bilayer, and the content
of unsaturated lipids, which increase the fluidity and
permeability of the membranes [2]. Since membrane
lipids form the environment for the functioning of
membrane proteins, a change in the structure of the
lipid bilayer leads to a violation of the conformation
of proteins associated with it. The intensification of
free radical oxidation of membrane proteins leads to
a change in their tertiary structure and an increase
in protein aggregation or fragmentation, which con-
tributes to an increase in fluidity in the zone of pro-
tein-lipid contacts, immersion of proteins in the lipid
matrix and, as a result, a decrease in their functional
capabilities, including the receptor apparatus [5]. It
was shown that membrane areas (domains) enriched
in cholesterol and sphingolipids, with epidermal

growth factor receptors (EGFs), estrogens, and other
receptors built into them, participate in cell prolifera-
tion, while a ceramide-enriched domain with built-in
Fas receptors (CD95) and TNF-R1 triggers caspases
and promotes apoptosis [2]. Changes in lipid domains
and proteins within the domain can be involved in
malignant transformation, uncontrolled growth, inva-
siveness and metastasis [18], and also affect the state
of antioxidant and proteolytic systems that play an im-
portant role in cancer [19, 20].

The functional importance of changes in the pro-
tein component of membranes in malignant pathology
is indirectly indicated by high frequency of increased
fluidity of the membranes in the zone of protein-lip-
id contacts revealed in red blood cells of patients with
gastric cancer. Our results on the intensification of lipid
peroxidation in blood plasma and erythrocytes of pa-
tients with gastric cancer are consistent with the activa-
tion of free radical oxidation as one of the reasons for
the increase in the fluidity of erythrocyte membranes.
Herewith, the level of lipid peroxidation products and
the degree of violation of conjugation of erythrocyte
antioxidant enzymes increased with a decrease in the
differentiation of adenocarcinoma, especially in the
presence of undifferentiated cells in the tumor [21].

An analysis of the changes in the properties of
membranes that occur in cancer led to the conclusion
that an increase in the fluidity of the membranes of
tumor cells promotes metastasis, and a decrease in
the fluidity leads to the development of multidrug re-
sistance [2]. Our data indicate that functionally sig-
nificant structural features are characteristic not only
for tumor cells. Changes in the fluidity, polarity of
the lipid bilayer and the immersion of proteins in it
also occur in erythrocyte membranes, depending on
the histological characteristics of the tumor and types
and stages of cancer. Thus, the results obtained in
the study of erythrocyte membranes in gastric cancer
are consistent with the opinion expressed by foreign
researchers [2, 22, 23] that in-depth studies of cell
membranes and their lipid composition, that is lipid-
omics of various types and stages of cancer, as well as
modification of membrane components provide great
opportunities for treatment and prevention of cancer
and will be more often used in the coming years as
markers of prognosis and progression in malignant
pathologies.

CONCLUSION

An increase in the fluidity of erythrocyte membranes
in the zone of protein-lipid contacts and lipid bilayer,
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as a rule, is accompanied by a small, but statistically
significant increase in the polarity of the lipid phase of
the membranes. It is typical for patients with gastric
cancer and increases with a decrease in the degree of
tumor differentiation. The maximum increase in the
fluidity and polarity of the lipid bilayer, accompanied
by a significant increase in the immersion of proteins in
the lipid matrix, was revealed in patients with stage IV
tumors. The data obtained indicate that changes in the
structural and, therefore, functional properties of mem-
branes that are typical not only of tumor cells, but also
of blood cells, can contribute to the development of the
tumor process and can be used as prognostic markers of
disease progression and treatment success.
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Pathogenesis of anemia in pregnant women with gestational diabetes
mellitus
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ABSTRACT

The aim of the research was to establish the role of inflammation mediators and iron metabolism in the pathogenesis
of various types of anemic syndrome in pregnant women with gestational diabetes mellitus (GDM).

Materials and methods. 32 pregnant patients with GDM were examined; 14 of them had iron deficiency anemia,
18 —anemia of chronic diseases. The enzyme-linked immunosorbent assay was used to determine the concentration
of IL-6, hepcidin and a soluble receptor for transferrin in the blood serum of pregnant women, the concentrations
of C-reactive protein and transferrin were determined with the method of turbidimetry.

Results. It was shown that women with GDM had higher IL-6 level compared to healthy pregnant women, and the
concentration of IL-6 did not depend on the type of anemic syndrome. The C-reactive protein concentration was
higher in patients with GDM and anemia of chronic diseases than in healthy pregnant women or in pregnant women
with iron deficiency anemia. An analysis of iron metabolism markers in pregnant women with GDM established
that patients with anemia of chronic diseases had higher hepcidin levels than women with iron deficiency anemia
or healthy pregnant women.

Conclusions. We established the heterogeneity of the anemic syndrome in pregnancy complicated by GDM. It was
confirmed that GDM was accompanied by subclinical inflammation, which was more pronounced in anemia of
chronic diseases. The research showed that the mechanism of development of anemia of chronic diseases involving
the hepcidin protein was also realized in GDM, characterized by subclinical inflammation. The results indicate the
importance of establishing the type of the anemic syndrome in pregnant women with GDM for effective therapeutic
follow-up.

Key words: pregnancy, anemia of chronic diseases, gestational diabetes mellitus, inflammation, hepcidin.
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MaToreHe3 aHeMUYECKOrO CUHAPOMA Y 6epeMeHHbIX C reCTauUOHHbIM
caxapHbIM guabetom

3uma A.M.", MpoxopeHko T.C."?, CanpuHa T.B.', Mycuna H.H.', HoBnuykuin B.B.',
Bbankos A.H.’

I Cubupckuii 2ocyoapcmeennuiii meduyunckuil ynusepcumem (Cu6I’ MY)
Poccus, 634050, Tomcxk, yn. Mockosckuu mpaxm, 2

2 Tomcruil pecuonanvbiblil yenmp Kposu
Poccus, 634045, Tomck, ya. Bepwununa, 45

PE3IOME

Ileab. YCTaHOBUTH POJIb MEIMATOPOB BOCHAJIEHMS M MeTaboJIM3Ma jKele3a B MaTOreHEe3e PasIMyYHBIX BHUJIOB
AQHEMHUYECKOT0 CHHJPOMa y OEpPEeMEHHBIX C ITeCTallMOHHbIM caxapHbIM quaderom (I'CJI).

Martepuainl u Metoabl. [IpoBeneHo obcnenoBanue 32 6epemennbix ¢ ['C/l, u3 KOTOpBIX 14 ManneHTOK HUMEIH
JKeJIe30/IepUIIMTHYIO AHEMHIO, a 18 — aHeMHI0 XpOHMYECKHUX 3a00seBanui. B ChIBOpOTKE KpOBU OEpEeMEHHBIX Me-
TOJIOM UMMYHO(EPMEHTHOIO aHaJIH3a ONPEAISUIN KOHIIEHTPAIMIO HHTEPJIeHKHHA 6, TeIICHINHA, PACTBOPUMOTO
perienitopa K TpaHc(heppuHy, METOJIOM TYpOUANMETPUH — KOHIIEHTparuio C-peakTHBHOTO OeJka 1 TpaHC(heppHHa.

PesyabTatsl. Y 6epemennsix ¢ I'CJ] KOHIEHTpanust HHTEpICHKHHA 6 MOBBIIICHA B CPABHEHHHU C €TO YPOBHEM Y
3JJ0pPOBBIX OEPEMEHHBIX U HE 3aBICHUT OT BH/Ia aHEMUYECKOT0 CHHApoMa. Y 6epeMeHHbIX ¢ ['C/l, nMeBINX aHEMHIO
XPOHHYECKUX 3a00JIeBaHMH, KOHIEHTpays B KpoBU C-peakTHBHOTO OeNka IMpEeBBINIaga TAaKOBYIO Y 370OPOBBIX
OGepeMeHHBIX U OEpEeMEHHBIX C XKene30eGUINTHON aHeMuel. AHaITH3 coiepKaHus B KpoBHU y OepemMeHHbIX ¢ I'CJ]
MapKepoB MeTaboIr3Ma jkele3a IOoKa3al, YTO Yy KEHIIMH ¢ aHeMHUel XPOHNYeCKHX 3a001eBaHnil KOHIIEHTPAIHs
TeTICH/IMHA 3HAYUTEIIHHO BBIIIE, UM y MAIMEHTOK C XKeIe301e(UINTHON aHeMuel 1 3M0POBBIX OePEeMEHHBIX.

3ak/a04eHne. YCTaHOBIEHA TIeTEPOr€HHOCTh AHEMHYECKOTO CHHIpPOMAa MPH OEpPeMEHHOCTH, OTSATOIIEHHON
I'CH: uctuHHyI0 *)ene30Ae(@UINTHYI0O aHEMHIO MMEIH MEHee TOJIOBHUHBI MAllMeHTOK, B TO BPeMs Kak y 0O0Ib-
el 4acTH JKEHIIUH aHeMHs Oblia CBs3aHA ¢ BHYTPUKIIETOYHOH Onokamoil skemesa. Iloareepxkaeno, uro I'CLL
COMPOBOX/AETCA PAa3BUTHEM CYyOKIMHMYECKOTO BOCHaleHHs, 0ojee BBIPAXKEHHOTO MPH aHEMHH XPOHHUECKHX
3aboneBanuii. [lokazaHo, YTO MeXaHU3M pa3BUTHA AaHEMHM XPOHMYECKHMX 3aboneBaHWi ¢ ydacTueM Oenka
rencuanHa peannsyetcs u npu ['CJl, XxapakTepusyromMcst CyOKIMHMYECKHM BocraneHueM. IlomydeHHble
pe3ynbTaThl yKa3plBalOT HA BAKHOCTh yCTAHOBJIEHMS BUJAA aHEMHYECKOro cuuapoma y OepemenHsix ¢ I'CJI ¢
1es1610 3G (YEKTHBHOTO TEPANEBTUYECKOTO CONPOBOKCHHS MAIEHTOK.

KiwoueBble ciaoBa: OepeMEHHOCTh, aHEMHS XPOHHYECKUX 3a00JIeBaHMI, TECTAllMOHHBIA CaXapHBIA IHalerT,
BOCHAJIEHNE, TeNCHANH.

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHIHUAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3AaHHBIX C IIPOBEACHHBIM HUCCIICA0OBAHUEM U Hy6HHKaHHeﬁ HACTOSIICH CTaThH.

Hcrounuk punancupoBanus. ['ocynapcreennoe 3aganue Ne 056-0093-18-00 ot 26.12.2017. CoBeT 1o rpanTam
[pesunenta Poccuiickoit denepannu s TOCyIAapCTBEHHON TMONACPKKU BEeAyMMX HaywHbIX mkon (HIL-
2690.2018.7).

CooTBeTcTBHE IPUHIMIIAM 3THKH. Bee manueHTs! noamncan HHGOpMUPOBAHHOE COTIacHEe HA y4acTHE B UCCIe-
noBanud. MccenenoBanue 0g00peHo JTOKaIbHBIM 3THYeckuM KoMuTeToM Cubl'MY (mportokois Ne 3431 ot 2013).

Jns uutupoBanus: 3uma A.IL., [Ipoxopenko T.C., Canpuna T.B., Mycuna H.H., HoBuukuii B.B., baiikos A.H.
ITaToreHes aHEMUYECKOTO CHHIPOMa y GEpPEMEHHBIX C TeCTAIMOHHBIM CaXapHbIM JIHabeToM. Bioniemens cubup-
croti meduyunsl. 2020; 19 (2): 28-33. https://doi.org: 10.20538/1682-0363-2020-2-28-33.
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INTRODUCTION

Carbohydrate metabolism disorder and anemic
syndrome are some of the most common extragenital
diseases in pregnant women. According to the
World Health Organization (2014), in most cases,
anemia in pregnant women is iron deficiency
anemia, and its frequency in developed countries
reaches up to 20-25%, in Russia — up to 35-43%.
However, due to glucose toxicity and lipotoxic-
ity, anemia of chronic diseases resistant to iron
therapy is very likely to develop in pregnant women
with carbohydrate metabolism disorders. High
prevalence of the anemic syndrome together with
its heterogeneity (in the presence of a concomitant
pathology) in pregnant women and possible
complications (increased perinatal mortality, fetal
growth retardation, intrauterine hypoxia, neonatal
asphyxia, weak labor, poor tolerance of blood loss,
etc.) make both studying the anemia pathogenesis
and improving the methods of its laboratory
diagnosis essensial [1].

The aim of the study was to establish the role
of inflammation mediators and iron metabolism in
the pathogenesis of various types of the anemic syn-
drome in pregnant women with gestational diabetes
mellitus.

MATERIALS AND METHODS

The study included 32 pregnant women with
gestational diabetes mellitus (GDM) followed
up by an endocrinologist at Regional Perinatal
Center (Tomsk). Gestational diabetes mellitus was
diagnosed in the first trimester of pregnancy during
the first biochemical screening according to the diag-
nostic criteriain compliance with the Russian Nation-
al Consensus Statement on gestational diabetes mel-
litus: diagnosis, treatment and postnatal care, 2012.
In all patients, GDM was treated with diet therapy,
without the use of insulin preparations. The anemic
syndrome was diagnosed and specified following
complex analysis of laboratory data. The hematolo-
gy profile (red blood cells, reticulocytes, hemoglo-
bin) (using a 5-diff hematology analyzer Sysmex
xs-10001, Sysmex, Japan) and blood serum chem-
istry (serum iron, total iron binding capacity, serum
ferritin) (using a Cobas analyzer with 311, Roche,
Germany) were studied. A decrease in hemoglobin
concentration lower than 110 g/l was considered
as the anemic syndrome in pregnant women.

Iron deficiency anemia was verified in case of a de-
crease in blood levels of serum iron and ferritin, in
combination with increased total iron binding ca-
pacity. Anemia of chronic diseases was established
in case of reduced total iron binding capacity and
serum iron concentration, but normal or increased
ferritin concentration. All pregnant women were
divided into two groups: iron deficiency anemia
(IDA) — 14 patients, and anemia of chronic diseases
(ACD) — 18 patients.

At the time of the study, all patients were in the
second trimester of pregnancy, aged 23 — 44 years.
The control group consisted of 12 healthy pregnant
women of comparable age. Exclusion criteria were
the use of iron preparations, acute infections or ex-
acerbation of chronic infections, purulent necrot-
ic diseases, allergic diseases (bronchial asthma,
atopic dermatitis, etc.) in the medical history or
at the time of the screening, nephritis of any eti-
ology, psoriasis, and refusal to participate in the
study. The study met ethical standards; all individ-
uals participating in the study signed an informed
consent.

The study material was venous blood serum
taken in the morning before ingestion from
the ulnar vein in an amount of 10 ml into a BD
Vacutainer vacuum tube with a coagulation
activator with silica particles (Becton Dickinson,
USA). The concentrations of IL-6 (pg/ml) (Vector-
Best, Russia), hepcidin (ng/ml) (MyBioSource,
USA) and soluble transferrin receptor (sTfR)
(nmol/l) (R&D Systems, USA) were determined
by the serum-linked immunosorbent assay in blood
serum according to the instructions of reagent kit
manufacturers. The results were read using an
automatic photometer for Sunrise microplates
(Tecan, Austria) at a wavelength of 450 nm.
The concentration of the studied markers was
determined by a standard calibration curve. The
concentrations of C-reactive protein (CRP) (mg/l)
(at a wavelength of 552 nm) and transferrin (g/1)
(at a wavelength of 570 nm) were determined in
the blood serum by the turbidimetric method using
a Cobas c311 analyzer (Roche, Germany).

Statistical processing of the obtained data was
performed using the SPSS Statistics 18 software
package. The distribution normality was checked us-
ing the Shapiro — Wilk criterion. The threshold lev-
el of statistical significance of differences was 0.05.
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Thedataobtained did notobey thenormal distribution
law and were presented as the median and interquar-
tile range (Me, Q,~0Q. ). The significance of differ-
ences between independent comparison groups was
established using the Kruskal — Wallis criteria with
the Bonferoni correction for the three study groups,
and using the Mann — Whitney test for two groups.
The correlation between the studied parameters was
evaluated using the Spearman’s test for nonpara-
metric data.

RESULTS

It was found that the concentration of IL-6 in-
creased in pregnant women with GDM, (p < 0.05)
compared to healthy pregnant women and did not

depend on the type of the anemic syndrome. CRP
level was also higher in patients with GDM and
ACD compared to patients with IDA and healthy
pregnant women (p < 0.05 for both cases) (Table 1).

The analysis of iron metabolism markers in wom-
en with GDM showed that patients with ACD had
higher hepcidin concentrations, than those with IDA
(» <0.05) and healthy pregnant women (p < 0.05).
An average positive linear relationship was found
between the concentrations of hepcidin and CRP
(r=10.61; p <0.05) in the blood serum of patients
with gestational diabetes mellitus and anemia of
chronic diseases. There were no differences in
transferrin and sTfR concentrations in IDA and
ACD patients (p > 0.05 in all cases) (Table).

Table

The concentration of inflammatory and iron metabolism markers in the serum of pregnant women with gestational diabetes mellitus,
taking into account the type of anemia, Me (Q,—0.)

. . . Pregnant women with gestational diabetes mellitus
Pregnant women without gestational diabe- — - -
Parameter tes mellitus and anemia (n = 12) Pregl}ant women with iron Pregnant women with anemia
deficiency anemia (n = 14) of chronic disease (n = 18)

IL-6 (pg/ml) 0.5 (0-1.0) 2.8 (2.6-2.8)* 2.7 (1.8-3.0)*
C-reactive protein (mg/1) 1.33 (1.0-1.65) 2.82 (1.85-3.29) 8.79 (6.32-10.12) * **
Hepcidin (ng/ml) 5.55(0-11.1) 7.1 (3.4-11.7) 12.2 (11.6-14.6)* **
sTfR (nmol/l) 20.15 (5.94-34.36) 34.79 (23.92-38.85) 38.41 (24.5-42.47)
Transferrin (g/1) - 4.03 (3.65-4.39) 4.05 (4.05-4.15)

* the differences are significant against similar indexes in pregnant women without gestational diabetes mellitus and anemia (p < 0.05);

** against pregnant women with iron deficiency anemia.

However, we found a strong positive linear
relationship between the increasing concentrations
of transferrin and its soluble receptor (r = 0.84; p <
0.05) in the blood serum of patients with GDM and
IDA, which reflects the classical concept of IDA
pathogenesis.

DISCUSSION

Already at the stage of patients’ stratification
into clinical examination groups, the study showed
that in almost half of cases anemia in pregnant
women with GDM was not iron deficiency
anemia and, therefore, could not be treated by iron
preparations. The heterogeneity of the structure
of the anemic syndrome in individuals with type
1 diabetes mellitus (both in pregnant and non-
pregnant patients with type 1 diabetes mellitus)
has been confirmed by other studies [2, 3]. Thus,
it is necessary to clearly differentiate anemia of

chronic diseases and iron deficiency anemia in
pregnant women with impaired carbohydrate
metabolism.

It was established that in anemia of chronic
diseases, the key role in the activation of hepcidin
synthesis belongs to the group of proinflammatory
cytokines — IL-1, IL-6, TNFa [4], and especially
to IL-6 [5]. The main function of hepcidin, in turn,
is to block the action of the iron carrier protein,
ferroportin, as a result of which iron is disrupted
from macrophages, enterocytes, placenta, and
other cells, leading to hypoferremia [6]. Thus,
the pathogenesis of anemia of chronic diseases
is associated with an excess of IL-6 production,
activation of hepcidin synthesis and a decrease
in the availability of iron for erythropoiesis.
This study, as well as our previous works [7,
8], indicated the presence of an inflammatory
process in GDM, since the concentration of IL-6
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in the blood serum of women with GDM was
higher than during physiological pregnancy. It
should be noted that the concentration of IL-6
in pregnant women with GDM had comparable
values for various types of the anemic syndrome.
Moreover, a significant increase in hepcidin con-
centration was observed only in pregnant women
with anemia of chronic diseases. This indicates the
presence of additional factors that stimulate hepci-
din production and contribute to the development
of anemia of chronic diseases in GDM. The most
sensitive clinical and laboratory indicator of inflam-
mation is C-reactive protein. The highest concen-
tration of C-reactive protein was recorded in the
blood serum of pregnant women with GDM who
had anemia of chronic diseases, which indicates a
greater activation of inflammation in these patients,
compared with pregnant women suffering from iron
deficiency anemia. Therefore, the mechanism of
development of anemia of chronic diseases involv-
ing hepcidin, IL-6 and C-reactive protein is also
realized in subclinical inflammation accompanying
gestational diabetes mellitus.

Transferrinand sTR are considered as differential
diagnostic markers of IDA and ACD. It is stated
that patients with anemia of chronic diseases have
normal or reduced concentrations of transferrin and
sTfR in the blood serum, while in patients with
iron deficiency anemia the concentrations of these
markers increase [9, 10]. However, the content
of transferrin and sTfR in the blood reflects both
the amount of iron deposited in the body and the
activity of erythropoiesis [11, 12], which increases
by the end of the first trimester of pregnancy. Thus,
the informative value of these tests after 12 weeks
of pregnancy is doubtful.

This study confirmed the limitation of using
transferrin and its soluble receptor as indicators of
ACD verification in pregnant women with GDM.

CONCLUSION

Gestational diabetes mellitus is accompanied by
subclinical inflammation, which is more pronounced
in anemia of chronic diseases, as opposed to iron
deficiency anemia. The mechanism of development
of anemia of chronic diseases in GDM involves the
hepcidin protein. The heterogeneity of the anemic
syndrome in pregnancy complicated by GDM was

established: less than half of patients had true iron
deficiency anemia, while in most women anemia
was associated with intracellular iron blockade.
The results indicate the importance of correct
differential diagnosis of the anemic syndrome in
pregnant women with GDM.
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Association of serotonin 2C receptor gene polymorphism with depression
and quality of life indicators in patients before coronary artery bypass
grafting
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Research Institute for Complex Issues of Cardiovascular Diseases
6, Sosnovy Bulv., Kemerovo, 650002, Russian Federation

ABSTRACT

The aim was to study the association of the rs6318 polymorphism of the HTR2C gene with the level of depression
and quality of life in patients undergoing coronary artery bypass grafting (CABQG).

Materials and methods. A total of 116 patients with coronary artery disease (CAD) (age 60 [57; 65] years)
were examined before CABG. Depression was assessed in all patients in the preoperative period using the
Beck Depression Inventory (BDI). In addition, the quality of life was measured in all patients using the SF-36
questionnaire. Blood samples were collected for the subsequent polymerase chain reaction-based genotyping to
detect the rs6318 polymorphism of the HTR2C gene. Statistical analysis was performed using the STATISTICA
10.0 software package (StatSoft Inc., USA). The value of p < 0.05 was considered statistically significant.

Results. No significant differences were found in the associations between different genotypes of the HTR2C gene
and depression levels. However, certain trends have been established (p = 0.1). Thus, the pairwise comparison
of different genotypes reported that carriers of the CC genotype had higher BDI scores (12 [8; 19]), whereas
carriers of the CG genotype (p = 0.07) and GG genotype (p = 0.08) had lower BDI scores (3.5 [2; 5] and 8 [0;
25], respectively). The quality of life among carriers of the CC, CG and GG genotypes did not differ significantly.
Nevertheless, the median values of almost all indicators (GH, PF, RE, VT) were lower in carriers of the CC
genotype. Carriers of the CC genotype suffered more from pain limiting their daily activities than carriers of the GG
genotype (p = 0.04). Homozygous C allele carriers demonstrated poorer mental health than heterozygous carriers
(56 [40; 64] vs. 82 [72; 92], p = 0.04).

Conclusions. Reliable associations of different genotypes of the rs6318 polymorphism of the HTR2C gene with the
quality of life parameters have been found in patients with coronary artery disease.

Key words: coronary artery disease, coronary artery bypass grafting, depression, quality of life
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Accouymauusa noaumopédusma reHa peuentopa cepoToHuHa 2C ¢ genpeccuen

M NOKa3aTe/IAMM KavyeCTBa }XU3HU Yy MaLUeHTOB nepey onepaumen
KOPOHapHOro LWYHTUPOBaHUA

NHo3emueBa, A.A., MomewkuHa, C.A., ApryHoBa l0.A., bap6apaw O.J1.

Hayuno-uccreoosamenvckuii uHCmumym KOMIIEKCHbIX NPoOeM cepoeuro-cocyoucmuix sabonesanuii (HUW KIICC3)

Poccus, 650002, 2. Kemeposo, Cocrnoguvlii 6ynveap, 6

PE3IOME

Hens. M3yunts cBs3u renernueckoro noiaumophusma rs6318 rena HTR2C ¢ ypoBHEM AENPECCHH U Ka4eCTBOM

JKU3HH Y TIAIJUEHTOB Tepes KopoHapHbIM IryHTHpoBanueM (KIII).

Marepuanbl u Metoabl. O0cienoBansl 116 manueHToB ¢ mmeMudeckor 6onesnpio cepana (MBC) mepen KIII
(Bozpact 60 [57; 65] ner). B mpenoneparimoHHOM IepHO/ie TIPOBOANIACH OLCHKA AEHPECCHH C IIOMOIIBIO IIKAIIBI
Bexka, xauecTBa JKH3HU ¢ IPUMEHEHNEM omnpocHuKa SF-36, a Takxke MpoBOAMICS 3a00p KPOBH C MOCIETYIOIIIM
TeHOTHITPOBaHUEM TomMopduima 156318 HTR2C meTonoM HonMMepa3Ho-LenHol peakiuu. CTaTHCTHIECKas
00paboTKa OCyIIeCTBILIIACH C HCIIOIb30BaHNEM MakeTa mporpamm Statistica 10.0 (StatSoft Inc., CIIIA). Bo Bcex

CllydasiX HyJIEBYIO TMIIOTe3y oTBepranu mpu p < 0,05.

PesyabTartel. lpu ananmse cBA3M pa3nuuHBIX FeHOTUNOB reHa HTR2C ¢ ypoBHEM JENPECCHH 3HAYMMBIX pa3-
JMYUA HEe HaliIeHO, OTHAKO YCTAHOBJIEHBI onpenaeneHubie TenaeHmu (p = 0,1). Tak, mpu monapHOM CpaBHEHUH
Pa3INYHBIX TEHOTUIIOB OOHAPYKEHO, 4TO y Hocutenel renotumna CC Oamt mo mkane beka ObUT BBIIIE M COCTABHI
12 [8; 19], Torma kak y Hocureneit renotunos CG (p = 0,07) u GG (p = 0,08) on ObLT HIDKE U cocTaBUI 3,5 [2;
5] u 8 [0; 25] cootBercTBeHHO. [loka3arenu kadecTBa xu3Hu y HOocutenei renorunoB CC, CG u GG 3Ha4nMO
HE pa3InYajnch, OJHAKO, 3HAUCHUE MEANaHbI IPAKTHYECKH MO BeeM mokaszarersiM onpocauka (GH, PF, RE, VT)
ObuT0 HIKe y Hocutenel reHotuna CC. Y nocureneit renotuna CC 601b OrpaHUYMBalIa UX MOBCEIHEBHYIO Aes-
TENBHOCTH Oonblne, yeM y Hocureneii reHotuna GG (p = 0,04). Y romozurot no amiento C ypoBeHb NCHXHYECKOTO

3I0POBBS OBIIO TaKXKe HIDKE, 4eM Yy reTeposurot (56 [40; 64] npotus 82 [72; 92], p = 0,04).

3akiouenne. B HacTosieM UCCIe0BaHHNA OOHAPYKEHBI CTATUCTUYCCKH 3HAYMMBIC CBSI3H PA3IMYHBIX TCHOTH-

noB nosmmopouzma rs6318 rena HTR2C y nanuentos ¢ UBC ¢ nokasaTensiMu KauecTBa )XU3HH.

KiroueBble ciioBa: uiiemuyeckas 00J1€3Hb cep/ilia, KOPOHAPHOE HIYHTHPOBAHKE, ICTIPECCHs, KAaUeCTBO JKH3HH.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBs3aHHBIX C Hy6J’IPIKaIIPIeﬁ HACTOSIICH CTATHH.

Hcrounuk ¢unancupoBaHus. PaboTa BbimojHeHa B pamkax ¢yHmamentambHoi Tembl Ne 0546-2015-0012
«MynbTH(OKATBHBIN aTEPOCKIEPO3 K KOMOPOUAHBIE cocTOAHUS. OCOOCHHOCTH ANArHOCTHKH, YIIPABICHUS PHCKa-
MH B YCIIOBHAX KPYITHOTO POMBIIITIEHHOTO pernoHa Cubupn», Ne rocpeructpanun AAAA-A16-116011910161-2

ot 19.01.2016, yrBepxaena pemennem YueHoro coera HUM KIICC3 Ne 12 ot 18.12.2015.

CooTBeTcTBHE MPHUHIUNAM THKH. Bcemu manpentaMu ObUIO IMOJMHCAHO TOOPOBOJIBHOE MH(DOPMUPOBAHHOE
cornacue. MccnenoBanue 06110 0100peH0 ToKkanbHbIM dTHaeckuM komureroM HUM KIICC3 (mportokon Ne 20 ot

25.01.2011).

Jnst uutupoBanus: Muozemresa A.A., [Tomemkuna C.A., Apryrnosa 10.A., Bap6apamr O.JI. Accormanus monu-
Mop¢du3Ma reHa perentopa ceporonnsa 2C ¢ aenpeccueil U MokaaTeIsiMH KauecTBa JKU3HU Y MAMEeHTOB IIepest
orepanuel KOpOHaApHOTO IIYHTUPOBaHUs. Broiemens cubupcroil meduyunsi. 2020; 19 (2): 34-40. https://doi.org:

10.20538/1682-0363-2020-2-34-40.

INTRODUCTION the CABG surgical strategies, anesthesia and pre-

Effectiveness of coronary artery bypass grafting

and postoperative management, the proportion of

(CABG) for treating patients with coronary artery patients becoming disabled after CABG remains very

disease (CAD) has already been proven and is of no
doubt [1]. However, despite all recent advances in
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high [2]. However, CABG is aimed at improving the
quality of life (QoL), not worsening it. There are

35



Inozemtseva A.A., Pomeshkina S.A., Argunova Yu.A., Barbarash O.L.

Association of serotonin 2C receptor gene polymorphism

many reasons that might provoke this paradox: a
lack of cardiac rehabilitation programs at each phase
of rehabilitation, low patients’ awareness of cardiac
rehabilitation benefits [3], limited ability of patients
to participate in these programs, etc. Patients’
unwillingness to participate may be explained by
depression and anxiety before and after CABG.
In addition, cardiac surgery itself is considered as
a significant stressful factor for patients [4]. The
prevalence of depression and severe anxiety among
patients before cardiac surgery ranges from 30 to
40% [5].

Over the past decades, it has been proven that
personality traits are largely dependent on genetic
factors [6]. Since the serotonergic system is actively
involved in the pathogenesis of depression [7], the
genes associated with it are currently being actively
studied. Particular attention is focused on the
serotonin 2c receptor gene (HTR2C), located on the
chromosome Xq24 site and responsible for social
behavior and cognition.

HT2C receptors are found in the striatum, choroid
plexus, cerebral cortex, hippocampus, and substantia
nigra. 2C receptors have been shown to control
the release of other neurotransmitters, such as
norepinephrine and dopamine. HT2C receptors are
involved in the regulation of mood, anxiety, sexual
functions, sleep, appetite, and the cardiovascular
system [8].

Cys23Ser (rs6318) is one of the most well-studied
HTR2C gene polymorphisms. The replacement
of guanine by cytosine results in the amino acid
replacement, and cysteine is then replaced by
serine. Binding of the receptors in CC genotype
carriers is two times weaker than in homozygous
GG carriers. Thus, CC carriers are supposed to be
more prone to the onset of depressive disorders
[9, 10]. A number of studies have reported the
association between this polymorphism and
suicidal behavior [11], alcoholism, bipolar mental
disorders, schizophrenia [12], and major depressive
disorders [13].

However, evidences on the contributive role of
this polymorphism in the development of anxiety
and depression in somatic patients are limited.

Our study is aimed at determining the relationship
of HTR2C (rs6318) gene polymorphism with
the level of depression and quality of life in

patients undergoing preoperative management for
CABG.

MATERIALS AND METHODS

116 patients with stable coronary artery disease
undergoing preoperative management for on-pump
CABG were enrolled in the study. Of those, 95 (82%)
were men and 21 (18%) were women. The median
age was 60 [57; 65] years. The exclusion criteria
were the presence of severe somatic pathology (acute
or chronic renal failure, liver failure, chronic lung
diseases, thyroid diseases, autoimmune diseases)
and refusal to participate in genotyping.

Two-to-seven days before CABG, all patients
underwent depression screening using the Beck
Depression Inventory and the quality of life
assessment using the SF-36 questionnaire. Eight
subscales were assessed (physical functioning
(PF), role-physical functioning (RP), bodily pain
(BP), general health (GH), vitality (VT), social
functioning (SF), role-emotional functioning (RE)
and mental health (MH). Blood sampling was
performed at days 3-5 before CABG, followed by
the genotyping of HTR2C (rs6318) polymorphism.
DNA was isolated by phenol-chloroform extraction
according to Maniatis et al. The concentration of
obtained DNA was measured on the NanoDrop-
2000 spectrophotometer. DNA quantification was
performed using real-time polymerase chain reaction
with the Tagman-probes (a 96-well plate). The
Hardy — Weinberg equilibrium was met.

Clinical and demographic data of patients are
presented in Table 1.

Half of the patients had myocardial infarction and
arterial hypertension in their medical history and a
quarter of patients had diabetes mellitus.

All patients had been receiving standard
four-component CAD therapy (antiplatelet agents,
beta-blockers, statins, ACE inhibitors or angiotensin
receptor blockers) for 7 days before surgery.

Statistical analysis was performed using com-
mercially available software package Statistica 10.0
(Statsoft Inc., USA). The data distribution was differ-
ent from normal. The data are presented as absolute
values and percentage, as well as the median and in-
terquartile range. The Kruskal — Wallis test was used
to measure the differences between the groups. A p
value of <0.05 was considered statistically significant.
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Table 1
Clinical and demographic data of patients before coronary
artery bypass grafting

Parameter Value
Age, years, Me [Q,; O] 60 [57; 65]
BMI, kg/m?*, Me [Q,; O,] 28.5[26.5; 30.7]
EuroScore 2, % , Me [Q,; O,] 1.68 [1.27; 1.98]
Duration of coronary artery disease, years, 411:8]
Me [0, O] '
Arterial hypertension, 1 (%) 95 (47)
Duration of arterial hypertension, years,

10 [5; 15
Me[Q,: 0] 1)
Angina pectoris, n (%):
-5 6 (5)
1L 79 (68)
—1II 25(22)
Heart failure (NYHA), n (%):
- 12 (10)
-1 95 (82)
-1 9(8)
Prior myocardial infarction, n (%) 64 (55)
Prior stroke, n (%) 6(5)
History of type 2 diabetes mellitus, n (%) 29 (25)
Left ventricular ejection fraction, %
> 60 [51; 65

Me [0, 0) 31:63]

Note. BMI-body mass index, NYHA — New York Heart Association.

RESULTS

At the first stage of the study, the prevalence
of depression was assessed in the studied group of
patients. According to the Beck Depression Inven-
tory, most patients (64%) did not have depression
(0-9 points), 20% of patients had minimal depression
(10-15 points), 9% — mild (16-19 points) and
7% —moderate (2029 points). There were no patients
with severe depression (30—63 points) in the studied
group. The distribution of patients depending on the
genotype of rs6318 polymorphism is presented in
Table 2.

Table 2

Depression level measured by the Beck Depression Inventory
in the carriers of different genotypes of the rs6318
polymorphism of the HTR2C gene

Beck Depression In- Genotype, n (%)
ventory, depression

level GG CG CcC
None 68 (59) 2(2) 3(3)
Minimal 22 (19) 0(0) 2(1)
Mild 10 (8) 0 (0) 1(1)
Moderate 7 (6) 0(0) 1(D)
Severe 0(0) 0(0) 0(0)

The analysis of the relationships of different
HTR2C genotypes with the level of depression
measured by the Beck Depression Inventory did not
show any significant differences. However, some
trends were established (p = 0.1). The pairwise
comparison of different genotypes reported that CC
genotype carriers had higher BDI score of up to
12 [8; 19], while in CG genotype carriers (p =
0.07) and GG genotype carriers (p = 0.08) it was up
to 3.5 [2; 5] and 8 [0; 25], respectively. Then, we
analyzed the presence of the relationships between
the quality of life and various genotypes of the
HTR2C gene. There were no significant differences
in PF, RP, GH, VT, SF, and RE between CC, CG
and GG genotype carriers. The obtained data are
presented in Table 3.

CC genotype carries reported lower mean score of
GH, PF, RE, and VT, indicating the worst physical
and mental health. The absence of reliable differences
might be associated with a small sample size.

Table 3

The mean SF-36 score, depending on the different genotypes
of polymorphism rs6318, Me [0 ; O.]

SF-36 HTR2C 16318, Me [Q,: O]
scale GG cG cC p
SF 50 [38;50] | 56.5[50;63] | 50 [38;63] | 0.09
GH 50 [40; 62] | 68.5[55,82] | 40[35:52] | 034
PF 55[35:80] | 62.5[30;95] | 50 [30;60] | 0.6
RP 00; 50] 250[0,50] | 25[0;50] | 0.99
RE 3410:67] | 83.5[67:100] | 0[0;34] | 0.42
VT 55[40;70] | 67.5[55,80] | 45[30;55] | 036

Pain in CC genotype carriers interfered with their
daily activities more than in GG genotype carriers
(»=0.04). The mean score was 41 [31; 62], and it was
significantly lower than that of homozygotes for the
G 51 allele [41; 74]. Moreover, homozygotes for the
C allele had poorer mental health. Patients with this
genotype had lower MH score than heterozygotes
(p =0.04): 56 [40; 64] vs. 82 [72; 92] (Fig. 1).

1007 pe0,04 (0,04
80 I
60
40
20

0

BP MH
B cG;Mac;Occ
Figure 1. Distribution of mental health scores and bodily pain

scores depending on the genotypes of the rs6318 polymorphism
of the HTR2C gene
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DISCUSSION

To date, the effects of depression and anxiety on
the development and adverse course of coronary
artery disease has been proven. The Framingham
study has reported the correlation of depression with
the onset of CAD [14].

Over the past decade, both pilot and large-scale
studies have shown that not only depression, but
also a high level of anxiety affect the course of
coronary artery disease. Sumin et al. have found that
CAD patients with polyvascular disease have higher
depression and anxiety levels than patients with
isolated coronary artery disease [15]. The Russian
multicenter study COORDINATE performed in 37
cities from 2007 to 2009 demonstrated that a high
level of anxiety in patients with arterial hypertension
and coronary artery disease increases the risk of
death during 1.5 years by 45% [16].

CAD patients undergoing CABG are a special
group of patients. These patients undergo massive
cardiac surgery with the extracorporeal circulation,
while the surgery itself is aimed at improving their
quality of life in the future and should not result
in disability. Thus, this group of patients has long
attracted the attention of researchers from the
perspective of studying depression and anxiety and
their cumulative impact on the postoperative period,
as well as on the short- and long-term prognoses.
The presence of anxiety in the preoperative period
significantly increases the probability of death in
the postoperative hospital period, as well as the
development of atrial fibrillation, stroke, myocardial
infarction and renal failure [17, 18].

The serotonergic system plays an important role
in the regulation of social behavior. Given the fact
that polymorphic loci of genes determine the activity
of the product that they encode, various polymorphic
variants of genes responsible for exchange of
serotonin, including HTR2C gene, can cause the
development of depression and high anxiety [19].

The rs6318 polymorphism of the HTR2C gene is
located in the position affecting the coding region of
the gene, and, therefore, may affect expression. It is
hypothesized that CC genotype carriers synthesize
the protein that may reduce affinity for serotonin
[20].

Alfimova M.V. et al. have demonstrated that the
level of anxiety in C allele carriers is higher than
in G allele carriers of the rs6318 polymorphism of

the HTR2C gene among patients with schizophrenia
(n=337) and mentally healthy individuals (n = 333)
[12]. Levchuk et al. compared the distribution of
genotypes of the rs6318 polymorphism in 22 men
with depression and 29 somatically and mentally
healthy men. They reported that the GG genotype in
men with depression was significantly less common
than in somatically healthy men [10].

We have not found any associations between
the genotypes and depression. However, patients
with the CC genotype have shown a higher level
of depression according to the Beck Depression
Inventory. The absence of statistically significant
associations of any genotype with the presence of
depression might be explained by the absence of
depression in the majority of the studied patients
(64%).

Quality of life indicators are a more subtle marker
for anxiety-depressive disorders; they allow to
identify a group of patients who are at high risk of
adverse events in the postoperative period and those
who will be less compliant with drug therapy and
rehabilitation.

CC genotype carriers have demonstrated lower
mean SF-36 score than other genotype carriers.
Statistically significant differences were found for
mental health and bodily pain. Similar findings
were reported in the study of Golimbet et al. Out
of 167 CAD patients, C allele carriers of the rs6318
polymorphism of the HTR2C gene were more likely
to have a painful form of coronary artery disease and
hostility, i.e. factors predisposing to the development
of depression [21].

Thus, there is a close relationship between
genetic polymorphisms and the development of
depression. The impact of genes on the development
of schizophrenia, suicidal behavior and major
depressive disorders is widely studied both in the
world and in Russia. However, the relationship of
genes with subclinical depression and a high level of
anxiety in patients with somatic pathology, including
coronary artery disease, requires further detailed
studies.

CONCLUSION

The obtained findings suggest the presence of the
associationbetweenthers6318 genetic polymorphism
of'the HTR2C gene and low quality of life in patients
undergoing CABG, which can be considered as an
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unfavorable prognostic factor in the postoperative
period. This polymorphism seems to be promising
in screening of patients prone to depression, giving
the opportunity to early diagnose and timely prevent
anxiety and depression (patient education, sessions
with psychologists, and educational consultations
with cardiologists).
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The experimental model of type 2 diabetes mellitus caused by a high-fat diet
with low-dose streptozotocin in rats
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ABSTRACT

Aim. To develop a pathogenetically reasonable model of type 2 diabetes with marked peripheral insulin resistance
and relative insulin deficiency in rats using a high-fat diet and a single injection of streptozotocin in the low dose.

Materials and methods. Experiments were conducted on 16 outbred male rats. Type 2 diabetes model in
experimental animals was achieved by feeding them with high-fat diet (55% of energy from fat) for 28 days
followed by a single injection of streptozotocin (35 mg/kg). The serum glucose and insulin concentrations in
rats were measured before streptozotocin administration and at the end of the experiment. To estimate insulin
resistance, insulin tolerance test and glucose tolerance test were performed. Total protein, albumin, total and direct
bilirubin, urea, uric acid, total cholesterol, high-density lipoproteins and low-density lipoproteins, and activity of
alanine aminotransferase and aspartate aminotransferase were measured in the blood serum.

Results. A high-fat diet with a single injection of streptozotocin resulted in lipid and protein metabolism disorders
and peripheral tissues insulin resistance in experimental animals. Basal insulin levels did not change against the
backdrop of high glucose level.

Conclusions. These results indicate that feeding rats with a high-fat diet (55% of calories from fats) and a single
administration of streptozotocin at a low dose (35 mg/kg) reproduce general pathological processes of type 2
diabetes. This model can be used to study the pathogenesis of type 2 diabetes as well as to investigate the effect of
potential hypoglycemic agents.
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BbI3BaHHAsA AMETOM C BbICOKUM COAEP}KaHUEM XKUPOB U CTPENTO30TOLMHOM
B HU3KOM Ao03e
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PE3IOME

Hean nccienoBanms — pa3pabOTaTh C TOMOIIBIO TUETHI C BBICOKHM COJIep>KaHUEeM KUPOB M OJJTHOKPATHOH HHBEKIIH
CTPENTO30TOIMHA B HU3KOI 03¢ MaTOreHeTHIEeCKH 000CHOBAaHHYIO MOJIENTh CaXapHOTO AradeTa 2-ro THMA y KphIC
C BBIpaXEHHOH Tepr(epuIecKoil HHCYTHHOPE3UCTEHTHOCTHIO M OTHOCHTETBHBIM Ae(DUIINTOM HHCYJIHHA.

Matepuajbl U MeTOABbI. DKCIIEPUMEHTHl NMPOBOIMIN Ha 16 ayTOpenHbIx camuax Kpbic. CaxapHblii nuaber
2-ro THIA MOJENUPOBANIN KOPMIIEHHEM OSKCIEPUMEHTANbHBIX JKHBOTHBIX BBICOKOXKUPOBOH maueroit (55%
KaJIOpUH 3a CUET JKUPOB) B TeueHHE 28 CyT ¢ MOCIEAYIOMEH OJHOKPAaTHON MHTpAlepUTOHEAIbHONH MHBEKIMEH
CTPENTO30TONNHA B J103¢ 35 MI/Kr. KOHIIEHTpaLHIO TIIIOKO3bI U HHCYJIMHA B CBIBOPOTKE KPOBH KPBIC H3MEPSUIH 10
BBEJICHUS CTPENTO30TOIMHA U TI0 OKOHYaHUM SKCIIEpUMEHTA. J{JIs OIlEHKH WHCYIMHOPE3UCTEHTHOCTH MPOBOIUIH
TIIFOKO30TOIEPAHTHBIH ¥ MHCYJIMHOTOJIEPAHTHBIN TECThI. B CHIBOPOTKE KPOBH OMpENENsUTH COepKaHue OOIETO
Oenka, anbOYMHHOB, OOIIErO M MPSMOro OWIMpPYOMHA, MOYEBHHBI, MOYEBOM KHCIIOTHI, OOIIET0 XOJECTepHHA,
XOJIECTEPHHA JINTTONIPOTEMHOB BEICOKOM IIIOTHOCTH ¥ HU3KOM MIIOTHOCTH, aKTUBHOCTH aJlaHHHAMHUHOTPaHC(epassl
U acriapraTaMHHOTpaHc(epasbl.

Pe3y.]'[l:TaTbI. I[I/IeTa C BBICOKHUM COACPIKaHUEM JKUPOB B COUETAHUU C OZ[HOKpaTHOﬁ WHBEKIHCH CTPEITO30TOLMHA
npuBoAWJIa Yy SKCICPHUMEHTAJIBHBIX KMBOTHBIX K HApyHICHUIO JIMITUIHOI'O W 0OEIIKOBOTO OOMEHOB U PasBUTUIO
WHCYJIMHOPE3UCTCHTHOCTHU. ypOBeHB 0a3ajabHOIO UHCYJIMHA HE U3MCHSJICA Ha (I)OHG BLIpa)KeHHOfI TJIMKCMUH.

3akaouenne. [lomydeHHbIe pe3yIbTaThl CBUAETEILCTBYIOT O TOM, YTO HPH KOPMIICHUH KPBIC THETOH C BBICOKHM
COZIepKAHMEM KHUPOB M OJJHOKPATHOM BBEJCHHH CTPENTO30TONMHA B HU3KOH /103€ (35 MI/KT) BOCHPOU3BOASATCS
MaTOJOTHUECKNE MPOIECCH], XapakTepHble mIsi caxapHoro sauadera 2 tuma. Co3gaHHas MOJETb MOXKET
HCTIONB30BAThCS VISl M3yUCHUSI TATOTeHe3a caXapHoro quadera 2-ro THUIIa, a TakoKe JUIsl UCCIIeI0BAaHMs AeHCTBHS
MOTCHIMAIBHBIX THIOTITNKEMIYECKHX CPEJICTB.

KurueBble ciioBa: CaXapHBIﬁ Z[I/Ia6eT 2-ro THUIA, BBICOKOXKHUPOBas AU€Ta, CTPENITO30TOLWH, HHCYJIMHOPEZUCTECHT-
HOCTb, TUIICPIIIMKEMMUS.

KondaukT nuaTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HaCTOSIIEH CTaThH.

Hcrounuk puHancupoBanus. Pabota momaepxkana rpantom [Ipesunenra PO s MOMOIbIX KaHIUIATOB HAYK
MK-1052.2019.7.

CooTBercTBHe NpHHIHHNAM JTHKH. VccrenoBanme omoOpeHo dSTHdeckuM KomureroM CHOMpCKOro
rOCYJIapCTBEHHOTO MEIUIIMHCKOr0 YHUBepcuTeTa (mpoTokos Ne 7733/1 ot 09.09.2019).

Ja nurupoBanus: Kaiinam O.A., Banos B.B., Benreposckuii A.U., byiiko E.E., lllenerkun M. A. Dxcnepu-
MEHTaJbHass MOJENb CaXxapHOro Juabera 2-To THIA Yy KPBIC, BBI3BAHHAS JUETOH C BBHICOKHM COJICPIKAaHUEM JKH-
POB U CTPENTO30TOIIMHOM B HU3KOH J103¢. broiemens cubupckoii meduyunst. 2020; 19 (2): 41-47. https://doi.org:
10.20538/1682-0363-2020-2-41-47.
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INTRODUCTION

The incidence of type 2 diabetes mellitus (T2DM)
and obesity has become an epidemic. According to the
International Diabetes Federation, more than 422 mil-
lion people (2017) suffer from diabetes around the world
[1]. According to Government Register statistics (2015),
about 4.5 million people have type 2 diabetes in the Rus-
sian Federation [2]. The key points in the pathogenesis
of type 2 diabetes are insulin resistance and pancreatic
B-cell dysfunction, which corrupt the regulatory effect
of insulin on glucose, protein and lipid metabolism. The
progress of diabetes proceeds in several stages. The tran-
sition from the state of prediabetes to diabetes in humans
progresses during several years [3]. It is necessary to
create clinically relevant experimental models of these
diseases to develop effective methods for treatment of
type 2 diabetes and obesity. It will allow to reproduce
the pathogenetic stages of type 2 diabetes formation in
a short time.

Genetic models of spontaneous diabetes and models
based on pancreatic islet damage by chemical agents are
known [4]. To simulate type 2 diabetes, rodents are ad-
ministered with streptozotocin against the background
of a high-fat or high-carbohydrate diet. The antibiotic
streptozotocin selectively binds to the pancreatic B-cell
marker — the GLUT 2 transporter, then converts into free
radicals, causes a detergent effect, and dissociates oxi-
dative phosphorylation that leads to energy deficiency
and DNA point mutations with subsequent 3-cell necro-
sis. The severity of B-cell necrosis depends on the route
of administration, dose, frequency, and time between
streptozotocin injections [5—7]. Variations of these pa-
rameters allow to simulate early or late stages of explicit
diabetes.

A diet rich in fats and carbohydrates leads to the de-
velopment of obesity, hyperinsulinemia, insulin resis-
tance and/or glucose intolerance [8, 9]. The ratio of fats,
proteins and carbohydrates in the animals’ diet and the
duration of feeding affect body weight, basal levels of
glucose, insulin, triglycerides, cholesterol and fatty ac-
ids in plasma. Most often, a high-fat diet with normal
amount of carbohydrates is used. Fats of animal (ghee,
lard) or vegetable (olive, coconut, soybean) origin are
added to the standard diet to obtain energy mainly from
fats. Short-term (2 weeks) intake of food enriched with
fats, as a rule, causes insulin resistance and/or glucose
intolerance. Its longer (more than 4 weeks) intake con-
tributes to an increase in the fat mass, which corresponds
to the state of prediabetes [10].

Thus, the combination of streptozotocin injection in
a low dose (from 25 mg/kg to 40 mg/kg) and long-term
(for 4 weeks to 4 months) feeding of animals with a high-
fat diet makes it possible to model pathological charac-

teristics of type 2 diabetes in animals in a short time.

The aim of this study was to develop a pathogeneti-
cally reasonable model of type 2 diabetes with marked
peripheral insulin resistance and relative insulin defi-
ciency in rats using a high-fat diet and a single injection
of streptozotocin in the low dose.

MATERIALS AND METHODS

The experiments were carried out on 16 outbred male
rats weighing 300—400 g, obtained from the department
of experimental biological models of the E.D. Goldberg
Research Institute of Pharmacology and Regenerative
Medicine. The animals were kept under standard condi-
tions in a vivarium with natural light and free access to
water and food.

The standard ProCorm feed (BioPro, Novosibirsk)
for laboratory rats consisted of granules with mineral
and vitamin supplements, containing fat 6%, carbohy-
drates 59%, protein 19%, vitamin—mineral mixture 3%,
and water 13%. The energy value of 100 g of feed was
3 660 kcal/kg. It is known that the caloric rate of proteins
and carbohydrates is 4 kcal g, fats — 9 kcal/g, therefore,
100 g of this feed provides 236 kcal from carbohydrates,
76 kcal from proteins, 54 kcal from fats and 336 kcal in
total. The high-fat diet contained 26 grams of coconut
oil, 2 grams of cholesterol and 72 grams of standard food
for laboratory animals in 100 g; 55% of the energy was
provided by fats [10,13].

The animals were divided into two groups: group 1 —
control animals fed with standard laboratory food, group
2 —animals with experimental type 2 diabetes, caused by
feeding them with a high-fat diet for 28 days and a sin-
gle injection of streptozotocin. After a 12-hour fasting,
these animals were injected once intraperitoneally with
a freshly prepared solution of streptozotocin (35 mg/kg
in a 0.1 M citrate buffer at pH 4.5). On the 44th day
from the start of the experiment, a glucose tolerance test
(GTT) was performed in animals of both groups: 2 g/kg
of a 20% glucose solution was injected and after 15, 30,
60 and 120 minutes, fasting glycemia was measured. On
the 47th day from the start of the experiment, an insulin
tolerance test (ITT) was performed: insulin was adminis-
tered subcutaneously (NovoRapid Penfil, Novo Nordiks
A/C, Denmark) at a dose of 0.75 U/kg. The glucose area
under the curve (AUC) was calculated. The body mass of
animals was determined during the formation of groups,
before the streptozotocin injection and after the end of
the experiment. The water and food intake ware mea-
sured one day before the end of the experiment.

After the experiment, rats were euthanized by carbon
dioxide asphyxia. The content of glucose, total protein,
albumin, total and direct bilirubin, urea, uric acid, and the
activity of alanine aminotransferase (ALT) and aspartate
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aminotransferase (AST) were determined in the serum
using the reagent kits and the ARCHITECT C4000 an-
alyzer (USA). The total cholesterol (reagent kits from
Randox, UK), and high-density and low-density lipo-
protein cholesterol (reagent kits from Chronolab, Spain)
were measured spectrophotometrically. The index of
atherogenicity (IA) was calculated by the formula: to-
tal cholesterol —high density lipoprotein cholesterol /
high density lipoprotein cholesterol. The amount of in-
sulin was evaluated by enzyme immunoassay using the
ALPCO Diagnostics (USA) ELISA kit. The HOMA-IR
index (insulin content, pmol/L*glucose, mmol/L)/155)
[https://www.dtu.ox.ac.uk/homacalculator/download.
php] and the constant glucose utilization rate based on
ITT (KITT) were calculated to characterize the insulin
resistance [12].

The results were processed using the methods of one-
way analysis of variance using the SPSS Statistics 12.0
package. Quantitative indicators were presented as the
median, 25" and 75" percentiles. When comparing two
independent samples, the Mann — Whitney test was used.
The significance of differences was achieved at p <0.05.

RESULTS AND DISCUSSION

The body weight of control animals steadily increased
throughout the experiment (Table 1). The body weight of
animals in the group with the T2DM model (receiving
a high-fat diet) increased more significantly before the
steptozotocin injection, the serum insulin concentration
increased by 20%, the HOMA-IR index, which charac-
terizes the development of glucose tolerance, became
23% higher. Compensatory increase in insulin secretion
prevented the development of hyperglycemia in the se-
rum of experimental animals in the second group (Table
1). Weight gain, hyperinsulinemia, insulin resistance and
the absence of hyperglycemia confirm the development
of prediabetes in animals with the T2DM model. Par-
tial loss of the B-cell functional mass is necessary for the
transition from prediabetes to explicit type 2 diabetes,
therefore, animals were injected once intraperitoneally
with streptozotocin on the 29th day of the experiment
(35 mg/kg).

On the 50™ day of the experiment (21 days after the
administration of streptozotocin), the body weight of the
animals decreased by 10.7% compared to the weight of
control rats. Such a decrease in body weight is probably
associated with the transition of energy products from
the carbohydrate oxidation to the oxidation of fats. The
daily water consumption by animals of the second group
increased by 3.9 times. The amount of feed intake in
both groups did not differ (Table 1), but the energy in-
tensity of food was significantly higher for animals in the
second group.

Table 1

The effect of a high-fat diet (55% calories from fats) and
streptozotocin (single injection, 35 mg/kg) on body weight, food
and water consumption, glucose and insulin serum levels

in rats, Me [Q; O,]

Experimental groups

High-fat diet +

Parameter Control R
_ streptozotocin
n=2_8
n=2_8
Glucose, mmol/l 5.2 [4.6; 5.6] 5.6[5.2;5.9]
Insulin. v/l 229.1 280.1
sulinl, pg [212.7;234.0] | [260.5;284.3]*
HOMA-IR 13[1.1; 1.4] 1.7[1.6; 1.8]*
311.0 319.0
th
0% day [305.0;320.0] | [310.0;323.0]
Weight, g . 424.0 459.0
29" day [398.0; 439.0] | [426.0;481.0]*
50" day | 465[446;475] | 420 [380; 447]*

Food intake, g/day

31.2 [30.0; 36.0]

36.7[31.9; 39.1]

49.0 189.5

Water intake, ml/day [39.4;54.9] | [147.9;205.4]

* p <0.05 comparing the experimental group with the controls.

15 days after the streptozotocin administration,
GTT revealed significant impaired glucose sensitivity
compared to the control group. The initial blood glucose
level was significantly elevated after nightly fasting and
at all time intervals after glucose administration (Fig. 1)
in rats with the experimental T2DM model. In the T2DM
model, the area under the curve increased by 4.4 times
compared with the area in the control.

During the ITT, which characterizes the sensitivity
of tissues to exogenous insulin, the concentration of
glucose in the blood of control animals decreased as
much as possible (2.3 [1.9; 2.8] mmol/L) at 30 minutes
after the insulin administration (0.75 U/kg). In the
blood of animals with the model of type 2 diabetes, the
concentration of glucose decreased as much as possible
after 60 minutes (11.3 [9.4; 12.7] mmol/l) (Fig. 2). It
indicates slow utilization of glucose by peripheral tissues
due to the development of insulin resistance. According
to ITT data, the area under the curve in animals with
the experimental T2DM model became 4.8 times larger
than in the control group (Fig. 2). K, calculated on the
basis of ITT, in animals of the control group was 2.7
[1.9; 3.1] % glucose/min. In the group of animals with
the experimental T2DM model, the glucose utilization
rate decreased by 53% (1.4 [1.0; 1.7] % glucose/min)
(Fig. 3).

The pathogenesis of type 2 diabetes is characterized
by a combination of tissue resistance to insulin and
insufficient pancreatic B-cell function [13]. Violation of
carbohydrate homeostasis in animals with experimental
type 2 diabetes is confirmed by a three-fold increase in
the serum glucose concentration (Table 2). The insulin
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Fig. 1. The glucose tolerance test results in male Wistar rats fed with high-fat diet (55% calories from fats) and administered with a

single intraperitoneal injection of streptozotocin (35 mg/kg) (day 15 after injection): a — the blood glucose concentration dynamics

in the control (solid line, n = 8) and experimental (dashed line, n = 8) rats after intraperitoneal administration of glucose (2 g/kg).

The abscissa axis represents the time after intraperitoneal glucose administration, min; the ordinate axis represents the blood glucose

concentration, mmol/l; b — the area under the curve “glucose concentration — time” in the control (light column) and type 2 diabetes
model (dark bar) groups, min x mmol/l. * the significance of differences compared with the control group, p < 0.05
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Fig. 2. The insulin tolerance test results in male Wistar rats fed with high-fat diet (55% calories from fats) and administered with a

single intraperitoneal injection of streptozotocin (35 mg/kg) (day 18 after injection): @ — the blood glucose concentration dynamics

in the control (solid line, n = 8) and experimental (dashed line, n = 8) rats after subcutaneous administration of insulin (0.75 U/kg).

The abscissa axis represents the time after subcutaneous administration of insulin, min; the ordinate axis represents the blood

glucose concentration, mmol/l; » — the area under the curve “glucose concentration — time” in the control (light column) and type
2 diabetes model (dark bar) groups, min x mmol/l. * the significance of differences compared with the control group, p < 0.05
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Fig. 3. The insulin tolerance test results in male Wistar rats fed with high-fat diet (55% calories from fats) and administered with a
single intraperitoneal injection of streptozotocin (35 mg/kg) (day 18 after injection): a and b —blood glucose concentration dynamics
in the control (a, n = 8) and type 2 diabetes model (b, n = 8) groups after subcutaneous administration of insulin (0.75 U/kg). The
abscissa axis represents the time after subcutaneous administration of insulin, min; the ordinate axis represents the blood glucose
concentration, mmol/l; ¢ — the glucose rate utilization constant (K. ) during the insulin tolerance test in the control (light column)

ITT
and type 2 diabetes model (dark column) rats, %_ _/min. * significance of differences compared with the control group, p < 0.05
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The experimental model of type 2 diabetes mellitus caused by a high-fat diet

content in the serum of control animals and animals with
the T2DM model did not differ, but the HOMA-IR was
2.8 times higher in animals with the experimental T2DM
model (Table 2). Streptozotocin causes pancreatic 3-cell
necrosis, while a compensatory increase in their mass
and insulin secretion is observed [13]. A high level of
glucose in the serum of animals with the experimental
T2DM model and the same insulin level as in the control
group indicate the impossibility of insulin resistance
compensation by increased insulin secretion. Such
disturbances are characteristic of the late stage of
T2DM. Gluconeogenesis and glycogenolysis intensify,
and glycogen synthesis in the liver and skeletal muscles
decreases in animals with the T2DM model [1].

Lipid and protein metabolism also disrupts during
type 2 diabetes progression. In the serum of animals
with experimental type 2 diabetes, the content of total
cholesterol increased significantly (by 7.5 times), the
amount of low-density lipoprotein cholesterol elevated,
the atherogenic index rose, and the high-density
lipoprotein cholesterol was not changed. Impaired lipid
metabolism was accompanied by the development
of dyslipidemia, one of the most common causes of
cardiovascular complications of diabetes (Table 2)
[11]. In animals with the T2DM model, the content of
circulating free fatty acids and triglycerides increased
by 2 times due to stimulation of lipolysis in adipose
tissue caused by insulin resistance. Free fatty acids
accumulated in the liver triglycerides and ectopic tissues,
which further exacerbated insulin resistance. The urea
and uric acid content became 2.8 and 1.6 times higher in
animals with the T2DM model than in the control. These
metabolic disorders are explained by the activation of
protein catabolism, mainly in the muscles and liver. The
symptoms of liver dysfunction appeared in animals with
the T2DM model: the content of albumin decreased in the
serum, the activity of the hepatic enzyme ALT increased,
while the activity of AST and the concentration of
bilirubin did not differ from the control group. (Table 2).

Table 2

The effect of a high-fat diet (55% calories from fats) and
streptozotocin (single injection, 35 mg/kg) on biochemical blood
parameters in rats, Me [Q; O]

Parameter Control T2DM model
(n=29) (n=298)
Alanine aminotransferase, . 97.0[93.,0;
U/L 53.0 [49.0; 57.5] 109.0]*
Aspartate aminotransferase, 113.0 134.0
U/L [108.0; 134.5] [121.5; 146.0]
Total bilirubin, mmol/l 2.6 [2.4;2.9] 3.2[2.5;4.2]
Direct bilirubin, mmol/l 1.6 [1.4;1.7] 1.8 [1.5;3.1]

Total protein, g/l 76.0 [72.0; 79.0] | 72.5[71.0; 75.5]

Albumin, g/l 36.5[35.0;37.0] |32.0[31.5;33.0]*
Urea, mmol/I 5.5[5.0;5.7] 15.8 [14.5; 17.8]*
L ) 266.0 [236.0;

Uric acid, mmol/l 165.0 [155; 182.5] 282.0]
Total cholesterol, mmol/l 1.8[1.6;2.6] 13.6 [8.3; 17.3]*
Low-density lipoprotein ) . "
cholesterol, mmol/l 0.6[04;0.7] 36[38;7.6]
High-density lipoprotein . .
cholesterol, mmol/l 1.010.8:1.2] 1.0[0.8;1.2]
Index of atherogenicity 1.0 [0.6; 1.5] 14.0 [8.9; 16.6]*
Free fatty acids, mM 0.7 [0.6; 0.8] 1.4[1.3;1.,8]*
Triacylglycerols, mmol/l 1.2[0.7; 1.4] 5.1[2.9;7.0]*
Glucose, mmol/l 5.1[4.8;5.3] 16.9 [15.9; 17.6]*
Insulin, pg/ml 3288 3559

. Pg [229.1; 520.4] [279.1; 521.2]
HOMA-IR 1.9[1.2;4.5] 5.4[3.9; 8.4]*

* p <0.05 comparing the experimental group with the control.

Thus, in this model it is possible to trace the main
manifestations of carbohydrate, lipid, and protein metab-
olism disruptions, which are characteristic of the type 2
diabetes pathogenesis.

CONCLUSION

The obtained results indicate that rats fed with a high-
fat diet (55% calories from fats) and administered with a
single injection of streptozotocin in the low dose (35 mg/
kg) reproduce the pathological processes of T2DM. The
level of basal insulin does not change, but hyperglyce-
mia is pronounced. This indicates the emergence of in-
sulin resistance in peripheral tissues. Metabolic changes
correlate with the results obtained during ITT and GTT
and a higher HOMA-IR index. The created model can be
used to study the pathogenesis of type 2 diabetes and to
investigate the effects of potential hypoglycemic agents.
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Human neutrophil antigen allele frequencies and assessment
of HNA alloimmunization risk in donors and hematological patients

Krobinets L.I.,, Mineeva N.V., Bogdanova I.0., Chechetkin A.V.

Russian Research Institute of Hematology and Transfusiology
16, 2-a Sovetskaya Str., St.-Petersburg, 191024, Russian Federation

ABSTRACT

Human neutrophil antigens (HNAs) are localized on glycoproteins which are positioned on the surface membrane
of human neutrophils. Alloantibodies against HNA are implicated in a number of clinical conditions, including
immune-mediated neutropenia and transfusion reactions. Genotyping for HNA systems is important in the diagnosis
of disorders involving alloimmunization to HNA.

Aim. To assess the risk of HNA alloimmunization in donors and patients with hematological diseases in St.
Petersburg based on the study of HNA allele and genotype frequencies.

Materials and methods. DNA samples of 303 blood donors and 302 hematological patients were obtained and
typed for HNA-1, -3, -4, -5. Polymerase chain reactions with homemade sequence-specific primers were used for
typing. Genomic DNA was isolated from whole blood by a multistage purification method using the CTAB reagent.
The results were detected in real time using the EVAGreen intercalating dye. Pearson’s chi-squared test was used to
compare the HNA genotype frequencies in donors, patients with hematological diseases and in other populations.

Results. In the study, the frequency of HNA-1bd allele was 0.584-0.588, of HNA-1a — 0.376-0.384, of HNA-
Ibc — 0.032-0.036. HNA-1bc allele was represented in the genotypes HNA-1a/be/bd (0.023-0.036), HNA-1a/be
(0.020-0.043) and HNA-1bc/bd (0.007-0.010). The genotypes HNA-1bc/bc and HNA-1null were not identified.
Allele “a” of HNA-3, -4, -5 systems was found in the majority of studied individuals (0.795-0.804; 0.887-0.898;
0.699-0.708). The highest calculated risk of HNA alloimmunization was noted in the absence of HNA-5b, HNA-
la, HNA-3b, and HNA-4b alleles in the genotype and was 0.250, 0.233, 0.231, and 0.163, respectively.

Conclusions. Our data are consistent with the results of studies on the HNA allele and genotype frequencies in
populations of Europeans and are significantly different from those of East and Southeast Asia, Africa and South
America. The frequencies of HNA-1, -3, -4, -5 alleles and genotypes among donors in St. Petersburg and patients
with hematological diseases did not have statistically significant differences. It was shown that the highest calculated
risk of alloimmunization was observed in the absence of HNA-5b, HNA-1a, HNA-3b, and HNA-4b alleles in the
genotype. These data are consistent with the results of similar studies on populations of white Europeans conducted
by other authors.

Key words: donor, neutrophil antigens, genotyping.
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YacToTa BCTpeYaeMOCTU aHTUreHOB HEMTPOdU/IOB Ye/0BEKa U PUCK A/I/IOUM-
MYHU3ALMKU Y 4OHOPOB U 60/IbHBIX FreMaTo/I0rM4eckumMm 3a60/1eBaHUAMU

Kpo6uHey U.U., MuHeeBa H.B., borgaHoBa l1.0., YeueTtkuH A.B.

Poccutickuii hayuno-uccnedosamenvckuil uncmumym cemamonocuu u mpaucgyzuonozuu (PocHUUI'T)
Poccus, 191024, 2. Canxm-Ilemepbype, 2-1 Cogemckas ya., 16

PE3IOME

AKTYaJIbHOCTB. AHTHTEHBI HelTpohmtoB denoBeka (Human neutrophil antigens, HNA) nokanu3oBaHbl Ha TiH-
KOIPOTEHHAX, PACHOJIOKEHHBIX Ha MOBEPXHOCTHOW MemOpaHe HeifrpoduioB. MmmyHusauus k HNA Bo Bpems
OGepeMEeHHOCTH WM BCJIEACTBHE TpaHC]y3Hil KOMIIOHEHTOB KPOBH MOKET HMPHBECTH K BBIPAOOTKE aJJIOAHTUTEIL.
OnauM n3 GakTOpOB pa3BUTHS ATIOMMMYHH3AINH SBIIsIeTCST 9acToTa BerpedaeMoctt HNA. B cBsi3u ¢ aTum mpen-
CTaBISIETCS] BAYKHBIM M3y4YHTh OCOOCHHOCTH pacrpeseneHus amieneid u reHotunoB HNA y 1oHOpoB U GONBHBIX
reMaroJyornaeckumu 3aboneBannsimMu r. Cankr-IlerepOypra i MporHO3UPOBAHUS PUCKA AJUIOUMMYHHU3AIHH.

Heab. Ouennuts puck HNA amromMmyHHU3anuu y AOHOPOB M OOJNBHBIX I'€MATOJOTHYECKUMH 3a00JIEBAaHUSIMHU
r. Cankr-IlerepOypra Ha OCHOBaHWHM M3YyYEHHS YaCTOT BCTPEUAEMOCTH ajuienel u reHoTunoB HNA.

Martepuajbl 1 MeTOABbI. MaTepranioM HCCIIEOBAHUS CITYKUITH 00pasiibl nepudepudeckoit kposu 303 10HOPOB
r. Cankr-IletepOypra u 302 00JBHBIX FEeMATOJOTHUCCKUMHU 3a00JICBAaHUSAMH, MOJYYaBIINX Tepanuio B Poccuii-
CKOM Hay4YHO-HCCIIE/I0BATEIbCKOM HHCTUTYTE TeMaTosIoriy u Tpancdysuonoruu. ['enomuas JIHK Obina Beizenena
13 [EeTBHON KPOBH METOZI0OM MHOTOCTYIIEHUATON OYUCTKH C UCIIOBE30BAaHUEM PEaKTHBA YemunmpumMemuiammoHus
6pomuoa. Turnmposanne HNA npoBoanimm MeTo10M auienb-crielinpUIHON MoIUMepa3HOi HEeTTHOH peakIiy ¢ Uc-
MOJTE30BaHHEM Pa3pabOTaHHBIX OJMIOHYKJICOTHAHBIX MpaiiMepoB. CpaBHEHUs YaCTOT BCTPEYaEMOCTH I'E€HOTHIIOB
HNA y noHOpOB, OOJBEHBIX T€MaTONIOTHYECKUMH 3200 I€BaHUSIMU, U TIPEICTaBUTENCH APYTUX TOIYJISIIUIA TPOBO-
JIAJTH C TIOMOIIBIO KpUTepHs cornacus [Tupcona x>

Pe3yabTathl. Yacrora BecTpeuaemoctu amutens HNA-1bd cocrasuna 0,584—0,588, a HNA-1a — 0,376-0,384. Ya-
crota Bcrpeyaemocti ayuienss HNA-1bc cocraBmina 0,032—0,036, u qaHHbII aJutesb ObLT PEICTABICH B TCHOTHITAX
HNA-1a/be/bd (0,023-0,036)00, HNA-1a/be (0,020-0,043) u HNA-1bc/bd (0,007-0,010). I'erotunsr HNA-1bce/
bc 1 HNA-1null BeisiBiieHsr He ObiH. Asiens «ay» cucteM HNA-3, -4, -5 BcTpevancst y OONBIIMHCTBA UCCIIETye-
MBIX B Kaxaoit rpymme (0,795-0,804; 0,887-0,898; 0,699-0,708 coorBeTcTBeHHO). Ha OCHOBaHMHU MOTYyYEHHBIX
YacTOT BCTPEYAEMOCTH JIJIeTICH ¥ TEHOTUIIOB PACCYHMTAIIN BEPOSITHOCTh ajutonmmyHm3anuu kK HNA. Haubombimas
BEJIMYMHA PACYCTHOTO PHCKA AJUIOMMMYHHU3AIMU TIPH TPAHCPY3UIX KOMIIOHEHTOB KPOBH OTMEYEHA IPH OTCYT-
crBu B rerorurie ateneit HNA-5b, HNA-1a, HNA-3b, HNA-4b u cocrasuser 0,250; 0,233; 0,231 u 0,163 coort-
BETCTBEHHO, UTO MOJITBEPKAAET PE3yJIbTAaThl AaHAIIOTUYHBIX UCCIIEOBAHUI.

3axiouenne. CTaTUCTHYECCKU 3HAUYMMBIX PA3IMYMid B 4aCTOTE BCTPEYacMOCTH ajuieneil u reHotunos HNA-1, -3,
-4, -5 y nonopos 1. Cankr-IletepOypra u GOJIBHBIX TeMaTOJIOTHYECKIMU 3a00JI€BaHISIMU HE yCcTaHOBIIEHO. Han-
GoubITas BEIMYNHA PACIETHOTO PHCKA aJUIOMMMYHHU3ALUH TIPH TPAHCHY3USIX KOMIOHEHTOB KPOBH, MOTydYEeHHAsS
Ha OCHOBAHMH YacTOT BCTPEUAEMOCTH aileNeil W FeHOTHIIOB, OTMEYeHa MPH OTCYTCTBUH B TEHOTHIIC aulenel
HNA-5b, HNA-1a, HNA-3b, HNA-4b. IlomydeHHBIE TaHHBIE COTIIACYIOTCS C PE3yJIbTaTaMH HCCICIOBAaHUN pac-
npeiesnienus ajuienei u renoturnoB cucteM HNA B nonmyssiyy eBponeies v 3HaYuuMO OTJIIMYAIOTCSI OT MOMYJISIHMA
Bocrounoii u IOro-Boctounoii Azun, Adpuku u Oxuoit Amepuku. [lpennoxxeHnsiit Meton TunupoBanus HNA
MOKEeT OBITh NCTIONIB30BAH AN CO3AAHUS KICTOYHON MaHEIH, THIMPOBAHHON MO aHTHTeHAM HEHTPO(DHUIIOB, C Iie-
JIBIO OTIPE/ICNICHUS] CHENU(PUIHOCTH aJNIOAHTHTEN Y IOHOPOB, U IS THATHOCTHKHU AJTIOMMMYHHBIX KOH(JIUKTOB B
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INTRODUCTION

Human neutrophil antigens (HNAs) are localized
on glycoproteins, which are positioned on the surface
membrane of neutrophils. Immunization against HNA
during pregnancy or as a result of blood component
transfusion can lead to the production of alloantibo-
dies to neutrophil antigens. HNA antibodies can cause
development of such clinical conditions as neonatal
alloimmune neutropenia (NAN), autoimmune neu-
tropenia (AIN), transfusion-related acute lung injury
(TRALYI), febrile non-hemolytic transfusion reactions,
immune neutropenia after bone marrow transplanta-
tion, and drug-induced immune neutropenia [12]. In
addition, according to the literature, HNA polymor-
phism is a risk factor not only for the above mentioned
conditions, but also for other diseases, including bac-
terial infections (periodontitis), chronic inflammatory
diseases (vasculitis, systemic lupus erythematosus,
rheumatoid arthritis), and susceptibility to malaria [3].
There is no information on the distribution of HNA
among donors in the Russian Federation.

To date, 5 HNA systems (HNA-1, -2, -3, -4, -5)
have been described [1].

The HNA-1 system includes HNA-1a, HNA-1b,
HNA-Ic, and HNA-1d antigens located on the Fc-y
receptor IIIb (FcyRIIIb, CD16b). The expression of
HNA-1b is always accompanied by the expression of
HNA-1d or HNA-1c. FcyRIIIb is a glycosylphospha-
tidylinositol (GPI)-anchored glycoprotein expressed
on the neutrophil surface and encoded by the FCG-
RIIIB gene [4].

The HNA-2a antigen is located on the GPI-an-
chored protein CD177 encoded by the CDI77 gene
[5]. HNA-2a is found in most individuals; the absence
of HNA-2a is determined by a defect in the transcrip-
tion of the CD177 gene [6].

HNA-3a and HNA-3b are located on the choline
transporter-like protein 2 (CTL 2) encoded by the
SLC44A2 gene [7].

The antigens of the HNA-4 and HNA-5 systems
are localized on the aM (CD11b) and oL (CD11a) in-
tegrin subunits and encoded by the /TGAM and IT-
GAL genes, respectively [8].

The presence of each allele of the HNA-1 system
is determined by a combination of 6 single nucleotide

polymorphisms (SNPs) in the FCGRIIIB gene, locat-
ed close to one other. The HNA-3, -4, -5 systems in-
clude two alleles each, the differences between which
are determined by replacement of one nucleotide in
the DNA sequence of the corresponding genes [1].

The frequency of HNA is one of the factors of
immune response development [9]. In this regard,
it seems important to study the distribution of HNA
alleles and genotypes in the population. Serological
and molecular genetic methods are used to study the
frequency of HNA. However, serological typing of
neutrophil antigens can be complicated due to the
absence of some typing reagents, high cost and short
lifetime of neutrophils. Polymerase chain reaction
(PCR)-based methods are the most optimal for HNA-
1, -3, -4, -5 typing [10], but are often not used due to
a lack of regulatory documents and test systems for
HNA typing from domestic manufacturers.

The aim of the study was to assess the risk of
HNA alloimmunization in donors and patients with
hematological diseases in St.-Petersburg based on the
study of HNA genotype and allele frequencies.

MATERIALS AND METHODS

Peripheral blood samples were obtained from
303 donors from St.-Petersburg and 302 patients
with hematological diseases, who received therapy
at Russian Research Institute of Hematology and
Transfusiology.

HNA typing was performed by allele-specific
PCR (AS-PCR) using homemade oligonucleotide
primers. Genomic DNA was isolated from whole
blood by the multistage purification method using
etyltrimethylammonium—bromide (CTAB) reagent.
The results were detected in real time using the
EVAGreen intercalating dye.

The results were statistically processed using the
Statistica 7 software. Comparison of allele frequen-
cies and HNA genotypes in donors, patients with he-
matological diseases, and in other populations, as well
as check of the correspondence of the observed dis-
tributions to the Hardy — Weinberg equilibrium were
performed using the Pearson’s chi-squared test (y%).
The differences with p < 0.05 were considered statis-
tically significant. The critical ¥2 value for alleles of
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the HNA-3, -4, -5 systems with p-value of 0.05 was
3.84. The critical %2 value for the alleles of the HNA-1
system with p-value of 0.05 was 5.991.

The following formulas were used to estimate the
probability of HNA alloimmunization:

— the probability of alloimmunization to the allele
“a” = (aa + ab) x bb,

— the probability of alloimmunization to the allele
“b” = (bb + ab) X aa,

— where aa, ab, bb are the frequencies of the
corresponding genotypes.

RESULTS

Oligonucleotide primers for HNA typing by AS-
PCR method were designed using Primer 3.0 and
Primer-BLAST. The sequences of oligonucleotide
primers for typing antigens of the HNA-1, -3, -4, -5
systems are shown in Table 1.

Table 1
DNA sequences of oligonucleotide primers for HNA-1,-3,-4,-5 genotyping
Antigen Gene Forward primer (5°— 3”) Reverse primer (5°-37)

HNA-1la FCGR3B CCTCAATGGTACAGGGTGCTC GCCTGGCTTGAGATGAGGTT
HNA-1b/c FCGR3B CCTCAATGGTACAGCGTGCTT CACTGTCGTTGACTGTGGCAT
HNA-1b/d FCGR3B CCTCAATGGTACAGCGTGCTT ACTGTCGTTGACTGTGGCAG
HNA-3a SLC44A42 CTACCTCACGTACCTGAATGCT GCAGGGCAGTCACCATCTC
HNA-3b SLC44A42 CTACCTCACGTACCTGAATGCT GCAGGGCAGTCACCATCTT
HNA-4a ITGAM CTCATGCGAGCCCATCCG ACAAGGAGGTCTGACGGTGA
HNA-4b ITGAM CTCATGCGAGCCCATCCA ACAAGGAGGTCTGACGGTGA
HNA-5a ITGAL ATCATCCCCCACAGATCCAG AGCTGGACCCAGTAAGCATC
HNA-5b ITGAL ATCATCCCCCACAGATCCAC AGCTGGACCCAGTAAGCATC

Note. nucleotides complementary to SNPs that determine the antigen presence are shown in bold.

To analyze the specificity of the primers, DNA
samples from 20 donors were used the sequences of
the HNA-1, -3, -4, -5 alleles in which were determined
by sequencing. The correspondence of the results of
sequencing and AS-PCR with the real-time results and
agarose gel electrophoresis was 100%. No nonspecific
PCR products were identified by gel electrophoresis.

The real-time PCR conditions for the HNA-1, -3,
-4, -5 allele typing were the same. For the analysis we
used a 2.5x PCR reaction mix in the presence of EVA-
Green (SINTOL, Moscow), which includes a 2.5x
PCR buffer B (6.25 mmol MgCL,, KCI, TrisHCI (pH
8.8)), SynTaq DNA polymerase, deoxynucleoside tri-

phosphates, glycerol, and Tween 20. For PCR, a mix-
ture containing 50—100 ng of genomic DNA, 1x PCR
reaction mix, and 0.2 umol of forward and reverse
primers was added to each tube. The final volume of
the mixture was adjusted to 25 ul with double-distilled
water. The following protocol was used for PCR: 95°
for 5 min, then 33 cycles: 95° — 20 sec, 68° — 30 sec.

HNA-1, -3, -4, -5 allele and genotype frequencies
in donors of St.-Petersburg and patients with hemato-
logical diseases are shown in Table 2. The deviation
of the observed genotype distribution from the one
expected in patients with hematological diseases and
donors was not statistically significant.

Table 2
Comparison of frequencies of genotypes and alleles of HNA systems in donors and patients with hematological diseases

System Genotype Patients, n =302 Donors, n =303 e Allele Patients Donors

a/a 0.142 0.142 a 0.376 0.384

a/be/bd 0.023 0.036 bd 0.588 0.584

HNA-1 a/be 0.043 0.020 1 i 0.172, be 0.036 0.032
a/bd 0.411 0.442 p=0918 - - -
be/bd 0.007 0.010 - - -
bd/bd 0.374 0.350 - - -

a/a 0.623 0.650 0.795 0.804

HNA-3 a/b 0.343 0.307 © z ?) 2598’ 0.205 0.196
b/b 0.033 0.043 P - - -
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Table 2 (continued)

ala 0.788 0.802 i a 0.887 0.898
HNA-4 a/b 0.199 0.191 ’1‘);%352711’ 0.113 0.102
b/b 0.013 0.007 ’ - - -
ala 0.500 0.488 a 0.699 0.708
©=0.124,
HNA-5 a/b 0.397 0.439 = 0725 0.301 0.292
b/b 0.103 0.073 ’ - - -

As can be seen from Table 2, HNA-1, -3, -4, -5
genotype frequencies in patients with hematological
diseases who received therapy at Russian Research
Institute of Hematology and Transfusiology had
no statistically significant differences from those in
donors of St. Petersburg. In the examined groups,
the frequency of HNA-1bd allele was higher (0.584—
0.588) than HNA-1a (0.376-0.384). The frequency
of HNA-1bc was 0.032-0.036, and this allele was
represented in the genotypes HNA-1a/be/bd (0.023—
0.036), HNA-la/bc (0.020-0.043), and HNA-1bc/
bd (0.007-0.010). The genotypes HNA-1bc/be and
HNA-1null were not identified.

The allele “a” of the HNA-3, -4, -5 systems
was found in the majority of individuals in each
group (0.795-0.804; 0.887-0.898; 0.699-0.708,
respectively). The prevalence of HNA-5a was 0.699—
0.708.

Since HNA-1, -3, -4, -5 genotype frequencies in
patients with hematological diseases and donors of
St. Petersburg did not have statistically significant
differences, an assessment of the possible risk of
HNA alloimmunization was calculated based on the
data on the HNA allele and genotype frequencies in
the group that included both donors and patients with
hematological diseases (Table 3).

Table 3
Assessment of the possible risk of alloimmunization against
HNA-1, 3-5 during transfusions of blood components
Risk of HNA alloimmunization
HNA | HNA | HNA | HNA | HNA | HNA | HNA | HNA | HNA
la Ibd | Ibc 3a 3b 4a 4b 5a 5b
0.233 | 0.143 | 0.064 | 0.037 | 0.231 | 0.01 | 0.163 |0.080| 0.250

As can be seen from the presented data, the highest
calculated risk of alloimmunization during blood
component transfusion was observed in the absence of
HNA-5b, HNA-1a, HNA-3b, and HNA-4b alleles in
the genotype and was 0.250, 0.233, 0.231, and 0.163,
respectively.

DISCUSSION

The data obtained are consistent with the results
of studies on the distribution of HNA alleles and

genotypes in European populations [9] and significantly
differ from other populations. Thus, in the populations
of South — East Asia, China, and Japan, the HNA-
la allele frequency was significantly higher and was
0.696, 0.667, and 0.623, respectively (p <0.001) [11].
The frequency of HNA-3a was 0.795 — 0.804, which
was significantly higher than that in the Japanese
population (0.654) [12], and significantly lower than
in the populations of Zambia (0.974) and Brazil (1.0)
(p <0.001) [13, 14]. The frequency of HNA-4a was
0.887—-0.898, and this was significantly lower than
in the populations of China and Brazil — 0.995 and
1.0, respectively (p < 0.001) [15, 14]. The obtained
frequency of HNA-5a was significantly higher than in
the Zambian population (0.500) [13], but significantly
lower than in the populations of China (0.852), Japan
(0.840), and Brazil (0.855) (p<0.001)[15, 12, 14]. The
probability of HNA alloimmunization was calculated
based on the obtained allele and genotype frequencies.
The highest calculated risk of alloimmunization
during blood component transfusion was observed
in the absence of HNA-5b, HNA-1a, HNA-3b, and
HNA-4b alleles in the genotype and was 0.250, 0.233,
0.231, and 0.163, respectively, which confirms the
results of similar studies conducted by other authors in
the population of white Europeans [10]. The obtained
data may be useful for predicting clinical conditions
associated with alloimmunization. However, the
probability of immune response development is highly
dependent on the immunogenicity of the antigen and
other factors, which may explain the discrepancy
between the calculated risk of alloimmunization and
the existing data on the specificity of detected HNA
alloantibodies. Thus, for example, at low calculated
risk of alloimmunization to HNA-3a (0.37), such
antibodies lead to the development of TRALI It is
known that anti-HNA-3a alloantibodies contained in
donor plasmaare one of the reasons for the development
of' severe TRALI with fatal outcome [12]. Despite high
calculated risk of HNA-3b alloimmunization, rare
cases of NAN caused by anti-HNA-3b alloantibodies
have been described, and there are no data on the cases
of TRALI caused by such antibodies in the literature.
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The most common causes of NAN development in
the population of white Europeans are alloantibodies
to HNA-1a, -1b, -1c and -2a [16]. However, there
are cases of NAN caused by alloantibodies to HNA-
1d, -3a, -3b, -4a , -4b, -5a that are described in the
literature [17, 18].

In clinical practice, transfusions of granulocyte
concentrate are carried out for patients with a
significant decrease in the absolute number of
granulocytes in the blood in the presence of infection,
uncontrolled antibiotic therapy, and in sepsis of
newborns. In case of transfusion of HNA incompatible
blood component, the patient has an increased risk of
alloimmunization and, as a result, there is a lack of
clinical effect of transfusion [19]. Individual selection
of HNA and HLA-compatible blood components is
required for such patients. Building of a HNA-typed
donor base will help prevent alloimmunization. The
development of a HNA-typed cell panel will help
solve the problem of diagnosing alloimmune conflicts
in pediatrics, transfusiology and transplantology.

CONCLUSION

The conducted research allowed to study the
distribution patterns of HNA alleles and genotypes
in donors of St.-Petersburg and patients with
hematological diseases and to assess the possible risk
of HNA alloimmunization. No statistically significant
differences in the frequencies of HNA-1, -3, -4,
-5 alleles and genotypes were found in donors of
St.-Petersburgandpatientswithhematologicaldiseases.
The highest estimated risk of alloimmunization during
transfusion of blood components was observed in the
absence of HNA-5b, HNA-1a, HNA-3b, an HNA-4b
alleles in the genotype, which confirms the results
of similar studies conducted by other authors in th
population of white Europeans. The data obtained may
be useful for predicting clinical conditions associated
with alloimmunization. However, the immunization
process after transfusion and / or during pregnancy is
associated not only with antigenic incompatibility, but
also depends on the immunogenicity of the antigen,
genetic, epigenetic and environmental factors, which
may explain the discrepancy between the calculated
risk of alloimmunization and the existing data on the
specificity of detected HNA alloantibodies.

The presented data may be useful for prevention
of alloimmunization, as well as for population
studies. The proposed HNA typing method can be
used to develop a HNA-typed cell panel in order to
determine the specificity of alloantibodies in donors

and to diagnose alloimmune conflicts in pediatrics,
transfusiology and transplantology.
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ABSTRACT

Aim. To study the surface and cellular composition of non-calcified bioprosthetic heart valve (BHV) leaflets
with varying degrees of structural deterioration to determine the possible mechanisms of primary tissue failure
development.

Materials and methods. An examination of six bioprosthetic heart valves (KemCor and PeriCor) extracted
from mitral position due to the structural valve deterioration was performed. The structure of BHV leafiets was
studied by hematoxylin — eosin staining and immunohistochemistry assay (with the following indicators — CD3, T
lymphocytes; CD20, B lymphocytes; CD31, mature endothelial cells; CD34, endothelial progenitor cells; CD68,
monocytes/macrophages; vimentin, mesenchymal cells; a-smooth muscle actin, vascular smooth muscle cells).

Results. The degree of disruption of BHV leaflets in primary tissue failure differed significantly: relatively intact
samples with the intact endothelial monolayer, areas with impairment of the surface layers (minimal and moderate
damage) and areas with the spread of destruction into the extracellular matrix of the leaflet (expressed degeneration)
were determined. Endothelial cells (monolayer with preserved or impaired integrity), macrophages, smooth muscle
cells and other mesenchymal lineage cells were identified in BHV. T- and B-lymphocytes were not detected in the
BHYV leaflets.

Conclusions. A characteristic feature of structurally deteriorated BHVs is impairment of endothelial monolayer
integrity in areas of degraded extracellular matrix. In contrast to other types of bioprosthetic dysfunctions,
structural valve deterioration was characterized by the absence of lymphocyte infiltration. Therefore, we suppose
that endothelial mololayer injury is a trigger of structural BHV deterioration.

Key words: bioprosthetic heart valves, structural valve deterioration, extracellular matrix.
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PE3IOME

Heap — Mopdonoruyeckoe nccaea0BaHHE TOBEPXHOCTH M KJIETOUHOTO COCTaBa CTBOPOK HEKATBLMHUPOBAHHBIX
O6uonpore3oB kinananoB cepaua (BKC) ¢ paznuyHoil cTeneHpio UX MOBPEXICHUS Ul ONPEACICHUST BO3MOXKHBIX
MEXaHU3MOB Pa3BUTHUS MEPBUYHON TKaHEeBOM HecocTositensHoCTH (IITH).

Matepnaabsl M Meroabl. lccnenoBaHo ImecTs KceHoaopraibHbIX kianaHoB «KemKop» u «IlepuKopy,
M3BJICUCHHBIX U3 MUTpaibHOW mo3uiu no npuunne passutus [ITH. Ctpykrypy ctBopok BKC u ocobenHOCTH
ee W3MEHEHHs H3yYalll THUCTOJOTHYeCKMM (OKpacka TeMaTOKCHIMH-203HHOM) M HMMYHOTUCTOXMMHYECKUM
Meronamu. MmyHorncroxumudeckoe uccinenoanne bKC Brmowano naentndukamnmio mapkepos: CD3 (T-mmm-
¢ormter), CD20 (B-mumdorurer), CD31 n CD34 (suporenunanbable kietku), CD68 (MoHOmmTHE/Makpodaru),
BUMEHTHH (KJIETKH ME3CeHXUMAIBHOTO PSAa), 0-TJIAKOMBIIICUHBIH aKTHH (TJIaJIKOMBIIICUHBIE KIIETKH).

PesyabTathl. Crenenp HapymeHus cTpykTypsl ctBopok BKC npu [ITH cymecTBeHHO pa3nuyanack: onpeness-
JIICh OTHOCHUTEJIFHO COXpPaHHBIE 00Pa3Ibl ¢ MHTAKTHBIM YH/I0TEIHAILHEIM MOHOCIOEM Ha OBEPXHOCTH CTBODPKH,
o0pa3nbl ¢ MUHUMAJIbHBIM WIM YMEPEHHBIM HapyIICHHEM CTPYKTYPHI SHAOTCIHAIBLHOTO CIOS M 00pasubl ¢
BBIPOKCHHOW JlecTpyKIen sHporenuansHoro ciost crBopku BKC. B cocraBe BKC Obutn mueHTHGUIMPOBAHE
SHJOTENNAIbHbIC KIETKH (MOHOCION C COXPAHEHHOH WIIM HAapyIICHHOH IEJIOCTHOCTBIO), MaKpoQaru, riajgKie
MHOIUTHI ¥ IPOYNe KIETKH ME3eHXHMAJIBHOTO MponucxoxaeHus. CiaeayeT OTMETUTh, YTO HAMH HE OOHApPy»KEHO
T- u B-mum¢pouuToB B ctBopkax BKC.

3axiiouenune. XapakrepHeIM npu3HakoMm cTpykTypbl BKC, skcrmmantupoBanubix mo npuuuHe I1TH, sBnsercs
HapyIIEHUE IIEJTOCTHOCTH SHAOTENNATbHOTO MOHOCIOS B YYacTKaX JE3MHTETPaIluu 3IKCTPAIEIIIIOISIPHOTO
MaTpukca. Kpome Toro, B cpaBHEHHH C APYTUMH THIIaMH OpoTe3HbIX AucyHkimid [ITH otnuyaercs oTcyTcTBUEM

56 Bulletin of Siberian Medicine. 2020; 19 (2): 55-62



Original articles

mumormTapHoit nHGUIbTpaln. Ha 0CHOBaHMY MOJTyYEHHBIX JAHHBIX MOXHO CJIETIaTh BBIBOJL O TPUITEPHOI PO
JIE3MHTETpalMy YHI0TEINAILHOIO0 MOHOCIOS B pazsutuu [1TH.

KunrodeBble ci10Ba: GnompoTe3sl KIIATaHOB CEP/Ia, TEPBUYHAS TKAHEBAs HECOCTOSTEIHOCTD, YKCTPALEIUTIOISIPHBIH
MaTpHKC.

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SABHBIX U NOTCHIUAJIBHBIX KOHQ)HI/IKTOB HUHTEPECOB,
CBA3aHHBIX C HYGHHKaHHeﬁ HaCTOS{H.[efI CTaTbU.

Hcrounnk punancupoBanus. Pabora BeIoIHEHA TPHU MO IEPIKKE KOMILIEKCHOM IIPOTpaMMBI (hyHTaMEHTaTbHBIX
Hay4HbIX nccnenoBanuii CO PAH B pamkax ¢yHmameHTanpHOM TeMbl HaydHO-MCCIe10BaTEICKOTO HHCTUTYTA
KOMITJICKCHBIX MTPOOJIEM CepIedHO-COCYANCTHIX 3a0oneBannii Ne 0546-2015-0011 «Ilatorenermueckoe 000cHOBa-
HHE pa3pabOTKN NMITAHTATOB JJISl CePACUIHO-COCYJUCTOH XUPYPTHH Ha OCHOBE OMOCOBMECTUMBIX MAaTEpPHAIIOB, C
peanu3anuell MaueHT-OPUEHTHPOBAHHOTO MOAX0/A C HCTIOIb30BAaHUEM MATEMaTHIECKOTO MOAEINPOBAHMS, TKa-
HEBOW MH)XEHEPUH U TEHOMHBIX MPEITUKTOPOBY.

CooTBeTcTBHE NPUHIMIAM 3THKH. Bce mamueHThl moanucaan MHGOPMHUPOBAHHOE COTIACHE HA YdacTHE B
uccnenoBanny. I[IpoTokoa uccienoBaHus 0J00peH JOKalnbHbIM sTHdyeckuMm komurerom PI'BHY «HayuHo-
MCCIIEI0BAaTENILCKUI HHCTUTYT KOMIUIEKCHBIX MPOOJIEM CepIeYHO-COCYIUCTBIX 3a001eBanHuit» (mpoTokoa Ne § ot
14.05.2019).

[ uurtupoBanus: Myxamanusapos P.A., Pyrkosckas H.B., Kytuxun A.I'., Munsto U.B., Cugoposa O./1., bap-
6apamr JI.C. HapyuieHne LEeJIOCTHOCTH HJIOTEIHAIBHOTO MOHOCIOS OMONPOTE30B KJIAMAHOB CEpAlld KaK TPHUr-
rep pa3BUTHS NEPBUYHON TKAaHEBON HECOCTOATENBLHOCTU. broiemens cubupckoii meouyunst. 2020; 19 (2): 55-62.

https://doi.org: 10.20538/1682-0363-2020-2-55-62.

INTRODUCTION

A generally recognized disadvantage of
bioprosthetic heart valves (BHV) is limited duration
of their functioning explained by the development of
structural insufficiency of the implanted xenomaterial —
primary tissue failure (PTF), under the influence of
various factors associated with the characteristics
of the implants and / or recipient organism [1, 2].
The most common types of BHV dysfunctions
requiring surgery to replace the prosthesis are tissue
calcification (50%) and prosthetic endocarditis (27%).
In a significantly smaller number of cases (15.1%),
reoperations are performed due to the development of
primary tissue failure [3].

In a number of studies, active participation of
recipient cells in the formation of both calcium-
associated damage to the implanted xenogenic
material and degenerative changes in the structure
of BHV caused by exposure to infectious agents was
demonstrated [4, 5]. In addition, identification of
various types of cells in the functionally preserved
BHV [6, 7] suggests permanent remodeling of
xenotissue after its implantation in the body, which
implies a parallel course of its disintegration and
repair processes [7]. On the one hand, this gives
grounds to consider calcification as the final stage
of the BHV destruction, which inevitably arises
over time. On the other hand, it does not exclude

the implementation of a fundamentally different
scenario for the development of aseptic structural
dysfunctions of implanted BHV depending on the
type of remodeling.

The aim of this work was to study morphologically
the surface and cellular composition of the leaflets of
uncalcified BHV with varying degrees of xenotissue
damage in order to identify possible mechanisms of
development of primary tissue failure.

MATERIALS AND METHODS

Six xeno-aortic BHV models were studied:
KemKor (n =2) and PeriKor (n =4), (Neokor CJSC,
Kemerovo). They were preserved with ethylene
glycol diglycidyl ether and removed from the mitral
position during repeated surgical interventions.
The removal took place due to the development of
structural failure of BHV tissues without mineral
inclusion deposition as computed tomography
showed. Considering the differences in the implanted
valve functioning caused by the influence of
hemodynamic loads of different strengths [1, 8],
only BHVs removed from the mitral position were
included in the study. The group of reoperated patients
consisted of 5 women and 1 man. The average age
of patients at the time of repeated operations was
63.5 £ 4.8 years with an average BHV functioning
duration of 7.3 & 3.1 years.
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For histological examination and immunohisto-
chemistry assay (IHC), the whole BHV was placed in
a 4% solution of paraformaldehyde for 48 hours. After
fixation, fragments of valve leaflets were cut out for
subsequent dehydration and embedding into Histomix
paraffin mixture (BioVitrum, Russia). Sections (5 um)
were prepared from paraffin blocks on a semi-auto-
matic rotary microtome (MZP 01 — Tekhnom, Rus-
sia). The sections were mounted on glass slides with a
poly-L-lysine coating (Thermo Scientific, USA). The
sections of BHV were stained with hematoxylin — eo-
sin, and an IHG study was also performed. Verifica-
tion of the absence of calcium in explanted BHV was
carried out by staining with alizarin red.

IHC typing of cells was performed using the
following markers: CD3 (T-lymphocytes), CD20
(B-lymphocytes), CD31, CD34 (hematopoietic
progenitor cells), CD68 (monocytes / macrophages),
vimentin (mesenchymal cells), and a- smooth muscle
actin (smooth muscle cells). We used monoclonal
mouse (CD3, CD20, CD34, CD68, vimentin) and
rabbit (CD31, o-smooth muscle actin) antibodies
produced by Novocastra Laboratories, Thermo
Scientific and Spring Bioscience, which react with
human antigens.

To identify the markers described above, high-tem-
perature antigen unmasking was performed in a citrate
buffer (0.01 M, pH 6.0) for a-smooth muscle actin,
CD68, CD31, CD34, CD3; in a Tris-EDTA buffer
(pH 9.0) for vimentin, CD20 — without unmasking.
Endogenous peroxidase blocking, dilution of primary
antibodies and their exposure time were determined
according to the protocols of the primary antibody
manufacturers. To detect the results of IHC reactions,
the Novolink Polymer Detection System (Novocas-
tra, UK) was used. The enzyme immunoassay was
stopped by washing the sections in a phosphate buffer
(pH 7.4), after which they were stained with Mayer
hematoxylin and enclosed in a mounting medium. In
parallel with the detection of antigens at each THC
staining, the positive and negative controls were set
up. A negative control was carried out by applying 50
ul of antibody dilution solution to the sections (Ab Di-
luent, USA). A positive control of CD3, CD20, and
CD68 markers was performed on sections of the hu-
man palatine tonsil, a positive control of CD31, CD34,
vimentin and o-smooth muscle actin was carried out
on sections of the human radial artery. The study of
drugs and photography was performed using an AXI10
Imager A1 microscope (Carl Zeiss, Germany) and a
Canon G5 digital camera (Canon, Japan).

RESULTS

The degree of the BHV leaflet structure
deterioration was significantly different, which
allowed us to conditionally distinguish the following
groups: samples with the intact endothelial layer on
the surface of the BHV leaflet; samples with minimal
or moderate disruption of the endothelial layer
structure; and samples with severe endothelial cover
destruction of the BHV leaflets, which extended into
the leaflet and was accompanied by the destruction of
its extracellular matrix.

In samples with the intact endothelial layer, a
monolayer of cells morphologically corresponding
to endotheliocytes was observed on the atrial and
ventricular surfaces of the BHV leaflets. On the
ventricular surface (excretory region), the monolayer
was represented by flattened cells with elongated nuclei
(Fig. 1a). On the atrial surface, the cells had rounded
nuclei and a more pronounced cytoplasm (Fig. 15).
The layer of endotheliocytes on the ventricular surface
appeared thinner than on the atrial one. An I[HC assay
of'the BHV leaflets revealed CD31-positive staining of
flat cells on both surfaces, confirming their endothelial
phenotype (Fig. 15). The absence of positive staining
for CD34, in turn, indicated the maturity of endothelial
cells (Fig. 1g).

BHV stroma was represented by compact, tightly
packed bundles of collagen fibers that retained intact
tortuosity and tinctorial properties (Fig. la, b).
Moreover, a dense arrangement of fibers was observed
in the surface layers, and loose arrangement — in deep
layers. In some areas, small cavities with transparent
contents were present (Fig. 1a, b).

Violation of the endothelial layer integrity with
the presence of sections containing morphologically
different cells, which form multilayer or single layer
structures, was observed in samples with minimal
or moderate damage to the BHV leaflets (Fig. 2).
In some of the studied samples, cell infiltration of
the underlying connective tissue structures of the
BHV leaflet was also noted (Fig. 2b). In this case,
the stroma of the BHV leaflets was characterized by
moderate heterogeneity: in the surface layers — by
loosening and thinning of bundles of collagen fibers
with expansion of interfibrillar spaces and formation
of mesh networks, in the deep layers — by relative
intactness of the extracellular matrix (Fig. 2a, b).

In the zones of fibrous structure disorganization,
the presence of CD68-positive cells belonging to the
mononuclear phagocyte system was detected (Fig. 2b,
d). Among them, in addition to typical macrophages,
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individual multinuclear cells (Pirogov — Langhans layers of the extracellular matrix, mainly in the areas
cells) were identified. Vimentin-positive cells located of endothelial monolayer disturbance, which indicated
singly or in groups were also found in the surface that they belong to cells of the mechanocyte line.

Fig. 1. The structure of the leaflets of bioprosthetic heart valves in areas with minimal damage to their structure, magnification 200.
a — endothelium of the ventricular surface, b — endothelium of the atrial surface (stained with hematoxylin and eosin), ¢ — IHC on
CD31, d —THC on CD34

Fig. 2. The structure of the bioprosthetic heart valve leaflets with moderate damage. a, b — staining with hematoxylin and eosin,
magnification 200, ¢ — IHC on CD68, magnification 400, d — IHC in vimentin, magnification 200
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In samples with pronounced destruction of the
BHYV leaflet surface, the absence of a monolayer of
endotheliocytes was noted, which was associated with
deep disorganization of their connective tissue base
(Fig. 3). Stratification of collagen fiber bundles was
combined with their fragmentation and formation
of numerous cavities (Fig. 3a). Moreover, the entire
thickness of the leaflet was infiltrated by cells. In the
zones of the greatest destruction, both CD 68-positive

and o-smooth muscle actin-positive cells were
detected. CD68+ cells were mostly grouped around
the cavities, adjacent to the remains of collagen fibers
(Fig. 3B, ¢). Also, isolated smooth muscle cells were
found in the thickness of the BHV leaflets, among the
destroyed connective tissue structures (Fig. 3¢).

It should be noted that in all three groups of samples,
no positive IHC staining for T- and B-lymphocytes
was observed.

Fig. 3. The structure of bioprosthetic heart valve leaflets with pronounced destruction of their surface and stroma. a — stained with
hematoxylin and eosin, magnification 200, » — IHC on CD68, magnification 400, ¢ — IHC on a-smooth muscle actin, magnifica-
tion 200

DISCUSSION

The value of the presented morphological data for
understanding the mechanisms of the degenerative
changes in implanted BHVs in the recipient’s organism
primarily consists in the absence of infection and
calcification. Thus, already at the stage of the study
group formation, BHV dysfunctions were excluded,
the occurrence of which is determined by the features
of the immunological and metabolic status of patients
leading both to a decrease in the microbial resistance
of the biomaterial and its pronounced mineralization
[1]. The results of the study suggest that various
degrees of damage to the extracellular matrix can be
considered as successive stages of destruction of BHV
leaflets.

At the initial stage of tissue failure development,
that is, in samples with intact structure, both surfaces
were covered with a continuous layer of mature
endothelium (CD31 +). Moreover, the morphological
characteristics of endothelial cells had some
differences. From the outflow side, endotheliocytes
were characterized by a flattened form, a thin layer of
cytoplasm and elongated nuclei with a heterochromatin
predominance. On the inflow side, endothelial cells
were higher than on the atrial surface, had round nuclei
in which euchromatin predominated. Such differences

in the endotheliocytes structure probably occur due
to the influence of hemodynamic factors and may
indicate different metabolic activities of these cells.

High degree of the extracellular matrix preservation
suggested a possible protective function of the
endothelium in relation to BHV damage by aggressive
blood factors [5, 6]. At the same time, the presence
of sites with collagen fiber delamination in these
samples indicated the onset of destructive processes,
presumably caused by prolonged cyclic deformations
experienced by implantable BHV [9, 10].

Samples with minimal and moderate leaflet
destruction were considered as the next stage in
the development of primary tissue failure without
mineralization of xenomaterial. It can be assumed
that endothelial layer disintegration may trigger
the development of hemodynamically significant
damage to the structure of BHV. The causes of this
process can be mechanical endotheliocyte destruction
and exposure of extracellular matrix of valves and
expression of endothelial cell adhesion molecules,
which contribute to the attraction of monocytes with
their subsequent migration deep into the BHV leaflets.
The presented endothelial dysfunction can be triggered
by various pathological processes [11], as well as by
a low shear stress due to turbulent blood flow in the
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absence of endothelium [12]. After differentiation
of monocytes into macrophages, secretion of matrix
metalloproteinases occurred, which led to the
progression of destructive processes in the BHV
leaflets and the formation of a pathophysiological
“vicious circle” [12, 13]. Apparently, the process
of cell differentiation was influenced by the
microenvironment and the depth of its invasion in the
BHYV leaflets. For example, fibroblasts were localized
mainly near the leaflet surface, and smooth muscle
cells, as a rule, were present in the deeper layers of
the leaflets.

It should be noted that at this stage of primary tissue
failure development, a parallel course of extracellular
matrix repair is not ruled out. Thus, the identification
of mechanocyte cells, such as fibroblasts (vimentin-
positive cells), indicates the possibility of synthesizing
the main components of the leaflet extracellular matrix,
which is aimed at replacing the degeneratively altered
xenotissue [6]. However, progressive destructive
processes indicate the predominance of fracture
processes over reparation in the xenogenic material of
the valves. The low regeneration rate can be caused
not only by an insufficient number of fibroblasts, but
also by their inability to fully function in atypical
microenvironment conditions [14, 15]. In particular,
under adverse conditions, a change in the functional
properties of smooth muscle cells and fibroblasts
and development of their destructive potential can
occur [16—18]. This assumption is confirmed by the
localization of these cells in the immediate vicinity of
large cavities.

The absence of T- and B-lymphocytes in the
studied samples, on the one hand, may indicate an
insignificant role of inflammation in the development
of the described variant of structural dysfunctions in
primary tissue failure of BHV. On the other hand, it
may suggest that calcification of chemically modified
xenotissue in the recipient’s body can only be realized
under the conditions of immune inflammation
activation.

CONCLUSION

The structure of the BHV explanted due to
the primary tissue failure is characterized by
impaired integrity or complete absence of an
endothelial monolayer in the areas of extracellular
matrix disintegration, as well as by the absence of
lymphocytes. Thus, it can be assumed that it is the
disintegration of the endotheliocyte layer that is the
trigger for the primary tissue failure development.

In other words, the optimal design of BHV should
ensure adhesion and viability of endothelial cells on
the leaflet surfaces in order to ensure the extracellular
matrix integrity.

REFERENCES

1. Barbarash O., Rutkovskaya N., Hryachkova O., Gruzdeva O.,
Uchasova E., Ponasenko A., Kondyukova N., Odarenko Y.,
Barbarash L. Impact of recipient-related factors on structural
dysfunction of xenoaortic bioprosthetic heart valves. Patient
Prefer Adherence. 2015; 9: 389-399. DOI: 10.2147/PPA.
S76001.

2. Barbarash L.S., Rogulina N.V., Rutkovskaya N.V., Ovcharenko
E.A. Mechanisms underlying bioprosthetic heart valve dysfunc-
tions. Complex Issues of Cardiovascular Diseases. 2018; 7(2):
10-24 (in Russ.). DOI: 10.17802/2306-1278-2018-7-2-10-24.

3. Rutkovskaia N.V., Stasev A.N., Odarenko Iu.N. Biological
prostheses of heart valves: realities, problems and solutions.
Cardiology and Cardiovascular Surgery. 2013; 6: 70-77 (in
Russ.).

4. Nair V., Law K.B., Li A.Y., Phillips K.R., David T.E., Bu-
tany J. Characterizing the inflammatory reaction in explanted
Medtronic Freestyle stentless porcine aortic bioprosthesis over
a 6-year period. Cardiovasc Pathol. 2012; 21(3): 158-168.
DOI: 10.1016/j.carpath.2011.05.003.

5. Mukhamadiyarov R.A., Rutkovskaya N.V., Sidorova O.D.,
Barbarash L.S. Cellular Composition of Calcified Bioprosthet-
ic Heart Valves. Annals of the Russian Academy of Medical
Sciences. 2015; 70(6): 662—-668 (in Russ.). DOI: 10.15690/
vramn560.

6. Mukhamadiyarov R.A., Rutkovskaya N.V., Mil’to I.V., Sido-
pova O.D., Kudryavceva Yu.A., Barbarash L.S. Research of
the structure functionaly saved xenopericardial bioprosthesis
in long-term implantation. Pathology Archives. 2017; 79(5):
25-33 (in Russ.). DOI: 10.17116/patol201779525-33.

7. Mukhamadiyarov R.A., Rutkovskaya N.V., Mil’to 1.V., Bar-
barash L.S.. Pathogenetic parallels between the development
of calcification of native aortic valves and xenogenic biopros-
theses of heart valves. Genes and Cells. 2016; 11(3): 83-91 (in
Russ.).

8. Tillquist M.N., Maddox T.M. Cardiac crossroads: deciding
between mechanical or bioprosthetic heart valve replacement.
Patient Prefer Adherence. 2011; 5: 91-99. DOI: 10.2147/PPA.
S16420.

9. Soares J.S., Feaver K.R., Zhang W., Kamensky D., Aggarwal
A., Sacks M.S. Biomechanical Behavior of Bioprosthetic Heart
Valve Heterograft Tissues: Characterization, Simulation, and
Performance. Cardiovasc. Eng. Technol. 2016; 7(4): 309-351.
DOI: 10.1007/513239-016-0276-8

10. Ovcharenko E.A., Klyshnikov K.U., Savrasov G.V., Glush-
kova T.V., Barbarash L.S. Investigation of the hydrodynamic
performance of the minimally invasive aortic valve prosthe-

sis. Complex Issues of Cardiovascular Diseases. 2016; 5(2):
39-45 (in Russ.). DOI: 10.17802/2306-1278-2016-2-39-45.

11. Brown B.A., Williams H., George S.J. Evidence for the in-

volvement of matrix-degrading metalloproteinases (mmps)

BionneteHb cMbupckom meguuuHsbl. 2020; 19 (2): 55-62 61



Mukhamadiyarov R.A., Rutkovskaya N.V., Kutikhin A.G. et al. Endothelial monolayer disruption in bioprosthetic heart valve

in atherosclerosis. Prog. Mol. Biol. Transl. Sci. 2017; 147: quences regulate valve interstitial cell adhesion, phenotype

197-237. DOI: 10.1016/bs.pmbts.2017.01.004. and extracellular matrix deposition. Cell Mol. Bioeng. 2016;
12. Heo K.S., Fujiwara K., Abe J. Shear stress and atherosclero- 9(4): 479-495. DOI: 10.1007/512195-016-0451-x.

sis. Mol. Cells. 2014; 37 (6): 435-440. DOI: 10.14348/mol- 16. Amin M., Pushpakumar S., Muradashvili N., Kundu S., Tyagi

cells.2014.0078. S.C., Sen U. Regulation and involvement of matrix metallo-
13. Manji R.A., Hara H., Cooper D.K. Characterization of the cel- proteinases in vascular diseases. Front Biosci (Landmark Ed).

lular infiltrate in bioprosthetic heart valves explanted from pa- 2016; 1; 21: 89-118.

tients with structural valve deterioration. Xenotransplantation. 17. Ohukainen P, Ruskoaho H, Rysac J. Cellular mechanisms of

2015; 22 (5): 406-7. DOI: 10.1111/xen.12187. valvular thickening in early and intermediate calcific aortic
14. Beziere N., Fuchs K., Maurer A., Reischl G., Briick J., Gho- valve disease. Curr. Cardiol. Rev. 2018; 14 (4): 264-271.

reschi K., Fehrenbacher B., Berrio D.C., Schenke-Layland K., DOI: 10.2174/1573403X14666180820151325.

Kohlhofer U., Quintanilla-Martinez L., Gawaz M., Kneilling 18. Yang L., Gao L., Nickel T., Yang J., Zhou J., Gilbertsen A.,

M., Pichler B. Imaging fibrosis in inflammatory diseases: tar- Geng Z., Johnson C., Young B., Henke C., Gourley G.R.,

geting the exposed extracellular matrix. Theranostics. 2019;9 Zhang J. Lactate promotes synthetic phenotype in vascular

(10):2868-2881. DOI: 10.7150/thno.28892 smooth muscle cells. Circ. Res. 2017; 121(11): 1251-1262.
15. Wu Y., Grande-Allen K.J., West J.L. Adhesive peptide se- DOI: 10.1161/CIRCRESAHA.117.311819.

Authors contribution

Mukhamadiyarov R.A. —conception and design of the study, analysis of the data, drafting of the manuscript. Rutkovskaya N.V.—analysis
of the data, drafting of the manuscript. Kutikhin A.G. — drafting of the manuscript. Milto I.V. — carrying out of the immunohistochemistry
assay, analysis of the data, drafting of the manuscript. Sidorova O.D. — analysis of the data. Barbarash L.S. — drafting of the manuscript.

Authors informaton

Mukhamadiyarov Rinat A., Cand. Sci. (Biology), Senior Researcher, Laboratory for Vascular Biology, Department of Clinical and
Experimental Cardiology, Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russian Federation. ORCID
0000-0002-5558-3229.

Rutkovskaya Natalia V., Dr. Sci. (Med.), Head of Cardiology Center, A.l. Burnazyan Federal Medical Biophysical Center, Moscow,
Russian Federation. ORCID 0000-0002-8829-0481.

Kutikhin Anton G., Cand. Sci. (Med.), Head of the Laboratory for Vascular Biology, Department of Clinical and Experimental
Cardiology, Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russian Federation. ORCID 0000-0001-8679-
4857.

Sidorova Olga D., Cand. Sci. (Med.), Head of the Department of Pathological Anatomy and Histology, Kemerovo State Medical
University, Kemerovo, Russian Federation. ORCID 0000-0003-2731-6294.

Milto Ivan V., Dr. Sci. (Biology), Professor, Division of Morphology and General Pathology, Siberian State Medical University,
Tomsk, Russian Federation; Head of the Division of Molecular and Cellular Radiobiology, Seversk Biophysical Research Centre, Seversk,
Russian Federation. ORCID 0000-0002-9764-4392.

Barbarash Leonid S., Dr. Sci. (Med.), Professor, Principal Researcher, Research Institute for Complex Issues of Cardiovascular
Diseases, Kemerovo, Russian Federation. ORCID 0000-0001-6981-9661.

(P<) Mukhamadiyarov Rinat A., e-mail: rem57@rambler.ru.

Received 30.04.2019
Accepted 25.12.2019

62 Bulletin of Siberian Medicine. 2020; 19 (2): 55-62



YK 616.132.2-004.6-089.844:[616.259.7:611.018.26]
https://doi.org: 10.20538/1682-0363-2020-2-63-71

Morphological and functional characteristics of retrosternal adipose tissue
and their relation to arterial stiffness parameters in patients after coronary
artery bypass grafting
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ABSTRACT

Background. The attention of many researchers is focused on studying the role of adipokines secreted by
subcutaneous, visceral, epicardial, and perivascular adipose tissues in the pathogenesis of diseases of the
cardiovascular system. At the same time, adipose tissue of retrosternal localization remains out of research focus.
This pool of fat cells is formed at the site of the thymic involution and has a significant volume. However, their
functional activity and participation in the development of cardiovascular pathology remain unexplored.

Aim. To study the morphological characteristics of adipocytes of the retrosternal adipose tissue (RSAT) and their
production of adipokines in comparison with epicardial (EAT) and subcutaneous adipose tissue (SCAT) and to
investigate their relationships with arterial stiffness parameters in patients who underwent coronary artery bypass
grafting.

Materials and methods. The study included 17 patients (12 men /5 women aged 40 — 70 years) with the diagnosed
coronary artery disease (CAD) who underwent coronary artery bypass grafting (CABG). Each patient underwent
measurement of carotid-femoral pulse wave velocity (PWV) and aortic augmentation index (Alx) with the
oscillometric device. Isolated adipocytes were obtained enzymatically from explants of SCAT, EAT and RSAT
during coronary artery bypass grafting. The adipocytes were analyzed under the microscope at magnification 200.
The release of adiponectin, leptin and insulin was studied in the adipocyte supernatant after 1 hour incubation using
ELISA.

Results. It was found that adipocytes of the RSAT are smaller than adipocytes of SCAT: 83.96 +2.21 vs 98.62 +
2.67 um (p = 0.00002), respectively, and comparable in size to adipocytes of EAT: 86.65 £ 1.33 um. The release of
adiponectin by adipocytes of the RSAT turned out to be comparable to the production of this adipokine in SCAT
and EAT, however, adipocytes of the RSAT produce less leptin than SCAT and EAT: 0.26 (0.19; 0.27) ng/1 vs 0.37
(0.28; 0.55) (p = 0.01) and vs 0.32 (0.28; 0.44) (p = 0.006) ng/ml, respectively. Furthermore, RSAT produce less
insulin than SCAT and EAT: 1.56 (1.03; 2.08) vs 1.70 (0.99; 2.18) ng/ml, (p = 0.0022) and 1.76 (1.16; 2.40) ng/ml
(p» =0.006), respectively.

A positive correlation was found between the secretion of leptin by adipocytes of the RSAT and the Alx (r,= 0.52,
p = 0.046). An inverse relationship was found between insulin secretion by retrosternal adipocytes and PWV
(r,=—0.55, p=0.035). There was no relationship between the size of the retrosternal adipocyte or hypertrophy of
the thymic adipocytes (more than 100 pm) and the production of leptin and insulin and arterial stiffness parameters.

Conclusions. The data of our pilot study show that adipocyte hypertrophy of the retrosternal AT is not a significant
marker of adipokine production disturbance. The observed relationships suggest that an increase in leptin
production and reduced insulin secretion by retrosternal AT may contribute to the formation of adipokine-related
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arterial stiffness. Based on the data obtained, it can be assumed that adipokines produced by the retrosternal AT can
participate in the formation of arterial stiffness in patients with coronary artery disease.

Key words: epicardial, retrosternal and subcutaneous adipose tissue, arterial stiffness, adipocyte, adipokines,
coronary artery disease.
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PE3IOME

Heas — uccnenoBanue MOpHodyHKIMOHAIBHBIX XapaKTEPHCTUK aJUIOLUTOB 3arpyJMHHON >KHPOBOW TKaHH
(3KT) B cpaBHeHMHU ¢ ApyruMHU THnamu kupoBoil Tkanu (JKT), a Taxke M3yuyeHHE UX CBA3U C MOKA3aTENIMH
apTepHAIbHON KECTKOCTH Y MAlMEHTOB C KOPOHAPHBIM aTEPOCKIEPO30M, MOABEPIIIMXCS ONEPaliy a0PTOKOPO-
HapHoro myHTupoBanus (AKLL).

MarepuaJibl 1 MeTOAbI. B HacTosIIee MUIIOTHOE HCCIIeI0OBaHUE BKITIOUYEHBI 17 nanueHToB (12 My>XuuH U 5 JKeH-
mH) B Bo3pacte 40—70 et co CTabHIbHOM HIIEMUYECKON OOJIE3HBI0 cep/iiia i TOKYMCHTHPOBAHHBIM KOPOHAp-
HBIM aTePOCKIIEPO30M, KOTOpBIM Oblta mpoBeseHa omneparust AKIL u koTopeie moamnucann HHGOPMUPOBAHHOE
corjacue Ha ydacTHe B MUCCIIeZIOBaHMU. MaTepualioM Ui UCCIIE0BAHUS SIBUJIMChH SKCIUIAHTBI SMTUKAPAUAIbHOM,
MOAKOXKHOM M 3arpynuHHOI xupoBoit Tkanu (3)KT), ux 3abop ocymiecTBisuics B Xoxe onepanuu. Jlns usyde-
HUSI COCTOSIHUSI PETHOHAPHON apTepHaIbHOU )KECTKOCTH HCIOJB30BATH OCHMIIIOMETPUUYCCKYIO apTeprorpaduro
(TensioMed, Benrpust). Onpezessuid ypoBeHb aIMIIOHEKTHHA, JICTITHHA, HHCYJIMHA B CYTIEPHATAHTAX aJIUITOIUTOB.

Pe3yabTathl. O0HapykeHO, uTo amumonuTsl 30KT nMenu MeHbIIHE pa3Mephl, 94eM aIuIOIUThI ToakoxkHOoU KT, 1
OBLIN COTIOCTABUMBI 10 Pa3MEpy € SMUKAPAUATEHBIMY aIANIONUTaMi. BeiOpoc amumnonektuna agunonuramu 3XKT
HE UMeEJl pa3lIniuil ¢ TAKOBBIM B IMOJAKOKHOU M snukapauansHoi JKT, ograko agunonutsl 3)KT BeipabaTeiBain
CYIIECTBCHHO MEHBIIIC JICNITHHA U MHCYJIHHA. BriepBbie IpoIeMOHCTPUPOBaHA B3aMOCBSI3b BEIPAOOTKHU aTUITOIIH-
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tamu 3)KT nenTuHa M MHCYyNHHA C MTOKA3aTENAMH PETMOHAPHON apTepHalbHON JKECTKOCTHU: MpsiMasi KOppessalu-
OHHasl CBsI3b — MEXKIy cekperuei nentuna agunonuramMu 3)KT 1 aopTaibHBIM HHIGKCOM ayrMEHTAIlMu U 00paT-
Has — MEXIy cekpeuueil nacynuna aaunonuramu 3)KT 1 CKOpOCThIO My IbCOBOM BOJIHBL. JIMHEHHBIX KOppeIsIuii
Mexay pazmepamu aaunonuTtoB 3)KT, nanunurem aaunonntos >100 mxm 3XKT u BeipaboTkoit agunonntamu 3K T
JIENITUHA, MHCYJIMHA, a TAaKXKe apaMeTpaMy PerHoHapHOM apTepuaibHOM KeCTKOCTH BBISBICHO HE OBLIIO.

3aximouenne. [Iponemoncrpuposano Hanuuue y 30KT cexpeTOpHOH aKTUBHOCTH, MHTEHCUBHOCTb KOTOPOU HE
MMeeT JIMHEHHBIX acCOLMAINH ¢ pa3MepoM aJHIIOHUTOB U UX runeprpodueil. [lorydeHHble HaMH JaHHBIE BHEp-
BBIC YKa3bIBAIOT Ha B3aMOCBSI3b aINTIOKHHOB, BEIpabareiBaeMbix 30KT, ¢ mpolieccaMu HapyIICHHUS 2JIaCTHYECKIX
CBOMCTB MarucTpajabHbIX apTepUi y IALIUCHTOB ¢ KOPOHAPHBIM aTEPOCKIEPO3OM.

KuirodeBble ciioBa: snmkapAnanbHast, 3arpyAUHHAS U TOJKOKHAS )KUPOBAs TKAaHb, apTepUalbHasK )KECTKOCTb, a/ii-
MOIWTHI, aTUITOKHHBI, KOPOHAPHBII aTePOCKIEPO3.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHUHUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'[PIKaIlPICI>i HaCTOSIU.[efI CTaTbu.

Hcrounnk ¢unancupoBanmsi. CTaTbs IOArOTOBIEHa B paMKaxX TeMbl (DyHZaMEHTAIBHBIX HCCIICJOBaHUIM
Ne AAAA-A15-115123110026-3.

CooTBeTcTBHE NMPHHUHUIAM 3TUKH. Bce manmenTsl moamucanu MHGOOPMUPOBAHHOE COTIAacHe Ha ydacTHE B
nccnenoanun. Vccnenopanue 06110 0100peHO TOKATBHBIM dTHYecKHM KomuTeToM HUU kapauonoruu Tomckoro
HUML (mpotoxon Ne 146 ot 16.06.2016).

Jst nutupoBanusi: Hapsoknas H.B., Komensckast O.A., Xapuronosa O.A., XKXuranesa H.U., XKypasmnesa O.A.,
Esrymenko B.B., Annpees C.JI., EBrymenko A.B., bomenko A.A. MophodyHKINOHATBHBIE XapaKTePHUCTHKA
3arpyINHHON JKUPOBOM TKAaHH U MX CBSA3b C aPTEPHATBHOH JKECTKOCTHIO Y MAIlIEHTOB ¢ KOPOHAPHBIM aTepPOCKIIe-
PO30M, TIOABEPTIINXCS OTIEPallii a0PTOKOPOHAPHOTO LIIYHTUPOBaHUs. broanemens cubupckou meduyunst. 2020;
19 (2): 63-71. https://doi.org: 10.20538/1682-0363-2020-2-63-71.

INTRODUCTION

Currently, the attention of a large number of
researchers is focused on studying therole ofadipokines
secreted by visceral adipose tissue and its ectopic
depots in the pathogenesis of cardiovascular diseases
[1-3]. Numerous studies have shown the pathological
role of epicardial obesity, while adipose tissue of the
retrosternal localization remains out of research focus.
This pool of adipose cells has a significant volume and
is formed mainly due to age-related involution of the
key organ of the immune system — the thymus, when
it is almost completely replaced by adipose tissue [4].
The morphological characteristics of adipocytes of the
retrosternal adipose tissue (RSAT), their functional
activity and possible participation in the development
of cardiovascular pathology have not been studied yet.
However, it is the structural and functional features
of fat depots that are the most important pathological
factor in development of a high cardiometabolic risk.

It is known that both obesity and arterial stiffness
are independent predictors of cardiovascular
morbidity and mortality [5]. Recent publications have
reported a close relationship between the epicardial
fat depots and an increase in arterial stiffness, which
is presumably associated with adipocyte dysfunction
and impaired adipokine production [6], while there is

no information on this with respect to RSAT.

The aim of this work was to study the morphological
and functional characteristics of RSAT adipocytes
in comparison with other types of adipose tissue
(epicardial and subcutaneous) as well as to investigate
their potential relationship with arterial stiffness in
patients with coronary atherosclerosis after coronary
artery bypass grafting (CABG).

MATERIALS AND METHODS

The present pilot study included 17 patients (12
men and 5 women) aged 40-70 years with stable cor-
onary artery disease (CAD) and documented coronary
atherosclerosis, who had indications for CABG.

The study was performed in accordance with the
Helsinki Declaration of the World Medical Asso-
ciation “Ethical Principles for Conducting Scientif-
ic Medical Research with Human Participation” as
amended in 2000 and the “Rules of Clinical Practice
in the Russian Federation” approved by the Order No.
266 of the Ministry of Health of the Russian Feder-
ation of June 19, 2003. The research was approved
by the local Ethics Committee of the Cardiology Re-
search Institute of Tomsk National Research Center
(Protocol No. 146 of 16.06.2016). All individuals in-
cluded in the study signed an informed consent.
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All patients received regular drug therapy. The
proportion of smokers and patients with metabolic
disorders that met the criteria for the metabolic syn-
drome [7] was high. The clinical characteristics of pa-
tients are presented in Table 1.

Exclusion criteria were acute atherosclerotic com-
plications over the past 6 months; any inflammatory
disease; chronic kidney disease above C3b; and onco-
logical, hematological and immune diseases.

Table 1

Clinical and demographic characteristics of the studied
patients (n = 17)

Parameters
Gender 12/5
Age, years old 63 (59;66)
History of myocardial infarction, n (%) 6(35.3)
Arterial hypertension, n (%) 15 (88.2)
Diabetes mellitus, n (%) 4 (23.5)
Duration of arterial hypertension, years, .
Me (0, 0,) 15 (10; 20)
Duration of coronary artery disease, years, 2
Me (Q,; Q.9 (1.75; 5.5)
Systolic blood pressure, mm Hg, 135
Me (0, O, (127; 142)
Diastolic blood pressure, mm Hg, Me (Q,; Q) (69 275 4.5)
Smoking, n (%) 11 (64.7)
Body mass index, kg/m*, Me (O,; O..) (2821?.;‘1 2)
Obesity, 1 (%) 8 (47)
Waist circumference, cm (921.013 10)
Note: Me [Q;0,]

All patients underwent selective coronary angiog-
raphy on the Cardioscop-V angiographic complex and
Digitron-3NAC computersystem, Siemens (Germany),
at the Department of X-ray Diagnosis and Treatment
(supervisor — Bayev A.E., Cand. Sci. (Med.)). Anthro-

pometric measurements were performed to assess total
obesity according to body mass index (BMI) and ab-
dominal obesity according to the waist circumference.
Oscillometric arteriography (TensioMed, Hungary)
was used to study the state of regional arterial stift-
ness. The pulse wave propagation velocity (PWV) and
aortic augmentation index were evaluated.

The material for the study was explants of ret-
rosternal (RSAT), subcutaneous (SCAT) and epicar-
dial (EAT) tissues weighing 0.5-1 g. The explants
were collected during CABG. The samples were
placed in M199 medium and delivered to the labora-
tory within 15 minutes. The adipose tissue cells were
isolated enzymatically, in sterile conditions of the
laminar cabinet of the II protection class (BAVp-01
— Laminar-s — 1.5, Laminar systems, Miass, Russia)
[8]. The tissue was minced, incubated for 3540 min
at a temperature of 37 © C and constant gentle stirring
(10 rpm) in 5 ml of a sterile solution of type I collage-
nase (PanEco, Russia) 1 mg/ml in the Krebs — Ringer
buffer (2 mM D-glucose, 135 mM NaCl, 2.2 mM
CaCl2 - 2H20, 1.25 mM MgS0O4 - 7H20, 0.45 mM
KH2PO4, 2.17 mM Na2HPO4, 25 mM HEPES, 3.5%
BSA, 0.2 mM adenosine). To neutralize collagenase,
the Krebs — Ringer buffer was added in a 1:1 ratio.
The cell suspension was filtered through a nylon filter
(Falcon ™ Cell strainer, pore diameter 100 um), and
washed three times with warm Krebs — Ringer buffer.
In each sample, 200-600 cells in total were analyzed in
non-overlapping visual fields using light microscopy
at magnification 200 (Axio Observer Z1 microscope,
Carl Zeiss Surgical GmbH, Germany) (Fig. 1). The
number and size of the adipocytes were calculated.
Adipocytes > 100 pum were classified as hypertrophic.
Adipocytes in the amount of 20 x 10° were added to a
well of a sterile 24-well plate (Greiner, Germany); the
volume of the well was adjusted to 1 ml and incubated
for 1 hour at 37 °C with constant stirring at 10 rpm.

Fig. 1. Light microscopy of isolated adipocytes of subcutancous (a), epicardial (b) and retrosternal (c¢) adipose tissue. Magnification
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Adipocyte supernatants were collected from the bot-
tom of the wells, frozen and stored at —70°C.

The adiponectin ELISA kit (Mediagnost, Germa-
ny) was used to determine adiponectin in adipocyte
supernatants, the Leptin Sensitive ELISA kit (Medi-
agnost, Germany) was used to determine leptin; insu-
lin was determined using the Insulin Test System kit
(Monobind Inc.; USA )

Statistical analysis was performed using the Sta-
tistica 10.0 software (StatSoft Inc., USA). The data
distribution was tested the by Shapiro — Wilk test. The
median and interquartile range of the 25" and 75" per-
centiles were used to describe data with non-standard
distribution. A mean and a standard error of the mean
(M + SEM) were used for description of data with
standard distribution. The differences between groups
with non-standard distribution were determined ac-
cording to the Wilcoxon signed rank test. In cases with
standard data distribution, the paired sample t-test was
used. To evaluate the relationship between parame-
ters, the Spearman’s rank correlation coefficient (Rs)

was used. All statistical hypotheses were accepted at
p <0.05.

RESULTS

A morphometric study showed no difference in the
size of adipocytes of RSAT and EAT, while the size
of adipocytes of RSAT was significantly smaller than
that of SCAT (Table 2). The part of hypertrophied ad-
ipocytes, defined as the percentage of cells >100 um,
was more than two times less in the RSAT than in
the SCAT. The part of hypertrophied adipocytes of
EAT did not differ from the same indicator for RSAT,
and the part of small adipocytes (< 50 microns) in all
three tissues was comparable. For RSAT, this indica-
tor amounted to 2.23 (1.08; 4.40) %, for EAT — 2.07
(0.83; 3.87)%, and for SCAT — 1.92 (0.23; 4.68)%.
Therefore, RSAT adipocytes are smaller and less hy-
pertrophied than SCAT adipocytes. At the same time,
adipocytes of RSAT are comparable in size to epicar-
dial adipocytes. The size of RSAT adipocytes did not
correlate with the body mass index.

Table 2

The size of adipocytes in subcutaneous, epicardial and retrosternal adipose tissue

Parameters Subcutaneous adipose tissue Epicardial adipose tissue Retrosternal adipose tissue
83.96 £2.21
Adipocyte size, um, M + SEM 98.62 = 2.67 86.65+1.33 p, =0.00002
p, =023
) 16.11 (11.73; 30.20)
Percentage of hypertrophied 47.66 (31.78; 55.50) 17.59 (9.84; 25.53) ». = 0.000062
adipocytes, %, Me (Q,; O,,) ! p. =081
, = 0.

Note. Adipocytes >100 pm were considered hypertrophied; p, — comparison of retrosternal adipose tissue with subcutaneus adipose tissue, p, —
comparison of retrosternal adipose tissue with epicardial adipose tissue (paired sample t-test); p, — comparison of retrosternal adipose tissue with
subcutaneous adipose tissue, p, — comparison of retrosternal adipose tissue with epicardial adipose tissue (using Wilcoxon signed-rank test).

Adiponectin release by adipocytes of RSAT was
found to be comparable with its production by adipo-
cytes of EAT and SCAT (Table 3). It was found that

the level of leptin in the incubation medium of RSAT
adipocytes was 30% and 20% lower than this indica-
tor for SCAT and EAT, respectively.

Table 3

Production of adipokines by adipocytes of subcutaneous, epicardial and retrosternal adipose tissue, Me (Q,; Q..

Parameters Subcutaneous adipose tissue | Epicardial adipose tissue Retrosternal adipose tissue
Adiponectin, ng/ml 10.59 (8.31; 12.25) 7.93 (6.77; 10.11) 10.21 (8.77; 12.78)
Leptin 0.26 (0.19; 0.27)
ng/ml ’ 0.37 (0.28; 0.55) 0.32(0.28; 0.44) p,=0.009

p,=0.006
0.022 (0.019; 0.028)
Leptin/adiponectin 0.038 (0.028; 0.069) 0.033 (0.019; 0.044) p,=0.001
p,=0.004
1.56 (1,03; 2.08)
Insulin, ng/ml 1.70 (0.99; 2.18) 1.76 (1.16; 2.40) p, = 0.002
p, = 0.006

Note. p, — comparison of retrosternal adipose tissue with subcutaneus adipose tissue, p, — comparison of retrosternal adipose tissue

with epicardial adipose tissue (using Wilcoxon signed rank test).
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Fig. 2. Correlation between the production of leptin by
retrosternal adipose tissue adipocytes and index of aortic
augmentation, = 0.52, p = 0.047

Since there were no significant differences in the
production of adiponectin by the studied adipose tis-
sue, the RSAT leptin/adiponectin index was one and
a half times lower than for SCAT and EAT. The pro-
duction of insulin by adipocytes of RSAT exceeded
that by 8% (p = 0.022) for SCAT and by 11% (p =
0.006) for EAT.

During correlation analysis, we first discovered
the relationship between the secretion of leptin and
insulin by RSAT adipocytes and the parameters of
regional arterial stiffness. A direct correlation between
the secretion of leptin by RSAT adipocytes and the
aortic augmentation index was observed (Fig. 2).
An indirect relationship was observed between the
secretion of insulin by RSAT adipocytes and the
pulse wave propagation velocity, PWV (Fig. 3). At
the same time, we did not reveal a linear relationship
between the sizes or hypertrophy of RSAT adipocytes
and the production of leptin, insulin and the leptin /
adiponectin ratio.

DISCUSSION

The relationship between the accumulation and
dysfunction of visceral adipose tissue and the risk
of developing cardiovascular disease was confirmed
in numerous studies [9—11]. The key factors of this
pathological chain are the excess production of adi-
pokines and reactive oxygen species by adipose tis-

HE/mn WHCYIMH 3arpyiMHHOM XXMPOBOM TKaHU
ng/ml Insulin by retrosternal adipose tissue
1,905782 <
<
1.070664 o

2,119914

3,190578
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235546

0321199 ; G
0,171306 ©
8 9 10 " 12 13 14 15
CKOpOCTb MyJ/IbCOBOM BOJIHbI m/cek
Pulse wave velocity m/sec

Fig. 3. Correlation between the production of insulin by
retrosternal adipose tissue adipocytes and pulse wave velocity,
r,=-0.55,p=0.035

sue [2, 3, 12, 13]. A relationship between dysfunc-
tion of adipocytes of small fat depots — perivascular
and epicardial localization — and the development of
atherosclerosis [14, 15, 16], impaired arterial elastic-
ity [6], arterial hypertension [17], heart failure, and
arrhythmia was found [18]. An association of viscer-
al obesity and increased leptin production in adipose
tissue with the systemic hypertension and increased
arterial stiffness was reported [19-21], while the ret-
rosternal fat depots formed as a result of age-related
thymic involution remain out of focus of investiga-
tors.

In our work, the morphological characteristics
of adipocytes of retrosternal adipose tissue and their
production of insulin and adipokines in patients with
coronary atherosclerosis who underwent CABG were
studied for the first time. According to the results of
our study, the size of adipocytes of RSAT corresponds
to that in EAT. Our data do not confirm the associa-
tion of RSAT adipocyte size with body mass index or
the intensity of adipokine production by them. That
does not allow us to consider RSAT adipocyte hyper-
trophy as a significant marker of impaired adipokine
production. The lack of correlation between the size
of adipocytes and BMI has been previously shown
for epicardial adipocytes and, possibly, is typical for
small fat depots [22]. At the same time, in the litera-
ture, there are few data on the correlation between the
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size of EAT adipocytes and the leptin and adiponec-
tin level in blood serum [23]. There is no information
on the ratio of the size/production of adipokines by
EAT adipocytes. Thus, the current opinion about the
dependence of the adipocyte secretory activity on its
hypertrophy for small fat depots requires additional
factual evidence.

Our results showed that the intensity of adiponec-
tin secretion by the RSAT cells does not differ from
that in EAT and SCAT, which makes it possible to
consider RSAT as a secretory organ. Nevertheless, the
production of leptin and insulin by RSAT adipocytes,
according to our data, turned out to be significantly
lower than in EAT and SCAT. This fact may be as-
sociated with the formation of RSAT on the site of
a previously functionally active immune regulatory
organ — the thymus, which underwent age-related in-
volution.

We found a direct correlation between the produc-
tion of leptin by RSAT and the aortic augmentation
index. An indirect relationship between the produc-
tion of insulin in RSAT and the pulse wave veloci-
ty was observed. Considering the mechanism of the
leptin influence on the state of arterial stiffness, it can
be assumed that it can be realized through the profi-
brotic effect of leptin. In an experimental study on a
model of isolated smooth muscle cells derived from
the aorta of obese rats, it was found that the addition
of leptin to the incubation medium led to an increase
in the collagen Il gene expression, a rise in the cel-
lular content of collagen, fibronectin, a transforming
growth factor (TGFp) and connective tissue growth
factor (CTGF) [24]. In addition, the ability of leptin
to induce hypertrophy of vascular smooth muscle
cells, their osteogenic differentiation and expression
of metalloproteinases was reported [25].

Our data on the indirect relationship of insulin pro-
duced by RSAT adipocytes with arterial stiffness are
consistent with the published data. Thus, experimental
studies have shown a decrease in the elastic proper-
ties of the aorta in insulin-resistant rats [26] and in
rats with diabetes [27]. This fact is confirmed by the
results of clinical studies on the inverse dependence
of arterial stiffness parameters (pulse wave velocity)
on the dosage of insulin administered to patients with
metabolic syndrome and type 2 diabetes mellitus [28].
Among the mechanisms mediating the effect of insu-
lin on the elastic properties of the arterial wall, one
can consider its effects on the intracellular protective
mechanism, including the phosphorylation of Akt,
ERK-1/2 and JNK-1/2 kinases followed by activation

of the hypoxia-induced factor la (HIF-1a) [29], as
well as the suppressive effect of insulin on nitric oxide
synthase type II (eNOS) [30].

CONCLUSION

Thus, the results of this pilot study demonstrate
the presence of secretory activity in the retrosternal
adipose tissue, the intensity of which does not have a
linear relationship with the size of adipocytes and their
hypertrophy. Our data revealed an association between
the production of adipokine in the retrosternal adipose
tissue and deterioration of the elastic properties of
arteries in patients with coronary atherosclerosis.

The limitations of the study are its small volume
and a lack of separate studies on the morphological
and functional features of RSAT in men, women and
patients with diabetes mellitus and obesity.
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Molecular mechanisms of the effects of N-ethylmaleimide and
1,4-dithioerythritol on regulation of apoptosis in P19 cells under hypoxia
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ABSTRACT

Impairment of apoptosis regulation in P19 cells is correlated with generation of oxidative stress. Under hypoxia,
changes in mitochondrial functions occur, which may exacerbate oxidative stress in the tumor cell.

The aim of the study was to evaluate the effects of N-ethylmaleimide and 1,4-dithioerythritol on implementation
and regulation of apoptosis in P19 cells under hypoxia in vitro.

Materials and methods. P19 cells (mouse teratocarcinoma) cultured under hypoxia served as the material for the
study. For redox status modulation, SmM N-ethylmaleimide and 1,4-dithioerythritol in the final concentrations of
5 mM were used. The intracellular concentration of calcium ions, the transmembrane potential and the number of
Annexin V, CD95 and CD120 positive cells were determined by flow cytometry. The levels of reduced, oxidized
and protein-bound glutathione, protein SH groups, hydroxyl radical and protein carbonyl derivatives were measured
by spectrophotometry.

Results. The alteration in the redox status of the glutathione system under hypoxia, accompanied by oxidative
modification of proteins (glutathionylation and carbonylation), influences the metabolism in the tumor cell on
the whole. Under the effects of 1,4-dithioerythritol, an SH group protector, this alteration promotes formation of
additional mechanisms to escape apoptosis, whereas under the effects of N-ethylmaleimide, an SH group blocker,
it, on the contrary, promotes apoptosis activation.

Conclusions. The changes in the redox homeostasis of the tumor cell and modulation of oxidative modification
of proteins (glutathionylation and carbonylation) under hypoxia are one of the promising approaches to targeted
regulation of cell death.

Key words: redox status, tumor growth, oxidative stress, glutathione system, apoptosis, hypoxia.
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MO/IEKY/IﬂprIe MeXaHUu3Mbl B/IMAHUA N-:-)Tunmaneumu,qa
" 1,4-AUTUOSPUTPUTO/IA Ha PEry/ZIALUIO anonTo3a OnyxXo/1€BbIX K/1€TOK /IMHUU

P19 npu runokcuun

Hocapesa O.J1., Opnos A.C., LWlaxpucrosa E.B., CrenoBas E.A.

Cubupckuii cocyoapcmeennblil Meouyurckui ynusepcumem (Cubl’MY)

Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

PE3IOME

AKTya.]IbHOCTb. HapymeHHe PETYJIAINHU allONTO3a B SIIUTEINAJIbHBIX OITYXOJICBBIX KJIIETKAaX JIMHUH P19 COIIPSIZKEHO
C (bOpMPIpOBaHI/ICM OKUCJIUTEIBHOTO CTpECCa. B YCIOBUAX THIIOKCHUU ITPOUCXOJUT USMEHEHUE q)yHKIII/IOHPIpOBaHI/Iﬂ
MI/ITOXOHHpHﬁ, YTO MOXKET BBICTYIIATh AOIOJHUTCIbHBIM q)aKTOpOM, yCyl"y6.II§HOIIIPIM OKHUCIUTEILHBIN CTpecC B
onyxoneBoﬁ KJIICTKC.

Henp — onennts Bausanue N-3THAManenMuaa u 1,4-ANTHOIPUTPUTONA HA PEANU3ALHUIO U PETYISIMIO aloNTo3a
OITyXOJIEBBIX KJIETOK nuHuH P19 npu runokcuu in vitro.

Matepuajbl 1 MeTOAbl. MaTepuaaoMm Juis UCCIeOBaHUS CIIYXKMWIN KyJIbTHBUPOBAaHHBIE B YCIOBUSAX I'MIIOKCUU
omyxoJjesble kiIeTkd JuHuM P19 (TepaTokapuumHoma Mblmu). [t Momynaumuu pefoKc-cTaTyca HCIOJb30Bald
N-stwimanenMusi B KoHUeHTpauuud 5 MM u mportekrop SH-rpynm — 1,4-AUTHO3PUTPUTON B KOHEYHOH
KOHIeHTpauuu 5 MM. MeToioM NmpoTOYHOW LUTOMIyOPUMETPHH ONPEAENSUIN BHYTPHKIETOYHOE COAEpIKAHHE
MOHOB KaJbIHsl, TPAHCMEMOpPAHHBIN MOTEHIIMAT MUTOXOHJPHH, Komu4decTBo anHekcuH V-, CD95- u CD120-mo-
JIO)KUTENBHBIX KIeTOK. KOHIEHTpalnio BOCCTaHOBJICHHOTO, OKHUCIEHHOTO M OEIKOBO-CBSI3aHHOT'O TJIyTaTHOHA,
SH-rpynmn npoTerHOB, THIPOKCUIBLHOIO pajfiKaia ¥ KapOOHMIBHBIX IPOM3BOIHBIX OSITKOB M3MEPSUTH METOJIOM
CHeKTpo(hOTOMEPHUH.

Pesyabrarpl. B ycnoBHAX T'MIOKCHMM H3MEHEHHUE PEIOKC-CTAaTyca CUCTEMBI [NIyTaTHOHA, COIPOBOKAAIOLICECS
OKHCIIUTEJIFHOM MoguduKanuel 6eikoB (MIyTaTHOHWINPOBAHHUE U KapOOHWINPOBAHUE), OKA3bIBACT BIMSHUC HA
MeTabO0JIM3M OITyXOJICBOM KJICTKH B IIEJIOM M, IPH NpUMEHeHHH nportekropa SH-rpymm 6enkos — 1,4-autnospu-
TPUTOJIA, CIIOCOOCTBYET (JOPMUPOBAHHIO TOTIOTHUTEIEHBIX MEXaHH3MOB YCKOJIb3aHH OT KICTOYHOI rubend, a B
cilydae mpuMeHeHust 61okaropa SH-rpynn nmporenHoB — N-oTHIMalleMMH/Ia — aKTUBALMH allONTOo3a.

3akioyeHue. B yCIOBHSX T'MIOKCHM HM3MEHEHHE PEIOKC-TOMEOCTa3a OIyXOJIEBOH KIETKM M MOJIYJISLUS
OKHCIHUTENFHONH MoAn(pUKanuu OenkoB (INIyTaTHOHWIMPOBAHHE M KapOOHWIMPOBAHME) SBISIOTCS OJHUM H3
HEPCIEKTUBHBIX TTOJXO0/I0B TAPTETHON PEryJIAMU KICTOYHOM rnoemnH.

KaroueBbie ciioBa: PEAOKC-CTATyC, OHyXOIIeBI:Iﬁ PpocCT, OKHUCIUTEIbHBIA CTpecCC, CUCTEMA IIyTaTUOHA, allolTo3,
THUITOKCHA.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHUHUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6m«n<aunel?1 HaCTOS[U.[efI CTaTbu.

Hcrounnk ¢punancupoBanus. ABTOPHI 3asBIAIOT 00 OTCYTCTBUY (pUHAHCHPOBAHHS.

Jast uurupoanusi: Hocapera O.J1., Opino [1.C., Illaxpucrosa E.B., CrenoBas E.A. MoiekyisipHble MEXaHU3MbI
BAusHUS N-3TriManeumuaa u 1,4-TUTHOIPUTPUTONA HA PETYIISIUIO allONTO3a OMYXOJIEBBIX KICTOK JUHUU P19
[IPU THIIOKCUU. broiemens cubupcrou meouyunst. 2020; 19 (2): 72-77. https://doi.org: 10.20538/1682-0363-2020-
2-72-717.

INTRODUCTION

Steady growth of incidence and high mortality from
cancer pose a challenge of finding molecular targets
for the activation of tumor cell death to theoretical
and practical medicine. A significant contribution to
the change in the redox status of the cell is made by
the functioning of mitochondria as the main source of
reactive oxygen intermediate generation [1, 2]. It is
known that the level of production of reactive oxygen

intermediates directly depends on oxygen tension inside
the cell and the activity of enzymes of the electron
transport chain. Currently, reactive oxygen intermediates
are considered as important signaling molecules that can
cause oxidation of nucleic acids, lipids, and functional
domains of proteins [3]. Oxidative modification of
these macromolecules contributes to genome instability,
uncontrolled proliferation, impairment of apoptosis
regulation, activation of angiogenesis, and a change
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in the direction of intracellular metabolic pathways of
tumor cells [4-7]. Accumulation of oxidatively modified
proteins in tumor cells is one of the aspects of proteasome
activation and production of heat-shock proteins that
are involved in the regulation of cell death [8—10]. The
study of mechanisms that trigger tumor cell apoptosis
under hypoxia is of particular interest, since the tumor
cell acquires additional resistance not only to apoptotic
death, but also to chemotherapy [11, 12].

From our point of view, glutathionylation and
carbonylation of proteins are among promising
molecular mechanisms for redox regulation of
intracellular signaling and tumor cell death under
hypoxia. Potential intracellular targets of reversible and
irreversible modification of proteins may be key proteins
that regulate the cell cycle, ion-transporting systems, and
transcription factors [3, 13].

The aim of the study was to evaluate the effect
of N-ethylmaleimide and 1,4-dithioerythritol on the
implementation and regulation of apoptosis of P19 tumor
cells under hypoxia in vitro.

MATERIALS AND METHODS

P19 tumor cells (C3H/He mouse teratocarcinoma)
from the cell culture bank of the Institute of Cytology
of the Russian Academy of Sciences (St.-Petersburg,
Russia) served as the material for the study. The cells
were cultured using the monolayer method in a CO, in-
cubator (Sanyo, Japan) at a temperature of 37 °C in the
5% CO, atmosphere. Culture conditions were the follow-
ing: cMEM culture medium (BioloT, Russia), 10% fetal
bovine serum (BioloT, Russia), L-glutamine 0.3 mg/ml
(BioloT, Russia) and gentamicin 100 pg/ml (Microgen,
Russia). Cell viability was assessed using a 0.5% trypan
blue solution (Serva, USA). A cell culture having no
more than 5% of dead cells was used for the experiment.

For the purpose of additional production of reactive
oxygen intermediates by tumor cells, hypoxia was simu-
lated in a culture of P19 tumor cells in the Hypoxia Incu-
bator Chamber (STEMCELL, Canada) using the follow-
ing gas mixture: 5% O,, 5% CO,, 90% N,. The creation
of hypoxia conditions was monitored by measuring the
concentration of dissolved oxygen using the Dissolved
Oxygen Meter (HANNA HI 9146, Italy).

An SH group blocker — N-ethylmaleimide (NEM)
(Sigma-Aldrich, USA) — at a concentration of 5 mmol
[14] and an SH group protector — 1,4-dithioerythritol
(DTE) (Sigma-Aldrich, USA) — at a concentration of
5 mmol [15] were used as redox status modulators.

After incubation, the tumor cells were washed from
the culture medium and lysed by resuspension in phos-
phate-buffered saline (pH = 7.4) with the addition of
1% X-100 Triton (Sigma-Aldrich, USA). After that they

were cooled down using ice, maintaining the standard
cell concentration to determine the concentration of the
hydroxyl radical and carbonyl derivatives of proteins.
The content of the hydroxyl radical was determined
through its ability [after preliminary opsonization of
cells with zymosan (Sigma-Aldrich, USA)] to destroy
the model substrate — 2-deoxy-D-ribose (Sigma-Aldrich,
USA) — and form a reaction product with the maximum
absorption at 532 nm [16]. The concentration of carbon-
yl derivatives of proteins was determined through their
reaction with 2,4-dinitrophenylhydrazine, which product
has the maximum absorption at a wavelength of 363 nm
[17]. The results on the content of the hydroxyl radical
and carbonyl derivatives of proteins were expressed in
nmol/mg of protein.

To determine the content of reduced, oxidized, pro-
tein-bound glutathione and protein SH groups, the cell
lysate was deproteinized using a 5% sulfosalicylic acid
solution. The concentration of total, oxidized (GSSG)
and reduced (GSH) glutathione was determined using the
method proposed by M.E. Anderson modified by I. Rah-
man et al. [18]. The GSH/GSSG ratio was calculated as an
indicator of the change in the cell redox status. The con-
tent of protein SH groups and protein-bound glutathione,
after its preliminary release from binding with proteins
using a 1% sodium borohydride solution, was determined
based on the reaction with 5.5-dithiobis-(2-nitrobenzoic
acid) [19]. The results on the content of fractions of gluta-
thione, protein SH groups and protein-bound glutathione
were expressed in nmol/mg of protein.

Protein content in the cells was determined using the
Bradford method based on the interaction of amino acid
residues of lysine and arginine with the Coomassie blue
dye G-250 [20].

Extinction of results was determined using the SF-
2000 spectrophotometer (OKB-Spektr, Russia).

Apoptotically modified cells were evaluated by flow
cytometry using annexin-V-FITC and propidium iodide
(PI) according to the manufacturer’s instructions (eBio-
science, USA). The number of Annexin V positive cells
was counted with respect to the total number of studied
cells and expressed in %.

The number of CD95 and CD120 positive cells was
determined using a set of monoclonal antibodies to the
corresponding antigens according to the manufactur-
er’s protocol (R&D Systems, USA). The result was ex-
pressed in conditional units (cu).

The mitochondrial membrane potential (A¥Ym) of
the cells was evaluated with the help of the Flow Cy-
tometry Mitochondrial Membrane Potential Detection
Kit (BD, USA) for reduction of spectral luminescence
using 5,5°,6,6 -tetrachloro-1,1",3,3 -tetracthylbenzimid-
azolecarbocyanine iodide, which, upon depolarization
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of the mitochondrial membrane, is unable to penetrate
inside the organelles and form fluorescent aggregates.
The number of cells with reduced fluorescence was ex-
pressed in %.

The concentration of calcium ions in cell cytoplasm
was determined using the method based on their binding
to the maximum fluorescence at 526 nm by the Fluo
3 AM lipophilic probe (Sigma-Aldrich, USA) [21]. The
results were expressed in conditional units (cu) reflecting
the level of probe luminescence per cell.

Flow cytometry results were detected using the
FACSCanto II instrument (BD, USA) and FACSDiva
Version 6.1.3 software.

Statistical processing of the obtained data was carried
out using SPSS 17.0 software. The normality of distribu-
tion of quantitative indicators was checked using the Sha-
piro — Wilk criterion. The significance of differences was
evaluated using the non-parametric Kruskal — Wallis and
Mann — Whitney tests. The data were presented as a me-
dian (Me), upper and lower quartiles (Q —0Q,). The differ-
ences were considered statistically significant at p < 0.05.

RESULTS

The impairment of the regulation of apoptotic death
of tumor cells against the background of a decrease in
intracellular oxygen tension is associated with a change
in their redox status. Excessive generation of reactive
oxygen intermediates under hypoxia is associated with
the loss of electrons from the mitochondrial respiratory
chain due to the absence of the finite acceptor of
electrons and a decrease in the activity of complex
IV — cytochrome ¢ oxidase. In this regard the main
reason for the formation of oxidative stress inside the
cell is the impairment of these organelles functioning
[22]. The most toxic reactive oxygen intermediate for
cell macromolecules is the hydroxyl radical. According
to some authors, it is the OH'-radical that acts as the most
powerful agent contributing to the oxidative modification
of proteins [23, 24]. In the previous study on the effect
of hypoxia on the metabolism of P19 tumor cells, we
showed the formation of oxidative stress associated
with a change in the state of the glutathione system and
apoptosis activation, compared to tumor cells cultured at
a normal oxygen concentration [25].

Under hypoxia, with the addition of the protein SH
group protector (DTE) to the culture medium of P19
tumor cells, we obtained a decrease in the concentration
of OH'-radical by 2.5 times (p < 0.05) as well as in the
number of cells with reduced mitochondrial potential by
5.2 times (p < 0.05), compared with the results recorded
in the cells under hypoxia (see the table). In addition,
under hypoxia, the action of DTE was accompanied by
a significant increase in the GSH content by 1.3 times

(» <0.05), in the concentration of free protein SH groups
by 1.5 times (p < 0.05), and by a decrease in the content
of protein-bound glutathione by 1.4 times (p < 0.05)
against the background of a comparable concentration
of carbonyl derivatives of proteins, GSSG and GSH/
GSSG ratio, as opposed to cells cultured under hypoxia
(see the table). When studying the implementation and
regulation of apoptosis under conditions of hypoxia
and addition of the protector of protein SH groups to
the culture medium of P19 tumor cells, we obtained a
significant decrease in the number of Annexin V positive
cells by 2.0 times (p < 0.05) and in the intracellular
content of Ca®* ions by 1.1 times (p < 0.05) against the
background of comparable values for CD95 and CD120
positive cells, as opposed to cells under hypoxia (see
the table). So, 1,4-dithioerythritol contributed to the
formation of additional resistance of P19 tumor cells to
the mechanisms triggering apoptosis under conditions of
hypoxia.

When modulating the redox status of P19 tumor
cells using a protein SH group blocker (NEM) under
hypoxia, we obtained a significant increase in the
number of Annexin V positive cells by 9.1 times
(p <0.05), CD9S5 positive cells by 15.5 times (p < 0.05),
CD120 positive cells by 2.9 times (p < 0.05), cells
with a reduced mitochondrial potential by 8.8 times
(p < 0.05) and the intracellular concentration of Ca*"
ions by 3.0 times (p < 0.05) against the background of
a comparable value for the OH'-radical in comparison
with the results recorded for the cells under hypoxia (see
the table). The effect of NEM in P19 tumor cells under
hypoxia was accompanied by a significant decrease in
the concentration of GSH by 3.4 times (p < 0.05) and
an increase in the concentration of GSSG by 1.6 times
(» < 0.05), which led to a significant decrease in the
GSH/GSSG ratio by 5.4 times (p < 0.05), compared with
cells under hypoxia (see the table). In this case the effect
of the blocker of protein SH groups in P19 tumor cells
under hypoxia was accompanied by a significant increase
in the concentration of protein carbonyl derivatives by
1.4 times (p <0.05) against the background of comparable
values for the content of free protein SH groups and
protein-bound glutathione, compared with the findings
obtained in tumor cells during hypoxia (see the table).
The use of N-ethylmaleimide had an impact on the
metabolism of tumor cells, including the functioning
of mitochondria, a change in the content of Ca*" ions
and carbonylated proteins, which was accompanied by
activation of apoptotic death under hypoxia.

The results of the study confirm the role of the cellular
redox status and oxidative modification of proteins in
ensuring the functioning of tumor cells, including their
mitochondria, at a reduced oxygen tension.
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Table

The effect of N-ethylmaleimide and 1,4-dithioerythritol on the implementation of apoptosis, parameters of the glutathione system,
and the content of the hydroxyl radical and carbonyl derivatives of proteins in P19 tumor cells under hypoxia, Me (Q.-0.)

Studied parameters

Conditions of culturing P19 cells

Hypoxia Hypoxia + NEM Hypoxia + DTE
Annexin V-FITC+, % 10.75 (4.50-10.90) 98.05 (97.70-98.40) # 5.50 (4.70-6.70)
CD95, u. 1.0 (0.9-1.1) 15.5 (12.8-15.7) # 0.9 (0.8-1.2)
CD120, u. 1.4 (1.3-1.5) 4.1(4.04.5)# 1.1(1.0-1.2)
Cells with reduced A¥m, % 10.4 (10.4-10.6) 91.2 (90.8-92.0) # 2.0(2.0-2.1)#

Hydroxyl radical concentration, nmol/mg of protein

27.21 (23.56-29.93)

29.94 (29.42-32.20)

10.70 (8.93-11.32) #

Intracellular concentration of Ca’*, u.

10.24 (10.10-10.36)

30.23 (29.47-30.39) #

9.48 (9.43-9.49) #

GSH, nmol/mg protein

4.47 (4.40-4.58)

1.30 (0.67-1.88) #

6.00 (5.97-6.32) #

GSSG, nmol/mg protein

0.43 (0.39-0.45)

0.69 (0.50-0.72) #

0.72 (0.34-0.81)

GSH/GSSG

10.19 (9.88-11.35)

1.89 (0.93-4.22) #

8.37(7.93-17.27)

Protein-bound glutathione, nmol/mg protein

2.08 (1.95-2.19)

2.96 (2.08-3.26)

1.48 (1.43-1.51) #

Protein SH groups, nmol/mg of protein

8.76 (7.83-10.55)

9.62 (9.40-10.28)

12.98 (12.75-13.36) #

Protein carbonyl derivatives, nmol/mg of protein

10.17 (8.92-10.39)

14.34 (14.27-17.63) #

7.54 (6.64-8.32)

Note. ROS — reactive oxygen species, GSH — reduced glutathione, GSSG — oxidized glutathione, NEM — N-ethylmaleimide, DTE —

1,4-dithioerythritol; # — significant differences (p < 0.05) compared with the hypoxia group

CONCLUSION

Changes in the redox status of the glutathione
system as well as glutathionylation and carbonylation
of proteins affect the metabolism of the tumor cell. The
effect of 1,4-dithioerythritol promotes the formation of
additional mechanisms to escape cell death, and the use
of N-ethylmaleimide is accompanied by the activation
of apoptosis of P19 tumor cells. Taking into account the
leading role of the redox cell homeostasis in triggering
apoptosis, our study confirms the need to study the
mechanisms of cell death and development of resistance
of tumor cells to antitumor drugs, the effects of which are
based on a change in the cellular redox status.
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ABSTRACT

The aim was to compare the relationship between the severity of depression symptoms among the unorganized
population of Krasnoyarsk in 2006 and 2012 with respect to socioeconomic and demographic factors; and to
compare their prevalence for the analyzed period.

Materials and methods. Two sample groups were selected from the unorganized population that resided
permanently in the territory of Krasnoyarsk in 2006 and 2012. Evaluation of the severity of depression in both
cases was carried out according to the Hospital Anxiety and Depression Scale, Depression subscale (HADS-D).

Results. In both sample groups, the frequency of depression was associated with age. In 2012, social and economic
factors of depression were revealed: lack of higher education, widowhood, unemployment and family poverty. A
significant decrease in the frequency of increased (39.1% versus 16.4%) and clinical depression (14.6% versus
4.5%) was found for the period from 2006 to 2012.

Conclusions. In 2012, the frequency of the above-normal depression level according to HADS-D in working
age population was largely determined by the influence of socioeconomic factors. A decrease in the frequency of
increased and clinical levels of depression among the adult population of Krasnoyarsk over the period from 2006
to 2012 was established.

Key words: prevalence of depression, prevalence of socioeconomic factors, relationship between depression and
socioeconomic factors, gender differences in depression.
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CKPUHUHT genpeccum C OL€HKOM COLMa/IbHO-3KOHOMMYECKOro CTaTyca
NnayMeHTOB B NEPBUYHON MEeAULMUHCKOMN CETU B KPYNMHOM NPOMbILL/ZIEHHOM

ueHTpe BoctouHon Cubupm

Meckoseu P.A., WrTapuk C.10., EBclokoB A.A.

Kpacnospckuii 2ocyoapcmeennwiii meouyunckuti ynusepcumem (Kpacl' MY) um. npogh. B.®. Botino-Aceneyrkoco
Poccus, 660022, 2. Kpacnosipcek, yn. Ilapmusana XKeneswnsika, 1

PE3IOME

Henb. OLeHUTh B3aUMOCBSA3b BBIPAKEHHOCTH CHMIITOMOB JENpPeccHu 10 ['OCIUTAIBHOI LIKalle TPEeBOTH U Je-
npeccun HADS (The Hospital Anxiety and Depression Scale; moamkana HADS(d)) cpean HeopraHH30BaHHOTO
Hacenenust r. Kpacnosipcka B 2006 1 2012 rT. ¢ cOIMaNbHO-9KOHOMUYECKUMHE U leMorpaduaeckumu pakTopami,
a TaKXKe COMOCTABUTH UX PACIPOCTPAHEHHOCTH 32 AHATM3UPYEMBIil IEPHOI.

Marepuasbl 1 MeToabl. O0CIeI0BaHbI 1B€ BEIOOPKH, C(HOPMHUPOBAHHBIC U3 HEOPTAHM30BAHHOTO HACEJICHUSI, MO~
CTOSIHHO TIPOXKMBaBIEero Ha teppuropuu r. Kpacnosipcka B 2006 u 2012 rr. OueHka BbIPpaKEHHOCTH CUMIITOMOB
JIeMpeccuu B 000uX cliydasx npoBouiack cormacio HADS(d).

Pe3yasTathl. B obenx BbIOOpKax OTMEUEHA CBS3b YAaCTOTHI CHMIITOMOB JIEIIpecCHH C Bo3pacTtoM. B 2012 r.
BBISIBJICHBI COITMAJIBHBIE M YKOHOMHUYECKHE (haKTOPHI ACHPECCHU: OTCYTCTBHE BBICIIEr0 00pa30BaHUs, BJOBCTBO,
6e3paboTuiia 1 6€AHOCTH CeMbU. Y CTAHOBJICHO 3HAUMMOE CHIDKEHHUE YacTOTHI MoBbImeHHoH (39,1 mpoTtus 16,4%)
U KIMHI4YecKoi nenpeccn (14,6 mpotus 4,5%) 3a mepuox ¢ 2006 mo 2012 .

3axiouenne. B 2012 r. gacToTta ypoBHA Ienpeccun «Bbire HopMb» o HADS(d) B TpynocnocoGHOM Bo3pacTte
BO MHOTOM OOYCIIOBJICHA BJIMSHHUEM COLMAIBbHO-3KOHOMHYECKUX (haKTOPOB. YCTaHOBJICHO CHHIKEHHE 4aCTOTHI
MOBBIIIEHHOTO U KJIIMHUYEeCKOro ypoBHs aenpeccun no HADS(d) cpeau B3pocnoro Hacenenus r. KpacHosipcka 3a
nepuof ¢ 2006 mo 2012 1.

KaroueBble cjioBa: PacnopoCTPaHEHHOCTh ACNPECCHHN, PACTIPDOCTPAHCHHOCTL COIIUAJIbHO-DKOHOMUYECKUX (1)aKTO-
POB, B3aUMOCBsA3b ACNPECCHUN U COUUATIBHO-3KOHOMUNYECKUX q)aKTOpOB, TCHIACPHBIC pa3Inins ACTIPECCUN.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOH(l)J'II/IKTOB UHTEPECOB,
CBA3aHHBIX C r[y6nm<auneix’1 HaCTOS{H.[efI CTaTbU.

Hcrounuk puHancupoBaHus. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (PUHAHCHPOBAHMUSL.

CooTBeTcTBHE MPHUHIUNAM ITHKH. Bce manmeHTsl moamucaind MHGOPMHUPOBAHHOE COTJIacHe Ha ydacTHe B
nccienoanun. Mccnenosanus «IIpopunakrtika u jedeHue aprepHanbHoil runeptoHnm», « ICCE-PO 2012y
B T. KpacHosipcke Obun 0100peHB! T0KanbHBIM dTHYecKHM KomuteToM (JIDK) KpacIT'MYVY (mpotoxon Ne 23 ot
02.04.2006), HezaBuCHMBbIMU 3THUCCKIM KoMuTeTOM PI'BY «HannoHabHbII MEAUIIMHCKUN HCCIICI0BATEIIbCKUI
nenTp npodmakrndeckoil MmeauuHe 1 JIDK KpacI'MVY (mpotoxon Ne 12 or 08.10.2012). Paspemenue Ha
00pabOTKy TaHHBIX HCCIIEIOBAHUS aBTOpaMu cTathi noiydeHo JIDK 'MY (mpotoxon Ne 66 ot 15.12.2015).

Jast uuruposanus: Ileckoser P.J1., lltapux C.}O., EBciokoB A.A. CKpUHHUHT JICTIPECCUU C OLEHKOW COIHalIb-
HO-?KOHOMHYECKOI'0 CTaTyca MaleHTOB B NMEPBUYHON MEIUIIMHCKON CETH B KPYITHOM IPOMBIIIJIEHHOM LIEHTpPE
Bocrounoit Cubupu. bronremens cubupcrou meouyunst. 2020; 19 (2): 78-84. https://doi.org: 10.20538/1682-0363-
2020-2-78-84.

INTRODUCTION

In recent years, the problem of growing mood
disorders in working age has attracted increasing
attention from domestic and foreign researchers. The
World Health Organization estimates that by 2020,
after cardiovascular disease (CVD), depression will be

the second major cause of work disability. Meanwhile,
in Russia, there is still a significant variation of data
on the prevalence of depression in the general medical
care network, which is explained by low screening of
depression symptoms at the outpatient stage as well
as by the lack of a unified method of its diagnosis [1].
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Academician A.B. Smulevich developed a technique
to detect anxiety and depressive disorders using
psychometric scales where a preference was given to
subjective questionnaires. Their completion did not
require involvement of a psychiatrist or any special
skills for data interpretation by general practitioners
[2]. Numerous studies have confirmed validity of
the Hospital Anxiety and Depression scale (HADS)
used in our research for diagnosing depression in
the general medical care network and in the general
population. Besides, this questionnaire is simple and
requires little time for the patient to fill it in [1, 3, 4].

Currently, depressive disorders play a key role
in development of cardiovascular diseases (CVD).
Depression is considered to be a bridge between
social factors such as income level, family material
security, etc. and biological risk factors (RF) [5]. It is
well known that low social status is associated with
an unfavorable behavior profile (smoking and alcohol
abuse), which is triggered by stress and depression [6].
At the same time, there is no consensus on how social
factors influence the course of depression in people of
working age. A number of researchers believe that a
lower risk of depression among working individuals
of older age is primarily related to their somatic
condition. However, there exists a different point of
view claiming that employment is the major factor
in protection from depression [6, 7]. In the study by
0.V. Tsygankova, the absence of family, low income,
age and unemployment demonstrated a strong
correlation with the high frequency of subdepression
in patients with coronary artery disease (CAD)
[8]. According to A.V. Orlov, high occurrence
of depression among the adult population of St.-
Petersburg is primarily related to low income. In
addition, other studies have shown that higher levels of
depression are associated with low levels of education
rather than with family well-being [5, 9]. In the study
by E.V. Lebedeva (2018), social adaptation disorders
(income management, family problems) showed a
significant correlation with affective disorders among
patients with CAD [10].

The only major study on the prevalence of
depression was conducted in the city of Krasnoyarsk,
which indicated the link between depression and
hypertension. Nevertheless, no studies have been
done on the correlation between depression and
socioeconomic factors. Hence, our work is important
and of scientific value [11, 12].

The aim of the study was to assess the correlation
between depression symptoms and socioeconomic

and demographic factors, as well as to estimate the
occurrence of depression symptoms in two independent
sample groups formed from the unorganized
population of Krasnoyarsk in 2006 and 2012 using
psychometric testing (HADS, Depression subscale).

MATERIALS AND METHODS

The work provides analysis of two independent
studies. The first study was conducted in 2006 within
the framework of the regional targeted program
“Prevention and treatment of hypertension”. The other
one was conducted in 2012 during the multi-center
study “Epidemiology of Cardiovascular Diseases in
Regions of the Russian Federation — 2012 (ESSE-
RF epidemiological study)”. The latter is the latest
epidemiological research which studied the frequency
of CVD risk factors, including depression symptoms
among the adult population. The coordinators of
the study in Krasnoyarsk, Yu.I Greenstein and
M.M. Petrova, focused on the analysis of the
traditional risk factors. Attempts to estimate the risk
factors and depression have not been made yet [12].
S.A. Shalnova’s analysis provides psychometric
data for 10 regions participating in the study, similar
data for Krasnoyarsk (frequency of increased-level
/ clinical depression according to HADS-D, gender
aspects of depression) are not available [ 1]. Moreover,
no similar studies of random samples were performed
in Krasnoyarsk after 2012. The obtained data can be
used to develop measures aimed at timely screening
and preventing depression in the general medical care
network. In both cases, random samples were formed
using the Kish selection grid, taking into account the
clustering principles and age and gender representation
(25-64 years old) [12]. In 2006, 322 people were
included in the study in 10 clinics in Krasnoyarsk. The
sizes of the representative samples were determined
on the basis of the method proposed by V.I. Paniotto
(2003), according to which for a total of more than
100 thousand people 400 should be screened [13].
322 people agreed to participate in the survey — 105
men (32.6%) and 217 women (67.4%), the response
to the study was 80.2%. In 2012, 1,123 patients from
4 clinics were examined; the response to the study
was 80%. Correct data according to HADS-D were
obtained from 1,120 respondents: 408 men (36.4%)
and 712 women (63.6%).

The sociodemographic factors assessed in 2006
were age, absence of higher education and disability.
In 2012, the analyzed factors were absence of
higher education; absence of family; widowhood;
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unemployment, and disability. Comparative charac-
teristic of the frequency of the studied parameters in
2006 and 2012 is shown in Table 1.

Table 1
Comparative characteristic of the frequency of the studied
factors in 2006 and 2012
Number and Number and
frequency of frequency of
Factor patients in 2006 | patients in 2012 P
(n=322) (n=1120)

Female 217 (67.4) 714 (63.6) 0.208
Male 105 (32.6) 409 (36.4) ’
Age:
> 45 years; 194 (60.2) 558 (49.8) <0.001*
<45 years 128 (39.8) 562 (50.2) '
Higher
education:
—yes; 93 (29.2) 602 (53.8) <0.001*
—no 226 (70.8) 518 (46.2) )
Disability:
— yes; 24 (7.5) 39 (3.5) 0.003*
—no 298 (92.5) 1081 (96.5) '

Note. Inbold —significant differences between the groups (according
to the Mann—Whitney U test for the average level of depression and
according to the y? test for other indicators). * level of education was
determined in 319 patients: 105 men and 214 women.

The manifestation of depression symptoms was as-
sessed according to the depression subscale of HADS,
the reliability, sensitivity and specificity of which in Rus-
sia were determined during the study in the COMPASS
program. It has been proven that by using this technique,
taking into account optimal points of separation, the risk
of missing depression is low. When interpreting the re-
sults, the total indicator for “Depression (D)” subscale
was taken into account: 0—7 points — absence of depres-

sion; 8—10 points — subclinical depression; 11 points and
more — clinical depression; 8 + — increased depression
level — total indicator of subclinical and clinical de-
pression [3, 5]. The data were statistically processed by
means of SPSS version 23 (USA) and Microsoft Excel
(2010) spreadsheets. The study applied non-parametric
criteria — the Mann — Whitney U test for paired com-
parisons and the Kruskal — Wallis test for multiple com-
parisons. Quantitative data are presented as the median
(Me) with lower (Q,,) and upper (Q.) percentiles; qual-
itative data are presented as relative frequency (%). The
qualitative comparison was performed using Pearson’s
chi-squared test criterion (y2), taking into account the
degrees of freedom (df). The critical level of statistical
significance in the null hypothesis tests was assumed to
be 0.05 or less. The article discusses only statistically
significant relationships.

RESULTS

The results of the assessment of depression symp-
toms in both studies are presented in Tables 2 and 3.
A significant decrease in the proportion of individuals
with increased levels of depression (> = 76.4, df = 1,
p < 0.001) and clinical depression (y* = 40.9, df =1,
p <0.001) was found. The median of the average depres-
sion level in 2006 was significantly higher than in 2012
(p <0.001).

In 2006, men and women were statistically com-
parable in both the level (p = 0.722) and frequency of
increased depression (y2 = 0.2, df = 1, p = 0.641) and
clinical depression (2 =0.1, df= 1, p = 0.820). In 2012,
among women, there were slight trends towards higher
frequency of increased depression level (32 =3.4, df= 1,
p = 0.065) and clinical depression (32 = 0.44, df = 1,

Table 2

The correlation between depression and gender, level of education, age, senior management position, and disability in 2006

The number and frequency of patients with different levels of depression

Factor

Average level of depression,

Me (st - Q75)

(n=322: 105 men and 217 women)

HADS > 8, n (%)

HADS > 11, 1 (%)

Total sample
Men
Women

6.0 (3.75 - 10.0)
7.0 (3.5 10.0)
6.0 (3.5 10)

126 out of 322 (39.1)
43 out of 105 (41.0)
83 out of 217 (38.2)

47 out of 322 (14.6)
16 out of 105 (15.2)
31 out of 217 (14.3)

Higher education:*
—yes;
- no

6.0 (3.0-9.0)
7.0 (4.0 - 10.0)

32 out of 93 (34.4)
93 out of 226 (41.2)

12 out of 93 (12.9)
34 out of 226 (15.0)

Age:
> 45 years;
<45 years

7.0 (5.0 - 10.0)
5.0 (2.0 -8.0)

90 out of 194 (46.4)
36 out of 128 (28.1)

37 out of 194 (19.1)
10 out of 128 (7.8)

Senior management position:

—yes;
—no

6.0 (3.75-9.0)
7.0 (3.25 - 10.0)

25 out of 66 (37.9)
101 out of 256 (39.5)

9 out of 66 (13.6)
38 out of 256 (14.8)

Disability:
—yes;
—1no

8.0(53-11.5)
6.0 (3.0 - 9.0)
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Table 3
The correlation between depression and gender, level of education, age, marital status, and employment in 2012
. The number and frequency of patients with different levels of
Factor Averag;[le\(/g of (g:piessmn depression (n=1,120: 408 men and 712 women)

€T % HADS > 8, n (%) HADS > 11, n (%)
Total sample 4.0 (2.0-6.0) 184 out of 1,120 (16.4) 50 out of 1,120 (4.5)
Men 3.0(1.25-6.0) 56 out of 408 (13.7) 16 out of 408 (3.9)
Women 4.0 (2.0-6.75) 128 out of 712 (18.0) 34 out of 712 (4.8)
Higher education:
—yes; 3.0(1.0-6.0) 83 out of 602 (13.8) 24 out of 602 (4.0)
—no 4.0 (2.0-7.0) 101 out of 518 (19.5) 26 out of 518 (5.0)
Age:
> 45 years; 4.0(2.0-6.0) 102 out of 558 (18.3) 33 out of 558 (5.9)
<45 years 3.0 (2.0-6.0) 82 out of 562 (14.6) 17 out of 562 (3.0)
Family:
—yes; 4.0(1.8-06.0) 148 out 0of 918 (16.1) 42 out 0of 918 (4.6)
—no 4.0 (2.0-7.0) 36 out 0of 202 (17.8) 8 out 0f 202 (4.0)
Widowhood:
—yes; 5.0 (2.0-8.0) 23 out of 86 (26.7) 5 out of 86 (5.8)
—no 4.0 (2.0-6.0) 160 out of 1,032 (15.5) 45 out of 1,032 (4.4)
Disability:
—yes; 5.0(1.0-7.0) 9 out of 39 (23.1) 1 out of 39 (2.6)
—no 4.0 (2.0-6.0) 175 out of 1,081 (16.2) 49 out of 1,081 (4.5)
Unemployment
—yes; 5.0(1.5-7.0) 12 out of 57 (21.1) 7 out of 57 (12.3)
—1no 4.0 (2.0-6.0) 172 out of 1,063 (16.2) 43 out of 1,063 (4.0)
Family poverty
—yes; 4.0 (2.0-6.0) 33 out of 101 (32.7) 12 out of 101 (11.9)
—no 5.0(2.5-8.0) 151 out of 1,019 (14.8) 38 out of 1,019 (3.7)

p = 0.506), while men had lower levels of depression
(» = 0.002). In 2006, depression showed no significant
link with socioeconomic factors. In 2012, the incidence
of depression symptoms had a pronounced dependence
on risk factors. Therefore, in 2006, absence of higher
education did not affect the frequency of increased de-
pression level (x2 = 1.3, df =1, p = 0.262), but in 2012,
this factor was associated with a higher frequency of in-
creased depression level (y2 = 6.6, df =1, p =0.010). In
2012, widowhood was associated with higher incidence
of increased depression level (2 = 6.6, df=1, p=0.010)
and unemployment — with a three-fold increase in the
likelihood of clinical depression development (¥2 = 6.8,
df =1, p = 0.009 with Yates’s correction for continui-
ty). In families with low material well-being, increased
and clinical depression levels were significantly more
common than in families with better material securi-
ty (32 =21.3,df =1, p <0.001 and y2 = 14.3, df = 1,
p <0.001, respectively). To analyze the relationship be-
tween depression and age, individuals were divided into
2 groups: 25 to 44 years old and 45 to 64 years old. In
2006, the analysis showed predominance of persons with
increased (y2 = 10.8, df =1, p = 0.001) and clinical de-
pression (y2 = 7.8, df = 1, p = 0.005) in a more senior
age group (=45 years). In 2012, the association of age

with the incidence of depression symptoms was weaker
in both strength and statistical significance and achieved
significant differences between groups only in regards to
clinical depression (y2 =5.5,df=1, p=0.019).

DISCUSSION

The obtained data concerning the frequency of de-
pression symptoms according to HADS-D among the
adult population of Krasnoyarsk in 2006 correspond
with the data of S.Yu. Shtarik, showing that depressive
disorders were identified in 34.7% of respondents aged
19-64 years in 2004-2008. At the same time, it is im-
possible to clearly compare the results of both studies
due to differences in methods of psychometric testing
and the age of the subjects. According to S.A. Shalnova,
among 10 Russian regions participating in the ESSE-RF
epidemiological study, the increased level of depression
according to HADS-D was registered among 25.6% of
adult population of Russia, 5 of the value (8.8%) being
the clinical level. In 2012, the population of Krasnoyarsk
was comparable in the frequency of increased and clin-
ical depression with Kemerovsky region (16.7% and
5.0%) and St.-Petersburg (18.9% and 5.7%) [1, 11]. Our
results are slightly different from the data of Russian and
foreign authors, according to which symptoms of depres-
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sion among women are 2—4 times more common (espe-
cially in the postmenopausal period) compared to men.
In the HAPIEE study, in the sample of 2,151 respondents
aged 45-64 years, the frequency of depression among
women reached 44%, and among men — 23% accord-
ing to the Center for Epidemiologic Studies Depression
(CES-D) scale. In the work by O.V. Tsygankova, among
245 patients with CAD aged 35-65years, the probability
of detection of subdepression using the Zung Self-Rating
Depression Scale in women was 41.2% versus 24.0% in
men [7, 8, 14]. At the same time, in Krasnoyarsk, groups
of patients with depressive disorders in 2004—-2008 were
comparable in terms of gender composition [11]. It also
should be noted that in the “ESSE-RF” study among 10
regions of Russia, men and women differed slightly in
the frequency of depression symptoms: 20.6% of wom-
en and 20.0% of men with HADS-D > 8. In the work
by F.N. Jacka (2011), which studied 2,957 Norwegians
aged 4649 years, the above-normal depression level ac-
cording to HADS was registered among 9.6% of men
and 7.6% of women [1, 15]. The study confirms that
low education level and family poverty are factors as-
sociated with low social status and high prevalence of
depression [1, 11]. In 2012, the link between depression
symptoms prevalence and family poverty was stronger
and more significant than with low level of education.
In 2004-2008, in Krasnoyarsk, patients with depres-
sive disorders according to the Beck Depression Inven-
tory had lower level of education [11]. In the study by
A.V. Orlov, among 1,600 residents of St.-Petersburg
aged 25-64 years, regression analysis with gender and
biological risk factor correction did not confirm a correla-
tion between HADS depression symptoms and low level
of education [5]. Loneliness and death of loved ones are
predominant risk factors of depression [6]. According to
our data, the frequency of depression was maximum in
the older age group of 55-64 years old (26.7%). In 2006,
the frequency of depression symptoms did not depend
on the level of employment. Unemployment was asso-
ciated with a greater frequency of clinical depression
in 2012. At the same time, as presented in the work by
0.V. Tsygankova, subsindromal manifestations of de-
pression in women show a stronger connection with
unemployment than with age and absence of family
[8]. It is obvious that there is a current trend towards
weakening of the correlation between age and frequen-
cy of depression. According to V.V. Gafarov, the age of
45 years old and more does not affect the prevalence of
depression [16]. Meanwhile, in both studies individuals
with clinical depression according to the HADS-D scale
were most likely to be in the older age group. A simi-
lar increase in the gradient of depression symptoms with
the increase in age was noted in S.A. Shalnova’s study.

However, in the HAPIEE study among residents of No-
vosibirsk, this association turned out to be insignificant
[1,7,16].

The results of the study are significantly limited by
a number of factors: differences in the age of the sam-
ple groups; differences in the number of people with
disabilities in both groups (which can be explained by
their natural death over a period of 6 years); differences
in the number of people with higher education (29.2%
versus 46.3%, probably due to the population growth in
2012). At the same time, disability and low education
level in 2006 did not affect the variability of depression
symptoms. Hence, some aspects of our study should be
investigated further.

CONCLUSION

Nowadays, the effect of socioeconomic factors on the
variability of depression symptoms has increased. If in
2006 such correlations were not observed, in 2012 we
were able to identify the social categories of individuals
that are most susceptible to depression. In the period from
2006 to 2012, a decrease in the increased and clinical
depression levels according to HADS-D was observed
among the population of Krasnoyarsk.
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ABSTRACT

Aim. To optimize a bioengineered I-Wire platform to grow tissue-engineered constructs (TCs) derived from
coronary artery smooth muscle cells and characterize the mechano-elastic properties of the grown TCs.

Materials and methods. A fibrinogen-based cell mixture was pipetted in a casting mold having two parallel
titanium anchoring wires inserted in the grooves on opposite ends of the mold to support the TC. The casting mold
was 3 mm in depth, 2 mm in width and 12 mm in length. To measure TC deformation, a flexible probe with a
diameter of 365 mcm and a length of 42 mm was utilized. The deflection of the probe tip at various tensile forces
applied to the TC was recorded using an inverted microscope optical recording system. The elasticity modulus was
calculated based on a stretch-stress diagram reconstructed for each TC. The mechano-elastic properties of control
TCs and TCs under the influence of isoproterenol (Iso), acetylcholine (ACh), blebbistatin (Bb), and cytochalasin
D (Cyto-D) were evaluated. Immunohistochemical staining of smooth muscle a-actin, desmin and the cell nucleus
was implemented for the structural characterization of the TCs.

Results. The TCs formed on day 5—6 of incubation. Subsequent measurements during the following 7 days did
not reveal significant changes in elasticity. Values of the elastic modulus were 7.4 + 1.5 kPa on the first day, 7.9
+ 1.4 kPa on the third day, and 7.8 + 1.9 kPa on the seventh day of culturing after TC formation. Changes in the
mechano-elastic properties of the TCs in response to the subsequent application of Bb and Cyto-D had a two-phase
pattern, indicating a possibility of determining active and passive elements of the TC elasticity. The application of
1 uM of Iso led to an increase in the value of the elastic modulus from 7.9 + 1.5 kPa to 10.2 + 2.1 kPa (p < 0.05,
n = 6). ACh did not cause a significant change in elasticity.

Conclusions. The system allows quantification of the mechano-elastic properties of TCs in response to
pharmacological stimuli and can be useful to model pathological changes in vascular smooth muscle cells.

Key words: tissue engineering, vascular smooth muscle cells, smooth muscle tissue construct.
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PE3IOME

Heas. OnTuMu3npoBaTs GHOHIKEHEPHYIO u1aTdopMy I-Wire ay1st BhIpanBaHys TKAHSHHKEHEPHBIX KOHCTPYKITIH
(TK) n3 rmaakomsimednsix kietok ('MK) apTepralbHEIX COCYZOB 1 OXapaKTEpHU30BaTh MEXaHO-3JIaCTHICCKHE
cBoiicTBa noxydeHHbIx TK.

MarepuaJibl 1 MeTobI. KileTouHyI0 cMech Ha 0cHOBe (puOprHa 3aceBany B KaHAI MATPHIIBI U3 HOIUINMETHIOKCAHA
C BCTABKaMH M3 THTAHOBOH MPOBOJIOKH HAa MPOTHBOMOIOXKHBIX KOHIAX KaHAJa ISl TOPU30HTATBHON TOANAEPKKH
KOHCTpYKIHHU. Pasmepsl kaHana: rmyouHa 3 MM, mmpuHa 2 MM 1 aiuHa 12 mM. i nsmepenns nedopmamun TK
HCTIOJIb30BaM THOKUH 30HA qruaMeTpoM 365 MM u JuinHO# 42 MM. OTKIOHEHHE KOHYMKA 30HAa IPU Pa3THIHON
cuie pacTsbkeHus, npuwiokenHo k TK, peructpupoBany ¢ MOMOIIBIO CUCTEMbI ONTUYECKOW pErucTpanuy Ha
OCHOBE MHBEPTUPOBAHHOTO MUKPOCKOIA. MOIy b yIpyrocTH BRIYUCIIAIN HA OCHOBE Auarpamm pactsxeHus TK.
bbun o1ieHeHbl MEXaHO-3JIACTHUECKUE CBOMCTBA KOHCTPYKLUI B KOHTPOJIE U IMOJ JEHCTBUEM H30IPOTEPEHONA
(U130), anerunxonuna (Anx), 6nedoucraruna (b6) n mnroxanasuna /1 (Luro-/1). st CTpyKTypHO# XapaKTepH3aLlui
KOHCTPYKIIMI UCTIONIB30BATN METO/ UMMYHOTHCTOXHMHUUECKOTO OKPAIIMBAHNS KOHCTPYKIIHUI Ha 0-aKTHH TIIAJKNAX
MBIIIII, JECMHH U SIApa KIETOK.

PesyabraTbl. @opMHUpoBaHHe KOHCTPYKIMI IPOUCXOAMIIO Ha 5—6-if ieHb nHKyOarmu. [Tocneayromye n3MepeHns
B TCUCHMH 7 JIHEH HE BBIIBUIIM 3HAYUTEIIBHBIX M3MEHEHUH 3JIAaCTUYHOCTH. 3HAYCHUS BEJIMUUHBI MOYJISl yIPYTOCTH
KOHCTpyKuuit cocraBmnu 7,4 = 1,5 k[la B mepBelii aeHp mocie ux ¢opmuposanus, 7,9 + 1,4 xlla — Ha 3-if n
7,8 £ 1,9 xIla — Ha 7-i nenp KyabTUBUpOBaHUSA. M3MeHeHns MexaHo-amacTudeckux cBoiicts TK B oTBeT Ha mo-
creioBaTenbHoe npumenenue bo u Lluto-J] umenu nByx¢asHbelii XapakTep, 4TO JEMOHCTPHPYET BO3MOXKHOCTD
BBIJICJICHNS] aKTUBHOTO M MACCHBHOT'O JIEMEHTOB DJIACTHMYHOCTH TJIJKOMBILICUHBIX KOHCTpYKuui. Jlo6aBneHne
1 MxMonps W30 mpuBOAWIO K YBEIMUCHMIO 3HAUEHMS BEJIMYMHBI Moayis ympyroctd ¢ 7,9 = 1,5 klla no
10,2 + 2,1 kIla (p < 0,05, n = 6). JlobaBieHHe AIX HE BHI3BIBAIO 3HAYMMOTO U3MCHEHHSI DTACTUIHOCTH.

3akiouenue. [IpeacraBinennas cuctema 1o3BoJisieT KOJIMYECTBEHHO OL[EHUBATh MEXaHO-2J1aCTHYECKHE CBOMCTBA
TK B oTBeT Ha (hapMaKOJIOrHIECKOE BO3JACHCTBHE M MOXKET OBITh TOJIE3HA B MOJCIMPOBAHHU MATOJOTHYCCKUX
n3menenuit B 'MK cocyos.

KioueBble cj10oBa: TKaHEBasi MHKEHEPUS, BACKYJISIPHBIC I1aJKOMBIIICYHbIE KICTKH, IJIaKOMbIILICYHAs TKAHECHH-
JKEHEepHasi KOHCTPYKLIHUSI.

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEeH CTaThH.

Hcrounuk ¢unancupoBanusi. Pabora BbimojHeHa Npu (HUHAHCOBOM mojanepxke HalnmoHaIbHOrO HHCTHUTY-
Ta 3apaBooxpanenus: (NIH, USA), HaumonanbHoro nenrpa coaeictBus TpancasiiuoHHbIM Haykam (NCATS,
USA), HaunoHanbHOrO MHCTUTYTa HEBpPOJOrMYeckux paccrpoiictB u uHcyiabra (NINDS, USA) n Haunonans-
HBIM MHCTUTYTOM 310pOBbsl JeTed M pa3zButusi deioBeka uM. FOuuc Kennemu llpaiisep (NICHD), rpant Ne
1UG3TR002097-01, a taxxe ®onna 3umuna (Zimin Foundation). Coneprkanue paboThl SIBIISICTCSI HCKIIOUUTEIb-
HOI OTBETCTBEHHOCTBIO aBTOPOB U HE 00513aTENIbHO OTpaXkaeT O(UIIHATIbHBIC B3IJISIbl HALIMOHAIBHBIX HHCTHTYTOB
3JIpaBOOXPAHCHHUS.

Jas uutupoBanus: Cynsrun A.A., CugopoBa T.H., Cugopos B.1O. BripamuBanue u xapakrepusanus TKaHe-
MHXCHEPHOW KOHCTPYKIMH U3 IJIaJKOMBIIICYHBIX KJICTOK KOPOHAPHOW apTepuul ceplua ueloBeKka. broaiemens
cubupcroi meduyunst. 2020; 19 (2): 85-95. https://doi.org: 10.20538/1682-0363-2020-2-85-95.
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INTRODUCTION

Vascular smooth muscle cells (VSMCs) are
the main type of cells in the vascular system that
determine vascular tone, as well as peripheral and
arterial blood pressure. A feature of VSMCs is their
incomplete differentiation and, as a consequence, high
plasticity associated with changes between contractile
and secretory phenotypes in response to biochemical
or mechanical stimulation [1]. It has been shown that
a change in the VSMC phenotype is involved in such
pathologies as atherosclerosis, aortic aneurysm, and
arterial hypertension [2—4].

At present, in most experimental studies of the
mechanisms of vascular diseases in vitro, traditional
two-dimensional cultures of VSMCs are utilized. Such
experimental models represent a non-physiological
environment, which makes it impossible to maintain
the original phenotype of cells and complicates
interpretation of data. The modern development of
tissue engineering methods allows us to reproduce
quite well the basic physiological properties of various
types of tissues [5—7]. The advantages of engineered
three-dimensional tissue constructs (TCs) are the ap-
propriate mechanical environment, ensuring the sta-
bility of the response to external stimulation over a
long period of time, the relative ease of genetic ma-
nipulations, and the unique potential for studying the
biophysical characteristics of tissues in vitro [8].

Thus, the development of an adequate in vitro model
both for studying the mechanisms of vascular diseases
and for testing drugs is of paramount importance.
This work is aimed at optimizing the novel I-Wire
bioengineering platform developed at Vanderbilt
University [9, 10], growing TCs using arterial VSMCs
and characterizing the mechano-elastic properties of
the artificial tissue constructs.

MATERIALS AND METHODS

Preparation of PDMS mold and cell mixture. In
this work, a polydimethylsiloxane (PDMS) mold with
a horizontal support (titanium wire with a diameter
of 0.25 mm and a length of 12 mm, Sigma-Aldrich,
USA) for the TC was utilized. To prepare the mold, a
template with six cavities was made from monolithic
acrylic plastic using a drill with a diameter of 0.79
mm and a numerically controlled milling machine
(MicroProtoSystems, USA). Two thin edges of the
same material were inserted into each cavity to form
channels for the supporting titanium wire.

The cavities were filled with liquid PDMS (SYL-
GARD ™ 184 kit, DowCorning, USA) mixed with a

hardener in a ratio of 10:1 and degassed. Then, the
assembled structure was placed in an oven for 6 hours
at 65 °C for polymerization. The final PDMS matrix
had a channel with a depth of 3 mm, a width of 2
mm and a length of 12 mm, as well as two grooves
to accommodate the anchor wire. Next, each PDMS
mold was transferred to the well of a 6-well plate and
glued to the bottom using liquid PDMS. To increase
the hydrophobicity, the channels of the PDMS devices
were treated with 0.2% Pluronic® F-127 solution (Sig-
ma-Aldrich, USA) and then washed with deionized
water. Then the 6-well plate with molds was sterilized
by UV radiation for 30 minutes.

To grow TCs wusing commercial VSMCs
(HCASMC, ThermoFisher, USA), a fibrin-based cell
matrix was prepared. It has been shown that fibrin
degradation products, which are produced during the
maturation of the construct, promote the proliferation
of VSMCs and stimulate the formation of the
extracellular matrix [11] . In preliminary experiments
for optimizing the conditions for the formation of the
construct, a cell mixture of fibroblasts and VSMCs in
a proportion of 1:10 was used. When only VSMCs
were utilized, the final concentration of cells and other
components of the medium was the same.

Cardiac fibroblasts (NHCF-V, Lonza, USA)
and VSMCs were collected from T-175 flasks
(ThermoFisher Scientific, USA) using TrypLE™
Express Enzyme (Thermo Fisher Scientific, USA).
The total cell density was adjusted to 10, 2 x 108, or
4 x 10 cells/ml. Thereafter, the cells were mixed with
fibrinogen (100 pl, 20 mg/ml, Sigma-Aldrich, USA),
aprotinin (33 pg/ml, Sigma-Aldrich, USA), thrombin
(10 pl, 100 U/ml, Sigma-Aldrich, USA), and penicillin/
streptomycin(1%,Gibco,USA).Inaddition,Matrigel ™
(100 ul, BD Biosciences, USA) was applied depending
on experimental conditions. After dilution, the final
cell density was 0.5 x 108, 10°, or 2 x 10° cells/ml.
Next, the cell mixture was pipetted into the channel of
each PDMS device and cells were incubated at 37 °C
and 5% of CO, for one hour for fibrin polymerization.
Later, 3 ml of Gibco™ Medium 231 (ThermoFisher
Scientific, USA) was added to each well of the
plate. This medium contained aprotinin (33 pg/ml,
Sigma-Aldrich, USA), tranexamic acid (400 pmol,
Sigma-Aldrich, USA), antibiotics (1%, Gibco, USA)
and either growth supplement (Gibco™ Smooth
Muscle Growth Supplement, SMGS) (Thermo Fisher
Scientific, USA) or differentiation supplement (Gibco
™ Smooth Muscle Differentiation Supplement,
SMDS) (ThermoFisher Scientific, USA) as needed.
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The medium was replaced every second day.
After the formation of TCs, their mechano-elastic
properties were measured using an optical recording
system based on an inverted microscope (Fig. 1). The
matured smooth muscle fibers were 350-450 pm in
diameter and 7 mm long (Fig. 2, a).

Setup to measure mechano-elastic properties in
engineered TCs. To measure elasticity, a flexible
sensor made of polyetheretherketone tubing (Putnam
Plastics, USA) with an outer diameter of 365 um, an
inner diameter of 120 um, and a length of 42 mm was
utilized. The sensor was glued to a console made of
organic glass, which, in turn, was attached to a holder
plate with two magnets to control the sensor position.
The console, holder plate and flexible sensor were

mounted by friction mounting to the condenser of an
inverted fluorescence microscope (Eclipse Ti, Nikon,
USA) equipped with a microcontroller (MS-2000
Flat-Top XYZ Automated Stage, ASI, USA), which
allows for precise movement of the platform in two
dimensions (Fig. 1). The elasticity of the flexible sensor
was calibrated; it demonstrated a linear dependence of
the strain on the applied force (Fig. 2, b). The optical
registration of displacement of the flexible sensor tip
was carried out with a digital camera (Zyla sCMOS
Camera, Andor Technology, Northern Ireland) at
equal intervals of the displacement of the platform
with a multiwell plate, so that each displacement
corresponded to a certain applied force, the value of
which was calculated using a calibration graph.

Fig. 1. Schematic diagram of the setup for measuring the mechano-elastic properties of tissue-engineered constructs: / — condenser,
2 —plate holder, 3 — console, 4 — magnet, 5 — flexible sensor, 6 — PDMS device with a construct, 7 — well of the multiwell plate, 8 —
motorized platform, 9 —lens, /0 — CMOS camera, /] — inverted microscope, /2 — computer, /3 — microcontroller

0.025+

0.020 4

0.015+

Platform displacement

, TR

15 2 25 3

c

Displacement, mm

Fig. 2. Calibration graph of elasticity and displacement frames of the flexible sensor tip: a — general view of the construct and its

central part with the end of the flexible sensor; scale bar — 300 um, b — linear dependence of the change in mass on the offset position

of the console with a flexible sensor (N =5, R = 0.99997**), ¢ — processed binary images of the sensor position during a gradual
shift of the motorized platform with the multiwell plate

88 Bulletin of Siberian Medicine. 2020; 19 (2): 85-95



Original articles

Measurement protocols and immunohistochemical
staining. Two protocols were utilized in this study.
The first protocol consisted of a series of sequential
measurements of the position of the flexible sensor
end when the platform was displaced for every 200
um before the introduction of substances and after in-
cubation with substances for two hours. According to
the second protocol, the registration was carried out
at a constant applied force F, = 0.062 mN for 95 min.
During the first 15 min, control registrations were
performed. Next, 30 um of blebbistatin (Bb) and 50
um of cytochalasin D (Cyto-D) were added after 20
min and 55 min from the start of the protocol, respec-
tively. To assess the ability of the cells to respond to
B-adrenergic and cholinergic stimulation, the TC was
incubated in standard media containing 1 um of iso-
proterenol (Iso) (Sigma-Aldrich, USA) and 5 uM of
acetylcholine (ACh) (Sigma-Aldrich, USA) for 60
min. In these experiments, the first protocol was ap-
plied.

Bb and Cyto-D were utilized to assess the effect
of pharmacological stimuli on the contractile function
and elasticity of the extracellular matrix of the TC.
Blebbistatin is a reversible inhibitor of ATPase activi-
ty of myosin II [12], while cytochalasin D blocks actin
polymerization, thereby disrupting the organization of
the cytoskeleton filament network, but does not affect
the extracellular matrix [13].

For immunohistochemical staining, the TCs were
fixed in a paraformaldehyde solution (4%) for 15 min,
washed three times with sodium phosphate buffer,
then embedded in paraffin blocks and sliced into 5-pm
sections. The antigen availability was ensured by in-
cubation of sections at 94 °C in 10 mM sodium citrate
solution (pH 6.0) for 10 min. The following antibod-
ies were used in this study: primary murine mono-
clonal antibodies against smooth muscle cell a-actin
(a-SMA) (Sigma-Aldrich, USA), rabbit monoclonal
antibodies against desmin (Abcam, USA), secondary
antibodies against mice (ThermoFisher, USA) and
rabbit ( ThermoFisher, USA) conjugated to Alexa
(568 and 488 nm), and DAPI for nuclei staining (Flu-
oromount-G 368/451, SouthernBiotech, USA). Color
images were acquired with a Zeiss LSM780 confocal
microscope (Zeiss, Germany).

Data analysis and statistics. Image analysis was
performed with MATLAB software (MathWorks,
USA). The contrast of the image was adjusted to
observe only the end of the flexible sensor. Then a
binary image was created and the coordinates of the
centroid were calculated in each frame (Fig. 2, ¢). Based

on the obtained data, the change in the TC length, the
value of the force acting along the structure (F), and
the value of the elastic modulus were calculated. A
detailed description of the calculation of the elasticity
modulus and a diagram of the geometry of the
structure is presented in the supplemental material of a
previously published work [9]. Therefore, we provide
only a brief description of the calculation procedure.

The elastic modulus was calculated as the ratio of
the dependence of strain on stress according to the
following equation [14]:

g Lofe
A AL

where Fc is the force acting along the TC, Lo is the
initial length of the TC, 4o is the cross-sectional area,
and AL is the change in the length of the TC.

Given the position of the TC in space, the formula
for calculating the modulus is modified according to

[9]:

_ ZLOFt\/(dS - dt)z + a2
~ mD2AL(dg—d,)

where F, —the force exerted by the flexible sensor, d_ —
the distance between the initial and current position
of the platform, d - the distance between the initial
and current position of the end of the flexible probe,
a — half of the length of the TC in a relaxed state, and
D — the diameter of the TC. The diameter of the TC
was calculated based on the average value of three
measurements: at the midpoint and at two points at a
distance of 1 mm to the right and left of the midpoint.

Statistical analysis was performed using Microsoft
Excel (Microsoft Corporation, USA) and OriginLab
R2018 (OriginLab Corporation, USA). Statistical
comparisons between the control and experimental
groups were made with Student’s t-test for dependent
samples, one-dimensional analysis of variance for
repeated measurements (ANOVA) in the case of three
or more groups, and non-parametric paired Wilcoxon
test. The change in length in response to the applied
force, measured as a percentage of the initial length of
the preparation, is presented as the mean and standard
error of the mean. Differences in the results were
considered statistically significant at a significance
level of p < 0.05. In the process of calibrating a
flexible sensor, a correlation analysis was used to
assess the linearity of its elastic properties depending
on the load.
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RESULTS AND DISCUSSION

The main results of preliminary experiments to
optimize the protocol revealed that («) the use of
a medium with SMDS did not cause the formation
of tissue fibers; (b) the addition of Matrigel™
accelerated gel condensation and the formation
of TCs; (c¢) the VSMC density of 10° cells/ml was
optimal to enable the rapid growth of the TCs; and
(d) the addition of 10% fibroblasts did not affect the
rate of TC formation.

Weutilized fluorescence microscopy to characterize
the structure of the TCs. Figure 3 illustrates TC
immunohistochemical staining against smooth muscle
o-actin, desmin and nuclear DNA with DAPI, as well
as hematoxylin and eosin staining. a-Actin constitutes
the largest protein fraction in the VSMCs, plays a major
role in the contraction via interaction with myosin, and
also participates in the formation of the cytoskeleton
through its polymerization [15]. Desmin is the main
protein that makes up the intermediate filament of the

d

c

contractile apparatus and is located in both the Z-line
of the striated muscle and in the dense bodies of
smooth muscle tissue [16]. The immunohistochemical
staining data demonstrate the structural homogeneity,
as well as uniform and dense distribution of smooth
muscle cells in the TCs.

To verify the stability of the mechano-elastic
properties of the TCs, control measurements were
performed within 7 days after construct formation.
The tension diagrams are shown in Fig. 4, A. The
linear part of the diagram was utilized to calculate the
elastic modulus (Fig. 4, b). Substantial TC elongation
is observed when a transverse tensile force (F) is
applied greater than 0.07 mN. Analysis of tensile
diagrams did not reveal statistically significant
changes between measurements on the 1st, 3 and 7
days (F (2.10) = 0.225, p = 0.8, n = 6). The value of
the elastic modulus was 7.4 + 1.5 kPa at the beginning
of the experiment, 7.9 + 1.4 kPa on the third day and
7.8 £ 1.9 kPa on the seventh day.

Fig. 3. Immunohistochemical analysis of longitudinal sections of the construct: a — DNA staining with DAPI, b, ¢ — staining for the

main markers of the contractile phenotype a-actin (red) and desmin (green), d — combined image, e — hematoxylin and eosin stain.
The scale bar is 100 um

In the literature, the elasticity data of smooth muscle
TCs vary depending on the method of engineering.
In particular, elasticity depends on load: static or
variable; the composition of the culture medium; the
geometry of constructions: ring-shaped [5, 6] or fiber-
shaped [7]; the type of matrix: collagen-based, fibrin-
based; as well as the origin of the VSMCs and their

final density in the cell’s mixture [5, 17-20]. The data
obtained in individual VSMCs are less variable and
are mainly determined by the phenotype of cells [21—
23]. Specifically, when measuring elasticity by atomic
force microscopy in constructs grown using VSMCs
isolated from the thoracic aorta of a monkey (Macaca
fascicularis) and collagen matrix, elastic modulus
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Fig. 4. The stability of the mechanical properties of tissue-engineered constructs: a — stress-stretch diagram of the constructs.
Repeated measurements at 1st, 4th and 7th days, b — calculated elastic modulus (Young’s modulus). The data are presented as Mean
+ SEM, N = 6. There are no statistical differences between the three groups

values were within 13.7 + 2.4 kPa and 23.3 + 3.0 kPa
[24]. The authors attributed the observed variability to
age-related changes in the expression of actin and B1
subunit of integrin [25]. The elasticity assessed with
the same method, but in individual VSMCs isolated
from the thoracic aorta of healthy young rats (Wistar-
Kyoto), varies between 5 and 14 kPa [21, 23]. Similar
values of the elastic modulus (~13.7 kPa) were
demonstrated in individual VSMCs isolated from rat
(Sprague — Dawley) skeletal muscle arterioles and
cultured for 3—7 days after the first passage [22].

D. Seliktar et al. performed isometric measurements
of elasticity using a force sensor in ring-shaped three-
dimensional TCs grown in a collagen matrix (2 mg/ml)
using rat thoracic aorta VSMCs (10° cells/ml) after
8 days of culture, which showed a value of 68 kPa
[18]. In another work, wherein the authors compared
the elastic properties of the ring-shaped constructs
grown with fibrin-based (2 mg/ml) or collagen-based
(2 mg/ml) matrixes but with the same type of VSMCs
(rat aorta, 10° cells/ml), it was shown that after
5 days of culture, collagen-based TCs had significantly
greater rigidity (191 kPa) as compared with fibrin-
based constructs (19 kPa) [20]. An increase in the
concentration of collagen and fibrin in the cell mixture
up to 4 mg/ml led to a rise in rigidity to 242 kPa and
28 kPa, respectively.

The elasticity values of smooth muscle TCs attained
in our work are close to those measured in individual
VSMCs. This could be explained by the use of fibrin
in the cell mixture. Fibrin-based matrix is widely used
in tissue engineering [26]. Fibrin gel has vasoactive
and high adhesive properties and promotes rapid

cell adaptation and proliferation in constructs [11],
but due to its structural features it has considerable
elasticity [27]. It should be noted that because of
high plasticity of VSMCs [28, 29], the elasticity of
constructs can substantially change during culturing
[18, 19]. This can complicate the interpretation of
the data, especially in long-term experiments, such
as using long-term mechanical stimulation [18].
The application of fibrinolysis inhibitors (aprotinin,
tranexamic acid) and low serum supplement (SMDS)
in our work contributed to the stability of the elastic
properties of the TCs after their maturation (Fig. 4).

Figure 5 depicts the results of a separate experiment
to test the mechano-elastic properties of TCs under the
influence of Bb and Cyto-D. It can be seen that the
addition of 30 um of Bb causes stretch of the TC from
1.2% to 1.45% (Fig. 5, a). Subsequent treatment with
Cyto-D at a concentration of 50 pm promotes further
relaxation of the TC and an increase in elongation to
1.8%. This correlates with changes in elasticity corre-
sponding to the applied force of 0.062 mN in the ten-
sile diagram of the TC shown in Fig. 5, b. It is known
that Bb is a selective inhibitor of the ATPase activity
of various isoforms of myosin II in striated muscle
cells [12] and smooth muscle cells [30], while Cyto-D
alters the mechanical properties by depolymerization
of the cytoskeleton actin filaments [13]. Accordingly,
the addition of Bb inhibits myosin-related contraction,
whereas subsequent incubation with Cyto-D destroys
the actin-mediated tonic contraction and increases the
relaxation of the TC.

Adrenergic and cholinergic stimulations are one of
the most important systems involved in the regulation
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of cardiovascular tone. It is known that -adrenergic
stimulation through activation of adenylate cyclase
and an increase in cAMP affects the level of intracel-
lular Ca?* [31, 32]. Several mechanisms causing re-
laxation were proposed, including hyperpolarization
through Ca?" activated potassium channels, reduction
of the sensitivity of contractile elements to Ca** due to
phosphorylation of the kinase of myosin light chains,
a decrease in the content of cytosolic Ca** through
regulation of Ca?" transporting systems of the sarco-
plasmic reticulum and plasmalemma, etc. [33, 34].
On the other hand, VSMCs are in close structural and
functional interaction with endothelial cells, which
can regulate vascular tone through paracrine interac-
tion or through intercellular channels connecting two
types of cells [35]. Therefore, adrenergic regulation of
VSMCs contractility mediated by endothelial cells is
also possible [35-37].

In our experiments, the incubation of TCs with
Iso at a concentration of 1 pm caused a small but
significant decrease in elasticity with an increase in
the applied tensile strength above 0.05 mN (p < 0.05,
n = 6), as well as a significant increase in the elastic
modulus (p < 0.05, n = 6) from 7.9 + 1.5 kPa to 10.2
+ 2.1 kPa (Fig. 6). In early studies on the effects
of P-adrenergic stimulation on vascular tone and
contractility of VSMCs, the experiments were mainly
carried out in vivo or in vitro on isolated preparations
of animal vessels, where the relaxing effect is typical
[32, 33, 35]. In isolated VSMCs, a double mechanism
of regulation of calcium channels was demonstrated.
At nanomolar concentrations, Iso increased the
L-type calcium channel current, while at micromolar

concentrations it had the opposite effect [38]. Since
we used only one type of cells (VSMCs) to engineer
constructs, the dependence of the response mechanism
on the concentration of Iso may underlie the observed
decrease in elasticity.

The effect of ACh on VSMCs is mediated by M,
muscarinic receptors [39]. According to the concept
of participation of endothelial cells in the humoral
regulation of vascular tone, endothelial cells play a
primary role in response to cholinergic stimulation,
whereas the adjoining VSMCs are passive recipients
of nitric oxide [40]. However, from early works
it is known that in the case of an immediate effect
of ACh on VSMCs, ACh binds directly to the M,
receptor, activates phospholipase C and can induce
a contractile effect through the inositol triphosphate
pathway [41]. In our experiments, the application of
ACh caused only a slight decrease in the TC elasticity
(Fig. 6, B). The small effect is most likely explained
by a homogeneous cell population, i.e., the absence
of endothelial cells in the cell mixture during the
engineering of the constructs. Future experiments
with the addition of a fraction of endothelial cells
will allow us to evaluate the role of interactions
between various types of cells in both cholinergic
and adrenergic regulation of contractility of smooth
muscle TCs.

CONCLUSION

In the current work, we for the first time utilized the
[-Wire experimental platform to engineer and charac-
terize smooth muscle TCs using VSMCs isolated from
the human coronary artery.
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We showed that a cell density of 10° cells/ml is
optimal for tissue fiber formation with uniform and
dense distribution of cells. The addition of Matrige]™
to the cell mixture accelerates formation of the con-
struct. The combined application of Bb and Cyto-D
makes it possible to isolate and evaluate the active and
passive elements of elasticity of the TC. Addition of
Iso caused an increase in the rigidity of the structures,
while incubation with ACh did not have a significant
effect on the TC elasticity. Since endothelial cells play
an important role in the regulation of vascular smooth
muscle tone, in order to reproduce a more complete
regulation system in engineered TCs, further exper-
iments should be conducted with co-culture of both
VSMCs and endothelial cells, as well as with the use
of elastin and collagen to form a stiffer extracellular
matrix.
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State of the antioxidant system in mitochondria of skin cells during
experimental B16/F10 melanoma growth with chronic neurogenic pain
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ABSTRACT

Aim. To study the state of the antioxidant system in mitochondria of skin cells during B16/F10 melanoma growth
in mice with chronic neurogenic pain.

Materials and methods. The study included female C57BL/6 mice (n = 28). Experimental groups included an
intact group, a control group — chronic neurogenic pain model, a comparison group — standard subcutaneous trans-
plantation of B16/F10 melanoma, and a main group — transplantation of B16/F10 melanoma 3 weeks after creation
of a model of chronic neurogenic pain. Animals were decapitated on day 14 of the B16/F10 melanoma growth, the
skin was excised and mitochondria were isolated. Standard ELISA test systems were used to determine the levels
of reduced glutathione (GSH) and oxidized glutathione (GSSG) (Bio Source, USA); glutathione peroxidase-4
(GPx 4) (Clod-Clon Corporation, CNDR); glutathione reductase (GR) (Cusabio, CNDR); glutathione S-transferase
(G-S-T) (Ivvundiagnostik, FRG); glutathione peroxidase-1 (GPx 1), and superoxide dismutase-2 (SOD-2) (Ab
Frontier, South Korea).

Results. Mitochondria of skin cells in controls showed an increase in the levels of GSH by 1.3 times, GPx 1 — by
2.9 times, GPx 4 — by 1.9 times, GR — by 2.8 times, and SOD-2 — by 2.4 times, compared to intact animals. Changes
in the comparison group were opposite: GPx 1 decreased by 1.9 times, GPx 4 — by 3.7 times, GR — by 3.9 times,
SOD-2 — by 3.8 times, and GSSG rose by 1.36 times compared to intact animals. The growth of melanoma with
chronic neurogenic pain caused an increase in the levels of GSH by 1.5 times, GPx 1 — by 3.6 times, G-S-T — by
1.28 times, GPx 4 — by 1.6 times, and SOD-2 — by 1.8 times, compared to intact animals.

Conclusions. The growth of B16/F10 melanoma together with chronic neurogenic pain restructures the antioxidant
system of skin mitochondria towards generation of reductive stress under the influence of chronic pain, which can
affect the growth and development of experimental melanoma.

Key words: experimental B16/F10 melanoma, chronic neurogenic pain, skin, antioxidant system, mitochondria.
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CocTosIHME aHTUOKCUAAHTHOM CUCTEMbI B MUTOXOHAPUAX K/AETOK KOXMU
Nnpu pocTe 3KCNepuMMeHTa/IbHOM Mes1aHoMbl B16/F10 Ha poHe XpoHUUYecKoii

HenporeHHom 60/1m

O®paHuunaHy E.M., Hecky6uHna U.B., Cypukosa E.U., Tpenutakn J1.K., Hemawkanosa J1.A.,

KannueBa U.B., JlecoBasa H.C.

Pocmosckuti nayuno-uccaedo8amenbCkull OHKOI02UYECKULL UHCIUMYM

Poccus, 344037, e. Pocmog-Ha-/[ony, 14-1 nunus, 63/8

PE3IOME

Hens — U3y4nTH COCTOSHHE AHTHOKCHJIAHTHOW CHCTEMBI B MHTOXOHJAPHSX KJIETOK KOXKH IIPU POCTE MEJIAaHOMBI
B16/F10 y MbIeii Ha poHe XpOHUUECKOH HeffporeHHoi 6onu.

Martepuanbl 1 MeToAbl. PaboTa BeIMOTHEHa Ha camkax Mblmeid muauu C57BL/6 (n = 28). DkcriepuMeHTaNb-
HBIC TPYMIBL: MHTAKTHAsI, KOHTPOJbHASI — BOCHPOU3BEICHUE MOJAEIN XPOHHUYECKON HefporeHHoi 0oiw, rpymma
CpaBHEHHMS — CTAaHJapTHas ITOKOXKHas TepeBUBKa MenaHoMsl B16/F10, ocHOBHas rpyIma — mepeBHBKa MEIaHOMBI
B16/F10 uepe3 3 Hen mocie CO3JaHUS MOJIEIH XPOHUYECKOH HeiporeHHoW Oonm. JKuBOTHBIX Ha 14-¢ cyT
pocta menaHoMbel B16/F10 nekamuTupoBalid, MCCEKATW KOXY, BBIICISUIA MHTOXOHAPHH. TecT-cucTeMOl s
UMMYHO(EPMEHTHOTO aHaJIM3a ONpPEAeNsIM YpOBEHb BoccTaHOBIeHHOro riayratnoHa (GSH), okucieHHOTrO
riryratioHa (GSSG) (Bio Source, CLLA); rmyratrnonnepokcugassi-4 (I'T10-4) (Clod-Clon Corporation, CNDR);
riryratnoHpenykrasbl  (I'P) (Cusabio, CNDR); rmyraruon-S-tpancdepassr (I'T) (Ivvundiagnostik, FRG);
riryratroHnepokcunassl-1 (IT10-1), cynepokenaauemyrassi-2 (CO/-2) (Ab Frontier, FOxnas Kopes).

Pe3yabTaThl. B MUTOXOHIPHSAX KJIETOK KOKH B KOHTPOJIBHOI TPYIIE YCTAHOBJICHO IMOBBILICHUE COICPKAHUS
GSH B 1,3 paza; I'TIO-1 —2,9; I'TIO-4 — 1,9; I'P — 2,8; CO/I-2 B 2,4 pa3a OTHOCUTEIBHO 3HAUYCHUH Yy HHTAKTHBIX
’KUBOTHBIX. B rpynmne cpaBHEHHs OOHAPYKMIM NPHHIMIUAIGHO MPOTHBOIMOJIOKHBIC U3MEHEHHUS: CHIDKECHHE
conepxxanust I'TIO-1 B 1,9 paza; I'TIO-4 — 3,7; I'P — 3,9; COA-2 B 3,8 pasa u nossimenue yposasa GSSG B 1,36
pasa MO CPaBHEHMIO CO 3HAYCHUSIMH Yy MHTAKTHBIX KUBOTHBIX. [IpM pocTe MenaHOMbI Ha (hOHE XPOHHUUYECKOIl
HelporenHo# 6om otmMedyeHo yBenudenue yposus GSH B 1,5 paza; ['TIO-1—3,6; I'T —1,28; I'TI0-4 — 1,6 u CO-
2 B 1,8 pasa o cpaBHEHHIO CO 3HAUECHUSMH B HHTAKTHOH IPyTIIE >KUBOTHBIX.

3akumouenne. [Ipu pocre mMenanomsl B16/F10 Ha ¢oHe XpOHHYECKO HEWPOreHHON 00K MPOUCXOJUT Mepe-
CTpOWKa aHTHOKCHAHTHON CHCTEMbl MUTOXOHIPHI KICTOK KOXKH B CTOPOHY PEaTMU3aIlii «BOCCTAHOBUTEIHLHOTO
CTpeccay TMOJI BO3ACHCTBHEM XPOHUYECKOU OOJIH, YTO MOYKET OKa3bIBATh BIIMSHUE HA POCT U Pa3BUTUE DKCIICPHU-
MEHTAIBHON METAHOMBI.

KuroueBnble ciioBa: sxcriepuMenTanbHas Menanoma B16/F10, xporndeckast HeiiporeHHast 60J1b, K0¥a, aHTHOKCH-
JIAHTHAs1 CUCTEMa, MUTOXOH/IPHH.

KongaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIIEH CTaThH.

Hcerounuku puHAHCHPOBAaHMSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBUM (PUHAHCHMPOBAHMUS NPH NIPOBEICHUN HCCIIEIO-
BaHUAL.

CooTBeTcTBHE MPUHIUNAM 3THKH. VccrenoBanue 0100peHO OHO3THYECKUM KOMHTETOM 110 PabOTe ¢ KUBOT-
HbIMH POCTOBCKOT0 Hay4HO-HCCIIEI0BATEIBCKOI'0 OHKOJIOIHUECKOro HHCTUTYTA (poTokos Ne 4 ot 10.08.2018).

[ nutupoBanus: Opanunsan E.M., Heckybuna U.B., Cypuxosa E.N., Tpenuraxu JL.K., Hemamxkanosa JLA.,
Karuuesa U.B., JlecoBas H.C. CocTosiHMe aHTHOKCUIAHTHON CHCTEMbI B MUTOXOHAPHSIX KJICTOK KOXKH IIPU pOCTe
JKCIepuMeHTanbHoi Meranombl B16/F10 Ha done xponudeckoit HeifiporenHoi 6omnu. browiemens cubupckoii me-
ouyunst. 2020; 19 (2): 96-103. https://doi.org: 10.20538/1682-0363-2020-2-96-103.

INTRODUCTION

Skin melanoma is characterized by an extremely
high degree of malignancy and an exceptionally
high potential of Ilymphatic, hematogenous or
lymphohematogenous spread. Traditionally, skin

melanoma is considered to have a variable, frequently
unpredictable clinical progression, including both
cases of spontaneous involution of the primary tumor
lesion and early spread of the neoplastic process with
favorable prognostic signsavailable[1]. Inrecent years,

BionnereHb cmbupckoi meguumHbl. 2020; 19 (2): 96-103 97



Frantsiyants E.M., Neskubina I.V., Surikova E.I. et al.

State of antioxidant system in mitochondria of skin cells during experimental

certain success has been achieved in understanding
the etiology of this disease which is associated with
the anatomic localization, the extent of exposure
to ultraviolet radiation, genetic particularities, and,
potentially, other factors, too [1, 2].

Any pathological process undergoes the initial
change at the hyperfine level. The borderline of the
transition from the norm to pathology requires an in-
depth study at the atomic, molecular, and sub-cellular
levels [3]. The ability to adapt cellular bioenergetic
capacities under the influence of rapidly changing
conditions of the environment is compulsory both in
the normal cellular function and in the development of
tumors [4]. It is mitochondria that are highly sensitive
indicators of pathological processes emerging in the
body. Being the central metabolic organelle, they
perform crucial biochemical functions in synthesizing
the main cellular components, including fatty acids,
aminoacids, and nucleotides. Cells of many tumors
containing completely functional ~mitochondria
increase the speed of glycolysis for maintaining
proliferation and survival, thus ensuring a higher
flow of substrate for biosynthesis pathways partially
performed in mitochondria (metabolism of glucose
and lipogenesis, metabolism of aminoacids, and
biosynthesis of nucleotides). As a result of the
activation of the metabolic flow through mitochondrial
pathways, the production of ROS in tumor cells
increases, which entails activation of antioxidative
response pathways of the cells [4].

The skin is a common target organ for melanoma,
and it is a unique and the largest organ/tissue of
the body accumulating numerous physiological
functions. The skin is a standalone organ and the key
interface between the endocrine, nervous and immune
systems. The skin is an integral sophisticated tissue
system incorporating several layers which are closely
connected with one other. In the skin, circulatory,
lymphatic and nervous pathways are present that enable
it to quickly respond to pain, mechanic, chemical,
thermal, and other stimulations by luminal narrowing
or dilation with the subsequent change of the blood
flow. The vascular tone (lumen of vessels and blood
flow speed) of the skin is influenced by the cerebral
cortex via numerous vasoconstrictor and vasodilator
nerve endings, owing to which the body ability to
feel warmth, cold, pressure, tactile sense, and pain
is fulfilled [5]. Pain is frequently an accompanying
component of a neoplastic process, and it is present
in 30 — 50% of cancer patients after the performed
anticancer therapy and in 65 — 90% of patients due

to disease progression [6]. As a rule, the origin of
pain in oncological patients is multi-factorial: it arises
from direct and indirect effects of the tumor growth,
a side effect of antineoplastic therapy, and concurrent
diseases [6]. Experimental oncology moves towards
understanding the biological and physiological
processes arising in the body in combined concurrent
chronic pain and tumor development. In particular,
chronic neurogenic pain was reported to stimulate and
modify the growth of cutaneous melanotic cancer in
the experiment [7]. Therefore, studying antioxidative
processes in mitochondria of skin cells under
pathological processes accompanied by pain syndrome
seems highly relevant. Certainly, pathophysiological
processes can be studied by means of experimental
models. It is indisputable that development of
experimental oncology with an extensive study of
pathophysiology of the malignant process using
experimental animal models promotes advancement
of both practical and theoretical oncology.

The aim of the research was to study the
antioxidative system in mitochondria of skin cells in
experimental animals with chronic neurogenic pain,
tumor development, and the combined effect of these
pathological processes.

MATERIALS AND METHODS

The study was performed using female C57BL/6
mice (n = 28) aged 8 weeks weighing initially 21—
22 g. The animals were received from Scientific
Center of Biomedical Technologies ‘“Andreevka”
(Moscow region). The cell culture of murine B16/F10
melanoma metastasizing into the lungs was used. The
tumor strain was obtained from N.N. Blokhin National
Medical Research Center of Oncology.

The animals were kept under natural lighting mode
with free access to water and food. All studies were
conducted in compliance with the requirements and
conditions stated in the International Guiding Princi-
ples for Biomedical Research Involving Animals and
the Order of the Russian Ministry of Health No. 267
dated 19/06/03 “On the approval of laboratory prac-
tice rules”.

The animals were distributed by the random sam-
pling method into the following experimental groups:
the intact group (n = 7), the control group with re-
production of the chronic pain model [8] (n = 7), the
comparison group (B16/F10) — mice with standard
subcutaneous transplantation of melanoma B16/F10
(n="17), and the main group (chronic pain +B16/F10) —
the B16/F10 melanoma was grafted 3 weeks after cre-
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ating the chronic pain model (n = 7). In the mice of
the main group (chronic pain + B16/F10), bilateral
ligation of sciatic nerves was performed under the xy-
lo-zoletil anesthesia. 3 weeks after healing of the sur-
gical wound, 0.5 ml of suspension of B16/F10 mela-
noma tumor cells in the physiological solution diluted
at 1:10 was introduced subcutaneously under the right
shoulder blade. B16/F10 melanoma was grafted in the
animals of the comparison group (B16/F10) subcuta-
neously at the same dosage and volume as that in the
main group, but without reproducing the chronic pain
model. In standard transplantation, the tumor emerges
in 100% of cases, grows quite rapidly and metasta-
sizes on days 12—16 into the lungs (60-90%) mainly
hematogenously, less frequently it spreads into the
liver and spleen. All manipulations with animals were
performed in a sterile cabinet. The tools, utensils, and
hands were disinfected by the conventional method.
All animals were decapitated by guillotine on day
14 of the experiment. After decapitation, the animals’
skin was quickly excised with application of cool-
ing agents, and mitochondria were isolated using the
method of M.V. Egorov and S.A. Afanasyev [9]. In
the obtained mitochondrial samples, the following
levels were identified using the standard ELISA test
systems: reduced glutathione (GSH) in nM/g protein
(Bio Source, USA), oxidized glutathione (GSSG)
in nM/g protein (Bio Source, USA), glutathione pe-
roxidase-1 (GPx 1) in ng/mg protein (Ab Frontier,
South Korea), glutathione peroxidase-4 (GPx 4) in
ng/mg protein (Cloud-Clone Corporation, DPRK),
glutathione reductase (GR) in ng/mg protein (Cu-

sabio, DPRK), glutathione S-transferase (G-S-T) in
ng/mg protein (Immundiagnostik, FRG), superoxide
dismutase-2 (SOD-2) in pg/mg protein (Ab Frontier,
South Korea), and total protein by the biuret method,
g/l (Olveks Diagnosticum, Russia).

The statistical analysis of the results was per-
formed using the Statistica 6.0 software package. The
quantitative data for four groups (independent sam-
ples) were compared using the Kruskal — Wallis test
with multiple comparison. The data are presented in
the form of M + m, where M is the arithmetic mean
value, and m is the standard error of the mean.

RESULTS

During the experiment, data were obtained on the
influence of B16/ F10 melanoma, chronic neurogenic
pain, and the combined effect of these pathological
processes on the glutathione system in mitochondria
of skin cells in female mice on the 14™ day of the
experiment —the logarithmic phase of the experimental
tumor growth (Table 1). Higher concentrations of
antioxidative system components were registered in
mitochondria of skin cells in the animals with chronic
neurogenic pain (the control group), as compared to
the intact animals: GSH increased by 1.3 times, GPx
1 — by 2.9 times, GPx 4 — by 1.9 times, GR — by 2.8
times, and SOD-2 — by 2.4 times.

Atthe same time, malignant growth in animals ofthe
comparison group led to completely opposite changes
in the antioxidative system in the mitochondria: the
content of GPx 1 decreased by 1.9 times, GPx 4 — by
3.7 times, GR — by 3.9 times, SOD-2 — by 3.8 times,

Table 1

Levels of antioxidant enzymes in mitochondria of skin cells in female mice during the growth of B16/F10 melanoma with chronic

neurogenic pain

. Control animals (chron- | Comparison group (mela- | Main group (chronic neurogenic
Parameters Intact animals ic neurogenic pain) noma B16/F10) pain + melanoma B16/F10)
Reduced glutathione 196 860.1 + 1 917.581 219 446.3'+3 643.97
+ +
(GSH) (aM/s protein) 151 071.2 +717.41 = 0.000000 179 886.5 + 15 147.22 oo 0.00000
Oxidized glutathi- 637.25 +17.62'2 714.34 +£9.16'?
one (GSSG) (nM/g 462.32 = 15.88 506.81 + 19.83 p '=0.000008 p'=0.00000
protein) p>=10.000356 p>=0.000001
0.746 + 0.014'23
+ 1,2
GPx | 0207 - 0,009 0.604 = 0.007" O o p'=0.00000
(ng/mg protein) ’ ’ p'=0.00000 p2: 0'00000 p>=0.00001
=0 3= 0.00000
25.903 £ 0.282"23
1.2
GPx 4 16,518 + 0216 32.263 £0.471! 4'4]3:5 3:(())0:)?)?) p'=0.00000
(ng/mg protein) ' ' p'=0.00000 pZ: 0'00000 p*=0.00000
= p*=0.00000
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Table 1 (continued)

Control animals (chron-

Comparison group (mela-

Main group (chronic neurogenic

Parameters Intact animals ic neurogenic pain) noma B16/F10) pain + melanoma B16/F10)
3.403 +0.222!7 16.675 £ 0.189%*
+ 1

GR (ng/mg protein) 13.239+£0.190 36'17:12 080%%8 p'=0.00000 p*=0.00000
p=u 2= 0.00000 = 0.00000

Glutathione S-trans- 2.433 +£0.145%
ferase (G-S-T) (ng/mg 2.164 +£0.127 1.898 +0.100 1.771 £ 0.099 p*=0.010500
protein) p*=0.002727

SOD-2

. 461.402 +20.133
(pg/mg protein)

11282 + 54.186!
p'=0.00000

120,845 10.90412 849.68 + 32.492123

p'=0.00000 p'=0.00000
p*=0.00000 p*=0.00085
' p*=0.00000

Note. 1 —statistically significant value compared to the values in intact animals; 2 — statistically significant value compared to the values in controls
(chronic pain); 3 — statistically significant value compared to the values in the comparison group (B16/F10 tumor).

and GSSG rose by 1.36 times compared to the intact
values. The same trend remained during comparison
with the control animal group (chronic neurogenic
pain). Here, the level of GPx 1 dropped by 5.6 times,
GR — by 10.8 times, GPx 4 — by 7.3 times, and SOD-
2 — by 9.3 times. The content of GSSG exceeded the
control group values by 1.26 times. Meanwhile, GSH
levels did not differ significantly from the intact and
control values.

The combined effect of chronic neurogenic
pain and tumor process contributed to an increase
in production of GSH by 1.5 times, GPx 1 — by 3.6
times, G-S-T — by 1.28 times, GPx 4 — by 1.6 times,
and SOD-2 — by 1.8 times, as compared to the values
for the intact animal group. The content of GSSG
was 1.54 times higher than the intact figures. As
compared to the values in the animals suffering from
chronic neurogenic pain only, the combined effect
of two pathological processes exhibited 1.24 times
higher level of GPx 1 (»p = 0.00001), 2.2 times higher
level of GR, 1.37 times higher level of G-S-T (at the
level of the statistical trend), while SOD-2 and GPx

4 were 1.33 times and 1.24 times lower, respectively
(» = 0.00000). The level of GSSG was 1.42 times
higher, too. The comparison of a combination of
chronic pain and tumor growth with tumor growth
only (the comparison group) demonstrated a rise in
GPx 1 by 6.9 times, GR — by 4.9 times, G-S-T — by
1.37 times, GPx 4 — by 5.8 times, and SOD-2 — by 7
times, respectively.

Table 2 presents ratios of the glutathione system
components reflecting the maintenance of redox
homeostasis in the animal organism.

The dominating inhibition of antioxidative
components in tumor development and their excess in
chronic pain introduced differently directed shifts into
the function of physiological cascades of antioxidant
enzymes. In particular, control animals (chronic
neurogenic pain) demonstrated 1.22 times increase
in the GSH/GSSG ratio and 2.2 times decrease in the
GSH/GPx 1 ratio, as compared to the intact values.
Tumor growth in the comparison group contributed to
the reduction of the calculated ratios as follows: SOD-
2/GPx 1 was 2 times lower, GR/GPx 1 -2 times lower,

Table 2

Parameters of the glutathione cascade in mitochondria of skin cells in female mice during the growth of B16/F10 melanoma with
chronic neurogenic pain

Parameters Intact animals Control animals (chronic Comparison group Main group (chronic neurogenic pain +
neurogenic pain) (melanoma B16/F10) melanoma B16/F10)
3.9+0.130' 2.8 +£0.300° 3.1+£0.053°
+
GSH/GSSG 3:2+0.124 p'=0.004849 p*=0.007518 p*=0.000064
1.2 123
3340052 1?E§i2.567 2.?411 0.039
GSH/GPx 1 7.3+0.298 1= 0.000000 p'=0.001583 p'=0.000000
p=u p*=0.000102 p*=0.000084
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Table 2 (continued)

. Control animals (chronic Comparison group Main group (chronic neurogenic pain +
Parameters Intact animals neurogenic pain) (melanoma B16/F10) melanoma B16/F10)
1.1+£0.112'2 1.1+0.052"'?
SOD-2/GPx 1 22+0.129 1.8+ 0.100 p'=0.000036 p'=0.000004
p*=0.000464 p*=0.000031
123
324032412 2'12;006?)?)?)00
GR/GPx 1 6.4+0.258 6.0+0.115 p'=0.000006 p27 ’
2= 0.000003 p*=0.000000
p=r p*=0.008103

Note. 1 — statistically significant value compared to the values in intact animals; 2 — statistically significant value compared to the values in con-
trols (chronic pain); 3 — statistically significant value compared to the values in the comparison group (B16/F10 tumor).

while the GSH/GPx 1 ratio, by contrast, significantly
increased by 2.44 times. As compared to the group
with chronic neurogenic pain, the ratios in the group
with tumor growth were reduced: the GSH/GSSG
ratio fell by 1.4 times (p = 0.007518), SOD-2/GPx
1 — by 1.64 times, GR/GPx 1- by 1.87 times, while
the GSH/GPx 1 ratio rose by 5.4 times. The combined
effect of two pathological processes inhibited the
function of physiological cascades of antioxidant
enzymes. So, GSH/GPx 1 decreased by 2.5 times as
compared to the intact values, SOD-2/GPx 1 — by 2
times and GR/GPx 1 — by 2.9 times, respectively. In
comparison with the control group of animals (chronic
neurogenic pain), changes were observed for the GSH/
GSSG, SOD-2/GPx 1, and GR/GPx 1 ratios, which
manifested themselves through the reduction of their
values by 1.26 times (p = 0.000064), 1.64 times, and
2.7 times, respectively. The decrease in GSH/GPx 1
by 6 times and GR/GPx 1 — by 1.45 times was found,
compared to the group of animals with tumor growth
(the comparison group). Changes in the cascade
reactions were associated with GPx 1 responsible for
mechanical detoxification of peroxides performed
with the help of the enzymatic bi-bi mechanism
with two molecules of GSH. Due to this, enzymatic
detoxification of non-radical hydroperoxides took
place, and the oxidative-reductive balance was
regulated directly by elimination of hydroperoxides
and oxidation of GSH, the main low-molecular thiol
in the cells [10]. The overabundance of GPx 1 is quite
likely to result in a lack of potential substrates, which
manifests itself through inhibition of all cascades with
its participation.

DISCUSSION

Analyzing the obtained data, the authors believe
that mitochondria of skin cells in the presence of

chronic neurogenic pain respond towards the reduc-
tive stress, which manifests itself in the active produc-
tion of all the enzymes studied, including the tripep-
tide — GSH. In the case of the neoplastic process in
the skin mitochondria — the target tissue for melanoma
— the classical scenario of the peroxide theory of car-
cinogenesis is observed [11] with inhibition of all an-
tioxidant enzymes and accumulation of oxidized glu-
tathione. Chronic neurogenic pain in animals with the
tumor process prevents melanoma from changing the
reductive stress that already developed. Due to this,
all antioxidant enzymes are at quite high levels, but
the enzymatic cascade interaction is inhibited, which
is demonstrated by the values of the calculated ratios:
GSH/GPx 1, GR/GPx 1. The excessive accumulation
of reductive equivalents leads to reductive stress; it is
also characterized by the absence of oxidants and/or
by the decrease in excessive equivalents [12, 13]. The
concept of reductive stress is rather new. For a certain
time, the absence of cellular oxidants has been known
to reduce the growth responses of cells. Newer pieces
of evidence point to additional cellular and physiolog-
ical effects caused by the absence of cellular oxidants
and accumulation of excessive reductive equivalents,
including changes in the formation of disulphide pro-
tein bond, reduced mitochondrial function, and low-
er cellular metabolism [13]. At present, a number of
studies confirm that the “deoxidizing”, or reductive,
stress accompanies such conditions as hypoxia and
hyperglycemia, that inhibit the mitochondrial function
and cause the excessive accumulation of cellular re-
ducing equivalents [14—16]. The authors believe that
chronic neurogenic pain belongs to the same condi-
tions which can change the function of mitochondria
(in this case, mitochondria of skin cells) towards re-
ductive stress, and the trend remains if the neoplastic
process joins. The increasing amount of antioxidant
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enzymes under the effect of chronic neurogenic pain
at the moment of tumor appearance may be at such a
stable condition which cannot be reverted or inhibited
by the oxidative process which, in its turn, character-
izes the tumor growth.

CONCLUSION

The obtained results showed that chronic neuro-
genic pain has a modulating effect on the functioning
of skin cell mitochondria, promoting a shift of their
antioxidant system towards the reductive stress, which
manifests itself through an essential increase in the
content of antioxidant enzymes. Such a response of
mitochondria of skin cells can result in other patterns
in the development of the neoplastic process during
chronic neurogenic pain. Definitely, it is only skin that
is in question, and not the entire organism on the whole,
and the authors realize that a functional response of
mitochondria in different organs can vary. This is what
causes interest and requires further research.
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Effects of smoking on the level of SP-A and SP-D surfactant proteins
in the blood of patients without bronchopulmonary diseases

Kharlamova O.S., Nikolaev K.Yu., Ragino Yu.l., Voevoda M.I.

Research Institute of Therapy and Preventive Medicine, branch of the Federal Research Institute of Cytology
and Genetics of the Siberian Branch of the Russian Academy of Sciences
175/1, Boris Bogatkov Str., Novosibirsk, 630089, Russian Federation

ABSTRACT

Every year, about six million people die from tobacco use. Respiratory epithelium is the first line of defense against
exogenous invasion, in particular, harmful inhaled particles, pathogens and allergens. However, the epithelium
of the respiratory tract is also a regulator of immunological and inflammatory reactions through secretion of
inflammation and immune cell recruitment mediators. An important component of the pulmonary immune system
is the surfactant, and, in particular, its proteins SP-A and SP-D, synthesized mainly by type II pneumocytes.

Aim. To assess the levels of surfactant proteins SP-A and SP-D in the blood of smoking patients without
bronchopulmonary diseases.

Materials and methods. The study included 59 patients admitted to the department of internal medicine with
hypertension. The general group was divided into subgroups: non-smoking patients (n = 31) and healthy smokers
(n = 28). All patients underwent clinical, functional, diagnostic and laboratory tests. The content of surfactant
proteins SP-A and SP-D in the blood was determined by enzyme immunoassay.

Results. The subgroups did not differ in sex, age, height, body weight, blood pressure, heart rate, respiratory rate,
and the distribution of comorbidities. The subgroups differed in the platelet level; in other main parameters of
complete blood count and blood biochemistry no differences were revealed. It was found that the blood levels of
surfactant proteins SP-A and SP-D in the subgroup of healthy smokers were significantly higher in comparison with
the subgroup of non-smoking patients. The correlation analysis revealed a direct relationship between surfactant
proteins SP-A and SP-D and smoking (R = 0.360, p = 0.006, R = 0.274, p = 0.037), a negative correlation between
SP-D protein and age (R =—0.315, p = 0.016), and a direct relationship between SP-A protein and diastolic blood
pressure (R = 0.271, p = 0.039). In the non-smoking subgroup, a negative correlation between SP-D and age
(R=-0.438, p = 0.016) and between SP-D and systolic blood pressure (R =—-0.433, p = 0.017) was identified.

Conclusions. The direct relationship between higher levels of the surfactant proteins SP-A and SP-D and smoking
in the group of healthy smokers is justified (inflammatory changes, structural abnormalities in the lung parenchyma
under the influence of cigarette smoke). The SP-D protein is more significant in comparison with the SP-A protein
in vascular wall remodeling, lung tissue matrix, oxidative lung tissue damage, and apoptosis, which explains its
negative correlation with age and systolic blood pressure.

Key words: surfactant, surfactant protein A, surfactant protein D, biomarker, smoking.
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B/nAHWe KypeHusa Ha ypoBHU cypdaKkTaHTHbIX 6e1KoB SP-A u SP-D B KpoBu
y nauueHToB 6e3 6poHX0/1eroyHbIX 3ab601eBaHui

Xapnamosa 0.C., Hukonaes K.10., ParuHo 0./., Boeoga M.WU.

Hayuno-uccneoosamenvcruil uncmumym mepanuu u npoguiaxmuyeckoi meouyunot » (HUUTIIM) — ¢punuan Dede-
PANbHO20 UCCIe008aMeENbCK020 Yenmpa «Mnemumym yumonoauu u eenemuxuy Cubupckozo omoenenus Poccuiickotl
axademuu nayx (Mul” CO PAH)

Poccus, 630089, 2. Hosocubupck, ya. bopuca boeamxosa, 175/1

PE3IOME

AKTyaJIbHOCTB. E>XeromHo okono 6 MIIH 4eNOBEK YMHPAIOT U3-3a yIOTpeOneHus Tadaka. [IpIxaTebHbIA SIuTe-
T — TIepBast IMHUS 3aIUTHI IPOTHB 3K30TCHHOI HHBA3HH, B YaCTHOCTU BPEAHBIX BJBIXaEMBIX YaCTHI], TATOTCHOB
n annepreHoB. OJJHAKO SMHUTENHH IBIXaTENbHBIX MyTell ABISETCS HE MPOCTO (QH3UIESCKHM OapbepoM, HO U Pery-
JSITOPOM MMMYHOJIOTHYECKHX M BOCTATUTENBHBIX PEAKIUH MOCPECTBOM CEKPEINH MEIHATOPOB BOCHAICHHS H
PEKpyTHHTa HNMMYHHBIX KJIETOK. Ba’KHBIM KOMITOHEHTOM JIETOYHOH HMMYHHOI CHCTEMBI SIBIISIETCA Cyp(haKTaHT, B
gacTHOCTH ero Oenku SP-A u SP-D, cunTe3npyemMsie B OCHOBHOM ITHeBMonuTamu 11 Tuma.

Heab. Ouennts ypoBeHb cypdakranTHbIX 0eikoB SP-A u SP-D B KpoBH y KypsIMX HalEHTOB 0€3 HaIHYHs
OpOHXOJIErOYHBIX 3a00JIeBaHUI.

MatepuaJjibl 1 MeTOAbI. B nccienoBanue BKIOUEHb! 59 NallMEHTOB, FOCIUTAIM3UPOBAHHBIX B TEPAIEBTHUECKOE
OTZIEJICHHE TI0 TTOBOJy T'MIEPTOHMUYECKOW OosiesHn. OOmiast rpymma pasjelieHa Ha MOATPYIIIBL HEKypsIIue Ia-
ueHTHl (7 = 31) 1 «370poBbIe KypHiIbIMKNy (7 = 28). BceM manmeHTaM NnpoBeeHbl KIMHUYECKoe, (yHKIHO-
HaJIbHO-TMarHOCTHYECKOe 1 JJabopaTopHoe uccienoBanns. Coxepxanue cypdakranTHbIX 6enkoB SP- A u SP-D B
KPOBH OIPEJISIISUT METOJIOM UMMYHO(GEPMEHTHOT0 aHaIn3a.

Pesyabtarsl. [Toarpymnsl He pa3inyalkch 110 TOJy, BO3PACTY, POCTY, Macce Telld, YPOBHIO apTepHAIILHOTO [aB-
JICHHSI, YaCTOTE CEP/ICYHBIX COKPAIICHMH, YaCTOTE ABIXATCJIBHBIX JBHKCHHH, a TAKXKE MO PACHPEICICHHUIO CO-
MyTCTBYIOLIEH narosornd. CpaBHUBaeMbIe MOJITPYIIIBI JOCTOBEPHO OTIHYAIUCH 110 YPOBHIO TPOMOOLUTOB, 10
OCTaJILHBIM OCHOBHBIM IapaMerpaM OOIIEro aHalii3a KPOBH, OMOXUMHUYECKOTO aHaIU3a PA3IHYMil HE OTMEUYCHO.
BBIsiBIICHO, YTO YPOBEHb B KpoBU cypdakTaHTHbIX OeikoB SP-A n SP-D B moarpymnme «310pOBbIX KypHIIBIIH-
KOB» JIOCTOBEPHO BBILIC B CPABHEHHU C MOATPYIIION HEKypsIIMX HalMeHTOB. IIpH KOPPENISLMOHHOM aHajin3e
mpsiMasi CBsI3b MoJTydeHa Jis cypdaktanTHbix 0enkoB SP-A u SP-D u kypenus (R = 0,360; p = 0,006; R = 0,274;
p=0,037), O6parHas koppensunoHHas cBs3b BisiBieHa SP-D ¢ Bozpactom (R=-0,315; p = 0,016) 1 npsimas cBsi3b
Oenka SP-A ¢ muacronmyeckuM aptepuanbHbiM nasieHueM ((R = 0,271; p = 0,039). B moarpynie HeKypsImux mo-
nmy4eHa oopatHas cBsa3b SP-D ¢ Bo3pacrom (R =—0,438; p = 0,016) 1 CHCTOTMYECKUM apTEPUATTBHBIM JaBICHHEM
(R=-0,433; p=10,017).

3axirouenne. OTvedeHsl 0ojiee BBICOKHN YpoBeHb cypdakTaHTHBIX OenakoB SP-A u SP-D B rpynme Kypsimux ma-
LIUEHTOB, UX IPSAMAast CBA3b MIATOTCHETHYECKN 000CHOBAHA (BOCIIAIUTENIbHBIC H3MEHEHUS, CTPYKTYPHbIE QHOMAIHNH
B IIAPEHXMME JIETKUX MPU BO3ACHCTBUU CUrapeTHOro IpiMa). bemok SP-D Gonee 3naunM B cpaBHeHHU ¢ SP-A npu
PEMOJICTIMPOBAHUH COCYIUCTON CTEHKU, MATPUKCA TKAHH JIETKOTO, TIPH OKUCIUTEILHOM NOBPEXKICHUH TKAHU JIeT-
KOT'O ¥ aloNTo3¢, YTO 0OBACHAET €ro 00paTHYIO CBA3b C BO3PACTOM M CHCTOIMYECKUM apTepUaIbHBIM JIaBICHUEM.

Kawuessle ciioBa: cypdakrant, cyphakTaHTHBIH OeTok A, cypdakraHTHbIN Oerok D, Gnomapkep, KypeHue.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIHUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/Ieﬁ HaCTOS{H.[eﬁ CTaTbu.
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Uctounnkn ¢punHancupoBaHus. Marepuan cTaTby sBIsieTCsl yacThio Oro/pkeTHOM Tembl HUUTIIM — dununan
NIul' CO PAH «3OnunemMuonornueckiii MOHUTOPUHT COCTOSIHUS 3/10POBbsl HACETICHUS U U3yYEHHE MOJIEKYJISIp-
HO-T€HETUYECKUX U MOJIEKYJIIPHO-OMOIOTMYECKUX MEXaHU3MOB Pa3BUTHUS PACHPOCTPAHEHHBIX TEPANIEBTUYECKUX
3aboneBanuii B CHOMpPY JUTsl COBEPILICHCTBOBAHMS TTOJIXOJI0OB K UX JHAarHOCTHKE, NPOQHUIAKTHKE U JIeYeHUIO». Pa-
00Ta BBINOJIHEHA B paMKaX rOCyIapCTBEHHOT0 33/IaHMs [0 HHTerpaioHHoMy poekty (0324-2018-0040) «Paspa-
00TKa HOBBIX CIIOCOOOB IKCIPECC-IMArHOCTUKY 3a00JIeBaHHIA Yel0BEeKa Ha OCHOBE JCTEKILHH OpraHocienuduye-
CKUX MapKepOB C IIOMOIIbIO COBPEMEHHBIX (PH3MIECKHX U (PUIUKO-XMMHYECKUX MTOXOI0BY.

CooTBeTcTBHE MPUHIIMNAM 3THKH. Bce nanuenTs! noamnucanyi nHpopMupoBaHHOE coriacue. ViceienoBanue ono-
6peno nokanbHEIM dTHaecknM KomureroM HUWUTIIM — dpunman UIIUT CO PAH (mporokon Ne 15 ot 10.04.2018).

Js nuruposanus: Xapnamosa O.C., Hukonaes K.1O., Paruno }0.11., Boesoga M.U. Biusnue kypenus Ha ypoB-
HH cypdakTaHTHBIX OesikoB SP-A u SP-D B kpoBH y marueHToB 6e3 OpOHX0JIEroYHbIX 3a00eBaHuil. Browiemens

Effects of smoking on the level of SP-a and SP-D surfactant proteins

cubupcroi meouyunst. 2020; 19 (2): 104-111. https://doi.org: 10.20538/1682-0363-2020-2-104-111.

INTRODUCTION

Despite the efforts aimed at decreasing prevalence
of smoking, approximately six million people die due
to tobacco consumption worldwide annually [1]. Cig-
arette smoking contributes greatly to the pathogene-
sis of chronic obstructive pulmonary disease (COPD),
hypertension, cardiovascular and oncological diseases
with inflammatory components, such as atherosclerosis,
Crohn’s disease, rheumatoid arthritis, psoriasis, Grave’s
ophthalmopathy, and non-insulin-dependent diabetes
mellitus [2-5]. Apart from this, smokers show elevat-
ed sensitivity to microbial infections (respiratory tract
infections, bacterial meningitis and periodontitis) and
wound healing disorder [6]. Respiratory epithelium is
the first line of defense against exogenous invasion in-
cluding inhaled noxious particles, pathogens and aller-
gens. However, respiratory epithelium is not merely a
physical barrier, but also a regulatory mechanism for
immune and inflammatory responses through secretion
of inflammation and immune cell recruitment mediators
[7, 8, 9]. An important component of the immune system
is the surfactant and, in particular, its proteins SP-A and
SP-D, mainly synthesized by type Il pneumocytes [10].

Physiologically, small amounts of surfactant proteins
SP-A and SP-D are found in blood. Tobacco smoke pro-
motes increased alveolar-capillary leakage of surface-ac-
tive proteins into the blood, and their level may facilitate
assessment of damage to the lungs caused by smoke. The
potential to use surfactant proteins as markers of alveolar
epithelium damage against the background of smoking
has not been studied previously and only rare investiga-
tions regarding SP-A and SP-D levels in patients with
COPD have been conducted. Therefore, studying these
mechanisms is relevant in modern medical science for
identification of smoking individuals exposed to the risk
of COPD.

The aim of the study was to assess the levels of sur-
factant proteins SP-A and SP-D in the blood of smoking
patients without bronchopulmonary diseases.

MATERIALS AND METHODS

A total of 59 patients admitted to the department of
internal medicine with hypertensive disease were en-
rolled in the study. The inclusion criteria were: wors-
ening of hypertensive disease progression (the mean
index of systolic arterial pressure (SAP) >140 mmHg
during automatic evaluation of arterial blood pressure
at the doctor’s office), patients of both genders aged 18
to 75 years, absence of acute and chronic bronchial and
pulmonary diseases, absence of changes in spirometry
and x-ray scans of thoracic organs, and consent to par-
ticipate in the study and fill in a respective informed
consent form. The exclusion criteria were: presence of
acute infectious processes at the moment of enrollment;
presence of oncological diseases; previous chemother-
apy or radial therapy; immunodeficiency disorders;
previous/active pulmonary tuberculosis; clinically sig-
nificant (according to judgment of the researcher) unsta-
ble cardiologic disease, e.g. uncontrolled symptomatic
arrhythmia, atrial fibrillation, cardiac insufficiency with
congestion phenomena of 3" or 4™ grades according to
the NYHA classification; severe renal insufficiency di-
agnosed through evaluation of eGFR calculated using
the CKD-EPI formula (Chronic Kidney Disease Epide-
miology Collaboration) with consideration for creatinine
concentration in the serum below 15 ml/min/1.73 m?;
type 1 diabetes mellitus (DM); pregnancy or lactation;
and presence of a known life-threatening comorbidity
with life expectancy < 18 months from the moment of
enrollment into the study. The general group was divid-
ed into two subgroups: non-smoking patients (n = 31)
and healthy smokers (n = 28). “Healthy smokers” is a
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term used in modern literature meaning absence of re-
spiratory symptoms or minimal respiratory symptoms
(cough, expectoration, shortness of breath after insignif-
icant physical loads) that may only be revealed using a
clinical survey [11]. The subgroup of healthy smokers
only included patients with the minimal smoking index
of 2 packs/year.

All patients underwent clinical, functional, diagnos-
tic, and laboratory assessment. Laboratory diagnosis
(complete haemogram, blood biochemistry) was carried
out using the biochemical analyzer Beckman Coulter
AU 480 (Beckman Coulter, USA) and the haematolo-
gy analyzer Siemens advia2120i, BC 5300 (Germany).
The levels of the surfactant proteins SP-A and SP-D in
the blood serum were evaluated by the method of im-
mune-enzyme analysis using the Multiscan EX analyser
(Finland) and the ELISABioVendor test system (R&D,
USA). X-ray examination of thoracic organs was con-
ducted using the TeleKoRD-MT device (a remotely op-
erated diagnostic X-ray complex, Russia). The external
respiration function was evaluated using the Spirolab I
spirometer (Italy).

Statistical processing of the data obtained was per-
formed using the SPSS 10.05 program package. The
pattern of quantitative attribute distribution was deter-
mined using the Kolmogorov—Smirnov method. In case

of normal distribution, the mean value (M) and standard
deviation (SD) were calculated. The Student’s #-test was
used to compare normally distributed samples. In case
of non-Gaussian distribution, the median (Me), and the
25 and 75 percentiles were calculated. Interrelations be-
tween the attributes were evaluated through calculation of
the Spearman’s correlation coefficient (R). The 2 crite-
rion was used for qualitative attributes. The critical level
of statistical significance in the null hypothesis tests was
assumed to be 0.05. The study protocol was approved by
the local Ethics Committee at the research site.

RESULTS

The clinical characteristics of the patients are pre-
sented in Table 1.

The subgroups did not differ in sex, age, height, body
mass, arterial blood pressure level, heart rate, respiratory
rate or distribution of comorbidities.

The characteristics of patients’ laboratory data
(complete blood count, blood biochemistry, SP-A and
SP-D surfactant protein levels) are presented in tables
2 and 3.

The compared subgroups were significantly different
in thrombocyte levels; no difference was revealed in the
remaining parameters of complete blood count and bio-
chemistry.

Table 1
Clinical characteristics of the patients
General group of patients, Subgroup of healthy Subgr'oup ofnon-
Parameter _ _ smoking patients, p
n=159 smokers, n =28
n=731

Sex, men/women, 7 (%) 32(54.2) /27 (45.8) 17 (60.7) 11 (39.3) 15(48.4)/ 16 (51.6) 0.421
Age, years, Me (25%; 75%) 55 (47; 68) 53 (48; 65) 61 (44; 68) 0.543
Height (M + SD), cm 169.2+9.0 170.6 £ 9.6 168.0 8.3 0.113
Body weight, Me (25%; 75%), kg 79 (69; 85) 80 (71; 83) 75 (65; 86) 0.101
Systolic blood pressure (41 SD), 157 +26 162.7+26.8 152.3 +£24.3 0.343
mmHg

Diastolic blood pressure (M + SD), 39+ 12 918+ 127 363+ 10.5 0.320
mmHg

Respiratory rate (M SD), beats per 17.6+48 173+ 6.4 18.0+2.6 0.716
minute

Heart rate (M + SD), beats per minute 84.2+10.2 83.4+10.1 83.8+104 0.113
Nuomber of patients with type 2 diabetes, 8 (13.6) 4(14.3) 4(12.9) 0.885
n (%)

. . . -
gg“;‘b(‘j/r)"f patients with obesity, BMI > 21 (35.6) 10 (35.7) 11 (35.4) 0.933
, 0

Note. p - significance of differences between the subgroups of non-smoking patients and healthy smokers. BMI — body mass index.
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It was revealed that the blood level of surfactant pro-
teins SP-A and SP-D in the subgroup of healthy smok-
ers was significantly higher than in the subgroup of
non-smokers.

Significant correlations in the general group of pa-
tients are presented in table 4.

A direct correlation was found between SP-A and
SP-D surfactant proteins and smoking. An inverse cor-

relation was revealed between the SP-D protein and age.
Additionally, a positive correlation was found between
the SP-A protein and systolic arterial blood pressure.
While investigating the correlations in the subgroups
separately, a negative correlation was found between
SP-D and age (Spearman (R) -0.438, p = 0.016) and
SP-D and diastolic blood pressure (Spearman (R) -0.433,
p =0.017) in the subgroup of non-smokers.

Table 2
Patients’ laboratory data
ol amn st | Shuwattedty | St |
White blood cells, Me (25%; 75%), *10°/1 8.1(6.6; 10.1) 9.0 (6.5; 10.5) 7.6 (6.6;9.7) 0.427
Red blood cells (M + SD), *10°/1 45+0.7 45409 45+0.5 0.737
Hemoglobin (M + SD), g/l 135.3+£22.7 135.8+£27.7 1348+ 174 0.762
Platelets, Me (25%; 75%), *10°/1 225 (1765 267) 184 (150; 236) 249 (202; 268) 0.016
Erythrocyte sedimentation rate, Me (25%; 75%), mm/hour 8 (5;13) 8 (4;13) 9(6; 12) 0.861
Alanine aminotransferase, Me (25%; 75%), ME/I 18.5(12.0; 29.2) 21.5(14.1; 33.7) 15.0 (11.3; 23.2) 0.069
Aspartate aminotransferase, IU (25%; 75%), IU/I. 21.3(17.1; 35.0) 22.0 (18.3; 46.2) 20.5(17.0; 30.1) 0.349
Total protein (M=SD), g/l 71.0 £26.5 72.6+7.3 69.9 +5.7 0.146
Total bilirubin, Me (25%; 75%), mmol/l 13.7 (10.8; 17.4) 13.4(9.8;17.3) 14.2 (11.5;17.4) 0.611
Cholesterol (M + SD), mmol/l 48+1.3 47+ 1.1 48+ 1.4 0.902
Creatinine, Me (25%; 75%), mmol/l 99.0 (80.9; 21.6) 100.0 (81.2; 133.4) 98.0 (78.0; 108.0) 0.237
Glucose, Me (25%; 75%), mmol/l 5.2(4.6;5.9) 5.3(4.9;6.0) 5.0(4.4;5.8) 0.221
Urea, Me (25%; 75%), mmol/l 6.1(5.4;8.5) 5.9(4.8;8.9) 6.3 (5.5;8.1) 0.809
Note. p — significance of differences between the subgroups of non-smoking patients and healthy smokers.
Table 3
SP-A and SP-D surfactant protein levels
Parameter s | okt | et |

SP-A, Me (25%; 75%), (ng/ml) 34.19 (26.97; 45.96) 44.60 (28.35; 61.56) 29.26 (21.25;39.46) 0.007
SP-D, Me (25%; 75%), (ng/ml) 274.06 (173.95; 484.22) | 333.99 (232.32; 593.35) 242.37 (145.51; 356.80) 0.039

Note. p —significance of differences between the subgroups of non-smoking patients and healthy smokers.

Table 4

Significant correlations in the general group of patients

Correlation pair

General group of patients, n = 58

Spearman (R) P
SP-A — Smoking 0.360 0.006
SP-D — Smoking 0.274 0.037
SP-A — Diastolic blood pressure 0.271 0.039
SP-D —Age —0.315 0.016
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DISCUSSION

The obtained results regarding higher blood levels
of SP-A and SP-D surfactant proteins in the group of
healthy smokers in comparison with the subgroup of
non-smoking patients comply with the results obtained
by Sorensen G.L. et al. (2006), Mazur W. et al. (2011),
Behera D. et al. (2005), Helen Ilumets et al. (2011),
Moazed F. et al. (2016), and Nida, Lone (2018) [12—17].
Non-smokers usually demonstrate inflammatory chang-
es and structural abnormalities in respiratory ways and
parenchyma caused by cigarette smoke and leading to
passage of SP-A and SP-D surfactant proteins into blood
[18]. This is associated with loss of blood—air barrier
integrity against the background of smoking, which is
responsible for the leak of the secreted pulmonary pro-
teins into the blood channels through the vessels [19]. It
has been demonstrated in experiments that the gradient
of SP-A and SP-D concentration makes it possible for
proteins synthesized in the respiratory tract to leak into
the blood flow against the background of exposure to
cigarette smoke [16, 20, 21]. In certain circumstances,
including acute exposure to cigarette smoke, the level of
surfactant proteins may decrease in the bronchoalveolar
lavage fluid while simultaneously increasing in the blood
serum. The smoking status is a strong predictor of such
translocation [16, 22-24].

In our study, a strong association between SP-D and
SABP in the subgroup of non-smoking patients is worth
noting. In the literature available to us, there was no
reference to the association between surfactant proteins
SP-A and SP-D and systolic or diastolic arterial blood
pressure. It is known that hypertensive angiopathy essen-
tially involves vascular remodeling: a complex structural
and spatial modification of small arteries, including lung
tissues [25-27]. Wall remodeling is a multi-layer inter-
action including hypertrophy, hyperplasia, apoptosis,
hyalinosis, and fibrinoid necrosis of smooth muscle cells
as well as deposition of extracellular matrix [28, 29]. An
important role of SP-A and SP-D proteins in apoptosis
regulation, further digestion of cell debris by phagocytes
and subsequent remodeling of extracellular matrix has
been proved in experiments. However, SP-D is a more
potent modulator of pulmonary cell apoptosis in compar-
ison with SP-A [30]. Therefore, not only impairment of
alveolar-capillary permeability in the lungs is observed
against the background of higher arterial blood pressure,
but also active participation of SP-D in vessel wall re-
modeling, which may affect downregulation of this pro-
tein in blood.

In our study, the inverse correlation of SP-D blood
level and age was shown, while there was no correlation
between obesity and SP-D or SP-A. Research in this field

is rare and inconsistent. Thus, according to the study by
Sorensen G.L et al. (2006), age and obesity were out-
lined as important determinants of constitutional SP-D
circulation levels [12]. This is explained by the experi-
mentally demonstrated association between the alveolar
SP-D level elevation and increased oxidative damage to
lung tissue [31]. Studies by Betsuyaku T. et al. (2014)
and Zhao X.M. et al. (2007) devoted to the alveolar SP-D
level in humans showed no significant change in it with
age [32, 33]. These findings comply with the data by
Moliva J.I. (2014) revealing that no alveolar SP-D in-
duction was observed with increasing age alongside with
cytokine and oxidant induction [34].

Thus, a positive correlation between higher indices
of SP-A and SP-D surfactant proteins in the group of
smokers was pathogenetically substantiated. The SP-D
protein is more important than the SP-A protein for re-
modeling of the vessel wall and lung tissue matrix as
well as oxidative damage to lung tissue and apoptosis,
which explains its inverse correlation with age and sys-
tolic arterial blood pressure.

CONCLUSION

The levels of SP-A and SP-D surfactant protein in
smoking patients without bronchopulmonary diseases
were significantly higher in comparison with non-smok-
ing patients. The SP-A protein level has inverse correla-
tion with the age and systolic arterial blood pressure of
the patient.

Further research is required in order to determine
whether SP-A and SP-D could be used as markers for
early identification of smokers exposed to the risk of
COPD.

REFERENCES

1. WHO. Global Report on Trends in Prevalence of Tobacco
Smoking. Geneva, Switzerland, 2015.

2. Schauer G.L., Wheaton A.G., Malarcher A.M., Croft J.B.
Health-care provider screening and advice for smoking cessa-
tion among smokers with and without COPD: 2009-2010 Na-
tional Adult Tobacco Survey. Chest. 2016; 149 (3): 676—684.
DOI: 10.1378/chest.14-2965.

3. Campos Td. S., Richter K.P., Cupertino A.P. et al. Cigarette
smoking among patients with chronic diseases. Int. J. Car-
diol. 2014; 174 (3): 808-810. DOI: 10.1016/j.ijcard.2014.
04.150 .

4. Sopori M. Effects of cigarette smoke on the immune system.
Nat. Rev. Immunol. 2002; 2: 372-377. DOI: 10.1038/nri803.

5. Stampfli M.R., Anderson G.P. How cigarette smoke skews
immune responses to promote infection, lung disease and can-
cer. Nat. Rev. Immunol. 2009; 9 (5): 377-384. DOI: 10.1038/
nri2530.

6. NuortiJ.P., ButlerJ.C., Farley M.M., Harrison L.H., McGeer A.,
Kolczak M.S., Breiman R.F. Cigarette smoking and inva-
sive pneumococcal disease. Active Bacterial Core Surveil-

BlonneTteHb cMbunpckoi MeguuuHbl. 2020; 19 (2): 104-111 109



Kharlamova O.S., Nikolaev K.Yu., Ragino Yu.l., Voevoda M.I.

Effects of smoking on the level of SP-a and SP-D surfactant proteins

10.

1

Ju—

12.

13.

14.

15.

16.

17.

18.

19.

20.

110

lance Team. N. Engl. J. Med. 2000; 342 (10): 681-689. DOI:
10.1056/NEJM200003093421002.

. Zhang M., Shi R., Zhang Y. et al. Nix/BNIP3L-dependent mi-

tophagy accounts for airway epithelial cell injury induced by
cigarette smoke. J. Cell Physiol. 2019; 234 (8): 1420-1422.
DOL: 10.1002/jcp.28117.

. Zeglinski M., Turner C., Zeng R. et al. Soluble Wood Smoke

Extract Promotes Barrier Dysfunction in Alveolar Epithelial
Cells through a MAPK Signaling Pathway. Sci. Rep. 2019; 9
(1): 10027. DOI: 10.1038/s41598-019-46400-8.

. Dye J.A., Adler K.B. Effects of cigarette smoke on epithelial

cells of the respiratory tract. Thorax. 1994; 49 (8): 825-834.
DOI: 10.1136/thx.49.8.825.

Pastva A.M., Wright J.R., Williams K.L. Immunomodulato-
ry roles of surfactant proteins A and D: implications in lung
disease. Proc. Am. Thorac. Soc. 2007; 4 (3):252-257. DOI:
10.1513/pats.200701-018AW.

. Mastora 1., Remy-Jardin M., Sobaszek A., Boulenguez C.,

Remy J., Edme J.L. Thin-section CT finding in 250 volunteers:
assessment of the relationship of CT findings with smoking
history and pulmonary function test results. Radiology. 2001,
218(3):695-702. DOI: 10.1148/radiology.218.3.r01mr08695.
Sorensen G.L., Hjelmborg J.B., Kyvik K.O., Fenger M.,
Hoj A., Bendixen C. et al. Genetic and environmental influ-
ences of surfactant protein D serum levels. Am. J. Physiol.
Lung Cell Mol. Physiol. 2006; 290 (5): L1010-1017. DOI:
10.1152/ajplung.00487.2005.

Mazur W., Tolijamo T., Ohlmeier S., Vuopala K., Nieminen
P., Kobayashi H. et al. Elevation of surfactant protein A in
plasma and sputum in cigarette smokers. Eur. Respir. J. 2011;
38(2): 277-284. DOI: 10.1183/09031936.00110510.

Behera D., Balamugesh T., Venkateswarlu D., Gupta A., Ma-
jumdar S. Serum surfactant protein A levels in chronic bron-
chitis and its relation to smoking. Indian J. Chest. Dis. Allied
Sci. 2005; 47 (1): 13-17.

Tlumets H., Mazur W., Toljamo T., Louhelainen N., Niemin-
en P., Kobayashi H. et al. Ageing and smoking contribute to
plasma surfactant proteins and protease imbalance with cor-
relations to airway obstruction. BMC Pulm. Med. 2011; 11:
19. DOI: 10.1186/1471-2466-11-19.

Moazed F., Burnham E.L., Vandivier R.W., O’Kane C.M.,
Shyamsundar M., Hamid U. et al. Cigarette smokers have
exaggerated alveolar barrier disruption in response to lipo-
polysaccharide inhalation. Thorax. 2016; 71 (12): 1130-1136.
DOI: 10.1136/thoraxjnl-2015-207886.

Lone K.P., Nida. Plasma surfactant protein-A levels in appar-
ently healthy smokers, stable and exacerbation COPD patients.
Pak. J. Med. Sci. 2018; 34 (4): 934-939. DOI: 10.12669/
pjms.344.13951.

Hogg J.C. Pathophysiology of airflow limitation in chronic
obstructive pulmonary disease. Lancet. 2004; 364 (9435):
709-721. DOI: 10.1016 / S0140-6736 (04) 16900-6.
Hastings R.H., Grady M., Sakuma T., Matthay M.A. Clear-
ance of different-sized proteins from the alveolar space in hu-
mans and rabbits. J. Appl. Physiol. 1992; 73(4): 1310-1316.
DOI: 10.1152/jappl.1992.73.4.1310.

Gaunsback M.Q, Rasmussen K.J., Beers M.F., Atochi-
na-Vasserman E.N., Hansen S. Lung surfactant protein D

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(SP-D) response and regulation during acute and chronic lung
injury. Lung. 2013; 191 (3): 295-303. DOI: 10.1007/s00408-
013-9452-x.

Hirama N., Shibata Y., Otake K., MachiyaJ., Wada T., Inoue S.
et al. Increased surfactant protein-D and foamy macrophages
in smoking-induced mouse emphysema. Respirology. 2007,
12 (2): 191-201. DOI: 10.1111/j.1440-1843.2006.01009.x
Winkler C., Atochina-Vasserman E.N., Holz O., Beers M.F.,
Erpenbeck V.J., Krug N. et al. Comprehensive characterisa-
tion of pulmonary and serum surfactant protein D in COPD.
Respir. Res. 2011; 12: 29. DOI: 10.1186/1465-9921-12-29.
Moré J., Voelker D., Silveira L., Edwards M., Chan E., Bow-
ler R. Smoking reduces surfactant protein D and phospholip-
ids in patients with and without chronic obstructive pulmonary
disease. BMC Pulm. Med. 2010; 10: 53. DOI: 10.1186/1471-
2466-10-53.

Gutsol A.A., Blanco P., Samokhina S.I. et al. A novel method
for comparison of arterial remodeling in hypertension: Quanti-
fication of arterial trees and recognition of remodeling patterns
on histological sections. PLoS One. 2019; 14 (5): e0216734.
DOI: 10.1371/journal.pone.0216734.

Rizzoni D., Agabiti-Rosei E. Structural abnormalities of small
resistance arteries in essential hypertension. Intern. Emerg.
Med. 2012; 7 (3): 205-212. DOI: 10.1007/s11739-011-0548-0.
Laurent S., Boutouyrie P. The structural factor of hyperten-
sion: large and small artery alterations. Circ. Res. 2015; 116
(6): 1007-1021. DOI: 10.1161/CIRCRESAHA.116.303596.
Hill G.S., Heudes D., Jacquot C., Gauthier E., Bariéty J. Mor-
phometric evidence for impairment of renal autoregulation in
advanced essential hypertension. Kidney Int. 2006; 69 (5):
823-831. DOI: 10.1038/sj.ki.5000163.

Schoen F.J. Robbins basic pathology. In: Kumar V., Abbas
A. F.N,, editor. Pathologic Basis of Disease. 7th ed. Philadel-
phia: Elsevier Saunders; 2012: 511-554.

Vandivier R., Ogden C., Fadok V. A., Hoffmann P., Brown K.,
Botto M., Walport M. J., Fisher J. H., Henson P. M., Gree-
ne K. E. (2002). Role of surfactant proteins A, D, and Clq
in the clearance of apoptotic cells in vivo and in vitro: cal-
reticulin and CD91 as a common collectin receptor complex.
J. Immunol. 2002:169(7), 3978-3986. DOI: 10.4049/jimmu-
n01.169.7.3978

Umstead T.M., Freeman W.M., Chinchilli V.M., Phelps D.S.
Age-related changes in the expression and oxidation of bron-
choalveolar lavage proteins in the rat. Am. J. Physiol. Lung
Cell Mol. Physiol. 2009; 296 (1): L14-29. DOI: 10.1152/
ajplung.90366.2008.

Betsuyaku T., Kuroki Y., Nagai K., Nasuhara Y., Nishimu-
ra M. Effects of ageing and smoking on SP-A and SP-D levels
in bronchoalveolar lavage fluid. Eur. Respir. J. 2004; 24 (6):
964-970. DOI: 10.1183/09031936.04.00064004.

Zhao X.M., Wu Y.P., Wei R., Cai H.X., Tornoe 1., Han J.J. et
al. Plasma surfactant protein D levels and the relation to body
mass index in a Chinese population. Scand. J. Immunol. 2007,
66 (1): 71-76. DOI: 10.1111/5.1365-3083.2007.01943 x.
Moliva J.I.,, Rajaram M.V, Sidiki S., Sasindran S.J., Guira-
do E., Pan X.J. et al. Molecular composition of the alveolar
lining fluid in the aging lung. Age (Dordr).2014; 36 (3): 9633.
DOI: 10.1007/s11357-014-9633-4.

Bulletin of Siberian Medicine. 2020; 19 (2): 104-111



Original articles

Acknowledgements
The study was performed at City Hospital No.25, Novosibirsk, Russia.

Authors contribution

Kharlamova O.S. — collection and processing of the materials, statistical processing, analysis and interpretation of data, drafting of
the manuscript. Nikolaev K.Yu., Voevoda M.I. — conception and design, analysis and interpretation of data, editing of the manuscript.
Ragino Yu.l. — conception and design, collection of data for analysis, analysis and interpretation of data, editing.

Authors information

Kharlamova Olga S., Post-Graduate Student, Junior Researcher, Laboratory of Emergency Medicine, Institute of Internal and
Preventive Medicine, Branch of the Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russian Federation. ORCID 0000-0001-
8788-685X.

Nikolaev Konstantin Yu., Dr. Sci. (Med.), Professor, Head of the Laboratory of Emergency Medicine, Institute of Internal and
Preventive Medicine, Branch of the Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russian Federation. ORCID 0000-0003-
4601-6203.

Ragino Yulia I., Dr. Sci. (Med.), Professor, Corresponding Member of RAS, Head of the Institute of Internal and Preventive Medicine,
Branch of the Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russian Federation. ORCID: 0000-0002-4936-8362.

Voevoda Mikhail 1., Dr. Sci. (Med.), Professor, Academician of RAS, Head of the Federal Research Center for Basic and Translational
Medicine, Institute of Internal and Preventive Medicine, Branch of the Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russian
Federation. ORCID 0000-0001-9425-413X.

(<) Kharlamova Olga S., e-mail: olga.kharlamova2016@yandex.ru.

Received 06.09.2019
Accepted 25.12.2019

BlonneTteHb cMbunpckoi MeguuuHbl. 2020; 19 (2): 104-111 111



YK 616.24-002.592-008.811.9-07
https://doi.org: 10.20538/1682-0363-2020-2-112-119

Inflammatory activity and markers of extracellular matrix destruction
in pulmonary tuberculoma

Esmedlyaeva D.S.’, Alekseeva N.P." >3, Novitskaya T.A."**, Dyakova M.Ye.',
Ariel I.V.', Grigoriev B.M.3, Sokolovich E.G." 3

! St. Petersburg Scientific Research Institute of Phthisiopulmonology
2—4, Ligovsky Av., Saint-Petersburg, 191036, Russian Federation

2 Pavlov First Saint Petersburg State Medical University
68, L’va Tolstogo Str., Saint-Petersburg, 197022, Russian Federation

3 St. Petersburg State University
7/9, Universitetskaya Emb., Saint-Petersburg, 199034, Russian Federation

* North-Western State Medical University named after 1.I. Mechnikov
41, Kirochnaya Str., Saint-Petersburg, 195015, Russian Federation

ABSTRACT

Aim. To correlate the concentration of markers of extracellular matrix (ECM) destruction in peripheral blood with
morphological characteristics of inflammatory activity and to evaluate their applicability in determining treatment
strategy for patients with pulmonary tuberculoma (TUB).

Materials and methods. Peripheral blood samples were taken from 87 patients diagnosed with TUB. The
concentrations of matrix metalloproteinases (MMPs), such as collagenases (MMP-1 and MMP-8), stromelysin
(MMP-3), gelatinase (MMP-9), and tissue inhibitors of metalloproteinases (TIMP-1), were measured using the
ELISA method (R&D Systems, Minneapolis, MN, USA). The activity of o,-macroglobulin (MG), neutrophil
clastase (NE) and proteinase inhibitor (PI) were measured using enzyme assays; acute phase reactants (APR) —
haptoglobin (GP) and o, -acid glycoprotein (AGP) — were measured using immunoturbidimetric assays (Thermo
Fisher Scientific, USA). Statistica 7 software package and the predictive classification method (PCM) were
employed for data analysis.

Results. It has been established that TUB as a clinical form of pulmonary tuberculosis (TB) is characterised by
enzyme imbalance between MMP, NE and their inhibitors, namely, by an increase in the levels of MMP-1, MMP-
8, MMP-9, and NE and a decrease in MG without changes in MMP-3, TIMP-1 and PI. There is a clear correlation
between markers of ECM destruction in blood and morphological characteristics of inflammatory activity. The
combinations of MMP-1 and MG can serve as a diagnostic criterion for caseous necrosis in the TUB centre (the
alterative component of inflammation), while the levels of MMP-8 and MG can be indicative of granulomatous
changes in the capsule (the productive component of inflammation). Various combinations of markers of ECM
destruction (with or without APR) enable to predict a particular morphological pattern with accuracy from 80%
up to 92%.

Conclusions. When determining a treatment strategy for patients with TUB, biochemical data which allow to
assess the tempo and intensity of the inflammation process should be taken into account along with a dataset of
clinical and radiological features.

Key words: extracellular matrix, matrix metalloproteinases, proteinase inhibitors, pulmonary tuberculoma.
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PE3IOME

Hens. ConocTaBuTh ypoBeHb MapKEPOB JIECTPYKLIMHK BHeKIIeTouHOro Marpukca (BKM) B nepudepuueckoit KpoBu
¢ MOP(OIOrHYECKUMHU XapaKTePUCTUKAMH aKTHBHOCTH BOCIIAIIUTENIBLHOTO MPOLIECCa U ONPE/ICIIUTh BOZMOXKHOCTh
MX HCIIOJIb30BAHUsI IPH BBIOOPE TAKTUKH JICUSHHUs OOJIBHBIX ¢ TyOepkysemoii ierkux (TYB).

MarepuaJjnl 1 MeToabl. B mepudepnueckoit kpon 87 60mbHEIX (55 MyX4nH U 32 JKSHIIUHEI) ¢ BepHUIHPO-
BaHHBIM JMarHo3oM TYDB UMMyHO(GEepMEeHTHBIM METOJOM ONPEesIM KOHIIEHTPAIHIO KOJUIareHa3 (MaTpUKCHEIS
metayuronporenHassl (MMII) 1, 8), crpomenmsnna (MMII-3), xenatnnazer (MMII-9), TkaneBoro mHrHOHTOpa
MMII-1 (TUMII-1) ¢ ucnons3oBanneMm HabopoB R&D Systems (CILIA); sH3UMaTHYECKH — aKTUBHOCTb HEHTpO-
¢umbHOM dmactassl (HD), nporennaznoro nnruduropa (ITM) n a2-maxpornobymuna (MI); mMmyHOTYpOOIHME-
TPUYECKH — KOHIICHTPAINIO peakTaHTh! ocTpoil (a3sl Bocnanenus (POD): ranrornoduna (I'TI), al-kucioro rm-
korporernHa (AI'TI) ¢ ucnons3oBannem HabopoB Termo Fisher Scientific (CILA). [IpuMensn makeT nmporpamm
Statistica 7 ¥ MeTOJ IPOSKTUBHOH KIIacCH(HUKAIHN.

Pe3yabTathl. YcranoBieHo, uro TYD kak kmuHndeckas Gopma TyOepKye3a JIeTKHX XapaKTepu3yeTcs: Hapylie-
HueM Oamanca MMII u HD ¢ marnéuropamu: nossimenneM ypoas MMII-1, -8, -9, HO u cumkennem MI™ pu
orcyrctBud u3MeHeHnit MMII-3, TUMII-1 u I1IU. [Tokazano cooTBeTcTBHE MapKkepoB necTpykiun BKM B kpo-
BU MOP(HOTOTHUECKUM XapaKTEePUCTHKAM aKTHBHOCTH mporecca. VH(GopMaTHBHBIMU MOKA3aTENAMH JUIsl OLEHKH
aIbTEPHATUBHOTO KOMIIOHEHTA BOCTIAIeHHs (HaIM4us Kazeosa B ieHTpe TYD) 1 ero npo yKTHBHOTO KOMIOHEHTA
(TpaHyJIeMaTO3HBIX N3MEHEHUH B Karicye) sBisercs kak coueranne MMII-1 ¢ MI', rak 1 MMII-8 ¢ MI'. Pa3nuu-
HbIe KOMOMHAINH TTOKa3areneil Mapkepo aectpykunu BKM (B coueranuu ¢ PO® wmu 6e3) 1atoT BO3MOXKHOCTh
MPOTHO3UPOBATH Ty WM HHYIO MOP(OIOTHIECKYI0 KapTHHY ¢ TOUHOCThIO 80-92%. 3akmiouenue. IIpu Beibope
TaKTHUKH JedeHust OonpHbIX ¢ TYD crnemyer mpuHMMAaTh BO BHUMaHHE OMOXMMHUYECKHE JaHHBIE C MX OIEHKOM
AKTHBHOCTH BOCHAJIHMTEIBHOTO MIPOLecca HapsITy ¢ KOMIIEKCOM KIMHUKO-PEHTTEHOIOTHIECKUX XapaKTEePHCTHK.

KuroueBble ¢JI0Ba: BHEKIICTOUHBIH MAaTpUKC, MATPUKCHBIC MCTAJUIONPOTEUHA3DI, I/IHFI/I6I/ITOpLI IpoTerHa3s, Ty6ep—
KyJieMa JICTKUX.

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI JACKIAPpUPYIOT OTCYTCTBUE SABHBIX U INOTCHUHUAJIBHBIX KOH(bJ’II/IKTOB HUHTEPECOB,
CBA3aHHBIX C ny6nmcauneﬁ HaCTOﬂLHeﬁ CTaTbu.
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UcTtounnk puHaHcHpoBaHMs. ABTOPBI 3asBIISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHUS MPU MIPOBEACHUU HCCIIEI0-

BaHMU.

CooTBercTBHEe MPpUHIHNAM 3THKH. OOCIICIOBaHNUS BBIITOIHEHBI C HHPOPMUPOBAHHOTO COTJIACHS MAIIMEHTOB. Mc-
ClIeZIOBaHKE 0J00PECHO JOKAIBHBIM dTHYecKiM KomuTeToM CI16 HUND.

Jns uurupoBanus: Dcmemiaesa J[.C., Anexceesa H.I1., HoBunkas T.A., IpsaxoBa M.E., Apuane .M., ['puro-
preB U.B. , Cokomnoud E.I'. AKTHBHOCTH BOCHAJIMTEIBEHOTO TPOIEcCca M MapKEPhl JECTPYKIIMN BHEKIECTOYHOTO
MaTpHKca Ipu TyOepKyleme Jerkux. broaremens cudupckou meduyunvl. 2020; 19 (2): 112-119. https://doi.org:

10.20538/1682-0363-2020-2-112-119.

INTRODUCTION

The search for various markers that would enable
early diagnosis and prediction of treatment effective-
ness for various pathologies has not lost relevance.
The complexity of the problem is explained by the fact
that most of the markers are highly sensitive, yet not
specific enough. This determines the potential of their
aggregate isolation and as a clinical prognostic tool
[1]. Currently, one of the methods for assessing the
intensity of the inflammatory and destructive process
is evaluating the activity of various classes of blood
proteinases: serine, cysteine, aspartic, and matrix met-
alloproteinases (MMPs). The latter are divided into
several subgroups based on their substrate specifici-
ty: collagenases, gelatinases, stromelysins, etc. [2].
Proteins of the MMPs perform a double role in the
pathogenesis of inflammation, causing the destruc-
tion of all components of the ECM and regulating the
immune response in the inflammatory processes. The
ultimate effect of the proteolytic systems depends on
the proteinase and proteinase inhibitor correlation.
Neutrophils, monocytes, macrophages, fibroblasts,
and epithelial cells are the sources of MMPs. At the
post-translational level, serine proteinases are in-
volved in the pro-enzyme activation, while specific
tissue inhibitors (TIMPs) and a.-macroglobulin (MG)
regulate their activity [3]. Mycobacterium tuberculo-
sis (MTB) regulates matrix metalloproteinase gene ex-
pression along with tumour necrosis factor-o (TNFa)
and interleukin-1 (IL-1) [4].

A correlation between the morphological charac-
teristics of the inflammatory activity and the function-
al and metabolic properties of phagocytes in different
forms of pulmonary tuberculosis (PT) has been report-
ed in a few works [5], while data on their association
with the markers of ECM destruction cannot be found
in the literature.

Pulmonary tuberculoma (TUB) is a clinical man-
ifestation of secondary PT. The term TUB is used to
describe a caseous necrotic mass located in the lungs,

over 12 mm in diameter, encapsulated by multiple lay-
ers of fibrous connective tissue. In the capsule, single
Langhans cells, surrounded by epithelioid cell tuber-
cles (in the case of rapidly progressing inflammation
process), are sometimes found. However, the progres-
sion of TUB may be slow and torpid [6]. According
to the National Clinical Guidelines for Surgical Treat-
ment of PT, surgery is recommended for TUB after
4-6 months of chemotherapy with no effect [7]. The
absence of clinical and radiological signs of disease
activity does not exclude the presence of its morpho-
logical manifestations. In recent years, the morpho-
logical features of TUB have become especially well
known. It is mainly determined by the fact that the
evidence of mass lesions serves as an indication for
surgery, while the resected sections of lung tissue un-
dergo a thorough pathological examination [8].

The aim of the study was to correlate the chang-
es in the markers of ECM destruction (the activity of
MMPs and serine proteinase) in peripheral blood with
the morphological characteristics of the inflammation
process and to evaluate their applicability in determin-
ing a treatment strategy for patients with TUB.

MATERIALS AND METHODS

The study included 87 patients (55 men and 32
women) diagnosed with TUB (based on clinical as-
sessment and morphological examination), treated at
St. Petersburg Scientific Research Institute of Phthisi-
opulmonology, Department of Thoracic Surgery. The
average age of the patients was 35.3 + 1.2 years. All
the study participants were eligible for surgical treat-
ment (2011-2017). The control group consisted of
20 healthy donors whose demographic characteristics
were consistent with those in the patient cohort. In most
cases, TUB formed due to the involution of infiltrative
PT (95%) following chemotherapy for up to 1.5 years.
CT scanning of the chest cavity revealed that TUBs
located in the upper lobe, lower lobe, and bilaterally
account for 70.2%, 17.2%, and 12.5% of cases, respec-
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tively. TUBs with a size of 1-2 ¢m, 2—4 cm and more
than 4 cm were found in 57.14%, 28.51% and 14.35%
of cases, respectively. Before treatment, bacteriological
examination of the sputum was performed, and MTB,
mainly multidrug-resistant strains (MDR), was detec-
ted in 34.9% of cases, which is typical of present-day
tuberculosis, regardless of its clinical and anatomical
forms [9].

Biochemical tests were performed no earlier than
7 days prior to the surgery. The enzyme-linked im-
munosorbent assay (ELISA) was used to measure the
MMP concentrations in blood serum with R&D Sys-
tems reagents (Minneapolis, MN, USA). Representa-
tives of three MMP subfamilies — collagenases MMP-
1 and MMP-8; gelatinase MMP-9; and stromelysin
MMP-3 — were measured, as well as their inhibitor
TIMP-1. The concentrations of acute-phase reactants
(APR) — haptoglobin (GP) and a -acid glycoprotein
(AGP) — were determined using immunoturbidimetric
assays (Thermo Fisher Scientific, USA), according to
the manufacturer’s protocols. The enzyme methods
were used to assess the activity of serine proteina-
se — neutrophilic elastase (NE) [10], proteinase inhib-
itor (PI), and MG [11].

All TUBs showed morphological features of ca-
seoma (Table 1)*. The inflammatory activity was
assessed according to the B.M. Ariel classification
(1998) [6], based on the correlation between the pa-
rameters of caseous necrosis, capsules and surround-
ing lung tissue.

Table 1
Morphological characteristics of TUB inflammatory activity
Characteristic frequency
Morphological characteristics (absolute (n),
relative %)

Single 35(40.2)

E‘r‘nn::er of tubercu- Multiple 41 (47.0)

Conglomerate 11 (12.8)

Parameters of case- | Without melting 23 (26.8)

ous necrosis With melting 64 (73.2)
One layer 34 (39)
Capsule changes Two layers 53 (61)
2 23 (26)
Inflammatory activ- 3 52 (45)

ity level 4 24 (27.5)
5 1(1.5)

For statistical data analysis, the Statistica 7.0 soft-
ware package was used. Qualitative attributes were
presented in the form of absolute (n) and relative
values (%). The indicators were presented as medi-
ans (Me) and the interquartile range (25%; 75%) ([Q,;
O.]). For a number of indicators, logarithmic data

transformation — log, (x + 1) (MeL) — was used to re-
duce the skewness of distributions. The significance
of the relationship between qualitative variables was
tested using the Fisher’s exact test. The hypothesis of
homogeneity was estimated for two and several sam-
ples according to the criteria of the Mann—Whitney U
test and the Kruskal — Wallis test, respectively. Cor-
relation analysis was performed using the Spearman’s
rank correlation coefficient. Differences in indicators
were considered significant at a level of statistical sig-
nificance p < 0.05.

The objective assessment of morphological data
was carried out through analysis of a set of ECM de-
struction markers using the predictive classification
method (PCM) with a linear discriminant analysis
algorithm. The advantage of the method is the pos-
sibility of analysis regardless of the completeness of
the data presented [12]. Typically, the discriminant
function (DF) is calculated simultaneously for all
variables. PCM computes the set of most significant
correlating DFs, constructed from different subsets of
markers. Due to the small number of markers included
in the DFs, they are easier to interpret. Moreover, this
allows to examine the diversity of biochemical mani-
festations of the studied process from different points
of view. Discriminant weights (standardised coeffi-
cients) enable identification of the variables that con-
tribute the most to the discrimination between groups.
Positive DF values in patients provide evidence to as-
sign them to a group of patients with less severe man-
ifestations of the disease.

RESULTS

TUB, as a clinical form of PT, was characterised
by a moderate increase in blood concentrations of
collagenases (MMP-1 and MMP-8) and a significant
increase in gelatinase (MMP-9), while concentrations
of stromelysin (MMP-3) and TIMP-1 remained at the
control level. Additionally, there was a decrease in the
activity of another MMP inhibitor — MG. A statisti-
cally significant increase in the activity of serine pro-
teinase (NE) was established with no changes in its
inhibitor (PI) activity (Table 2)*.

Table 2

Concentrations of the analysed biochemical parameters in
patients with TUB, Me and MeL [0,; O]

Marker Patients with TUB Healthy donors
n=_87 n =20
1.74[1.31; 2.30] )

MMP-1L (ng/mL) »=0.002 1.17[0.89; 1.72]
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Table 2 (continued)

Marker Patients with TUB Healthy donors
n=287 n=20
3.27 [2.64; 3.94] .
MMP-8L (ng/mL) 2= 0.003 2.58 [2.22;2.70]
1638.00 [950.80; 2557.69] 71.99
MMP-9 (ng/mL) p=0.00004 [51.33; 73.94]
MMP-3L (ng/mL) 1.55[1.07; 2.16] 1.87 [1.57; 2.07]

TIMP-1L (ng/mL)

6.72 [6.58; 6.89]

6.66 [ 6.55; 6.80]

1.70 [1.40; 2.16]

MG (ME) = 0.00003 3.00 [2.46; 3.28]
195.60 [173.90; 217.30] | 163.00 [ 152.10;
NE (ME) p=0.0002 173.90]
PI (ME) 1.82[1.27; 2.17] 1.20[0.91; 1.31]
1.56 [1.08; 2.14] _
GP (g/L) o= 001 1.04 [0.90; 1.10]
AGP (g/L) 1.10 [0.86; 1.69] 0.96 [ 0.88; 1.08]

Note: TUB — pulmonary tuberculoma; MMP — matrix metallo-
proteinases; TIMP-1 — tissue inhibitor of metalloproteinases; MG —
a,-macroglobulin; NE — neutrophil elastase; PI - proteinase inhibitor;
GP — haptoglobin; AGP — orosomucoid; p — a statistical significance
threshold compared to healthy donors (Mann — Whitney U test).

We found a direct correlation between the concen-
trations of MMP-9 and MMP-8 (r = 0.44, p < 0.014)
and the NE activity (» = 0.23, p < 0.05), as well as
between the levels of TIMP-1 and MMP-9 (r = 0.31,

p <0.009). Given the ability of NEs to act as a pro-
MMP activator in the blood, it can be assumed that the
absence of changes in the concentrations of its main
inhibitor PI indirectly contributed to the growth of
MMP-1. A negative correlation (r = -0.46, p < 0.004)
between Pl and MMP-1 [13] was found. According
to the significant differences between the increase in
MMP-1 and MMP-8 concentrations and a decrease in
TIMP-1 in the blood, the proteolytic processes inten-
sified as the TUB size grew. Consequently, the deg-
radation of ECM during the formation of TUB was
associated with an imbalance between proteinases and
inhibitors, namely, the prevalence of the two classes
of proteinase (MMP and NE) concentrations. This
information is consistent with the reports stating that
mycobacterial infection is able to enhance the expres-
sion and secretion of MMP, but not TIMP-1 [14].

The statistical analysis showed that morphological-
ly, neither gender (Fisher’s test), nor age or duration of
chemotherapy (Kruskal — Wallis test) correlate with the
intensity of the TUB inflammation process: all results
had statistical significance over 0.70. At the same time,
analysis of the interrelation between the biochemical
parameters of destruction and the morphological signs
of the inflammatory activity revealed associations with
changes in the MMPs levels (Table 3)*.

Table 3

Concentrations of the analysed biochemical parameters with regard to the morphological sings of the inflammatory activity in TUB,
Me and MeL [Q,; O.]

Parameters of caseous necrosis (Signs of melting)

Changes in the capsule

Marker

No
n=23

Yes
n=64

Single-layered
n=734

Double-layered
n=>53

MMP-1L (ng/mL)

1.59 [1.10; 1.83]

1.96 [1.48; 2.46]
p=0.04

1.82 [1.57; 2.40]

1.78 [1.26; 2.69]

MMP-S8L (ng/mL)

3.28 [2.87; 3.87]

2.96 [2.46; 3.52]

2.84[2.62; 3.26]

3.37[2.92; 3.73]
p=0.02

MMP-9 (ng/mL)

1575.63
[916.30; 2195.86]

2,060.67
[913.68; 2,988.27]

1,647.07
[936.91; 2,228.03]

1,623.43
[916.29; 2,253.56]

MMP-3L (ng/mL)

1.56 [1.10; 1.84]

1.50 [0.86; 2.13]

1.41[0.87; 1.77]

1.64 [1.07; 2.14]

TIMP-1L (ng/mL)

6.70 [6.60; 6.86]

6.66 [6.57; 6.86]

6.79 [6.65; 6.82]

6.64 [6.65; 6.93]

MT (ME) ‘ 2.20[1.36; 3.09] ‘ 2.11[1.44; 2.72]
MG (ME) 1.84 [1.40; 2.12] o 0.04 1.82[1.6; 2.22] b 0.04
NE (ME) 197.33 205.68 196.61 201.02
[173.90; 217.30] [162.90; 241.83] [179.30; 217.30] [168.43; 225.47]
PI (ME) 1.69 [1.27; 2.15] 1.80 [1.55; 2.09] 1.63 [1.45; 1.84] 1.66 [1.22; 2.15]

Note. TUB - pulmonary tuberculoma; MMP —matrix metalloproteinases; TIMP-1 — tissue inhibitor of metalloproteinases; MG — a,-macroglob-
ulin; NE —neutrophil elastase; PI—proteinase inhibitor; GP — haptoglobin; AGP — orosomucoid; * p — a statistical significance threshold between

the groups (Mann — Whitney U test).
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With perceptible signs of melting, the values of
MMP-1 and MG were higher (although the latter was
lower than the control level in both cases) than with
no signs of melting. The obtained results appear logi-
cally conclusive, as the centre of the granuloma, rep-
resented by caseous masses, is formed from destroyed
macrophages that die upon contact with the MTB and
release of proteinases, which violates the protease/an-
tiprotease balance. This is consistent with the opinion
of A. Kubler (2015) on the leading role of MMP-1 in
the formation of the caseous centre [15].

A double-layered capsule composed of collage-
nous connective tissue (in the outer layer) and gran-
ulation tissue with macrophages, epithelioid cells and
Langhans cells (in the inner layer) is formed during
the transition from stabilisation to progression phase.
Compared to the single-layered fibrous capsule, the
double-layered one is associated with a more pro-
nounced increase in MMP-8 / MG values. This is con-
sistent with the published data on the increase in the
number of granulocytes and their phagocytic activity
with active TUBs [5].

Similarly, in contrast to the inflammation process
of moderate intensity (level 3 of disease activity) and
low intensity (level 2 of disease activity), acute in-
flammation process of high intensity (levels 4 and 5 of
disease activity) revealed an increase in the concentra-
tions of MMP-1 (p = 0.03) and MMP-9 (p = 0.04) and
a decrease in the MG activity (p = 0.003). Besides,
the values of MMP-3, TIMP-1 and PI were within the
specific reference ranges, while the concentrations of
NE were above the upper end of the reference range,
regardless of the intensity of the inflammatory activity
in terms of morphology and its constituent character-
istics (Kruskal-Wallis test).

Consequently, the progression of the inflammation
process is reflected in a more pronounced imbalance
in the proteinase/inhibitor system, which is consistent
with the literature data [16]. Moreover, this is true
for all patients with at least one TUB lesion. In other
words, the number of TUBs is irrelevant to the case.

PCM was used to classify the patients according to
the degree of the inflammatory activity level. 8 mark-
ers of ECM destruction were analysed. For a more
complete assessment, the analysis included data on the
status of such multifunctional APRs as GP (one ofits
functions is the activation of pro-MMP-1) and AGP (it
activates fibrogenesis) (Table 2). 32 DFs, separating
patients with the lowest inflammatory activity level 2
(DF1) and the highest levels 4 and 5 (DF2) from the
rest of the patients with the accuracy 80-92%, were

obtained as outcome indicators of PCM associated
with different levels of disease activity (Table 4)*.

Table 4

The most informative combinations of the analysed biochemical
parameters, which determine the accuracy of inflammatory
activity assessment in TUB

Most informative combi-
. . Pre-
nations of concentrations Level of diction
Parameters | of the analysed biochem- | inflammatory aceurac
ical parameters and their activity y
. (%)
weight
MMP-8 (1.13). NE
(0.02). 2/3-5 86
DF 1 PI (-1.03).
MMP-8 (1.34). MG 2/3-5 83
(1.14). AGP (-1.29).
MMP-1(0.55). MMP-3 2-3/4-5
DF2 (0.089). MG (~1.53) 922

Note. TUB — pulmonary tuberculoma; MMP — matrix metallopro-
teinases; MG — a,-macroglobulin; NE — neutrophil elastase; PI— pro-
teinase inhibitor; AGP — orosomucoid.

Taking into consideration high interdependence
among the DFs, determined by the method of their
construction, we will limit ourselves to interpreting
only a few of them. Separation of the patients with
low-level inflammatory activity (level 2 of disease ac-
tivity) from the rest of the patient population (levels 3
to 5) reflects neutrophil characteristics (DF1). This is
characterised by lower values of neutrophil collage-
nase (MMP-8) and neutrophil degranulation marker
(NE) in combination with a high concentration of its
inhibitor (PI) according to the values of the correla-
tion coefficient between proteinases and the inhibitor.
When we consider the progression from inflammation
of low and moderate intensity (levels 2-3 of disease
activity) to severe inflammation (levels 4-5 of disease
activity) (DF2), the combination of the concentrations
of MMP-1 and stromelysin is of utmost significance.
This is consistent with the published reports on the
decisive role of the MMP-3 / TIMP-1 correlation in
the destruction of ECM [17].

The use of PCM for assessing the morphological
signs of the inflammation process enabled to identify
the areas typical of patients with level 2 and levels
4-5 of the disease activity. Classification of patients
with level 3 of the disease activity posed the greatest
challenge. The disease in this group of patients may
develop in either direction. This indicates not so much
the limitations of the method as the unavoidable sim-
plification of the mathematical model of the polymor-
phic picture of the inflammation process. Only two
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morphological parameters — ‘the nature of the caseous
masses’ and ‘the state of the capsule’ — were taken
into account. Apparently, for a clearer classification,
it is required to analyse more data with the inclusion
of additional variables, such as screenings in the sur-
rounding lung tissue, bronchial lesions, and regional
lymph nodes.

With the example of TUB, the applicability of the
PCM for assessing the inflammatory activity with the
use of combinations of three ECM destruction mark-
ers (with or without APR) with prediction accuracy
of 80-92% was shown. The proposed method enables
a deeper understanding of a variety of biochemical
manifestations of tissue and cellular inflammatory
mechanisms. The absence of significant differences in
most indicators of ECM destruction in their isolated
assessment based on the morphological characteristics
does not exclude their significant contribution to the
formation of different morphological features.

In conclusion, it should be noted that when choos-
ing the treatment strategy for patients with TUB, bio-
chemical data assessing the intensity of the inflamma-
tion process should be taken into consideration along
with a set of clinical and radiological features.

CONCLUSION

TUB, as a clinical form of secondary PT, is charac-
terised by an increase in the levels of different classes
of proteinases in peripheral blood. This contributes to
a shift in the proteinase/inhibitor system balance to-
wards proteinases. An increase in the concentrations
of collagenases (MMP-1, MMP-8) and gelatinase
(MMP-9) is observed, while stromelysin (MMP-3)
and TIMP-1 remain at the control level along with
low MG activity and uncompensated increase in the
NE level.

There is a correlation between the markers of ECM
destruction in peripheral blood and the morphological
characteristics of the disease activity. Thus, the com-
bination of MMP-1 and MG is an indicator for assess-
ing the alternative component of inflammation (pres-
ence of caseous necrosis in the TUB centre), while the
MMP-8 / MG system serves as a diagnostic criterion
for its productive component (granulomatous changes
in the capsule).

Using TUB as an example, the applicability of
PCM for assessing the morphological features of the
inflammation process using a number of combinations
of three markers of ECM destruction (with or without
APR) in peripheral blood with prediction accuracy of

80-92% was shown. They can be used as additional
criteria in determining the treatment strategy for pa-
tients with TUB.
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The role of IL-33/ST2 system in the modulation of the immune response
in infective endocarditis (a literature review)
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ABSTRACT

An inflammatory process accompanied by a considerable number of pathological conditions in the body is one of the
symptoms of infective endocarditis. The components of the immune system involved in the inflammatory response
may serve as markers determining the development and prognosis of the disease and as potential therapeutic
targets. These components include cytokines I1L-33, sST2, and the IL-33/ST2 system, which are actively involved
in the modulation of the inflammatory response. At present, the role of these biologically active molecules is well
described for various pathologies associated with tissue destruction, including cardiovascular diseases, but not
for the pathogenesis of infective endocarditis. This review is aimed at analyzing the available information on the
pathogenesis of infective endocarditis, the role of IL-33 and ST2 in the formation of the inflammatory response
in various pathological processes, and changes in the expression of the genes encoding these proteins under the
influence of various factors.

Key words: 1L-33, ST2, interleukin, infective endocarditis, cardiovascular diseases, protein secretion, gene
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PE3IOME

[Ipouecc BocnaneHus, KOTOPbI COIPOBOKAAET HEMAJIOE KOJIUYECTBO 1aTOJOIMYECKUX COCTOSIHUI OpraHu3Ma, siB-
JSIETCS OJJHUM 13 (POPMHPYIOIINX KOMIUIEKC CHMIITOMOB HH(EKIIHOHHOTO YHI0KapANTa (hakTopoB. KOMIOHEHTEI
HMMYHHOH CHCTEMBI, y4acTBYIOIIME B BOCIAIUTEIBHOM OTBETE, MOTYT SIBISTHCSA MapKepaMH, OIPEAeNIIONIUMU
pa3BHTHE M IPOTHO3 3a00JIEBaHMs, a TAKXKE MOTYT OBITh NOTEHINAILHBIME TepareBTHIecKnMH MumreHsmu. K ra-
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INTRODUCTION

The morbidity of infective endocarditis (IE) even
in economically prosperous countries of Western Eu-
rope and the USA ranges from 25 to 93 per 1 mil-
lion people, and the mortality rate from this disease
remains high — from 18 to 36% according to various
sources [1]. The incidence of IE in the Russian Feder-
ation is 3—10 cases per 100 thousand people per year
[2]. Undoubtedly, IE is a heterogeneous disease char-
acterized by a wide range of clinical manifestations,
which depend on both an etiological agent and a com-
plex of predisposing factors.

Based on the notion of IE as a systemic disease, the
severity of which is largely determined by the immu-

nopathological processes associated with invasion and
elimination of the pathogen, the primary task in deter-
mining the ways of its prevention lies in the search for
key immunological factors that determine the body’s
resistance to pathogenic and opportunistic microor-
ganisms. Components of the immune system, such as
cytokines, immunoglobulins, components of the com-
plement system, and others, are active participants in
the inflammatory response induced by the introduc-
tion of a microbial agent. A key way to initiate an in-
flammatory response is to activate NF-kB and MAPK
signaling pathways, pathogen-associated molecular
patterns (PAMPs) of microorganisms, and some cy-
tokines (e.g., tumor necrosis factor-alpha (TNFa) and
interleukin-1 (IL-1)).
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We suggest that one of the risk modifiers for IE
may be the ST2L transmembrane receptor (suppres-
sion of tumorigenicity 2 ligand). The ST2L protein is a
member of the Toll/interleukin-1 superfamily — high-
ly conserved intracellular signaling domains. Repre-
sentatives of this family initiate innate immunity by
activating the transcription factor NF-kappa B (NF-
kB), which leads to the formation of pro-inflammatory
cytokines. However, it was found that ST2L forms a
heterodimeric complex for binding of IL-33 to IL-1R.
The IL-33/ST2 signaling complex can stimulate the
immune responses of both type 1 helper T cells (Thl)
and type 2 helper T cells (Th2) depending on the type
of the activated cell, microenvironment, and cytokine
network in the damaged tissue [3]. At the same time,
in experimental works, it was shown that I[L-33, which
is a member of the IL-1 family, could independently
function as a modulator of the NF-kB signaling path-
way activity and the Toll-like receptor (TLR)/IL-1R
canonical signaling pathway [4, 5].

The aim of the research was to collect available in-
formation on the relationship between the 1L.-33/ST2
system and the polymorphism of genes encoding its
components, the changes in their expression level and
the pathogenesis of infective endocarditis.

SEARCH STRATEGY

This review includes data from relevant articles
describing the role of gene polymorphism of the in-
nate immune response and the features of their expres-
sion in patients with infective endocarditis, published
from January 2008 to January 2018 and presented in
the PubMed database. Search queries were formulat-
ed with the following word combinations: “infective

bR 13 9 9

endocarditis”, “gene expression”, “interleukin”, “car-
diovascular diseases”, “protein secretion”. Search for
publications not found with these combinations was

performed using references in relevant articles.

INFECTIVE ENDOCARDITIS

Infective endocarditis (IE) is one of the multifacto-
rial diseases. It comes second among the causes of the
development of acquired heart defects. The key point
in the formation of pathological changes in the val-
vular apparatus is an infection, usually of a bacterial
etiology, which affects valvular and subvalvular heart
structures and has an acute or subacute course [6, 7].
Microbial colonization is possible in damaged areas of
native heart valves, or prosthetic structures. There is
a probability of colonization of intracardiac implants
and foreign intravascular prosthetic materials used

in a wide range of therapeutic surgical interventions
for the correction of cardiovascular pathologies. The
progress in conservative and surgical treatment, the
emergence of new risk groups, and the formation of
microorganism resistance to a wide range of antimi-
crobial agents have led to the emergence of new clin-
ical manifestations of IE, which complicates timely
diagnosis and worsens the prognosis of the disease.
Infective endocarditis that is not associated with intra-
venous drug use is a disease that occurs in both men
and women (however, the incidence of IE in men is
three times higher) at any age (but the risks are higher
for people over 50 years old) [8].

To date, more than 120 pathogens of infective
endocarditis are known. The leading pathogens are
gram-positive bacteria [2]. Most often, they are rep-
resentatives of the Streptococcus (Str. Viridans, Str.
Bovis, etc.), Staphylococcus (mainly S. aureus, S. epi-
dermidis) and Enterococcus genera. In some cases, the
pathogen may be fungi and bacteria from the HACEK
group (Haemophilus, Actinobacillus, Cardiobacteri-
um, Eikenella, and Kingella), other gram-negative ba-
cilli, and sometimes cocci [9].

Normally, the endothelium of the valvular heart
apparatus is resistant to bacterial colonization under
conditions of periodic transient bacteremia [6]. For
the development of IE not related to the intravenous
administration of narcotic drugs, a number of inde-
pendent factors are required. They include a change
in the heart valve surface to obtain a suitable place for
bacterial colonization; stable bacteremia, with a cir-
culating pool of highly virulent microorganisms; cre-
ation of an infected mass by “burying” a proliferating
microorganism in the protective matrix of fibrin and
platelets, the presence of immunosuppressive states,
including suppression of the immune response asso-
ciated with stress (hypothermia, malnutrition and in-
sufficient nutrition, chronic psycho-emotional stress);
a genetic predisposition due to mutational variability
of genes of different protein classes [8].

At the site of attachment of the bacterial colony,
an inflammatory reaction can be expressed up to the
level of abscess formation with the subsequent valve
leaflet destruction. The formation of abscesses is a sig-
nificant complication in IE, since abscesses can pen-
etrate deeper into the fibrous rings and myocardium
[10]. In addition to the deformation of the leaflet ap-
paratus, spreading on the heart valve prosthesis leads
to formation of fistulas, which can cause a complete
separation of the prosthesis from the fibrous ring. The
atrial surface of the mitral valve leaflets and the ven-
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tricular surface of the aortic valve leaflets are places of
an increased risk of vegetation attachment, as they are
areas of high pressure.

The inflammatory response in the development of
IE is systemic and stimulates the development of reac-
tions of both an innate and adaptive immune response,
starting with acute-phase proteins, complement sys-
tem activation, increasing concentrations of circula-
ting immunoglobulins of all classes, the appearance of
macrophages in peripheral blood, and the synthesis of
various types of circulating antibodies [11]. To con-
trol the growing infectious lesion, the host organism
intensively produces opsonic antibodies, cryoglobu-
lins, antibodies against bacterial heat shock proteins
and macroglobulins, and complement-fixing and ag-
glutinating antibodies. Antibodies against cell surface
components reduce the adhesion of C. albicans to
fibrin and platelets in vitro and reduce the incidence
of IE in vivo. Recent data indicate the possible role
of vaccination against the clumping factor A for the
IE prevention in simulation studies [12]. However, an
effective vaccine for humans has not been developed
yet.

Thus, the pathogenesis of IE includes several
factors: a pathogenic microorganism, damage to the
surface of the native heart valve or the presence of
a prosthetic heart valve, the activity of the immune
response, and exogenous and endogenous factors, in-
cluding individual susceptibility to infection [13].

Even though the clinical component of IE has been
studied sufficiently, opinions on the etiology of this
disease are split [13]. Besides, the trigger mechanism
for the development of the pathological process is not
well understood from the perspective of the immune
response activation. Information on the immune re-
sponse reactions, marker genes, and their expression
during the inflammatory response in IE is changing
[15]. At the same time, some researchers [15] demon-
strate the correlation between gene polymorphism
of the innate immune response and susceptibility to
S. aureus invasion and an increased risk of native
valve endocarditis development.

INTERLEUKIN-33 (IL-33)

Interleukin-33 (IL-33), a member of the family
of pro-inflammatory cytokines (IL-1), enters the cy-
toplasm and extracellular space when the cell is da-
maged. [L-33 is secreted in endothelial cells, epithe-
lial cells, and fibroblasts, both during homeostasis
control and in inflammation. IL-33 acts as an alarm
(alarmin activity) and is released upon cell destruction

or tissue damage to initiate immune cells [31]. IL-33
initiates and activates local inflammatory reactions
by recruiting and activating cells that have functions
associated with inflammation (eosinophils, basophils,
and neutrophils), stimulates fibrogenesis and angio-
genesis, affects vascular permeability (in vitro and in
vivo models), and participates in the restoration of the
mucous membrane integrity and wound healing [15].

The IL-33 gene is located on the 9p24.1 chromo-
some, with a length of 42,835 bases; it interacts with
IL1RL1, USP21, GATA3, and other genes. The con-
stant expression of IL-33 is registered in various types
of epithelial cells, fibroblasts, smooth muscle cells,
and mast cells [17]. The expression of IL-33 in macro-
phages is negligible, but its activation by anti-inflam-
matory factors, such as cell wall lipopolysaccharides,
may appear [18]. A polymorphic variant of this gene
with a mutation at rs7044343 is associated with the
modulation of coronary heart disease [19].

Despite the fact that 1L-33 belongs to the family
of pro-inflammatory IL-1, the presence of immuno-
regulatory properties distinguishes it from IL-1 and
the fibroblast growth factor, which obtained structural
similarity to IL-33 [20]. Being an important member
of the IL-1 family, IL-33 has pleiotropic effects in the
formation of the innate and adaptive immune respons-
es, and its level strictly correlates with the level of in-
flammation in the tissue [21]. At the same time, 1L-33
can regulate the nuclear transcription of protein genes,
which activate inflammation. IL-33 acts as a tradi-
tional cytokine by activation of NF-kB via the ST2L/
IL-1RAcP dimeric complex, or as an intracellular
activator of a nuclear factor by translocation into the
nucleus, where it binds to chromatin and modulates
gene expression. [L-33 can act as an alarm when it is
released after cell damage or as a negative regulator of
NF-kB gene transcription when it acts intracellularly
[3]. IL-33 is synthesized in the form of a precursor
with a molecular mass of 30 kDa. After propeptide
cleavage influenced by the caspase 1 enzyme, it is
transformed into a mature protein with a mass of 18
kDa. The precursor form is processed enzymatically
and then initiates inflammation through the Toll-like
receptor (TLRs) recognizing signaling system, acting
as an alarmin [22]. However, synthesized 1L-33 may
not go through the maturation stage. In this case, it acts
as a transcription inhibition factor due to the presence
of a nuclear localization signal in the propeptide. The
transcriptional repressor function, which is not char-
acteristic of the cytokine family, is realized through
bonds with the surface of the nucleosome in the pocket
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region formed by histones H2A and H2B [20]. Also,
IL-33 can serve as a non-histone chromosomal protein
involved in the assembly of nucleoprotein complexes,
supporting and strengthening the chromatin structure,
which affects the gene expression rate in these chro-
mosome regions. 1L-33 is expressed by both immune
cells, for example, macrophages and dendritic cells,
and non-immune ones — endothelial and epithelial
cells, and fibroblasts [21]. Unlike other members of
the IL-1 family, IL-33 primarily induces Th2 immune
responses and macrophage polarization through an al-
ternative activation pathway (the so-called M2 macro-
phages) [10]. The release into the extracellular space
occurs after tissue damage [23] and is accompanied
by Th2 initiation and stimulation of the secretion of
associated cytokines (IL-4, IL-5, and IL-13), as well
as by activation of the innate immune response cells
— mast cells and lymphoid cells of the innate immune
response (innate lymphoid cells, ILCs).

To activate the NF-kB and MAPK via the
MyD88-dependent signaling pathway, 1L-33 binding
to the plasma membrane receptor [3], consisting of
ST2L receptor proteins (tumor suppressor ligand 2)
and IL-1RACcP (interleukin 1 receptor auxiliary pro-
tein), is required. In addition to its role in the autoim-
mune response, which is the most studied [24], IL-33
is involved in the inflammatory processes accompa-
nying various cancer, pulmonary, intestinal, and car-
diovascular diseases [25]. There is also evidence of its
role in the pathogenesis of Alzheimer’s disease [26].
However, despite the obvious immunoregulatory ef-
fect on the course of IE, the participation of IL33 in
the pathogenesis of this inflammatory disease is not
described.

SUPPRESSION OF TUMORIGENICITY 2 (ST2)

The suppression of tumorigenicity receptor (ST2),
also known as ILIRL1, T1, DER4, or Fit-1, is a mem-
ber of the interleukin family. The IL1RL1 gene is lo-
cated on the long arm of the 2q12 chromosome and
contains 11 exons. ILIRL1 can perform the functions
of an immunomodulator, therefore it is expressed both
as a receptor attached to a membrane, activated by IL-
33, and as a soluble variant (sST2), which exhibits an-
ti-inflammatory properties.

As a result of alternative splicing of IL1IRL1, ST2
can be expressed in four functional isoforms: ST2L
(membrane-bound form), sST2 (soluble form), ST2V —
an isoform similar to sST2 but lacking the third extra-
cellular domain of immunoglobulin [27], and ST2VL
with a transmembrane domain. ST2L is expressed by

various immune cells, such as mast cells, monocytes,
dendritic cells, and is selectively expressed on Th2
cells, but not on Th1 lymphocytes [28].

In addition to the expression of ST2L on the sur-
face of many immune cells (lymphocytes (Th2), nat-
ural killer (NK) cells), the expression of this receptor
on the surface of myeloid cells, such as monocytes,
dendritic cells and granulocytes, was identified [3].
It was found that the effects of ST2L are realized
through the negative control of IL-1RI and TLR4,
which consists in blocking the MyD&88 and Mal adap-
tor proteins. This blocking leads to the inhibition of
TLR signaling and promotes the development of a
Th2 immune response. However, the control does not
extend to the TLR3 signaling pathways and does not
affect the transcription factor of type IlI interferons
(IFNs), which makes it possible to further regulate
the inflammatory response to virus infection through
activation of interferon alpha and beta (IFNa, -p)
transcription, as well as through other interferon-in-
duced genes.

At the same time, sST2 binding to IL-33 leads to
blocking of the signaling pathway along the IL-33/
ST2L axis [30] and reduces anti-inflammatory ef-
fects, thus eliminating the cardioprotective effect. It
is believed that the soluble form of ST2, as an IL-
33 trap, plays a crucial role in several autoimmune
diseases, including systemic lupus erythematosus,
sclerosis, and rheumatoid arthritis [30, 32]. Being a
mechanically induced cardiomyocyte protein, sST2,
depending on its level in the serum, can predict the
outcome in patients with acute myocardial infarction
or chronic heart failure. The sST2 can also disrupt car-
diac function and exacerbate heart remodeling in both
non-ischemic and ischemic tissues. In addition to the
role of IL-33/ST2L as a therapeutic target, sSST2 has
also been identified as a biomarker of ischemic heart
disease in humans [33]. It was shown that the intro-
duction of the sST2-Fc fusion protein can be useful
in the treatment of arthritis, pulmonary eosinophilia,
shock, liver, and intestinal ischemic reperfusion injury
[34, 35]. It was found that sST2 blocks the production
of pro-inflammatory cytokines, such as IL-6, 1L-12,
and tumor necrosis factor-alpha (TNFa) by macro-
phages, caused by lipopolysaccharides (LPS) of the
cell walls of gram-negative bacteria, but does not af-
fect the production of IL-10. It was also revealed that
genetic variants that change the intracellular trans-
membrane signaling of ST2 can express human sST2,
opening a new pathway of immune and inflammatory
regulation [36].
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Thus, it has been proven that ST2 can regulate the
inflammatory response to tissue damage mainly by
modulating signaling of the MyD88 and Mal adaptor
receptors, which is directly related to the nuclear fac-
tor NF-kB from the TLR activation pathway. TLRs
are the main receptors of the innate immune response
that recognize elements of the bacterial cell walls and
associated mechanisms of inflammation activation in
response to bacterial invasion, including the forma-
tion of conditions for valve structure colonization by
the opportunistic Streptococcus bovis/Streptococcus
equinus complex associated with the immune evasion
[37]. Due to this fact, the participation of the ST2 pro-
tein in the pathogenesis of IE seems logical. However,
this direction has not acquired sufficient attention.

RECEPTOR COMPLEX IL-33/ST2

As mentioned earlier, one of the factors of the NF-
kB pathway activation which is accompanied by stim-
ulation of Thl or Th2 immune responses, depending
on the type of the activated cell, microenvironment,
and cytokine content in the damaged tissue, includes
the IL-33/ST2L complex [3]. In experimental mod-
els of one study, it was found that the development
of type 1 diabetes, experimental autoimmune enceph-
alomyelitis, fulminant hepatitis, and breast cancer
was accompanied mainly by the Th1/Thl17 immune
response. At the same time, a higher level of IL-33
production was recorded [3]. M. Milovanovic et al.
suggested that IL-33, in a manner independent of its
receptors, may contribute to the development of in-
flammatory autoreactive immune responses.

It is noteworthy that the receptor for IL-33 is
a heterodimeric complex consisting of the mem-
brane-bound ST2L protein and the IL-1RAcP co-re-
ceptor. The basis of the effector initiation of Th2-
type responses is the activation of the ST2L receptor,
which, despite its membership in the TIR family, is
not involved in the activation of NF-kB. The initia-
tion of inflammatory reactions through the IL-33/ST2
receptor complex occurs due to the signal-conducting
co-receptor IL-1RAcP and depends on the type of cell
and microenvironment. Various signaling pathways
activated by IL-33, including MyD88, IL-1R-associ-
ated kinase 4 (IRAK4), and TRAF6, have been de-
scribed [38]. With the use of the downward pathway
through CT2, MyD88, and TRAF6 adapters, activa-
tion of NF-kB and mitogen-activated protein kinases,
which are involved in the control of cell proliferation
and apoptosis, is ultimately possible [38]. Members
of the mTOR pathway, such as phosphoinositide-3-ki-

nase (PI3K), can also be activated by IL-33 in Th2
cells, macrophages, or eosinophils [39], which pos-
itively correlates with the expression of IL-33 and
sST2 genes in myocardial infarction [40].

The IL33/ST2L signaling pathway is also regu-
lated by other mechanisms, for example, IL-1RAcP
alternative splicing, and affects the severity of the in-
flammatory response, since signaling depends on the
functional state of both components [41]. IL-1RAcP
is also important for IL-1-induced activation of in-
terleukin-1 receptor-associated kinase (IRAK) and
stress-activated protein kinase (SAPK). The recombi-
nant chimeric sIL-1RAcP-Fc protein has been found
to decrease IL-6 secretion in mast cells exposed to IL-
33 [41]. K. Hong et al. showed that co-incubation of
sST2-Fc and sIL-1RAcP-Fc synergistically inhibited
the activity of [L-33, indicating the role of sIL-1RAcP
in modulating the biological activity of IL-33.

At the same time, the ST2 ligand-binding chain
with the component for interacting with IL-33 and the
soluble ST2 have antagonistic properties. This mech-
anism allows to regulate the inflammatory response
activation in various types of cells and tissues. How-
ever, it is assumed that an additional, different from
IL-1RACP and ST2, receptor component that can par-
ticipate in the regulation of the biological activity of
IL-33 exists [41]. It is suggested that such a compo-
nent involved in the activation of the signaling path-
way is an Ig IL-1R-related molecule (SIGIRR) inter-
acting with IL-1RR (SIGIRR), a member of the IL-1R
family, which is involved in the regulation of IL-18,
IL-1, and IL-33 signaling. In Th-2 cells exposed to
IL-33, dimerization of SIGIRR with ST2L negatively
regulates 1L-33/ST2 signaling through direct interac-
tion with the intermediate signaling block of the IL-
IR family. The IL-1R and ILIRAcP complex blocks
downward signaling through the extracellular domain
of IL-33 or by its interaction with MyD88, IRAK, and
TRAF6 [42].

THE ROLE OF THE IL-33/ST2 COMPLEX
IN THE INFLAMMATORY RESPONSE

As described above, the IL-33/ST2 complex can
have both pro-inflammatory and anti-inflammatory
effects. Elevated levels of soluble ST2 may indicate a
risk of developing graft-versus-host disease (GVHD)
and its further mortality. Elevated levels of IL-33 in
mice after conditioning and in patients during GVHD
were shown in a study by D.K. Reichenbach et al.
[43]. IL-33/ST2 activation was performed on murine
and human alloreactive T cells. It was shown that
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sST2 concentration increased as experimental GVHD
progressed. Blocking IL-33/ST2 interactions during
transplantation of allogeneic hematopoietic cells by
exogenous ST2-Fc infusions was characterized by a
decrease in mortality during GVHD. This fact indi-
cates that ST2 acts as a trap receptor that modulates
GVHD.

Studies have also shown the important role of IL-
33 and ST2 in the inflammatory processes of the re-
spiratory system. For example, IL-33 level correlates
with the severity of clinical asthma [43], since 1L.-33
increases the level of type 2 cytokines that mobilize
eosinophils and polarize M2 macrophages. Probably,
the same mechanism is present in an increase in the IL-
33 concentration in patients with atopic dermatitis who
have quite high IL-33 level in the skin epidermis [44].

Endometriosis is a chronic condition that is clas-
sified by the abnormal growth of endometrial tissue
outside the uterus. Although the pathogenesis of this
disease remains unknown, it is noted that patients with
endometriosis have immune dysfunction. J.E. Miller
et al. [45] investigated the role of IL-33 as a regulator
of chronic inflammation, which plays a critical role
in the pathology of endometriosis, using patient tissue
samples, cell lines, and a syngeneic mouse model. It
was found that in the tissue with endometriosis, sig-
nificantly higher levels of IL-33 protein are observed
compared to the endometrium of healthy fertile or-
gans. In vitro stimulation of IL-33 led to the produc-
tion of pro-inflammatory and angiogenic cytokines.
In the syngeneic mouse model of endometriosis, in-
jections of IL-33 caused systemic inflammation, re-
sulting in an increase in pro-inflammatory plasma
cytokines compared to the control group. In addition,
endometriotic lesions in IL-33 treated mice were high-
ly vascularized, while the cells involved in this process
showed increased proliferation. The authors provided
strong evidence that IL-33 stimulates inflammation,
angiogenesis, and proliferation in the endometrium.

Cigarette smoke causes lung epithelial cells to pro-
duce intracellular IL-33 more intensively, which is
released after cell damage by a viral or bacterial infec-
tion. At the same time, the production of ST2 by con-
genital type 2 cells is reduced, but its expression by
macrophages and NK cells is increased, which leads
to a halt in the production of type 2 cytokines by ILC2
and inhibition of IL-12 production by macrophages
[46].

It has been shown that the expression of IL-33 and
ST2 increases in the gingival tissue in patients with
chronic periodontitis and COPD, which makes them

potential therapeutic targets. In contrast, IL-33 plays
an important role in uveitis, which is an auto-inflam-
matory disease affecting the eyes. Treatment with IL-
33 medications reduced the severity of experimental
autoimmune uveitis in mice, thus, suggesting the pos-
sibility of using recombinant IL-33 to treat autoim-
mune uveitis and autoimmune diseases in general [47].

In recent years, knowledge about the role of IL-33,
sST2, and the IL-33/ST2 complex in the pathophysi-
ology of cardiovascular diseases has expanded. Data
on the association of these proteins with dysfunction,
fibrosis, and myocardial remodeling have appeared.
In this regard, the beneficial effects of IL-33 are real-
ized through the ST2L receptor. When IL-33 binds to
sST2, the interaction between ST2L is interrupted and
antiremodeling effects are eliminated [48].

Besides its role in myocardial remodeling, the IL-
33/ST2 system, presumably, plays an additional role
in the development and progression of atherosclero-
sis. It is suggested that the IL-33/ST2L complex may
have therapeutic potential for the beneficial regulation
of myocardial response to overload and trauma [47].
It was shown that after M1, sST2 expression increases
rapidly during the first 4 weeks and, unlike IL-33, its
levels correlate with the processes of fibrosis and in-
flammation. The obtained data indicate the differential
regulation of [L33 and sST2. The therapeutic modula-
tion of early sST2 expression may be more important
to prevent unfavorable remodeling after MI [49].

One part of the Framingham study showed that el-
evated serum sST2 levels are associated with genetic
determinants and correlate with an increased risk of
cardiovascular diseases [50]. With the participation of
2,991 individuals, the authors were able to establish
that differences in sST2 levels are caused to a greater
extent by genetic factors than by clinical and environ-
mental ones. The GWAS (genome-wide association
study) demonstrated multiple associations between
single nucleotide polymorphism (SNP) in different
parts of the ILIRL1 gene and sST2 concentrations.
Five missense mutation variants of ILIRL1 showed a
correlation with higher levels of sST2 and were found
in exons encoding the intracellular domain of ST2,
which is absent in sST2. The authors show that the
genetic variation of IL1RL1 can lead to an increase in
sST2 levels and alter immune and inflammatory sig-
naling via the ST2/IL-33 pathway.

In a study involving individuals in the Chinese Han
population, a relationship between polymorphisms of
the 1L-33/ST2 signaling pathway and MI was found
[51]. An analysis of the case-control study with the par-
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ticipation of 490 patients with MI and 929 individuals
in the control group was carried out. The relationship
between the polymorphic variants of 1L33, ILIRLI1,
and IL1RaP (rs11792633, rs1041973, rs4624606) and
the risks of developing MI was studied. Based on an
associative study, it was concluded that in the 1L33/
ST2 signaling pathway, the minor allele of polymor-
phism rs4624606 IL-1RaP is a potential independent
risk factor for MI.

The role of IL33 as an alarmin in activating the
dependent Th2-type response in the development of
obesity, viral infections, immunological deficiency,
intestinal inflammation, suppression of tumor growth
[52], and cytomegalovirus infection has been demon-
strated [53].

Thus, many authors have shown that the IL33/ST2
immune receptor complex is one of the first to be in-
cluded in pathological changes, both in diseases asso-
ciated with tissue damage and in response to microbial
invasions. The functioning of the complex consists not
only in the activation of the innate immune response
along the effector pathway but also in the development
of an inflammatory response along the Th2 activation
pathway. The latter is accompanied by a decrease in
the local inflammatory response, which may be asso-
ciated with an increased risk of microbial adhesion on
the valvular heart apparatus and the development of
infective endocarditis.

Since IL-33/ST2 activation effects are multidirec-
tional and depend on many external factors, including
tissue and microenvironment, its role in modulating
the inflammatory response is undeniable. Currently,
insufficient attention is paid to the role of the IL-33/
ST2 signaling complex in infectious pathologies of
bacterial nature.

EXPRESSION OF MRNA AND IL-33/ST2
PROTEINS IN CARDIOVASCULAR DISEASES

Even at early stages of studying the immune re-
sponse through the IL33/ST2 system [54], using the
real-time polymerase chain reaction (real-time PCR)
method, it was found that the ILIRL1 gene is active-
ly expressed in hematopoietic cell lines. It was also
actively expressed in the helper lines of T cells in the
lymphocyte culture lines. It was found that mouse
cell lines with Thl lymphocytes do not express ST2
mRNA. On the other hand, one of the Th2 cell lines,
D10, expressed ST2L (transmembrane form) without
stimulation, while co-stimulation of PMA and A23187
induced ST2 (soluble form) of mRNA. These results
indicate that the ST2 gene is involved in the regulation

of the immune system. IL-1a, IL-1B, and the recep-
tor antagonist did not bind to the ST2L protein, which
prompted the authors to search for a specific ST2 li-
gand. In the experiment, the recombinant human ST2
protein was purified and labeled with FITC. As a re-
sult, labeled human ST2 bound to RPMI8226 cells de-
rived from myeloma was detected among various B
cell lines, indicating the possible involvement of ST2
in T cell/B cell interaction.

Inflammatory cytokines, including I1L-33/ST2, are
involved in the regulation of adaptive and non-adap-
tive changes in the heart. Since cardiac fibrosis is
largely dependent on increased production of extra-
cellular matrix by cardiac fibroblasts, J. Zhu et al. [55]
suggested that IL-33 inhibits the pro-fibrous activity
of these cells directly. However, the concentration of
IL-33 did not affect the expression of genes encod-
ing the components of the extracellular matrix, or
proliferation (typical of fibrosis markers). In a simu-
lation study in mice, it was demonstrated that 1L-33
is predominantly produced by myocardial fibroblasts,
rather than by cardiac myocytes. This study showed
that when knocking out the ST2 gene, mice are more
susceptible to TAC-induced cardiac hypertrophy. An-
other study by D. Shao [56] showed that knocking out
1L-33 disrupts the active system that protects the myo-
cardium from cardiac remodeling events, such as car-
diomyocyte hypertrophy and cardiac fibrosis induced
by mechanical stress.

Modulation of the IL-33/ST2 system in post-in-
farction heart failure in rats showed increased levels
of mRNA expression during myocardial infarction for
1L-33 and sST2, but their different kinetics [49]. IL-33
mRNA expression was high immediately after acute
myocardial infarction (AMI) and remained elevated
for the first 12 weeks after AMI, which was accompa-
nied by an increase in 1L-33 protein expression. In con-
trast, sSST2 mRNA expression showed an early peak 1
week after AMI, followed by a dramatic decrease in
the first 4 weeks. Although sST2 expression showed
an early peak and a positive correlation with markers
of fibrosis and inflammation, IL-33 expression levels
remained high over the entire observation time and
did not correlate with these markers [48]. Cultivating
human primary cardiac fibroblasts and human prima-
ry cardiac myocytes, P.T. Veeraveedu et al. [57] mea-
sured the mRNA, IL-33, and ST2 protein expression
levels in cells and examined the effect of cytokines on
the expression of these genes. Pro-inflammatory cyto-
kines increase the expression of IL-33 in cardiac fi-
broblasts of the heart, cardiac myocytes, and vascular
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smooth muscle cells through the pathways of NF-kB
and MEK, which proves its participation in inflamma-
tory processes of the cardiovascular system. Besides, it
has been shown that IL-33 is released during necrosis
of human cardiac and smooth muscle cells.

In in vivo experiments, knockdown of IL-33 in
normal endothelial cells of the human pulmonary ar-
tery led to the induction and expression of sST2. This
is associated with the action of IL-33 as a nuclear
suppressor for reducing sST2 expression by binding
to homeobox regions and potentially recruiting tran-
scriptional repressor proteins. As a result, a study by
D. Shao et al. [56] showed that a significant loss of
IL-33 occurs without its release from the cells in idio-
pathic pulmonary arterial hypertension.

Therefore, IL-33 enhances immune responses and
inflammation, depending on the reactions of the im-
mune response cells. On the other hand, the effects
of [L-33 are associated with the induction of the Th2-
type immune response through its ST-2 receptor. IL-
33 is also a nuclear repressor factor. ST2, in turn, is
expressed both as a variant of the ST2-membrane-de-
pendent receptor activated by IL-33 and as a soluble
sST2 variant, which manifests itself as a receptor
trap and has anti-inflammatory properties. Despite
the studied participation of the IL33/ST2 complex in
many pathological processes, including asthma, rheu-
matoid arthritis, inflammatory bowel diseases, and
more recently, cancer, Alzheimer’s disease, cognitive
disorders, and malaria [58], the involvement of this
complex in the inflammatory response in infectious
diseases is not clear.

CONCLUSION

The accumulated data on the participation of IL-
33, sST2, and the IL-33/ST2 receptor complex in
inflammatory and cardiovascular diseases prove the
significant role of these cytokines in the inflammatory
response in tissue damage and viral infection. How-
ever, the question of their participation in the patho-
genesis of infective endocarditis is neglected. Like
all cytokines, IL-33 and ST2 function more actively
at low concentrations, and, therefore, their function-
ality remains unknown when their concentration
changes during IE, which is inevitably accompanied
by a change in local cytokine status and destruction
of valve tissue. The problem of a quantitative assess-
ment of gene expression and protein secretion of these
interleukins in case of heart valve infection remains
relevant.
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ABSTRACT

Genital gonorrhea is one of the most common sexually transmitted diseases with significant gender differences in
its clinical course. Laboratory verification of the diagnosis is associated with great difficulties in the cultivation
and identification of the pathogen. Moreover, the diagnosis of female gonorrhea is a serious problem due to mild
symptoms of the disease. Currently, a promising trend in the diagnosis of inflammatory diseases of reproductive
organs is biochemical analysis of vaginal and sperm fluids, which have a rich component composition. Biogenic
polyamines can be synthesized by both pro- and eukaryotic cells. These polycations are present in semen and
vaginal fluid and can have a significant effect on various cell structures and functions. In this regard, the qualitative
and quantitative composition, the level and ratio of these components and their changes can have a diagnostic value
for infections of the genital tract.

The aim of the review was to analyze current information on the role of biogenic polyamines in the physiological
and biochemical potential of Neisseria gonorrhoeae and their participation in the development of genital gonococcal
infection, taking into account the influence of sexual differences and a number of related factors. Special attention
was paid to the origin and possible functional role of polyamines in the genital tract of men and women. As a
result, taking into account the spectrum, origin and ratio of polyamines in the corresponding fluids, we formulated
a hypothesis: the manifestation of the process in case of infection in men is largely determined by the reactivity of
eukaryotic cells, but not the metabolic activity of the microbiota of the reproductive tract. At the same time, the
development of “female” gonorrhea is primarily determined by the state of the microbiocenosis of the cervical
vaginal biotope.

Key words: genital gonococcal infection, Neisseria gonorrhoeae, biogenic polyamines, microbiota, biofilms,
antibiotic resistance.
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PE3IOME

I'ennTanbHass TOHOpesl SABISAETCA OJHMM M3 Hanbolee PacpOCTPAHEHHBIX BEHEPHUYECKHX 3a00neBaHU M
XapaKTePH3yeTCsl CYIIECTBEHHBIMM TEHJICPHBIMH PAa3IHYMAMH B €ro KIMHMYECKoM TeueHHH. JlaGopaTopHoe
MOATBEP)KACHUE ANMArHO3a COMPSHKEHO C OONBIIMMH CIOXXKHOCTAMH KyJIbTHBHPOBAaHUS M HACHTH(DHUKAIMN
BO30YyANTEN, & TMAaTHOCTUKA «KEHCKOD» TOHOPEH MPEe/ICTaBIsIET CEPhEe3HYIO MPOOIEMy €IIle U B CBA3U CO CTEPTOH
CHMOTOMAaTHKON wnH(pEKIroHHOTo Tporecca. Ha coBpeMeHHOM 3Tame MEpCHEeKTHBHBIM HAMpaBICHUEM JUIs
JIMarHOCTHUKHU BOCTIATUTENBHBIX 3a00JI€BaHNUI PETTPOTYKTHBHBIX OPTAaHOB MPH3HAETCS N3ydeHHe OMOXUMUIECKOTO
COCTaBa BIIATANUIIHON U CHEPMAIBHOM JKUAKOCTEH, MMEIOINX OOTraTeHIii KOMIIOHEHTHBIH cocTaB. buoreHHsie
MONTMAMHUHBL, KOTOPBIE MOTYT CHHTE3MPOBATHCS KaK MPO-, TAK U 9yKaPUOTHIECKUMH KIETKAaMU M B 3HAUUTETBHBIX
KOIMYECTBaX OOHAPYKUBAThCS B OITUX CEKpPeTax, SBISIIOTCS HU3KOMONIEKYTSAPHBIMH — COEAWHEHHAMH,
OKa3bIBAIOIIUMH Pa3HO00pa3HbIe 3P (eKTh Ha )KU3HEHHO BaYKHBIE CTPYKTYPBI U PYHKIIMU KJIETOK 000MX TUIOB. B
9TOM CBSI3M KaUEeCTBEHHBIH W KOJIMYECTBEHHBIN COCTaB, yPOBEHb H COOTHOIIEHUE STHX KOMIIOHEHTOB B CEKPETax,
C y4YeTOM H3MEHEHHs COOTBETCTBYIONIMX ITOKa3aTelel B JMHAMUKE, MOTYT MMETh JHATHOCTHUECKHI CMBICI
TpH MH(EKIMOHHON MaTOIOTUH TeHUTAIBHOTO TpakTa. Llempio 0630pa sSBUIOCHE PaCCMOTPEHHE HAKOIIEHHON K
HACTOSIIIIEMY BpeMEHH HH(POPMAIIH O BO3MOKHOU POJIM OMOT€HHBIX MOJIHAMHHOB B (PU3HOIOT0-OMOXUMHYECKOM
notennumane Neisseria gonorrhoeae v UX y4acTHH B Pa3BUTHH T'€HUTATbHOW TOHOKOKKOBOW MH(MEKIIMHU C yUETOM
BJIMSTHUS TIOJIOBBIX PA3IMYMI U Psifa COMyTCTBYIOMMUX (GakTopoB. Ocoboe BHUMAHHE YAEICHO MPOUCX0KICHHIO
Y BO3MOXKHOH (DyHKITHOHAIBHOM POJTH MOJIMAMUHOB B TEHUTAIBHOM TPaKTe My>KUMH M KeHIIUH. B pesynbrare, ¢
YUETOM CTEKTpa, MPOUCXOXKCHHUS U COOTHOIICHHUS TTOJHMAMHUHOB, TOMHHUPYIOIINX B COCTaBE COOTBETCTBYIOLIUX
CEeKpeToB, c(hOPMyIHPOBAaHA THIOTE3a O TOM, YTO MaHM(ECTAIH MPOIecca B caydae HHOUINPOBAHNS MYyKIHH B
GoubIiIeli cTeneHn 00yCIoBIeHA PEaKTHBHOCTBIO SYKapHOTHUECKUX KIIETOK, HO HE METa00INIECKOH aKTHBHOCTBIO
MHKPOOHOTHI UX PEMPOAYKTUBHOTO TPaKTa. B TO Bpems Kak pa3BUTHE (GKEHCKOI» TOHOPEH B MEPBYIO Odepenb
OTIpe/IeNseT COCTOSTHIE MUKPOOHOIIEHO32 IIePBUKAIbHO-BATHHAIBHOTO OHOTOMA.

KaroueBble cj10Ba: TeHUTaJIbHAsT TOHOKOKKOBAs I/IHCbeKIII/I}I, Neisseria gonorrhoeae, OHOTEHHEIE IIOJIMaMHHBI,
MI/IKpO6I/IOTa, GI/IOHJICHKI/I, aHTI/I6I/IOTI/IKOPCSI/ICTBHTHOCTB.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpLI JACKIAPUPYIOT OTCYTCTBUE SAIBHBIX U INOTCHUUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBsA3aHHBIX C IIPOBCACHHBIM MCCIICA0OBAHUEM U ny6n1/11<au1/1eﬁ HaCTOHLHCﬁ CTaTbHU.

Hcrounnk ¢punancupoBanmsi. PaGora BeimonHeHa mpu GuHaHCOBOI momgepskke POOU m AnmuHucTpanuu
Ilepmckoro kpast B paMkax Hay4HOro npoekra 17-44-590404 p_a.

Jia nuruposanus: Kapnynuna T.U., Hecreposa JI.IO. buorennsle noiauaMuHbl Ipy FeHUTAIBHON TOHOKOKKO-
BOI MH(EKIMU: (aKThl U THIIOTE3bl. biotemens cubupcrou meouyunvt. 2020; 19 (2): 132-141. https://doi.org:
10.20538/1682-0363-2020-2-132-141.

INTRODUCTION

Gonococcal infection (GI) and its most common
form, acute genital gonorrhea, is an infectious disease
transmitted primarily by sexual contact and caused by
Neisseria gonorrhoeae [1, 2]. Laboratory verification of
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the diagnosis is associated with difficulties in the culti-
vation and identification of the pathogen. Moreover, the
diagnosis of “female” gonorrhea is a serious problem
due to mild symptoms of the infectious process. Many
researchers note that the promising trend in the diagno-
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sis of inflammatory diseases of reproductive organs is
the study of seminal and vaginal fluids [3—6], since they
have a complicated biochemical composition compara-
ble to blood. Even if we take into account only proteins
with a molecular mass of 10—-100 kDa, more than 200
of them were known in the sperm plasma of healthy fer-
tile men in 1981 [7]. However, this huge diagnostic po-
tential is used only to a small extent due to the lack of
data on the physiological role of various components of
these fluids in inflammation of the reproductive organs
[4, 8-10]. Recently, a growing interest has appeared in
biogenic polyamines (BPA) and their level, since these
compounds are present in all pro- and eukaryotic cells
and perform various functions, including protective
ones. The content and balance of BPA change dynami-
cally, which may be useful for diagnosis. The informa-
tion about the involvement of BPA in the persistence of
N. gonorrhoeae and development of genital GI is pre-
sented in a few studies and is often contradictory.

The aim of this article was to review the current infor-
mation on the role of BPA in the physiological and bio-
chemical potential of N. gonorrhoeae and their possible
participation in the development of genital gonococcal
infection, including the influence of gender differences
and a number of related factors.

CHEMICAL STRUCTURE, SYNTHESIS AND
TRANSPORT OF BPA

Biogenic polyamines are aliphatic hydrocarbons pos-
sessing two or more amino or imino groups and differing
in the length of the carbon chain. The most widespread
polyamines in living organisms are diamines: putrescine,
cadaverine; triamines: spermidine, norspermidine; and
tetraamines: agmatine and spermine [11].

Eukaryotic cells contain mainly spermidine and sper-
mine, whereas putrescine is found in trace amounts.
These polyamines are widely represented in various or-
gans, tissues, and biological fluids of the human body
both as free forms and as complexes with proteins and
nucleic acids. The highest concentrations (millimoles) of
spermidine and spermine are found in the sperm plasma
of men [12], while in the vaginal discharge of women
polyamines are detected in micromolar amounts [13].
On the contrary, the concentrations of putrescine and ca-
daverine in prokaryotic cells is the highest, spermidine
is present in small amounts and spermine is practically
not detected [11, 14, 15]. Some bacteria are capable of
producing diaminopropane, homospermidine or norsper-
midine [11, 16]. The spectrum and quantity of BPA are
significantly different in various species of microorgan-
isms. Based on this fact, some authors have attempted
to use polyamines as chemotaxonomic markers [16—18].
However, this approach does not seem to be promising,

since the polyamine pool in the microbial cells depends
on the age of the culture and growth conditions, such as
composition and pH of the medium, temperature, aera-
tion, etc. [19-21].

The intracellular content of polyamines is determined
by several parameters: biosynthesis level, activity of
degradation, as well as the intensity of the exchange of
these components between the cell and the environment.
Genes involved in the polyamine biosynthesis are found
in genomes of many microorganisms; however, the ac-
tive de novo synthesis of these compounds is mostly typ-
ical of gram-negative bacteria [22—24]. Putrescine can be
synthesized in several ways: directly from ornithine by
ornithine decarboxylase or from arginine by arginine de-
carboxylase with the formation of agmatine, or via N-car-
bamoyl putrescine [25, 26]. Spermidine is synthesized
on the basis of putrescine and S-adenosylmethionine us-
ing the enzymes S-adenosylmethionine decarboxylase,
aminopropyl transferase and spermidine synthetase [27,
28], or from putrescine and aspartate semialdehyde with
involvement of carboxyspermidine decarboxylase and
carboxyspermidine carboxylase [29-31]. Cadaverine
synthesis in bacteria is realized by direct decarboxylation
of lysine with lysine decarboxylase [32]. Among all the
known polyamine synthesis enzymes, only arginine de-
carboxylase, that catalyzes the synthesis of agmatine
(precursor of putrescine) from arginine, was detected in
N. gonorrhoeae [33]. There are no data on the activity of
this enzyme in N. gonorrhoeae in the available literature,
which is probably determined by the difficulties in cul-
tivating this microorganism under laboratory conditions
and obtaining a sufficient amount of biomass.

The absence of other polyamine synthesis enzymes
in gonococci can be partly explained by their specif-
ic habitats. In the urogenital tract of men, polyamines
are present in large amount [12, 34], and bacteria can
receive these compounds via transport. Many gram-neg-
ative bacteria are capable of transporting polyamines
from the environment. For example, four BPA transport
systems are found in Escherichia coli cells. Two of them
(spermidine-preferential system PotDABC and putres-
cine-specific system PotFGHI) are ABC (ATP binding
cassette) transporters [35]. Each of them consists of a
periplasmic substrate-binding protein (PotD and PotF),
two channel-forming transmembrane proteins (PotBC
and PotHI) and membrane-associated ATPase (PotA and
PotG) [36, 37]. The third transport system (PotE) cata-
lyzes the uptake and excretion of putrescine [38]. Cadav-
erine is transported via the lysine-cadaverine antiporter
CadB [39]. In contrast to enterobacteria, the transport of
polyamines in gonococci is not sufficiently studied. The
PotFGHI transport system was found in N. gonorrhoeae.
It is similar to E. coli transport system and selectively
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transports spermine and spermidine, but not putrescine
and cadaverine into the cell from the medium [40]. There
is evidence that the agmatine/arginine antiport is encod-
ed in the gonococcal genome. This system provides the
uptake of agmatine in exchange for arginine, which is
important for survival of N. gonorrhoeae in the acidic
environment [33].

PARTICIPATION OF POLYAMINES
IN PHYSIOLOGICAL PROCESSES

The fact that intracellular pool of BPA in many mi-
croorganisms reaches quite high (millimolar) concentra-
tions even with growth on minimal media indicates the
importance of these compounds for the cell physiology.
Participation of polyamines in various cell processes is a
consequence of their chemical structure. Under physio-
logical conditions, amino groups in polyamine molecules
are protonated and, thus, positively charged. Thereby,
BPA are able to interact with negatively charged cell
components, such as DNA, RNA, proteins [41, 42],
membrane phospholipids, and cell wall structures [43].
Polyamines can modulate conformation and maintain
structural and functional stability of the cell components,
also indirectly through transport processes. It is shown
that the concentration of BPA in the cell envelope chang-
es in response to external influences that affect the porin
activity and thus regulate the permeability of the outer
membrane [44—46]. BPA are known to be involved in
regulating nucleic acid synthesis, in particular, the repli-
cation process [27], as well as in maintaining the confor-
mation of DNA and RNA [47, 48]. Of great importance
is their ability to affect gene expression at the stages of
transcription and translation [37, 49]. A group of genes
which expression is regulated by polyamines at a transla-
tion level is called a “polyamine modulon” [50]. There is
evidence that polyamines can affect the phosphorylation
of specific proteins as well as modulate their degradation
[49, 51].

The fact that polyamines are necessary for growth of
Neisseria was first mentioned in 1952 [52]. It was later
shown that polyamines along with other cations stabi-
lized N. gonorrhoeae cells, preventing lysis. The same
authors suggested the participation of BPA in the cell
division process [53].

PARTICIPATION OF BPA IN ADHESION,
BIOFILM FORMATION AND AGGREGATION
OF BACTERIA

A lot of studies in recent years have indicated that
BPA can be involved in the regulation of microbial
adhesion, biofilm formation and aggregation [29, 54].
There is growing evidence that polyamines are able to

influence biofilm formation by various commensal and
pathogenic bacteria, including E. coli, Bacillus subtilis,
Staphylococcus aureus, Yersinia pestis, Enterococcus
faecalis, Vibrio cholerae, etc. [42, 55-57]. It is shown
that not only polyamines of a host organism can regu-
late this process, but also the bacterial BPA. In particu-
lar, norspermidine, synthesized exclusively by bacteria,
can inhibit the biofilm formation. However, the effect of
BPA depends on the type of bacteria. For example, nor-
spermidine effectively blocks the formation of a biofilm
of B. subtilis and other bacterial species in laboratory
conditions, and can cause its dispersion due to disruption
of the matrix structure [58], but does not inhibit the for-
mation of gonococcal biofilms and does not cause their
dispersion [60].

N. gonorrhoeae cells in sperm, containing high con-
centrations of polyamines, must be adapted to such a
medium. It is experimentally shown that seminal plasma
and spermine inhibit adhesion of gonococci, but pro-
mote the aggregation of bacteria and formation of mi-
crocolonies [59]. A number of researchers indicate that
spermine promotes the biofilm formation [60, 61]. These
seemingly contradictory effects may be significant for
successful colonization of biotopes and distribution of
N. gonorrhoeae. Disruption of the contact of fixed cells
with the surface can be important in the transmission
of infection, in particular, when bacteria colonizing the
male urethra leave it under the influence of sperm, pro-
viding their transition to the sexual partner [59].

However, it is possible that such results are deter-
mined by the specific methodological approaches to
study the effect of seminal plasma. Biofilm formation is
usually studied in a static system on a polystyrene sur-
face by the method proposed at the end of the last centu-
ry [62], while the adhesion of N. gonorrhoeae is studied
using glasses or glass flow chambers [61]. On the other
hand, it was shown that the specific twitching of N. gon-
orrhoeae, which is facilitated in the presence of seminal
fluid, depends on the fluctuation of PilT pili. Despite the
fact that pili are necessary for adhesion, the interruption
of this process in the presence of spermine was not de-
pendent on the presence of pili. Aggregation of gonococ-
ci in seminal plasma was also stimulated independently
of these surface structures, which was demonstrated us-
ing mutants without pili [61]. It is assumed that BPA can
greatly affect the ability of gonococci to form biofilms
not only in the male, but also in the female urogenital
tract due to a significant increase in spermidine and sper-
mine concentrations after copulation with up to 15 mM
spermine. [63].

It is believed that polyamines contribute to the tran-
sition of bacteria to the biofilm formation due to their
toxic effects. This opinion is supported by the fact that
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spermine has the highest effect on this process among
the four biogenic polyamines (putrescine, cadaverine,
spermidine and spermine); at the same time it is the most
toxic in high concentrations, especially in relation to
gram-positive microorganisms [64, 65] . Meanwhile, it
was experimentally shown that polyamines did not affect
the viability of planktonic gonococci in physiological
concentrations. The mutants with a damaged spermine
and spermidine transport system (potHI) demonstrated
that the transport of polyamines did not affect the biofilm
formation. The authors of this study believe that, most
likely, the key point is the effect of BPA on surface struc-
tures and bacterial aggregation of N. gonorrhoeae [40].

A study of the three-dimensional structure of N. gon-
orrhoeae biofilms showed that atypical films formed in
the presence of spermine. They contained fewer cells
and had a more condensed matrix, in which the channels
providing the influx of nutrients and oxygen as well as
excretion of metabolic products of bacteria were hardly
visualized [40, 66]. Such biofilms, on the one hand, may
be less viable; however, on the other hand, slow metab-
olism due to deficiency of nutrients can contribute to
the development of persistent forms. At the same time,
a study of the polyamine influence on mature biofilms
showed that none of these compounds had an effect on
their dispersion [60]. It should be noted that laboratory
methods for assessing the ability of microorganisms to
form biofilms, especially in the case of hardly cultivated
bacteria, often do not take into account various aspects
of the influence of environmental conditions that exist
in vivo (pH, the presence of various substances in the
medium, etc.). It can also be the cause of contradictory
research results.

PROTECTIVE ROLE OF BPA IN THE GENITAL
SECRETIONS

It is known that bacteria are able to synthesize BPA
constitutively under normal conditions; however, many
microorganisms activate the polyamine synthesis in re-
sponse to environmental influences [21, 67, 68]. These
studies were published at the end of the past century and
focused on the fact that BPA perform protective func-
tions. Polyamines are involved in adaptation to various
types of starvation, heat and osmotic shock, oxidative
stress, pH-shifts, and other stresses [20, 69, 70]. One of
the most common types of negative effects for N. gon-
orrhoeae is an acidic environment. Lactic acid in the
vaginal fluids of women protects against pathogenic
microorganisms [71, 72]. The role of polyamines in the
adaptation of N. gonorrhoeae to low pH values was first
demonstrated as far back as 1976 [73]. Recent studies
have shown that putrescine and cadaverine increased
the survival of gonococci in the presence of lactic acid,

stabilizing the cell wall and membrane [33]. These di-
amines are mainly produced by microorganisms and are
actively formed in females with vaginosis [74]. Under
these conditions, the chance of developing GI can in-
crease greatly.

However, not only polyamines, but also their precur-
sors are able to protect bacteria from the effect of acid.
It was experimentally shown that arginine, glutamate,
and lysine increase the resistance of E. coli and other
bacteria to the lethal effect of low pH [75]. Only argi-
nine and agmatine, but not glutamate or lysine, increase
the acid resistance of gonococci [33]. The difference in
the effects of amino acids may be explained by the fact
that only one polyamine synthesis enzyme — arginine de-
carboxylase — is present in N. gonorrhoeae cells, which
activity with the formation of agmatine is accompanied
by a decrease in the medium acidity. Agmatine-arginine
antiport promotes the exit of agmatine into the medium
in exchange for arginine, providing resistance to the ac-
tion of acid [71]. An increase in acid resistance under the
arginine action is of practical importance, since a large
amount of this amino acid is contained in seminal fluid
(7.3 £1.5 mM) [76]. It is believed that after sexual inter-
course, when genital secretions are mixed, the concen-
tration of seminal arginine decreases slightly, depending
on the volumes of ejaculate [77] and vaginal discharge
[78]. Thus, it is possible that the amount of arginine in
the seminal fluid is sufficient to provide the survival of
gonococci and the colonization of the female vaginal—
cervical biotope [79].

It is generally acknowledged that the composition of
the vaginal microbiota is extremely diverse and can vary
from a moderate microbial spectrum, characterized by
predominance of a small number of lactobacillus spe-
cies, to complex anaerobic communities that cause the
development of bacterial vaginosis (BV) [80-83]. BV
can have many negative effects on reproductive health,
including an increased risk of sexually transmitted in-
fections [84-86], HIV [87, 88], premature delivery [89],
pelvic inflammation [90], and cervicitis [91]. With bac-
terial vaginosis, the content of putrescine and cadaverine
in the vaginal secretions significantly increases, while
the concentration of their precursors, amino acids, espe-
cially arginine and ornithine, decreases. Putrescine and
cadaverine in this biotope are produced mainly by bac-
teria [74, 92, 93], as evidenced by the inhibition of their
accumulation in the presence of metronidazole [94],
which has a bactericidal effect.

It is interesting to note that various inflammatory
diseases of male genital tract are accompanied by a de-
crease in the polyamine concentration in the ejaculate
and a significant change in their ratio [95]. It is worth
noting that even with pronounced bacteriospermia, the
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content of “bacterial” polyamines does not reach the val-
ues comparable to those in the vaginal fluid. Probably,
the reason for this is the effect of acidity on the metabo-
lism of polyamines, since the inducible BPA synthesiz-
ing enzymes have low optimal pH values [19], which
are typical of the vagina. Polyamines in this case can be
by-products that are formed due to bacterial protection
against acid stress [96, 97]. On the other hand, it was
shown that volatility of short chain polyamines increases
with rising pH [98, 99]. It can also be the cause of low
detectable concentrations of free putrescine and cadaver-
ine in sperm plasma.

ALTERATION IN THE ANTIBIOTIC
SUSCEPTIBILITY OF BACTERIA IN THE
PRESENCE OF BPA

There is evidence that polyamines contribute to the
survival of microorganisms under antibiotic treatment.
This is mainly shown on gram-negative bacteria, such as
E. coli, Salmonella enterica, Pseudomonas aeruginosa,
and others [69, 70, 100]. A decrease in their susceptibil-
ity to various groups of antibacterial agents (beta-lact-
ams, aminoglycosides, fluoroquinolones) in the presence
of BPA has been experimentally proven [69, 70, 101].
Since the fluids of the urogenital tract, especially in men,
are rich in polyamines (spermine and spermidine), it is
believed that these compounds could protect gonococci
from antimicrobial agents. In the available literature, we
did not find such data. Polyamines are shown to protect
gonococci against cationic antimicrobial peptides (poly-
myxin B and LL-37), but there is no protective effect
under ciprofloxacin, spectinomycin, and penicillin treat-
ment [102]. The absence of the effect of polyamines on
the N. gonorrhoeae susceptibility to antibiotics looks
rather unexpected, since their protective action is asso-
ciated with such universal mechanisms as deactivation
of ROS, which are forming in the cells under antibiotic
effect [70], reduction of antimicrobial transport due to
a decrease of the porin channel permeability [45] and
other mechanisms. No doubt, this issue requires further
studying.

CONCLUSION

It is well known that genital GI proceeds differently in
men and women. The “male” gonorrhea is characterized
by manifested symptoms and pus-like discharge. On the
contrary, in women, the disease, as a rule, is not accom-
panied by typical symptoms, and they often learn about
GI after infecting their sexual partner. In this respect,
the differences in the spectrum and content of BPA in
the ejaculate and vaginal discharge seem to be interest-
ing. It is supposed that the manifestation of the process

in the first case is largely determined by the reactivity
of eukaryotic cells, and not by the metabolic activity of
the microbiota of the male reproductive system. At the
same time, the course of “female” gonorrhea is primarily
determined by the state of the microbiota of the cervical—
vaginal biotope, which is indirectly marked by the origin
of the dominating polyamines. We believe that the diag-
nostic, prognostic and differentiating value of the content
and spectrum of BPA in the reproductive tract of men
and women with genital gonococcal infection and other
sexually transmitted infections requires clarification.
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Virtual reality technologies in complex medical rehabilitation of patients
with cerebral palsy
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ABSTRACT

The review highlights the issue of applying virtual reality (VR) technologies in medical rehabilitation of patients
with cerebral palsy (CP). This review generalizes the current evidence on the use of virtual reality in restoration
of motor and coordination functions, as well as in correction of other diseases associated with motor disorders
in patients with CP. The analysis of national and international research shows that at present it is impossible to
speak unambiguously about the efficiency of VR in rehabilitation of patients with CP. This is explained by some
methodological shortcomings of the analyzed works (small size of the studied samples, lack of control over the
results in the long term). However, the use of VR technologies for improving various functions in patients with CP
is a promising method of medical rehabilitation.
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TexHO/0rMM BUPTYa/IbHOM PeaZbHOCTU B KOMIN/IEKCHOM MeAULUHCKOM
peabuaMtaumMm NayMEeHTOB C AETCKUM Lepebpa/ibHbiM NapaiMyom
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PE3IOME

O030p MOCBSMIEH BOIpOCaM IPUMEHEHHs TEXHOJOTHH BHPTyaslbHOH peanbHocTH (BP) B Mexmumuckoi
peabmInTanyu MalueHToB ¢ JeTckuM nepedpansubiM mapamnaoM (JLIT). O6o0mensl coBpeMeHHbIE TaHHbBIE
KacaTelIbHO HCIOJIb30BaHMS BP B BOCCTaHOBICHMM [BHIaTENbHBIX, KOOPIMHATOPHBIX (YHKIHMH, a Takxke
KOPPEKIUHU JPYTHX PACCTPOHCTB, COMYTCTBYIOMNX JBUraTeIbHBIM HapymeHusM y nanuentos ¢ JUII. Anamns
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paboT, MpPEeACTAaBIECHHBIX B OTEYECTBEHHOW M 3apyOe)KHOW JHTeparype, IOKas3bIBaeT, YTO B HACTOSIIEe Bpe-
MsI HeJIb3sl OJIHO3HAYHO roBOpuTh 00 3¢ dexruBHocTr BP B peadmnmranum namuentos ¢ JLII. Dto cs3ano ¢
PSIIOM METOJIOJIOTHYECKUX HEJ0CTATKOB IPOaHAIN3MPOBAHHBIX paboT (HEOOIIBIIOI pa3Mep H3ydaeMoil BEIOOPKH,
OTCYTCTBHE KOHTPOJISI Pe3yJbTaToOB B OTJNAJICHHBIH meprona). TeM He MeHee HcHob30BaHHE TexHojoruii BP c
LETIBI0 YITyUIIeHUs pa3nnaHbIX GyHKIwi y nanuenTtoB ¢ JLIT sBisercs nepcrneKTHBHBIM METOI0M METUIINHCKON

peabHIUTAIIH.

KitioueBble ci10Ba: BUPTyalbHasl peajbHOCTb, peadMIIUTAINs, AETCKUIl [iepeOpaibHbIN mapauy.

KonpaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaNNeil HACTOSIIECH CTaThH.

HcTouHnkn pUHAHCHPOBAHUSA. ABTOPBI 3asBIISIOT 00 OTCYTCTBMU (DMHAHCHPOBAHMUS.

[ unrtupoBanus: Kapskua H.H., leiixo I'.E., Bonosuk M.I"., benoBa A.H. TexHonoruu BUPTyaabHOH peab-
HOCTH B KOMIUIEKCHON MEIUIMHCKON peaOMINTanuy MalHeHToB ¢ JEeTCKHM LepeOpalbHbIM mapaandoM. bioje-
menb cubupckou meduyunwvt. 2020; 19 (2): 142-152. https://doi.org: 10.20538/1682-0363-2020-2-142-152.

INTRODUCTION

Cerebral palsy (CP) refers to a group of stable
disorders of movement and posture maintenance that
lead to motor defects due to non-progressive damage
and / or abnormalities of the developing brain in a
fetus or a newborn child [1-3]. CP is an urgent prob-
lem of modern medicine, as it is the main neurolog-
ical cause of childhood disability worldwide, which
affects families, education, and social life of the child
[4]. The prevalence of CP is 2-3.6 cases per 1,000
children [5]. Competent choice of methods and terms
of rehabilitation allows for social adaptation of chil-
dren with this pathology, improving the prognosis of
their motor and mental development [2].

There are many methods of medical rehabilitation
of patients with CP at the moment. Their effectiveness
depends on the patient’s rehabilitation potential and
a set of procedures [6]. The following rehabilitation
measures are currently used: orthosis; physical reha-
bilitation (massage, therapeutic gymnastics, hardware
kinesiotherapy, robotic mechanotherapy), including
rehabilitation based on the principle of biofeedback;
surgical orthopedic interventions on the extremities;
surgical correction of spinal deformities in children
with CP; botulinum therapy [7]. The main goal in the
rehabilitation of patients with CP is to help the child
achieve the highest possible level of physical, cogni-
tive, psychological, and social independence [2].

Nevertheless, it remains relevant to develop and
implement new effective and safe methods of reha-
bilitation of patients with CP, aimed at restoring their
motor activity. At the same time, it is extremely im-
portant to use treatment methods that will be not only
effective, but also interesting for children, and will re-

sult in patient’s involvement in the rehabilitation pro-
cess, which should affect the treatment outcome [8].
Motivation and active participation of children in the
rehabilitation process play a key role [9].

Currently, virtual reality (VR) technologies are
becoming more popular. VR technologies can signifi-
cantly improve the results of rehabilitation treatment
[10, 11]. VR is a computer simulation of a real envi-
ronment which is able to evoke a sense of presence
through 3D images and animations. VR provides in-
teraction with various objects in this environment [12,
13]. VR technologies were initially used in the 50s of
the XX century, usually for entertainment purposes.
In the mid-60s, the potential for using VR was recog-
nized by researchers from a variety of fields, including
medicine [14]. VR technologies have shown positive
results in the treatment of acrophobia [15], itching
[16], pain syndromes [17], post-traumatic stress disor-
der, depression, and insomnia [18]. A high potential of
VR was found in the rehabilitation of patients with CP
[19], children with autism spectrum disorder [20-22],
and patients with Parkinson’s disease [23], Alzhei-
mer’s disease [24], and multiple sclerosis [25]. High
efficiency of VR in medical rehabilitation is explained
by achievement of the immersion effect, which al-
lows to distract the patient’s attention from pain and
discomfort and reduce anxiety or dissatisfaction with
treatment [26]. A sense of immersion in VR is provid-
ed by virtual reality glasses, special helmets, projec-
tors, gloves with sensors, as well as the VRML (Virtu-
al Reality Modeling Language) encoding language for
describing three-dimensional images. The patient’s
participation or immersion in VR can be implement-
ed in the following ways: active, when the user con-
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trols a virtual image (avatar) or a specific VR object
and passive, when videos are viewed without active
control [27]. Virtual reality allows a person to interact
with various objects in real time, unlike other forms
of visualization (video games, television) [28]. A user
in an artificially created virtual environment can have
an experience similar to events and actions in real life
[29]. The patient can see, feel, manipulate, move ob-
jects, and manage events in virtual space. This creates
a “presence effect” [30]. The greatest effectiveness
of using VR from the standpoint of evidence-based
medicine was revealed when restoring the function of
walking [31] and manipulative function of the upper
limb [32], which was achieved by creating a virtual
environment as close to the real one as possible, as
well as by creating motivation for active participation
of the patient in rehabilitation activities [32, 33]. It is
the active involvement of the patient in the training
process in the virtual environment, during which you
can realize and correct your mistakes when perfor-
ming movements, that allows to achieve high results
in teaching the patient motor skills [34, 35]. VR train-
ing helps to effectively hone movements due to three
key elements necessary for improving motor func-
tions: repetition of stimulation, sensory feedback, and
patient motivation [26, 35].

Restoration of motor disorders using VR is asso-
ciated with activation of brain plasticity mechanisms,
including changes in the primary sensorimotor cortex
and supplementary motor area [35, 36]. This knowl-
edge allows to expand the range of nosologies in
which significant results can be achieved using VR
[37, 38].

USING VR TECHNOLOGIES
IN NEUROREHABILITATION IN PATIENTS
WITH CP

The use of virtual reality as an additional method
of rehabilitation is one of the promising directions in
the correction of motor and concomitant disorders
in patients with CP [39]. The use of virtual reality in
children with CP is very popular, since computer tech-
nologies are motivating for children and young peo-
ple [40]. It is worth noting that insufficient motivation
may prevent the patient from reaching their function-
al potential [9, 41]. Virtual reality allows to perform
complex movements in a safe environment and pro-
vides an opportunity for active learning [2, 9]. Some
studies point to the positive impact of virtual reality on
the reorganization of brain structures, neuroplasticity,

motor abilities of the patient, visual perception, social
behavior, and personal qualities [2, 19, 42]. A positive
feature of using virtual reality is that the actual daily
activity of the patient is taken into account [43].

There are many different VR systems, including
Virtual Rehab, Caren, Nirvana, Tyromotion, MiTii,
and others. One of the most commonly used systems
is VirtualRehab, which is a rehabilitation platform
that uses Microsoft Kinect and Leap Motion sensors,
as well as video game technology. The VirtualRehab
system is designed to restore the motor functions of
the limbs. VR therapy using Microsoft Kinect and
Nintendo Wii sensors has proven to be effective in im-
proving exercise performance and increasing physical
activity [44].

VR equipment is characterized by high cost and
complexity, which determines the use of these sys-
tems only in the clinical setting. However, game sys-
tems are being developed for home use as well: Ty-
romotionPablo for hand and finger training; Tymo
for balance and strength training; the Interactive
Rehabilitation Exercise System (IREX) with immer-
sion and gesture control technology; YouGrabber and
YouKicker systems for training upper and lower limb
movements. The game form of treatment increases
child’s attention to performing certain exercises in
comparison with conventional treatment [45, 46]
and, most importantly, makes it possible to use VR
technologies at home [47]. Currently, VR games for
patients with CP are being actively developed and im-
plemented in rehabilitation practice. These games will
be therapeutically relevant and at the same time inte-
resting for patients themselves [48]. In many studies
on the use of VR in rehabilitation of children with CP,
the effectiveness of the method is evaluated depend-
ing on the established goal: restoring the function of
the upper and/or lower extremity, postural control and
balance; improving physical fitness, and training the
cardiovascular system [42, 49].

USING VR TECHNOLOGIES TO RESTORE
UPPER LIMB FUNCTIONS IN PATIENTS
WITH CP

One of the top priority tasks of restoring household
and social activity of patients with CP is to improve
the basic motor skills of the upper limb, such as the
ability to coordinate movements of two hands, reach
an object, and manipulate it [50].

J.W. Yoo et al. analyzed in their study the ef-
fectiveness of VR-based biofeedback using elec-
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tromyography (EMG-biofeedback) in patients (n
= 18) with various forms of CP (average age 9.5
+ 1.9 years) to improve the upper limb functions.
All patients with cerebral palsy had one 30-minute
EMG biofeedback session, followed one week later
by another 30-minute VR-based EMG biofeedback
session. The results were evaluated by the following
tests: the range of motion of the elbow joint, the box
and block test, and the biceps muscle strength test.
Statistically significant improvement in all the tests
was detected after the application of EMG biofeed-
back in conjunction with VR (p < 0.05). This study
is the first clinical trial that demonstrated the effec-
tiveness of using VR-based EMG biofeedback in pa-
tients with cerebral palsy to improve the upper limb
functions [51].

G. Acar et al. studied the effectiveness of using
VR (Nintendo Wii) to improve the upper limb func-
tions in patients with hemiparetic form of CP (n =
30) with level I-II motor disorders according to the
Global Motor Function Classification System (GM-
FCS). The patients were divided into two groups of
15 people depending on the complex of rehabilitation
measures received. In the first group (average age 9.5
+ 3.0 years), traditional neurological treatment us-
ing VR was performed (30 minutes) (tennis, boxing,
baseball — 5 minutes each); in the second group (av-
erage age 9.7 + 2.9 years), only traditional neurologi-
cal treatment was performed (45 minute-session). All
patients received 45-minute treatment 2 times a week
for 6 weeks. The upper limb function was evaluated
before and after treatment using the Quality of Upper
Extremity Skills Test (QUEST), the Jebsen — Taylor
Hand Function Test, the ABILHAND test, and the
Pediatric Functional Independence Measure (self-
care). The results of the study demonstrated a more
pronounced improvement in the upper limb function
in patients with hemiplegic CP who were treated with
traditional neurological treatment in conjunction
with VR [52].

In addition, pilot studies were conducted that
determined high efficiency of using VR systems to
improve upper limb functions in patients with hemi-
plegic CP [47, 53].

One of the most popular systems for restoring
upper limb functions and planning movements is the
MiTii program (“move it to improve it”’), which uses
an interactive computer game that is controlled by
hand and body movements. The system has remote
configuration and progress check, as well as an op-
portunity to add personalized features to a series of

games. Currently, randomized clinical trials of the
MiTii VR system are being conducted at the Univer-
sity of Queensland (Australia) in order to evaluate
the effectiveness of improving the upper limb func-
tion and to better understand the central neurovascu-
lar mechanisms that cause changes in the upper limb
function, movement planning, and executive func-
tion [54].

Despite the positive results of using VR to im-
prove the upper limb function in patients with CP,
the data are controversial. In a systematic review of
S. Rathinam and colleagues, only 4 out of 6 studies
showed improvement. In 2 other studies, no changes
were observed after the inclusion of VR in rehabilita-
tion measures [55].

Thus, at the moment, it is impossible to claim
high efficiency of using VR to restore the upper limb
function in the rehabilitation of patients with CP. It
is extremely important to monitor long-term results,
in particular, to evaluate the application of skills ac-
quired in the process of VR-based rehabilitation in
real life situations and actions.

USING VR TECHNOLOGIES TO RESTORE
LOWER LIMB FUNCTIONS (WALKING) IN
PATIENTS WITH CP

Restoring lower limb functions in patients with CP
is the key and most difficult task of medical rehabilita-
tion. The aim of studies related to correction of motor
disorders of the lower extremities in cerebral palsy is
usually to improve walking [9].

S. Gagliardi and colleagues conducted a pilot
study to evaluate the effectiveness of immersive VR
used to improve walking in patients with CP. 16
children with spastic tetraplegia were included in the
study (average age 11 + 2.4 years). The rehabilita-
tion was aimed at restoring walking and endurance
skills using the Gait Real-time Analysis Interactive
Lab (GRAIL). 18 sessions of therapy were conducted
for all patients within 4 weeks. The effectiveness of
the GRAIL VR system was evaluated using function-
al and instrumental methods, including gait analysis
and Gross Motor Function Measure 88 (GMFM-88).
Improved walking behavior (left and right step length
(» = 0.001 and 0.003, respectively); walking speed
(» = 0.001), endurance (6-minute walk test
(» = 0.026)), gross motor functions (GMFM-88
(» =0.041)), and other kinematic and kinetic parame-
ters were observed 4 weeks after the start of rehabili-
tation activities using VR [56].
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A.T.C. Booth et al. conducted a systematic review
and meta-analysis of studies (from 1980 to 2017)
evaluating the effectiveness of using VR to improve
gait in children with CP. The meta-analysis contained
41 studies, including 11 controlled randomized trials.
It was determined that the use of VR for functional
gait training in patients with CP leads to clinically
significant positive outcomes. It was found that func-
tional gait training has moderate positive effects on
walking speed compared to standard physical ther-
apy (p = 0.04). There is weaker evidence that func-
tional gait training using VR can improve walking
and motor functions. The authors argue that function-
al gait training using VR is a safe, feasible, and effec-
tive method for improving walking in children with
CP. Besides, adding virtual reality and biofeedback
to rehabilitation activities in patients with CP can
increase patient motivation and improve treatment
outcomes [57].

However, there are also conflicting data regarding
the effectiveness of virtual reality technologies in im-
proving walking in patients with CP. D. Levac et al.
conducted a pilot non-randomized controlled trial that
included two groups of patients with different forms
of CP. In the first group (n = 5), patients with CP had
one VR session per day for 5 days in the hospital set-
ting. After that, active video games were used at home
for 6 weeks. In the second group (n = 6), only active
video games at home for 6 weeks were used. Walk-
ing was evaluated in all patients using the 6-minute
walk test (6MWT) and the global motor function scale
(GMFM-88).

No differences were found between the groups
based on the results of the study. In the group that
used active video games at home for 6 weeks, a statis-
tically significant improvement according to GMFM-
88 (p =0.042) was observed. In the first group, where
VR was used in the clinical setting and active video
games were used at home, better 6 MWT values were
found (p = 0.043). Despite this, all 6MWT values re-
turned to their original level after 2 months. Thus,
the authors concluded that neither VR nor active
video games improved motor functions in patients
with CP [58].

However, the use of VR to restore the lower limb
function remains relevant. Currently, protocols have
already been developed for clinical studies of the ef-
fectiveness of VR technologies for restoring lower
limb functions (walking) in patients with CP [59, 60].
It’s worth noting that these protocols allow to evaluate
long-term results of rehabilitation measures.

USING VR TECHNOLOGIES IN RESTORING
POSTURAL CONTROL AND MAINTAINING
BALANCE (BALANCE, COORDINATION)

IN PATIENTS WITH CP

Postural control, movement coordination, and bal-
ance are the key factors that provide most functional
skills, especially walking and maintaining body po-
sition in space. The main reason for impairment of
postural control is increased co-activation of agonist
and antagonist muscles, as well as a decrease in the
regulation of postural muscle contraction in a specif-
ic situation [61]. In recent years, some VR trials have
focused on evaluating improvements in postural con-
trol and movement coordination in patients with CP
[62, 63].

The first study using VR to restore postural con-
trol is the work by J.E. Deutsch et al., which presents
a clinical example with retro- and prospective obser-
vation. The study included a 13-year-old child with
spastic diplegia who was treated using the Nintendo
Wii gaming system for 11 sessions of 60-90 minutes
over 4 weeks. According to the results of observation,
there was an improvement in postural control, visual
perception, and functional mobility [64].

The study by S. Gordon et al. used the Ninten-
do Wii system as a method of rehabilitation of chil-
dren with dyskinetic CP. 6 patients aged 6 to 12
years were included in the study. Two rehabilita-
tion sessions a week for 6 weeks were performed.
All children had improved postural control and mo-
tor functions as a result of using the virtual reality
system [8].

16 subjects were included in the study by D. Sha-
ran et al. A study group included 8 patients with CP
(average age 8.9 = 3.2 years), and a control group con-
tained 8 children without pathology (average age 10.4
+ 4.4 years). The Nintendo Wii Sports and Wii Fit VR
systems were used for rehabilitation. Motor activity
was evaluated using the Manual Ability Classifica-
tion System (MACS) and the Pediatric Balance Score
(PBS). The positive effect was detected according to
the PBS. There were no differences in manual skills
compared to the control group. Thus, researchers
showed that the use of Nintendo Wii Sports and Wii
Fit VR systems had a positive effect on the function of
balance control in the CP patient [29].

There are also other studies in which the use of
technologies demonstrated high efficiency in improv-
ing postural control and balance maintenance in chil-
dren with CP [65, 66].

146 Bulletin of Siberian Medicine. 2020; 19 (2): 142-152



Reviews and lectures

In 2018, D. Cano Porras et al. presented a system-
atic review of 97 articles, 68 of which were published
in 2013 and later. This review concludes that VR has
a positive effect in restoring balance and gait, and also
has advantages in combination with traditional reha-
bilitation methods [67]. VR together with transcranial
magnetic stimulation has a positive effect on maintai-
ning balance [68].

Thus, the inclusion of VR technologies in rehabil-
itation activities has positive prospects for improving
postural control and balance in patients with CP.

USING VR TECHNOLOGIES TO IMPROVE
PHYSICAL DEVELOPMENT AND
CARDIOVASCULAR TRAINING IN PATIENTS
WITH CP

Active video games are an optimal alternative to
passive computer games and have recently become
very popular among children and teenagers. Physical
activity and physical fitness are reduced in children
with CP compared to their healthy peers. Patients with
CP spend most of their time sitting, also in front of a
monitor screen [69].

Several studies evaluated the impact of active
VR games on physical activity of children with CP
when used at home. These studies showed that active
games moderately improve physical activity, as well
as reduce the time spent sitting in front of the monitor
screen [70, 71].

INFLUENCE OF VR TECHNOLOGIES
ON CONCOMITANT CP SYNDROMES

Most children with CP have comorbidities in ad-
dition to motor disorders. These disorders include be-
havioral, cognitive, and learning disabilities that affect
general motor functions. 40% of patients with CP have
attention deficit hyperactivity disorder [2]. Some stud-
ies exhibited a positive effect of VR-based methods on
cognitive functions and behavioral disorders of patients
with CP [72, 73].

M. Pourazar et al. presented the results of a ran-
domized controlled trial on evaluating the effective-
ness of VR in order to improve reaction time in chil-
dren with CP. 30 boys aged 7—12 years were included
in the study and divided into 2 groups (a study group
and a control group). Measurement of reaction time
(SRT, simple reaction time) and evaluation of discrim-
inative reaction time (DRT) were performed in all pa-
tients initially and after day 1. A VR session between
two dimensions was performed in the study group

using the Xbox console. According to the results of
the study, the reaction time decreased in patients with
CP after using VR. The authors believe that VR sys-
tems are a promising tool in the rehabilitation process
for improving reaction time in children with CP [74].

The possibilities of using VR to correct oral and
facial disorders in children with CP are being stud-
ied. M. L. Martin-Ruiz et al. believe that performing
rehabilitation activities using the VR-based SONRIE
method on facial muscles can improve swallowing,
facial muscle function, and speech in children with
CP. All future studies will focus on SONRIE vali-
dation for correction of functional insufficiency of
maxillofacial muscles in children with CP [75].

J.W. Shin et al. studied the effect of tradition-
al neurological treatment and VR training programs
on eye and hand coordination in children with CP.
The study included 16 patients with diplegic CP.
In the control group (n = 8), patients performed
physical therapy exercises 2 times a week for 45
minutes for 8 weeks. In the study group (n = 8),
patients performed physical therapy exercises (30
minutes) and VR training (15 minutes) 2 times a
week. The results of the study showed a significant
improvement in the coordination of eye and upper ex-
tremity movements in the study group. The authors
claim that a properly planned training program using
VR can improve eye and upper limb coordination in
children with CP [76].

Thus, the use of VR technologies can improve limb
function, walking, postural control, and balance in pa-
tients with CP. In addition, virtual reality technolo-
gies have a positive impact on such socially important
functions of patients with CP as behavior, facial ex-
pressions, reaction time, hand-eye coordination, etc.

THE DISADVANTAGES OF USING VR
TECHNOLOGIES

Despite the positive results of research on assess-
ing the effectiveness of virtual reality in the rehabil-
itation of patients with CP, there are disadvantages
associated with the use of VR. Until now, many VR
systems have not been adapted for patients with CP
with severe spasticity (the degree of spasticity is 2—4
according to the Ashworth scale). Here, games that re-
quire the use of a remote control are implied. Current-
ly, games that can individually adapt to the reduced
functions of a patient with CP are being developed
[77]. For example, Sony has created a touch glove for
the Sony PlayStation 3 game console, as well as sev-
eral VR games for patients with cerebral palsy with
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upper limb dysfunction [78]. There is also an Interac-
tive Rehabilitation and Exercise System (IREX) that
uses motion detection and capture technology, which
facilitates the interaction of the patient with the game
system [79].

In addition, most of the available virtual reality
games may be too complex for patients with cerebral
palsy. Special programs require the purchase of addi-
tional technical devices, and also have a high cost [9].

It is worth noting that virtual reality technolo-
gies contain a limited number of games. This reduc-
es the motivation for long-term training. A study by
S.G. Owners et al. noted a reduction in the time spent
playing the game after 6 weeks of use. Besides, the
duration of training using the Nintendo Wii Fit de-
creased by 82% in the first 6 weeks of use [80].

In addition, there are factors that limit the use of
VR technologies. D. Levac et al. conducted a survey
among Canadian physical and occupational therapists
on the clinical use of VR in rehabilitation activities,
as well as on the factors that prevent the use of VR.
A total of 1,071 respondents were surveyed. Factors
impeding the use of VR were a lack of funds, premises
with the necessary space, time, staff, and patients with
the necessary pathology [81].

It should be noted that the disadvantage of many
works related to the use of VR technologies in the re-
habilitation of children with CP is the small number
of patients included in the study. This is explained by
a number of limitations, such as the ethical aspect of
using VR and parents’ distrusting new rehabilitation
methods [46, 81].

CONCLUSION

Currently, the inclusion of VR in the complex of
rehabilitation measures for patients with CP is being
studied. VR technologies create a three-dimensional
virtual environment and are able to provide visual,
audio, and tactile feedback for complete patient im-
mersion. Thus, VR opens up new opportunities in the
medical rehabilitation of patients with CP. The virtual
environment provides optimal conditions for impro-
ving motor functions, postural control, balance, gener-
al motor activity, and associated syndromes. Interac-
tive games increase motivation for therapy.

The potential role of virtual motor rehabilitation
is promising. However, more information is required
about its effectiveness and safety. At the moment, there
are conflicting data regarding the use of VR technolo-
gies in the rehabilitation of patients with CP. This may

be related to the size of the samples being studied, the
timing of observation, and the estimated outcome indi-
cators. Further development of VR technologies is nec-
essary along with a detailed study of the effectiveness
and safety of this rehabilitation method and its impact
on the daily functional activity of patients with CP.
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ABSTRACT

In this review, various achievements in the field of development of tissue-engineered scaffolds with the
electrospinning approach were observed. Through the appropriate selection of electrospinning parameters, such as
solution viscosity, the type of solvent, voltage, the distance between a tip and a collector etc., scaffolds with a high
degree of porosity and pore size applicable for optimal cell infiltration can be obtained. These tissue-like materials
can be produced from both synthetic and natural polymers and their mixtures. Based on the characteristics specific
for the desirable tissue — vascular, bone or cardiac — materials providing the required mechanical properties,
architecture, degradation kinetics and biocompatibility are selected for scaffold synthesis. In different studies,
electrospun fibers were modified by adding biologically active agents or nanoparticles. This article also describes
the particularities of the extracellular matrix of different tissues and approaches used for specific tissue imitation.
Repopulation of the matrices with autologous cells before transplantation is the most commonly used method to
improve the biocompatibility of the scaffold and the recipient.
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D/IeKTPOCNUHHUHT A/1A AMU3aliHA MaTepUa/ioB MeANLMHCKOrO Ha3Ha4YeHUA
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PE3IOME

PaccMoTpeHBl  OCTIDKEHHMST B OONAcTH TIOMydYeHHS CKaQQOIIOB JUIl TKAaHEBOH WH)XXCHEPHH METOIOM
sneKkTpocnuHHNHTA. [Ipy mpaBnsHOM MOAOO0PE MapaMeTPOB AIEKTPOCITHHHNHTA, TAKHX KaK BA3KOCTh PACTBOPA, THIT
PacTBOPUTEIIS, HAMPSKEHHE, PACCTOSHUE OT UIJIBI 0 KOJUIEKTOpPA H T.J., MOYKHO MOTYYHTh MaTepPHaIIbl C BEICOKOIT
CTETEHBI0 MOPUCTOCTH ¥ HEOOXOMMBIM Pa3MepoM TI0p, TOAXOASAIINM TSI ONTUMAIbHON HHOHUIBTPAIMH KIETOK.
JlaHHBIE TKaHETIOZOOHBIE MaTePHAIBI MOXKHO TTOTYYaTh KaK M3 CHHTETUUECKHX W MPUPOIHBIX TTOIUMEPOB, TaK U HX
cmeceil. Mcxons 13 CBOMCTB, MPUCYIINX KOHKPETHOM TKAHU — COCYIMCTOH, KOCTHOM, CEpICYHOMN U T.., TIONOUPAIOTCS
MaTepuaibl AT CHHTe3a ckaddornaa, odecrnednBalone HeoOX0ANMbIe MEXaHNIECKHE XapaKTePUCTHKHU, CTPYKTY-
PY, CKOPOCTb JeTpafalii 1 OHOCOBMECTIMOCTh. MHOTHE HCCIenoBaTeNN (pyHKIMOHATH3UPOBAIH BOJIOKHA MTyTeM
Jno0aBieHnsT OMOTOTHYECKN AKTHBHBIX BEIIECTB WMIIM HAHOYACTHIL. B 0030pe Takxke paccMOTPEHBI OCOOEHHOCTH
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PacnpoCTpaHCHHBIM IMOAXO0A0M I ITOBBILICHU S 6I/IOCOBMGCTI/IMOCTI/I cxa(b(bomla C TKaHAMHA PCHUIIUCHTA.
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INTRODUCTION

It is known that some organs and tissues of the hu-
man body are able to self-regenerate. For conditions
when self-regeneration is limited, tissue-engineering
approaches have been developed to create artificial tis-
sues for reparation or organ replacement [1-3]. The
electrospinning method is a new direction in this field,
which makes it possible to create an implantable scaffold
(prosthesis) with the required physicochemical charac-
teristics [4]. The resulting porous structure facilitates
active migration of cells into the wall of the prosthesis,
formation both the supplying blood system and the in-
ternal endothelial layer. The electrospun scaffold should
have a structure similar to the extracellular matrix of the
replaced tissue to provide conditions for cell adhesion,
growth and proliferation [5, 6]. Along with this, the im-
plantable prosthesis should also have biocompatibility,
a suitable pore size for cell infiltration and mechanical
integrity [7, 8]. As a rule, such prostheses are made from
biodegradable materials, which makes them a temporary
supporting structure for the period of cell growth and tis-
sue regeneration. The rate of degradation of the scaffold
should coincide with the rate of new tissue formation.

ELECTROSPINNING PROCESS. EQUIPMENT
AND MATERIALS

The basic elements of the electrospinning setup are
a needle, through which a polymer solution is admin-
istered, and a collector, designed to carry the incoming
polymer. These elements are combined into one elec-
trical circuit. As the voltage increases, the surface ten-
sion forces of the polymer solution are overcome at the
end of the needle, resulting in the formation of a Taylor
cone — a tapered drop of polymer [9, 10]. As the voltage
becomes sufficient, a polymer jet rises from the top of
the cone in the direction of the collector, the diameter
of which depends on many conditions. In the air, a part
of the solvent evaporates and the jet splits, as a result of

which a pure polymer is deposited on the collector in the
form of randomly or directionally laid fibers with sizes
in the nano- to micrometer range. The obtained material
has the form of a thin, fibrous, porous soft fabric or thin
elastic coating.

Structurally, the electrospinning setups are similar,
the differences are associated only with the design (hor-
izontal, vertical, etc.). In addition, setups with double
electrospinning can be equipped with elements that con-
trol the formation of threads and fabric materials [11].
An interesting technology is the coaxial electrospinning,
which allows to obtain combined (like a braided wire)
threads [12, 13].

The electrospinning process is influenced both by the
properties of the solution (viscosity, electrical conduc-
tivity, polymer concentration, surface tension) and con-
trolled variables: the rate of the solution feed or polymer
dissolution, the amplitude of the electric voltage, the dis-
tance between the needle and the collector, temperature,
and humidity [14, 15].

The viscosity, electrical conductivity and surface ten-
sion of polymer solutions depend on the concentration
and properties of the polymer and solvent used. Typi-
cally, the viscosity of solutions in electrospinning pro-
cesses is in the range of 1-20 poise (Ps) and depends on
the concentration (usually in the range of 10-30%) and
the molecular weight of the polymer [16, 17]. Optimum
solvents should have low viscosity and a low boiling
point (for example, DCM, THF, DMF, water, methanol,
hexafluoroisopropanol, etc.); solvent mixtures are also
used [18-20]. The surface tension of the solutions is also
determined by the nature of the solvent and the polymer
(usually about 10>-10® dyne / cm), although in practice
this factor is rarely controlled.

The main controlled parameters, such as the polymer
feed rate (from 0.1 to 10 ml/h), the voltage value (from
1 kV to 60 kV), the distance between the needle and the
collector (from 10 cm to 50 cm), the diameter of the nee-
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dle (18-27G), and the speed of rotation of the receiving
collector (0-3000 rpm), are determined experimentally.
In the vast majority of cases, the temperature and humid-
ity in an electrospinning installation are not considered.

Electrospinning technology is suitable for manufac-
turing polymer filaments, tangles and films from soluble
or molten polymers and allows to create fibrous materi-
als with specified spatial characteristics (diameter, spa-
tial orientation and adhesion of fibers, porosity, the pres-
ence of channels for cell proliferation). Thanks to this,
materials for cell and tissue engineering are created and
studied: various scaffolds for nerve tissue, skin, bone tis-
sue, etc.; dressings; drug delivery vehicles [21-23].

BIODEGRADABLE VASCULAR GRAFT
PRODUCTION

The ability to combine the advantages of synthet-
ic and natural polymers via electrospinning makes this
method particularly attractive for the design of vascu-
lar grafts requiring high mechanical tensile strength and
sufficient elasticity (Young’s modulus) [24]. In addition,
the inclusion of natural polymers with a large number
of cell binding sites in the scaffold can contribute to the
formation of a continuous monolayer of epithelial cells
in the lumen and the proliferation of other types of cells
in the graft matrix. The electrospinning method provides
precise control of the composition, size and direction of
the fibers, which affects the porosity of the material, pore
size distribution, and scaffold architecture [25]. It is im-
portant to note that directed nanofibers can be used to
orient cells in a certain direction to provide the necessary
anisotropy that occurs in some organs, including blood
vessels [26].

A group of authors [27] obtained tubular scaffolds
from a copolymer of poly-L-lactide and poly-g-caprolac-
tone with a diameter of 3 mm, which were implanted into
rabbits in the lower superficial epigastric veins for a peri-
od of 7 weeks. It was revealed that the frames withstood
the surgical process, retained structural integrity and pa-
tency throughout the observation period. In addition, en-
dothelial cells obtained from the human coronary artery
were evenly distributed and spread well throughout the
carcass cavity within 10 days after application.

Vascular grafts obtained from a solution of recom-
binant human tropoelastin and polycaprolactone were
chosen in [28] to simulate the mechanical properties of
the human thoracic artery (elastic modulus, ductility,
permeability, and rupture pressure). Cell adhesion and
proliferation were investigated using human umbilical
vein endothelial cells. The cell-free framework was im-
planted into rabbits and removed one month later, fol-
lowed by a study of the mechanical characteristics. In
the case of transplants of elastin / polycaprolactone com-

position, increased vascular compatibility and endothe-
lization were observed with reduced platelet attachment
compared with transplants without elastin. The addition
of tropoelastin significantly improved cell adhesion and
proliferation.

Polyurethane—urea grafts were implanted in rat aorta
for up to 24 weeks [29]. The interior of the grafts was
coated with a non-thrombogenic 2-methacryloyloxyeth-
yl phosphorylcholine copolymer, which resulted in re-
duced platelet adhesion and improved patency compared
to uncoated grafts. The mechanical properties of the
grafts were also compatible with those of native arteries.
Numerous in vivo experiments using composite bilayer
polyurethane—urea grafts with applied muscle stem cells
of rats, introduced into their aorta [30, 31], showed high-
er throughput for grafts with applied cells compared to
grafts without cells.

Vascular grafts from biodegradable polyurethane
were implanted in rat abdominal aorta for the periods of
7 days, 1 month, 6 months, and 12 months [32]. A com-
parison was made with commercially available ePTFE
grafts. In all cases, rejection of the implants by the body
or their degradation was not observed. With a long im-
plantation period, the implant patency was 100%. The
implant removed after 12 months remained mechanical-
ly stable and was fully integrated into the surrounding
tissue.

The emulsion electrospinning method was used to
make heparin-filled poly (L-lactide-co-caprolactone)
nanofibers (PLCL) used as a stent coating. In a rabbit
model, it was found that a stent coated in such a way
effectively separated the aneurysm from the bloodstream
[33]. In another work, Wang et al. [34] mixed vascular
endothelial growth factor (VEGF) with heparin to accel-
erate endothelialization and loaded the resulting mixture
into the core of PLCL nanofibers. Isolation of heparin
and VEGF from PLCL-Hep-VEGF scaffolds lasted more
than 30 days, which increased the proliferation of por-
cine iliac endothelial cells on the stent.

Feng et al. obtained coxial electrospinning stents
coated with PLCL nanofibers filled with heparin and
calcium rosuvastatin [35]. The coated stent showed in-
creased anticoagulant ability, and the endothelial cells
proliferated well on the coated stent due to the prolonged
release of rosuvastatin calcium and heparin (more than
45 days) from PLCL coaxial nanofibers.

In a similar work by Chen et al., heparin and VEGF
were encapsulated in PLCL nanofibers by emulsion elec-
trospinning to create vascular grafts [36]. Heparin and
VEGF showed a sustained release for 29 days, which
gave the studied transplant good anticoagulation ability
and led to the growth of endothelium.

Similarly, platelet-rich growth factor (PRGF) at a
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concentration of 20 mg / ml was added to the PLCL to
prepare an electrospinning solution from which a tubular
graft with a fiber diameter of 4 nm was prepared. This
approach facilitated rapid penetration of cells into the
graft and the growth of endothelium [37].

A group of authors [38] investigated the release of
tritium-labeled paclitaxel (3H-PTX) from matrices de-
signed to coat vascular stents and obtained by electro-
spinning from solutions of polycaprolactone (PCL) with
paclitaxel (PTX) and human serum albumin (HSA) in
hexafluoroisoropropanol (HFIP). It was shown that 3D
matrices can completely release PTX with virtually no
weight loss. Approximately 27% of PTX was released
on the first day, another 8% — in the next 26 days. Given
the toxicity of PTX and the rate of diffusion through the
arterial wall, it is expected that the minimum cytostatic
dose of the drug in the artery wall will be maintained for
at least three months.

MATERIALS FOR SKIN REGENERATION
AND WOUND HEALING

High porosity, small pore size and large surface area
of electrospinning coating materials make them suitable
for wound dressings, where they provide effective pro-
tection against bacterial infection of the damaged skin
surface and the ability to drain wound fluids and gases
through the dressing. Electrospinning coatings can also
work as platforms for the delivery of biologically active
substances, such as antimicrobial agents to fight infec-
tions and agents to improve wound healing [39, 40].

The main component of the extracellular matrix of
the skin is collagen fibers that provide mechanical and
structural integrity of the skin and have diameters in the
range of 50-500 nm [41, 42]. Therefore, any material
for skin regeneration should also have a fiber diameter
in the nanometer range. Among natural polymers, colla-
gen, fibroin, gelatin, and chitosan / chitin are often used
for this purpose. Thus, a group of authors [43] obtained
collagen nanofibers with a diameter of 100-1200 nm by
electrospinning. The mechanical properties of the colla-
gen matrix were comparable to those for commercially
available materials for regeneration of damaged tissues.
In experiments on rats, the matrices obtained were high-
ly effective in the treatment of wounds at early stages.

Fibroin secreted from silkworm cocoons is character-
ized by excellent biocompatibility, high strength, slow
degradation, and minimal inflammatory response [44].
However, the material formed during electrospinning
has a small pore size, which prevents proper cell infil-
tration. A group of researchers obtained fibers from a
mixture of silk fibroin and polyethylene oxide with the
simultaneous deposition of NaCl crystals during elec-
trospinning [45]. Good adhesion and infiltration of 3T3

fibroblasts on the matrix were observed. In rat wound
treatment experiments, this scaffold closed wounds fast-
er and degraded more efficiently than the commercially
available MatriDerm® regenerative material.

Synthetic polymers (polyglycolide, polylactide,
poloxamer, polycaprolactone, polystyrene, polyvin-
ylpyrrolidone, etc.) are also used for skin regeneration. A
group of authors [46] conducted a comparative study of
fibers obtained from polycaprolactone, a mixture of chi-
tosan / polyethylene oxide and gelatin by electrospinning
their solutions in acetic acid. In in vitro tests, the ma-
terial of the chitosan / polyethylene oxide composition
was characterized by low cell adhesion and proliferation,
while during the in vivo study in rats it had the greatest
influence on the treatment process, effectively blocking
wound contraction and enhancing its epithelization. The
polycaprolactone scaffold also performed poorly in in
vitro experiments, but acted well as a physical barrier
against wound contraction. When using gelatin, the best
in vitro results were observed, while the in vivo behavior
was comparable to the control group (wound regenera-
tion without the use of a scaffold).

The method of electrospinning of a polyurethane
solution produced nanofibers with an average diameter
0f 250-300 nm [47]. A study on the treatment of wounds
using a polyurethane membrane was carried out on guin-
ea pigs; the control group received treatment with the
commercial product Tegaderm ™. Good, uniform ad-
hesion of the nanofiber membrane to the wound surface
was observed without accumulation of fluid. At the same
time, its toxic effects or permeability to exogenous mi-
croorganisms were not revealed.

El-Aassar et al. [48] developed electrospinning com-
posite wound coatings containing polyvinyl alcohol
(PVA) / Pluronic F127 (Plur) / polyethyleneimine (PEI)
and titanium dioxide nanoparticles (TiO2 NP). In this
study, TiO2 nanoparticles were used as an antimicrobi-
al agent. Antibacterial tests showed that the fabricated
PVA-Plur-PEI / TiO2 nanofibers exhibited better bacte-
ricidal activity than PV A-Plur-PEI nanofibers.

Lv et al. [49] reported a polycaprolactone (PCL)/
gelatin  electrospinning framework containing = sili-
ca-based bioceramic particles (Nagelschmidtite, NA-
GEL, Ca7P2Si2016) for wound healing. Using the joint
electrospinning process, NAGEL bioceramic particles
were uniformly distributed in PCL / gelatin fibers, and
when the framework was destroyed, silicon-containing
ions (silicates) were gradually released from the fiber.
Cell tests (for example, umbilical vein endothelial cells
(HUVECs) and human keratinocytes (HaCaTs)) showed
that scaffolds can significantly contribute to cell adhe-
sion, proliferation and migration. The wound sites recon-
structed by these scaffolds showed the desired healing

156 Bulletin of Siberian Medicine. 2020; 19 (2): 153-162



Reviews and lectures

results in terms of angiogenesis, collagen deposition,
re-epithelialization, and inhibition of the inflammatory
response.

MATERIALS FOR BONE TISSUE, TENDON
AND LIGAMENT REPARATION

The key points when using scaffolds obtained by elec-
trospinning for bone tissue regeneration are the presence
of a system of interconnected pores, proper mechanical
properties, a controlled degradation rate, and fiber size
corresponding to the structure of the extracellular matrix
of the bone [50]. The extracellular matrix of the bone is
a nanocomposite consisting of collagen fibers, inorganic
nanocrystallites, and growth factors [51].

The possibility of obtaining scaffolds for bone tissue
regeneration from polycaprolactone was studied [52].
The polycaprolactone nanofiber matrix obtained by elec-
trospinning from a chloroform solution consisted of ran-
domly oriented fibers with diameters ranging from 100
nm to 5 pm.

Scaffolds coated with rat bone marrow mesenchymal
stem cells were cultured with osteogenic additives in the
bioreactor for 4 weeks with the following implantation in
the omentum. After removal, the scaffolds retained their
original size and shape, were stiff and looked like a bone.
Throughout the matrix, the formation of cells and extra-
cellular matrix was observed with the formation of tissue
similar to that of the bone.

Hydroxyapatite (HA), as the main mineral compo-
nent of the bone matrix, is widely used in medicine for
bone tissue reconstruction [53], but its use is limited by
its inherent high fragility. One of the solutions to this
problem is to obtain composite materials with polymers
[54-56]. Thus, a nanofiber network of collagen and hy-
droxyapatite (HA content of about 20%) was obtained by
electrospinning a solution of their nanocomposite [57].
The biocompatibility of nanofibers was investigated us-
ing mouse osteoblastic cells. The cells were viable and
showed good growth parameters both in the case of col-
lagen nanofibers and in the case of nanocomposite.

Scaffolds made from silk fibroin fibers containing
human recombinant bone morphogenetic protein (BMP-
2) and / or hydroxyapatite nanoparticles obtained by
electrospinning were used to form bone tissue in vitro
from human mesenchymal bone marrow stem cells [58].
BMP-2 underwent the process of electrospinning in the
aquatic environment and retained bioactivity. Cells were
cultured on scaffolds for 31 days in an osteogenic envi-
ronment. The scaffold supported the processes of growth
and osteogenic differentiation of cells. Co-application of
BMP-2 and hydroxyapatite onto the fibers resulted in the
highest levels of calcium deposition and increased the
levels of BMP-2 transcription compared to other sys-

tems. However, BMP-2 has disadvantages associated
with rapid enzymatic hydrolysis, undesired bone growth,
immune responses, and high cost [59]. Recently, pep-
tides derived from BMP-2 [60], which have a positive ef-
fect on osteogenic differentiation of stem cells and bone
formation in defects [61], have attracted great attention
as alternative biologically active molecules.

Ye et al. [62] developed nanoscale 3D frameworks
of nano-hydroxyapatite / PLLA / gelatin (nHA / PLA /
GEL) with immobilized on them derivatives of BMP-
2 peptides, capable of delayed release. In vitro stud-
ies have shown that nHA / PLA / GEL-PEP scaffolds
stimulate bone mesenchymal stem cell alkaline phos-
phatase activity (BMSCs) and gene expression associ-
ated with osteogenic differentiation. In addition, in an
in vivo model, this scaffold promoted bone formation
in defects of rat cranial bones. Hence, it is stated that
this framework has great potential for repairing bone
defects [62].

Native ligaments and tendons have a wide range of
mechanical properties. Therefore, for the successful cre-
ation of tissues replacing these damaged structures, the
mechanical properties of the scaffold play a crucial role
[63]. Hybrid nano-microfiber scaffolds were developed
by electrospinning a solution of polylactide-co-glycolide
onto an already prepared scaffold woven from fibers of
the same polymer [64]. Pig bone marrow stromal cells
were applied to hybrid scaffolds, and woven scaffolds
without nanofibers, onto which cells suspended in a
fibrin gel were applied, were used as a control group.
Indicators, such as cell adhesion, proliferation, and ex-
pression of type I collagen and decorin, were higher for
the hybrid scaffold group. A limitation in the use of such
nano-microfiber scaffolds is their mechanical properties,
which do not correspond to those characteristic of native
tendons and ligaments.

MATERIALS FOR CARDIAC TISSUE
REGENERATION

Tissue engineering and cell therapy are now seen as
alternative therapeutic approaches to stimulate the re-
generation of infarcted tissue. Cardiac scaffolds can re-
place or support the function of the heart muscle with
the possibility of providing cell and drug therapy after
myocardial infarction [65, 66]. Both synthetic and natu-
ral polymers are used to produce heart scaffolds.

In [67], the production of matrices of different com-
position by electrospinning was described: poly-L-lac-
tide; 75% polylactide-co-glycolide (lactide / glycolide =
10 / 90) mixed with 25% poly-L-lactide; 85% polylac-
tide-co-glycolide (lactide / glycolide = 75 / 25) mixed
with 15% copolymer of polyethylene glycol with po-
ly-D, L-lactide. During the cultivation of cardiomy-
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ocytes on the obtained matrices, it was revealed that
cardiomyocytes were sensitive to the composition of
materials with a preference for relatively hydrophobic
surfaces. The density of cardiomyocytes on hydrophilic
and rapidly decomposing surfaces was lower. Matrices
of poly-L-lactide showed the best parameters for cell ad-
hesion.

The work [68] describes the preparation of composite
fibers, the core of which consists of polyglycerol seba-
cate, and the outer part — of fibrinogen. The fibers had an
average diameter of 1076 + 212 nm. It was shown that
the obtained fibers had a Young’s modulus comparable
to that of the native heart muscle. Neonatal cardiomyo-
cytes that were cultured on these scaffolds showed nor-
mal expression of specific proteins.

A number of scaffolds with directed and randomly
oriented fibers were obtained by electrospinning from a
mixture of polyglycerol sebacate / gelatin with different
ratios of components [69]. The adhesion, proliferation,
and differentiation of fibroblasts and cardiomyocytes
were influenced by the chemical composition and stiff-
ness of the scaffold, and the alignment and organiza-
tion of cells was influenced by the directed or random
arrangement of the fibers. Scaffolds with directional fi-
bers containing 33% polyglycerol sebacate allowed to
achieve optimal synchronous contractions of cardiomyo-
cytes with significantly improved cell organization in
given directions.

Some conductive and biocompatible polymers, such
as polyaniline and polypyrrole, have been used to make
conductive cardiac scaffolds. In particular, a scaffold
was made from directional conductive fibers of polyani-
line and a copolymer of polylactic and polyglycolic ac-
ids [70]. Cells cultured on fibers formed clusters, and all
cardiomyocytes within the cluster contracted synchro-
nously, which implies a fully developed intercellular
connection.

Another approach to improve the physical and bio-
logical properties of a scaffold is to coat its surface with
nanofibers. In some cases, scaffolds coated with electro-
spinning nanofibers, after removing cells from the sur-
face of the scaffold, showed better mechanical proper-
ties and kinetics of degradation than before modification
[71]. For example, a group of researchers conducted an
experiment to obtain hybrid leaflets of the heart valve
with a biomatrix / polymer composition [72]. The leaf-
lets of the pig’s heart valve were purified from cells and
coated with a mixture of fibroblast / chitosan / poly-4-hy-
droxybutyrate growth factors by electrospinning. Fur-
ther, the leaflets were seeded with rat mesenchymal stem
cells and cultured for 14 days. As a result, the hybrid
scaffold showed good cell population and a significant
increase in their mass, the formation of 4-hydroxyproline

and collagen, and also had mechanical properties compa-
rable to those of the native valve.

In a recent work [73], a fiber frame of a polycarbon-
ate—polyurethane valve was developed by electrospin-
ning, which imitates the shape of a native heart valve.
According to the authors, the cell-free, slowly collapsing
elastomeric valve implant should be gradually populat-
ed by endogenous cells with the formation of new valve
tissue inside the heart. Orthotopic implants in the form
of a pulmonary valve in sheep showed stable functional-
ity for up to 12 months, while the polymer implant was
gradually replaced by layered collagen and an elastic
matrix as the cells resorbed.

As for medical bioresistant implants, for materials
obtained by electrospinning, the scope has not yet been
determined. For implants, especially artificial heart
valves (AHV), increased operational requirements are
imposed: long-term elasticity, wear resistance, biosta-
bility, not to mention hemocompatibility and resistance
to calcification. To date, biological AHV with moving
elements from an animal pericardium demonstrate the
greatest success in practice, although in this case it is
also difficult to achieve long trouble-free lifetime of the
valve (usually no more than 10 years) [74]. Artificial bio-
mimetic heart valves with a movable base made of arti-
ficial materials (polymers, such as PTFE, polyurethanes,
etc.) are currently considered promising, but need more
in-depth study than the already known mechanical or
biological ones [74]. Therefore, the technology of elec-
trospinning should be rather considered as an auxiliary
method in the production of combined biostable mate-
rials. For example, electrospinning microfibers can be
used as a reinforcing component when creating the ap-
propriate composite (valve prosthesis, vessel, graft) with
an impregnated polymer matrix or to modify the surface
layer of the product with nanofibrils for better epitheliza-
tion where necessary.

CONCLUSION

The task of tissue engineering is to restore the func-
tions of damaged tissue. The electrospinning method
allows to obtain polymer scaffolds for the needs in this
area. By varying the parameters of electrospinning, it is
possible to obtain materials with the required fiber diam-
eter, pore size and porosity. In addition, electrospinning
allows to obtain fibers from various polymers, both of
synthetic and natural origin. This technology allows to
combine the advantages of synthetic and natural poly-
mers to obtain biocompatible scaffolds with mechanical
properties corresponding to native tissues. The selection
of conditions and materials for electrospinning is carried
out depending on the properties of the extracellular ma-
trix of the replaced tissue. However, today, the number
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of in vivo studies for tissue-engineering materials ob-
tained by electrospinning is still insufficient to talk about
the operational flexibility of this technology.
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ABSTRACT

In the last decades, the problem of antibiotic resistance has been occupying one of the key positions in the global
public health system, and it requires attention from the medical community. Antimicrobial resistance monitoring
systems play an important role in tracking the changes in antimicrobial susceptibility for timely correction of
antimicrobial therapy. The pharmaceutical industry applies epidemiological data obtained through such monitoring
to the creation of new medicines and modification of the antimicrobial substances developed earlier.

The article describes some of the international and Russian monitoring systems created at different times. It should
be noted that during development, regional-level data are used, while a number of projects present information
on a global scale. The completed comparative analysis of available systems revealed both positive aspects and
parameters in need of renovation. At the same time, the standardization of collecting basic data for monitoring
programs requires significant changes. The majority of systems are able to examine only a limited range of
microorganisms and antimicrobials. An important point in the functioning of monitoring systems is a search for
the optimal way to visualize output data in tables, interactive maps, and graphics. A significant amount of projects
demand further work on the result presentation options. Constant monitoring is a significant component in modern
concepts of antibiotic resistance control due to the increasing occurrence of resistant organisms.

Key words: analytical systems, antibiotic resistance, antimicrobials, surveillance.
Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.

For citation: Kuzmenkov A.Yu., Vinogradova A.G. Antimicrobial resistance monitoring: a review of information
resources. Bulletin of Siberian Medicine. 2020; 19 (2): 163-170. https://doi.org: 10.20538/1682-0363-2020-2-
163-170.

MOHUTOPUHI aHTUBMOTUKOPE3UCTEHTHOCTHU: 0630p MHPOPMALMOHHDIX
pecypcos

KysbmeHkoB A.1O., BuHorpaposa A.l'.

Hayuno-uccnedosamenvckuii uncmumym aHmumuxkpoonou xumuomepanuu (HUHAX), Cmonenckuii
eocyoapcmeennblil meouyurckuu ynusepcumem (CI'MY)
Poccus, 214019, 2. Cmonenck, yn. Kpynckoi, 28

PE3IOME
B mocnennue gecstuiietust npodieMa aHTHOMOTHKOPE3MCTEHTHOCTH 3aHMMAeT OJHY W3 KJIIOYEBBIX ITO3MIMH

B CHUCTEMaAX 06L[I€CTB€HHOFO 3/1paBOOXpPaHCHUSA BO BCEM MHUPE U TpGGyGT 0cO000r0 BHHMaHHUS CO CTOPOHBI
MECIUITUHCKOT'O COOGIJ.[CCTB&. I[J'lﬂ OTCJIC)KUBAHUA JUHAMHUKU YYBCTBUTCIBHOCTH MHKPOOPTaHU3MOB, C IICJIbIO

D4 Vinogradova Alina G., e-mail: alina.vinogradova@antibiotic.ru.

BlonneTteHb cMbupckoin meguuuHbl. 2020; 19 (2): 163-170 163



Kuzmenkov A.Yu., Vinogradova A.G.

CBOEBPEMEHHOM KOPpEeKIMH aHTUMHMKPOOHOH TepamuM, Ba)KHYIO pOJIb HIPaOT CHUCTEMBl MOHHTOpPHHIA
QHTUOMOTHKOPE3NCTEHTHOCTH. [loMydyeHHbIe B paMKaX MOHHUTOPHHIA OSIHICMHOJIOTMYECKHE JAHHBIE TaKkKe
UCIIONB3YIOTCS B (hapMalieBTHYECKON MPOMBIIICHHOCTH MPH CO3JaHUM HOBBIX JIGKAPCTBEHHBIX MPENapaToB M
Moan(UKAIMU pa3paboTaHHBIX paHee aHTUMHUKPOOHBIX cyOcTaHIuil. B craThe paccMaTpuBalOTCsS HEKOTOPBIE U3
3apyOeIKHBIX U POCCHHCKUX CHCTEM MOHUTOPHHTA, CO3JaHHbIe B pa3Hoe BpeMsi. CiieayeT OTMETUTb, YTO MPHU pas-
paboTKe UCTIOIBb3YIOTCS IaHHBIE Ha YPOBHE OTACIBHBIX PETHOHOB, a PsiJ] POSKTOB MPEACTABISIOT HHPOPMALIUIO
B ri100anbHOM Maciitabe. Pe3ynbTaThl MPOBEJCHHOTO CPAaBHUTEILHOIO aHAIM3a UMEIOIIMXCS CHCTEM BBISBHIN
KaK TMOJIOKUTEIIbHBIE CTOPOHBI, TAK M MapaMeTphbl, KOTOpbIe TPeOyIoT MoaepHH3auu. [Ipy 3TOM B HAaHOONIBIINX
U3MEHEHHSX HY)KIaeTCsl MPOoLece CTaHAapTH3aMK cOopa HCXOAHBIX TaHHBIX JUIs TPOrpaMM MOHUTOpHHTA. boib-
IIMHCTBO CUCTEM JIMMUTHPOBAHO MO CIIEKTPY pacCMaTpUBAaEMbIX MUKPOOPIaHU3MOB U aHTUMUKPOOHBIX Ipernapa-
TOB. BakHBIM MOMEHTOM U151 QYHKIIMOHUPOBAHUS CHCTEM MOHMTOPHHI'A SIBJISIETCS IOUCK ONITHMAIBHOTO criocoba
BU3YaJIM3al[M1 BBIXOAHBIX JAHHBIX MPU MMOMOIIN TaOJHII, NHTEPAKTUBHBIX KapT U rpadukoB. 3HAYUTENFHOE KO-
JIMYECTBO TPOEKTOB TpeOyeT paibHEeHIIel TPopadOTKH BapHaHTOB NPEACTABICHHS Pe3yJibTaToB. Bo3pacrarommast
4acTOTa PE3UCTEHTHBIX MUKPOOPraHN3MOB TpeOyeT NOCTOSHHOTO MOHUTOPHHT'A, SBJISIOLIET0Cs BaXKHOM COCTaBIIA-
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INTRODUCTION

For the first time, reports on the emergence of
antimicrobial resistance appeared in the 1940s. The
first cases registered were connected with penicillin
resistance. Then, as various antimicrobials were in-
troduced into clinical practice, virtually all known
pathogens acquired resistance to one or more drugs
[1]. As a consequence, antibiotic resistance monitor-
ing is a key element in the fight against this threat.
Its main components include continuous collection,
analysis, and interpretation of information related to
antibiotic resistance. A monitoring system with the
ability to permanently track the dynamics of antibi-
otic resistance in all clinically significant isolates,
studied in healthcare facilities, can be considered
impeccable. The data on resistance rates are suitable
for research programs on infection control and the
rational use of antibiotics. They are also used in the
development of practical measures aimed at reduc-
ing antibiotic resistance [2].

Antibiotic resistance monitoring programs are
able to indicate regions where the problem is wide-
spread, geographical objects with increased rates of
resistance, and microbial species that pose a serious
threat to public health [3—5]. Moreover, the monitor-

ing system is an early warning tool, and its efficiency
depends on the time needed for interested stakehold-
ers to access the information and their ability to take
actions. At the same time, access to up-to-date and
reliable information on the antibiotic resistance level
contributes to the formation of an adequate response
to private reports of antibiotic resistance in cases
involving an improper assessment of the expected
drug efficacy, which may consequently complicate
antimicrobial therapy [2, 6].

Several key objectives are pursued in developing
an antibiotic resistance monitoring system: to detect,
analyze and predict changes in antibiotic resistance
indicators and outbreaks of infections caused by
microorganisms with modified resistance; to detect
new resistance mechanisms; to compare the activity
of new antibiotics before and after their introduction
into clinical practice. In addition, a key point is the
opportunity to educate medical staff, patients, and
general public on antibiotic resistance issues.

It should be noted that for about 30 years since the
detection of resistant microorganisms, the concept of
monitoring antibiotic resistance has not existed in its
modern sense. Only individual publications describ-
ing cases of antimicrobial ineffectiveness existed.
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INTERNATIONAL ANTIBIOTIC RESISTANCE
MONITORING PROGRAMS

Indirectly, antibiotic resistance monitoring sys-
tems have been in place since 1970, when several US
clinics reported cases of hospital-acquired infections
[7]. The immediate task was to collect data on noso-
comial infections and susceptibility of germs to an-
timicrobials. This local system subsequently became
the basis of the USA National Nosocomial Infection
Surveillance System [8, 9].

Modernization of antibiotic resistance monitoring
programs unequivocally shows that the quality of the
organization has reached a new level. At present, the
following levels of current initiatives to monitor an-
tibiotic resistance can be determined: local, regional,
national, and international. In addition, the levels can
be hierarchical and different sources of funding can
be applied to the systems [10, 11]. For instance, in a
number of European countries, microbiological la-
boratories working on antibiotic resistance issues are
obliged to provide the results of the observations to
concerned organizations and healthcare providers at
least once a year [12]. Moreover, local monitoring is
realized by hospital laboratories, systematically re-
porting on the microbial susceptibilities. Europe, the
USA and other countries develop regional, national,
and international surveillance systems [8, 13, 14].

The group of national initiatives for antibiotic re-
sistance monitoring includes Active Bacterial Core
Surveillance (ABC system, USA). It was created as
part of an infection research program in collaboration
with the Centers for Disease Control and Prevention
(CDC, USA) to assess the severity of invasive bacte-
rial infections, which in a significant number of cas-
es are manifested as sepsis and meningitis [4]. This
project website published reports on the incidence
of infections caused by different groups of Strepto-
coccus, H. influenzae, MRSA (Methicillin Resistant
Staphylococcus Aureus), N. meningitidis and con-
tains information on some demographic characteris-
tics [15]. The system also comprises a trend estima-
tion of infectious diseases in the territory of several
American states employing both molecular and mi-
crobiological methods.

Furthermore, the following programs exist: Na-
tional Nosocomial Infections Surveillance (NNIS
system, USA) and Global Emerging Infections Sur-
veillance (GEIS, USA) [16, 17]. It should be noted
that the NNIS report combines information from 300

clinics for the period from 1992 to 2004 and contains
data on the frequency of nosocomial infections and
various demographic indicators [18]. Limited infor-
mation on antibiotic resistance, which includes only
particular pathogens, is one of the main disadvan-
tages.

In the early 2000s, several systems were com-
bined into a single National Healthcare Safety Net-
work (NHSN, USA). The final data of this program
for 2006-2008 provide information about infections
caused by different medical interventions and the use
of diagnostic and therapeutic devices [19]. NHSN
established an online monitoring system for antibi-
otic resistance in catheter-associated urinary tract
infections, central line-associated bloodstream in-
fections, and surgical site infections, in order to pro-
vide timely and complete data [20]. The structural
elements of the application are an introduction page
containing information on data collection methods;
summary indicators of antibiotic resistance; and a
map and an interactive table on selected microorgan-
isms. Moreover, a graphic display of susceptibility
indicators according to the patient’s age, type of sur-
gical interventions and health facilities is available
to the user in the additional section. There are some
drawbacks of the system, the main ones being a lim-
ited spectrum of antimicrobials and microorganisms
and a lack of choice in localization of infections and
hospital units. The database adopted as the basis for
NHSH is not updated regularly; the latest available
information dates back to 2015.

Public Health England (PHE) provides direct fi-
nancial support in the development of several anti-
biotic resistance monitoring projects — Second ge-
neration surveillance system (SGSS) and the British
Society for Antimicrobial Chemotherapy (BSAC).
The characteristic feature of SGSS is presentation
of summary information in the form of a report on
the frequency characteristics of selected microorga-
nisms and their susceptibility to antibiotics. The dis-
advantage of this system is the absence of possibility
to access the website as an unregistered user. More-
over, the system contains only generalized data and
non-interactive visualization [10]. BSAC involves
participation of several countries: England, Wales,
Scotland, Northern Ireland, and the Republic of Ire-
land [6]. The system forms publications and pro-
vides information with selection filters via the web-
site; the output data cover the strain distribution of
all susceptibility categories and minimum inhibitory
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concentration (MIC) distribution, as well as genetic
markers of antibiotic resistance. Weak points include
the lack of graphical and cartographic representation
of data and the inability to consider data at primary
aggregation levels.

The Centers for Disease Control and Preven-
tion (CDC, USA) conducted a study on antibiotic
resistance in 10 countries within reinforcement of
resources for surveillance, response and emerging
infectious disease control. The implementation of
activities depended on the country. A research proj-
ect in Egypt included a university and several public
hospitals to monitor nosocomial infections and an-
tibiotic resistance. The demographic analysis was
the basis for systematic surveillance in Thailand and
several African countries, such as Kenya [21].

International projects on antibiotic resistance
monitoring include the European Antimicrobial Re-
sistance Surveillance Network (EARS-Net) [13], the
Latin American Surveillance Network of Antimi-
crobial Resistance (ReLAVRA — acronym in Span-
ish) [22], the Central Asian and Eastern European
Surveillance of Antimicrobial Resistance (CAE-
SAR) [23], the Asian Network for Surveillance of
Resistant Pathogens (ANSORP) [24], the Antibiotic
Resistance Surveillance and Control in the Medi-
terranean Region (ARMed) [25,26], the Gonococ-
cal Antimicrobial Surveillance Programme (GASP)
[27], international research “Bacterial Infections and
Antibiotic Resistant Diseases among Young Chil-
dren in Low-Income Countries” (BIRDY) [28, 29],
CDDEP(the Center for Disease Dynamics, Econo-
mics & Policy)-ResistanceMap [30], and the Glo-
bal Antimicrobial Resistance Surveillance System
(GLASS) [31].

EARS-Net was organized with financial sup-
port from the European Centre for Disease Control
(ECDC) in 1999. EARS-Net 2018 report contained
data on antimicrobial resistance of E. coli, K. pneu-
moniae, P. aeruginosa, S. pneumoniae, Acineto-
bacter spp., S. aureus, E. faecalis, E. faecium with
selected antimicrobials being tested; and blood and
cerebrospinal fluid were clinical materials [13, 32].
The data from the previous year are the base for an
annual report. In addition, the trend in the dynamics
of antimicrobial resistance for the last three years is
shown in the form of tables and maps with gradient
colors. The monitoring results are presented as an in-
teractive system, not only in PDF. The main negative
characteristics of the system are the limited spectrum

of microorganisms and antibiotics and delayed ac-
cess to results.

The Central Asian and Eastern European Sur-
veillance of Antimicrobial Resistance (CAESAR)
includes European countries that are not part of
EARS-Net and several Central Asia countries. The
organization is financially supported by the WHO
Regional Office for Europe (the World Health Or-
ganization Regional Office for Europe); the Dutch
National Institute for Public Health and the Envi-
ronment, the Ministry of Health, Welfare and Sport
(the Netherlands); and the European Society of Clin-
ical Microbiology and Infectious Diseases. At this
time, 19 countries are members of CAESAR. The
first CAESAR report was published in 2014 and in-
cluded data from 9 member countries that submitted
results of antimicrobial susceptibility testing (AST)
for 8 species (E. coli, P. aeruginosa, K. pneumoniae,
Acinetobacter spp., S. pneumoniae, S. aureus, E. fae-
calis and E. faecium), with blood and cerebrospinal
fluid as clinical materials. The report structure con-
sists of introductory information about the project,
participating countries, and the specific data collec-
tion. The outcome of AST is presented in the form
of tables for each country [23]. The system is insuf-
ficient in the selection of comparative indicators.
There are no options to choose the localization of
infections and hospital units, and data presentation
abilities are limited. In addition, the final data con-
tain a certain number of microorganisms with only
delayed access to the monitoring results.

WHO and the Pan American Health Organization
collectively founded the Latin American Surveillance
Network of Antimicrobial Resistance (ReLAVRA).
The network includes 19 countries that share their
data on antibiotic resistance annually. Individual
publications and the official web portal present the
results of the system. Limited possibilities of data
visualization and user-configurable filtering and the
absence of in-depth data analysis can be considered
as disadvantages of the system [22].

Professor Jung-Han (the Samsung medical cen-
ter, Sungkyunkwan University, Seoul, South Ko-
rea) initiated the Asian Network for Surveillance of
Resistant Pathogens (ANSORP). The main goal of
the project is to implement international prospective
studies on antibiotic resistance in the Asian region.
The initial project developed by the ANSORP group
addressed the pneumococcal resistance monitoring.
The resource is updated at certain time intervals and
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generates reports on the results of prospective stud-
ies. In 2018, a working group of researchers began
to work on collecting isolates and processing data
in pediatric patients [24]. However, since the data
presentation is limited to reporting, the expected
difficulties in timely data presentation for the user
and incomplete coverage of microorganism species
arise. The visual component is also one of the under-
developed aspects of the project.

Over a fouryear period, the Antibiotic Resistance
Surveillance and Control in the Mediterranean Re-
gion (ARMed) functioned under the sponsorship
of the Directorate General for Education and Cul-
ture. Cyprus, Egypt, Jordan, Malta (coordinator),
Morocco, Tunisia, Algeria, Lebanon, and Turkey
participated in the program. Susceptibility rates of
S. aureus, S. pneumoniae, E. coli, E. faecium, and
E. faecalis invasive strains and correctness of anti-
biotics prescription and intake were assessed. Due
to the termination of external funding, ARMed has
suspended its work [25].

CDDEP ResistanceMap is a website developed
with support from the Center for Disease Dynam-
ics, Economics and Policy (Washington, DC; USA)
non-governmental organization. The resource pres-
ents data on consumption of antibacterial drugs and
antibiotic resistance for different regions of the world
and individual states [30]. The website provides in-
formation on 12 species of microorganisms. Visual
presentation of data is possible in several variants: an
interactive map, a trend and a bar chart. The system
combines the results from several sources, such as
the Australian Group on Antimicrobial Resistance
(AGAR), the European Antimicrobial Resistance
Surveillance Network (EARS-Net), the Canadian
Antimicrobial Resistance Alliance (CARA), a pri-
vate tertiarycare hospital (Kenya), the Public Health
Surveillance, Institute of Environmental Science and
Research Ltd (ESR, New Zealand), etc. [30]. De-
spite the big amount of information selected to form
the ResistanceMap database, the potential system ef-
fectiveness is reduced by the scope of microbial se-
lection, presentation options, and delayed data pub-
lication due to the dependence on primary sources.

One of the key positions of the global action plan
on antibiotic resistance adopted at the World Health
Assembly in 2015 is to strengthen the evidence base
in this area [31]. The main ways are to conduct re-
search and monitoring continuously on a global
scale. This plan includes the development of the

Global Antimicrobial Resistance Surveillance Sys-
tem (GLASS). A road map for five-year work was
formulated for this project. During this period, anti-
biotic resistance is monitored based on clinical and
microbiological data on priority bacterial pathogens,
with the target of 40% WHO countries participating
by the end of the project [33, 34].

Along with national and international general
medical organizations, a number of pharmaceutical
companies provide material support for the creation
and maintenance of antibiotic resistance monitoring
systems. Alexander Project, MYSTIC (Meropenem
Yearly Susceptibility Test Information Collection),
SENTRY, and TRUST are examples of such sys-
tems [35-39].

The SMART (Study for Monitoring Antimicro-
bial Resistance Trends) is also one of such projects,
sponsored by the Merck & Co., Inc. The key objec-
tive of this system is to assess in vitro susceptibility
of Gram-negative microorganisms to 12 antibiotics
for intraabdominal and urinary tract infections. This
website is designed for professionals working out-
side the USA [11]. The work results are available as
an interactive map, publications and posters starting
from 2009. Restricted choice of antibiotics and mi-
croorganism species and summary information dis-
play without detailed explanation limit the range of
SMART applications.

ATLAS, a system supported by Pfizer, is a
multi-component resource that includes a data-
base that combines information from three sources:
TEST (Tigecycline Evaluation Surveillance Trial),
AWARE (Assessing Worldwide Antimicrobial Re-
sistance Evaluation), and INFORM (International
Network for Optimal Resistance Monitoring). The
system currently obtains data on over 630,000 iso-
lates. The user has a choice of parameters to filter the
data by microorganism species, antimicrobials, geo-
graphic regions, and years. The output information is
available as a heat map, a trend, or a table [40]. Point
evaluation of indicators (city category) and multiple
comparisons are not available, which emphasizes the
need for further development of the project.

DEVELOPMENT AND IMPLEMENTATION

OF ANTIBIOTIC RESISTANCE MONITORING

SYSTEMS IN THE RUSSIAN FEDERATION
National antimicrobial resistance monitoring

projects are regularly organized in the Russian Fed-

eration with the direct participation of the Institute
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of Antimicrobial Chemotherapy (IAC) and the In-
terregional Association for Clinical Microbiology
and Antimicrobial Chemotherapy (IACMAC); they
are managed by the Scientific-Methodical Center
on Antibiotic Resistance Monitoring (CMAR) [41].
Since the 1990s, there have been various projects,
such as RESORT, REVANSH, MARATHON,
Pegas, START, NOTA, MARS, STENT, SPARS,
Darmis, and NPRS [42]. The results of the projects
were presented in electronic reports with tables and
graphs. The publication time was delayed for several
months, and only statistical data without user-con-
figurable settings were presented.

AMRmap, an online platform for the analysis of
antimicrobial resistance data in Russia, has been in
function since 2016. Its significant difference is a
wide range of tools for visualization, with a choice
of a data format: charts, tables or interactive maps.
The graphical module varies from bar charts to more
rare variants — matrices and graphs. It is necessary to
note the implemented system of filters, which allows
to receive results on the scale of both federal districts
and cities. Methods for assessment of associated re-
sistance and presentation of genetic determinants of
antibiotic resistance were designed for AMRmap
[43]. The database, which the website is based on,
includes the results of multicenter prospective an-
tibiotic resistance studies conducted by IAC and
IACMAC covering the period from 1997 to present,
with retesting of obtained isolates at IAC central lab-
oratory. Despite continuous updates, the process of
input data generating requires further development,
with an improvement of data implementation in the
platform.

CONCLUSION

Constant high quality work of monitoring sys-
tems is an important element in controlling antibi-
otic resistance. The greatest efficiency in practical
application is possible in the conditions of constant
database filling, and expansion of criteria forming
it. The best option is to conduct monitoring based
on multicenter studies with the participation of all
healthcare facility types in the project. At the mo-
ment, most of the local data come from large hospi-
tals, which reflect the resistance rates due to a larger
number of patients. Thus, regular inclusion of new
participants in the antibiotic resistance monitoring,
with an undiminishing quality and intensity of re-

search protocol processing, will help to assess the
situation with antimicrobial resistance more accu-
rately. The data obtained will be used to improve
monitoring systems, and the information provided
will timely optimize antibacterial therapy on a glob-
al and national scale.
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ABSTRACT

Neurogenic inflammation is a pathological process based on bidirectional interactions between cells of the nervous
and immune systems as well as on a wide range of biologically active substances.

Aim. Basing on scientific publications and information provided in databases, to analyze markers of neurogenic
inflammation (biochemical, genetic) and characterize their involvement in the pathogenesis of diseases of various
organ systems.

Results. Neurogenic inflammation that occurs during the development of various diseases (asthma, urticaria,
atopic dermatitis, psoriasis, rheumatoid arthritis, pain syndrome, interstitial cystitis, colitis, etc.) is characterized
by common stages and pathophysiologically active substances. Mediators released by nerve cells (substance
P, calcitonin gene-related peptide, vasoactive peptide), acting on specific receptors, contribute to mast cell
degranulation with the release of a complex of biologically active substances (histamine, tryptase, nerve growth
factor, etc.), which activate inflammatory processes. Biologically active substances and receptors significant for
the development of neurogenic inflammation are under genetic control. At the same time, there are overlaps of
the spectrum of diseases for which importance in the pathogenesis of neurogenic inflammation is proved and an
association between variants of neurogenic inflammation genes. This makes it possible to conclude that the course
of neurogenic inflammation will depend not only on the etiological factors, but also on the genetic features of key
molecules involved in neurogenic inflammation processes. The similarity of the pathogenetic links of neurogenic
inflammation (at the genetic and biochemical levels) in various pathologies may underlie the formation of comorbid
conditions.

Conclusions. Understanding the biochemical and genetic components of the development of neurogenic
inflammation is of interest for prevention and treatment of diseases (including comorbid ones) based on this
pathological process.
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HeliporeHHoe BocnaseHue: GMoxXmmmnyeckne MapKephbl,
reHeTU4YeCKUI KOHTPO/Ib U 60/1e3HK

Kyuep A.H.

Hayuno-uccnedosamenvckuii uncmumym (HUHW) meouyunckou eenemuxu, ToMCKull HAYUOHATbHbILL
uccredosamenvcxull meouyurckull yeump (HHUMIL]) Poccutickoil akademuu Hayk
Poccus, 634050, . Tomck, Habepescnas p. Ywaiiku, 10

PE3IOME

AKTyanasHOCTB. HeifporenHoe BocnaieHue npecTaBisieT co00i MaToIorn4eckuii IpoIecc, B OCHOBE KOTOPOTO
HaXOJATCA [BYHAIIPaBJICHHbIC B3aUMOJCHUCTBUA MEXIY KICTKAMU HEPBHOH M MMMYHHOH CHCTEM, a TaKiKe
IIMPOKHH CIEKTP OMOJIOTMYECKH aKTUBHBIX BEIECTB.

Heas. Ha ocHoBaHNY HayYHBIX ITyOIMKAIMI 1 HHPOPMAIIIH, IPEICTABICHHON B 0a3aX JaHHBIX, IPOAHATN3UPOBATh
MapKepbl HESHPOTeHHOTO BocHaIeHHs (OHOXHMMHUUECKUE, TCHETHIECKHE) U 0XapaKTepU30BaTh UX BOBICUEHHOCTH B
naToreHes OoJsie3Hel pa3IMIHBIX CHCTEM OPTaHOB.

Pe3yabTathl. HeiiporenHoe BocnasieHnue, mpoTeKarolee Ipu pa3BUTHH Pa3IMYHbIX 3a00eBaHUM (acTMa, KpamnuB-
HUIIA, aTOMMMYECKUH IepMaTHUT, IICOpHa3, PeBMaTONIHBII apTPUT, O0JIE€BOM CHHAPOM, HHTEPCTUIIHATBHBINA IIUCTHT,
KOJIUT M JIp.), XapaKTepU3yeTcsl OOIIHOCTHIO 3TATIOB U NMAaTO(PU3NONIOTHYECKH aKTUBHBIX BEIIECTB. Briaensemble
HEPBHBIMH KJIETKaMH MeIHATOPhI (CyOcTaHIus P, KOKanbIMTeHNH, Ba30aKTHBHBIH MENTH), BO3IEHCTBYsI HA CIIEIl-
nuIecKre PerenTophl, ClIOCOOCTBYIOT AETPAHYIIAIMU TyYHBIX KJIETOK C BBICBOOOMXKIEHUEM KOMIIIEKCa OHOTOTH-
YECKH aKTHBHBIX BEIIECTB (THCTAMHH, TPHUIITa3a, POCTOBOH (hakTOp HEPBOB M JIp.), KOTOPbIE aKTUBUPYIOT BOCIIA-
JUTENBHBIN Tporiecc. bruonorndecky akTHBHBIE BEIIECTBA M PELENTOPBI, 3HAUUMBIE ISl Pa3BUTHS HEHPOTEHHOTO
BOCMAJIEHHs, HAXOMATCS MO/ TeHETUYECKUM KOHTPOJIEM.

[Tpu >ToM HabIrOACTCS TIEPEKPBIBAHMS CIIEKTPa 3a00JIeBaHUM, JUIsl KOTOPBIX JI0Ka3aHa 3HAYMMOCTh B IATOT€HE3e
HEWPOTreHHOTr0 BOCHAJEHMS, C OJHOH CTOPOHBI, M ACCOLMHPOBAHHOCTh C BapHaHTAMU T'CHOB HEHPOT€HHOrO
BOCHAJICHUS — C JIPYroif. DTO MO3BOJSIET 3aKIIIOYUTh, YTO XapaKTep TEUCHHUs] HEHWPOTreHHOro BOocHaJeHHs Oyner
3aBUCETh HE TOJBKO OT dTHOJOIMYECKHX (haKTOPOB, HO U OT FCHETHYECKHX OCOOCHHOCTEH KIIFOUEBBIX MOJICKYJ,
BOBJICUCHHBIX B IIPOIECCHl HEeHporeHHOro BocnayieHus. OOIIHOCTh NMaTOrEHETHYECKUX 3BEHBEB HEHPOT€HHOTO
BOCHaJeHHs (Ha T€HETUYECKOM M NATOTCHETHYECKOM YPOBHSX) IPU PA3IMYHBIX MATOJOTHSIX MOXKET JISKaTh B
OCHOBE (hOPMHUPOBAHHUST KOMOPOUTHBIX COCTOSIHUIA.

3akaouyenne. [TonnManne OHOXUMUYECKUX U TEHETHYECKHX KOMIIOHEHT Pa3BHTHS HEHPOTEHHOTO BOCHATICHHS
MIPE/ICTABIISICT MHTEPEC JUIS MPOQMIAKTHKN U JICYCHUS 3a00JIeBaHUH (B TOM YHCIIe H KOMOPOHIHBIX), B OCHOBE
KOTOPBIX JISKHUT JAHHBIH MaTOJOTHIECKHH TIpoIIecc.

KuioueBble c10Ba: HEHPOreHHOE BOCTIaJIECHUE, TeHETHKA.

KnrodeBble ci10Ba: cucTeMbl aHaTN3a, aHTHOMOTHKOPE3UCTEHTHOCTh, aHTUMHUKPOOHBIE TIPEapaTsl, SMUAEMUOIIO0-
TUYECKUIN HaJ30p.

KOHq)JIPlKT HHTEPECOB. ABTOp JACKIApUPYET OTCYTCTBUE SABHBLIX WM NMOTCHUHAJIBHBIX KOH(l)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’II/IKaIII/Ieﬁ HaCTOHU.[eﬁ CTaTbU.

Hcrounuk ¢punancuposanus. VccrenoBanue BEIIOIHEHO B paMKaX TOCYIapCTBEHHOTO 3ajaHUsl MUHHCTEpCTBA
HayKH U BbIciero oopaszosanus Ne 075-00603-19-00.

Jst uutupoBanus: Kyuep A.H. Heliporennoe Bocniasienne: OMOXUMHYECKHE MapKephl, TeHETHIECKHH KOHTPOJIb
u Oonesnu. bronnemens cubupcroi meduyunwt. 2020; 19 (2): 171-181. https://doi.org: 10.20538/1682-0363-2020-
2-171-181.

INTRODUCTION

The relationship between the nervous and immune
systems is actively studied in terms of their involve-
ment in the pathogenesis of various diseases, and in
this aspect, neurogenic inflammation is of particular
interest [1, 2]. Neurogenic inflammation is understood
as a cascade of pathogenetically significant events

172

due to the local release of inflammatory mediators
from nerve cells in response to non-infectious stimuli
[3-5]. The effect of certain stimuli (allergens, chem-
icals, etc.) on the nerve endings triggers processes
involving different types of immune cells, peripheral
and central nervous system nerve fibers, and numerous
physiologically active substances. In particular, it has
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been proven that, with the development of allergic in-
flammation, neurons actively interact and regulate the
functioning of mast cells, dendritic cells, eosinophils,
Th2 cells, etc., and complex and often bidirectional re-
lationships are formed between different types of cells
[6, 7]. The pathogenesis of a large number of diseases
and/or symptoms of diseases (including asthma, urti-
caria, contact dermatitis, atopic dermatitis, psoriasis,
rheumatoid arthritis, pain syndrome, autism, cystitis,
etc.) is associated with neurogenic inflammation, and
their spectrum is constantly increasing [1, 2, 8—18].
The bronchopulmonary system, gastrointestinal tract,
urogenital system and skin are the most well-studied
systems in terms of processes occurring in the de-
velopment of neurogenic inflammation, as they are
primarily exposed to various damaging exogenous

agents. Clinical and experimental data accumulated so
far show similarities between the stages of neurogenic
inflammation in different organ systems [6, 11, 19, 20].

BIOCHEMICAL MARKERS OF NEUROGENIC
INFLAMMATION

In a generalized (and simplified) form, the deve-
lopment of the neurogenic inflammatory process can be
presented in the following way (Fig. 1). In response to
irritation, the sensory neurons located in the epithelial
layer of the skin, respiratory tract, gastrointestinal tract,
and urinary system secrete neuropeptides (substance
P — SP, vasoactive intestinal peptide — VIP, calcitonin
gene-related peptide — CGRP), which activate mast cells
by acting on appropriate receptors (NK1, MRGPRX2,
VIPR1, CGRP-R).
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Figure 1. Schematic representation of the development of neurogenic inflammation (compiled from [6, 21, 22]). SP is substance
P, NK1 is substance P receptor; VIP — vasoactive intestinal peptide, VIPR1 and MRGPRX — vasoactive intestinal polypeptide
receptors; CGRP — calcitonin gene-related peptide, CGRP-R — receptor for calcitonin gene-related peptide; 5-HT — serotonin,
NGF — nerve growth factor, p7SNTR and TrkA — NGF receptors; TRPV1 and TRPA1 — calcium channels; IL1B, IL6, IL31, IL33 —
interleukin-1B, -6, -31, -33, respectively, TNFa — tumor necrosis factor alpha, TSLP — thymic stromal lymphopoietin; OSMR and
IL17RA form the receptor for TSLP and IL31; ST2 — receptor for IL33; HR — histamine receptors (four types of histamine receptors
are known — HIR, H2R, H3R, and H4R), PLC — phospholipase C; MAPK — mitogen-activated protein kinase, NFkB — nuclear
factor kappa-b. Details — see text
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Following the activation, various physiologically
active substances are released from mast cells — his-
tamine, tryptase, serotonin (5-HT), nerve growth
factor (NGF), and others. Histamine, by activating
the NFkB/MAPK metabolic pathway, promotes the
production of pro-inflammatory cytokines (IL1B,
TNFA, NGF, IL6), resulting in the development of
the inflammatory process. Influencing the receptors
localized on nervous fibers, histamine, IL31 produced
by Th2 cells, IL33, NGF, and TSLP (thymic stromal
lymphopoietin) produced by tryptase-activated kerati-
nocytes (in the case of a pathological process affecting
the skin, as in allergies, for example) are capable of
activating TRPV1 and TRPA1 calcium channels. The
activation of calcium channels increases the entry of
calcium ions into cells, which, in turn, promotes the
release of neuropeptides, thereby increasing the im-
muno-inflammatory response. As a result, patholog-
ical reactions, such as itching, pain, bronchospasm,
cough, sneezing, bowel spasm, abdominal pain, etc.,
are observed, i.e. there is a wide range of patholog-
ical reactions, depending on which organ develops
neuroinflammation. In addition, CGRP released by
skin sensory neurons in response to irritation not only
induces polarization of immune cells along the Th2
pathway, but also stimulates keratinocyte division [6].

It is worth noting that the same biologically active
substances (histamine, NGF, TSLP) are able to acti-
vate different types of cells and are involved in various
pathophysiological processes, and some of them (his-
tamine and substance P) have both paracrine and au-
tocrine mechanisms of regulation, which complicates
the development of the pathological process. In gener-
al, mediators involved in neuroinflammation, such as
substance P, histamine, and 5-HT form a self-regulat-
ing cycle around the calcium channels, and regardless
of the stage at which it started, even minor activation
of more than one stage results in synergistic activation
of the entire cycle [21]. This indicates that potential-
ly neurogenic inflammation can act as a significant
component of the pathogenesis for a wide range of
diseases, regardless of the etiological factor, if there
is an imbalance in the synthesis/degradation of neu-
roinflammatory mediators. For example, pathological
processes by the type of neurogenic inflammation are
recorded both in case of allergic asthma [1] and in
case of exposure to tobacco smoke (in tissues of lungs,
nasal mucosa, larynx, and brain) [4, 23].

Similar (or very close) mechanisms of inflam-
matory process development are observed in other
pathologies. The development of neurodegenera-

tive processes (Alzheimer’s disease, Parkinson’s
disease, multiple sclerosis) involves inflammato-
ry and neurotoxic mediators, such as IL1B, 1L33,
TNFa, substance P, and others [20], which are re-
leased by mast cells, neurons, and other cell types.
This results in the increased concentration of Ca
ions within cells and activation of mitogen activat-
ed kinase-like protein (MAPK) and nuclear factor
NF-kappa-B (NFkB). In addition, when the blood-
brain barrier is damaged (due to the progression of
neurodegenerative diseases or for some other rea-
son), immune cells and inflammation mediators may
enter the brain from the periphery, which enhances
neuroinflammation and neurodegenerative process-
es in these diseases.

According to I.V. Stagineva and A.G. Volkov
[24], the division of facial pain symptoms in diseas-
es of perinasal sinuses into somatic and neurogenic
ones is justified only in terms of etiological factors,
while in clinical manifestation of diseases, the patho-
genetic mechanisms are inseparable. Involvement of
substance P, histamine, and other substances signifi-
cant for development of neurogenic inflammation in
pathophysiological processes in rheumatoid arthritis
[11], psychogenic urticaria [8], rhinosinusitis [13],
facial pain in rhinosinusitis [24], cerebral dysfunction
in chronic tobacco smoking [23], psoriasis [10], and
cystitis [ 18] was established. Interestingly, histamine,
being one of the key molecules of neurogenic inflam-
mation, can not only provoke the development of
well-known allergic pathological reactions of the skin
(itching, urticaria) and bronchopulmonary system
(nasal congestion, rhinorrhea, bronchospasm, etc.),
but also lead to disruption of the cardiovascular and
nervous systems (arrhythmias, anaphylaxis, hypo-
tension/hypertension, dizziness, headache, migraine,
vomiting, excitement, body temperature regulation,
etc.), gastrointestinal tract (flatulence, abdominal
pain), genitourinary system (dysmenorrhea, intersti-
tial cystitis) , etc. [3, 25, 26]. Considering the impor-
tance of this amine for the development of neurogenic
inflammation, it can be assumed that the neurogenic
component may be significant to a certain extent for
all these pathologies.

Neurogenic inflammation is a protective reaction
of the body in response to certain exogenous stimuli.
However, under certain conditions (long-term stim-
ulus exposure, imbalance in the regulation of sub-
stances stimulating and inhibiting neurogenic inflam-
mation, etc.), this pathophysiological process may
become chronic.
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ASSOCIATIONS BETWEEN GENES WHICH
PRODUCTS ARE INVOLVED IN NEUROGENIC
INFLAMMATION AND DISEASES

The development of neurogenic inflammation
involves numerous molecules of different function-
al classes, the structural and functional properties
of which depend on the genes encoding them or the
genes which products are involved in the synthe-
sis and degradation of such biologically active sub-
stances (in particular, histamine, serotonin synthesis).
Neurogenic inflammation genes have been studied to
varying degrees in terms of association with diseas-
es and/or pathological phenotypes (table 1). Tumor
necrosis factor alpha gene (7NF) and interleukin 1B
(IL1B) gene were most frequently used for analysis,

single reports are available for the tryptase beta 2 gene
(TPSB2) and one MAS related GPR family member
X2 (MRGPRX2). However, already at this stage of re-
search, based on the accumulated data, it can be con-
cluded that the overwhelming number of neurogenic
inflammation genes can be characterized as highly
pleiotropic (wherein the pleiotropy index is higher the
more the gene studied). Yet, a high pleiotropy index
of genes is combined with a low specificity index, i.e.
gene variants more often show associations not with
the disease, but with phenotypes (signs) and disease
groups. It can be assumed that in this case the genes
of neurogenic inflammation are more likely to act as
genetic background determining the response to a par-
ticular exogenous stimulus (etiological factor) than as
main causal factors of disease development.

Table 1
Functional “loading” of genes which products are involved in the processes of neurogenic inflammation*
Genes** Total associated diseases/pheno- DPI — Disease Pleiotropy | DSI— Disease Specifici- | The number of associated
types Index ty Index SNPs
TNF* 1640 0.966 0.263 21
IL1B 1035 0.931 0.312 15
PTGS2 832 0.897 0.338 24
POMC 557 0.862 0.382 20
NGF* 323 0.862 0.426 5
NTRK1 306 0.759 0.443 36
TRPV4* 289 0.759 0.519 51
CALCA* 274 0.828 0.456 1
TACI* 252 0.793 0.473 -
TRPV1* 173 0.724 0.532 5
F2RL1 165 0.724 0.514 1
1L33 164 0.793 0.503 18
NGFR 160 0.724 0.508 2
VIP 152 0.759 0.526 2
DDC 131 0.621 0.554 50
IL7R 121 0.724 0.538 19
TSLP 107 0.690 0.547 9
TACRI1* 105 0.724 0.559 6
MCAM 85 0.621 0.572 1
TRPA1 74 0.621 0.639 4
APP 71 0.862 0.430 63
PLCGl1 62 0.517 0.611 4
VIPR1 56 0.483 0.624 2
IL1IRL1 54 0.586 0.616 38
PNOC 52 0.414 0.672 -
HRHI1 45 0.414 0.685 2
CRLF2 43 0.483 0.639 2
IL31RA 42 0.517 0.645 4
HDC 39 0.517 0.639 6
OSMR 38 0.448 0.648 8
HRH3 37 0.345 0.648 2
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Table | (continued)

Genes** Total associated diseases/pheno- DPI — Disease Pleiotropy | DSI— Disease Specifici- | The number of associated
types Index ty Index SNPs

AMN 36 0.517 0.701 19
HRH2 32 0.310 0.663 -
HRH4 32 0.379 0.676 8
VIPR2 31 0.483 0.667 2
CIRBP 30 0.448 0.663 -
TPH2 28 0.552 0.562 28
IL31 23 0.276 0.727

CALCRL 21 0.517 0.707 2
MRGPRX1 21 0.483 0.752 -
TPSABI1 15 0.345 0.762 -
TPSD1 11 0.276 0.799 -
TPSGl 11 0.276 0.773 -
TPSB2 2 0.103 1.0 -
MRGPRX2 0.069 1.0 -

Note. * The information is taken from the DisGeNET database [27, 28]. ** Included genes are categorized as “neurogenic inflammation” according
to DisGeNET (in bold) and according to scientific publications (neurogenic inflammation proteins shown in the diagram, Fig. 1). Gene TNF
encodes TNFA protein, NTRKI gene — TrkA; CALCA gene — CGRP, TAC! gene — substance P (SP), F2RLI gene — PAR2, NGFR gene — p75NTR,
DDC and TPH?2 gene products are involved in serotonin synthesis (5-HT), IL7R gene encodes IL7RA, gene TACRI — NK1 receptor, PLCGI gene
—PLC protein, /LIRLI gene — ST2 receptor, HRHI, HRH2, HRH3, and HRH4 genes — 4 types of histamine receptors (HR), respectively, CRLF2
gene — TSLPR, HDC gene — an enzyme involved in the synthesis endogenous histamine; CALCRL gene — CGRP-R, genes TPSAB1, TPSD1, TPSG,
and TPSB2 genes encode tryptase; names of other genes correspond to the name of the proteins they encode. # Genes that are related to neurogenic
inflammation according to various sources used for analysis were noted. DPI — Disease Specificity Index: the higher the index, the greater the
number of different classes of diseases (MeSH) associated with the gene; Disease Specificity Index — DSI —varies from 0.25 to 1; the larger the

index, the smaller the number of diseases associated with the gene.

For example, variants of the 74AC/ gene (encod-
ing substance P) are associated with a wide range of
diseases and phenotypes (depressive disorder, mental
depression, gastroesophageal reflux disease, hyperre-
activity of the bronchi, hyperemia, cirrhosis, colitis,
pain, itching, tactile allodynia, inflammation, hyper-
algesia (secondary), neuralgia, fibrosis, hypotension,
bradycardia, allergic reactions, edema, etc.). Some of
these diseases are also associated with variants of the
TACRI gene encoding the substance P receptor (in-
cluding hyperalgesia, mental depression, bradycardia,
tactile allodynia, colitis, etc.) [27, 28]. This is con-
sistent with the pathogenetic significance of proteins
encoded by these genes in the universal neurogenic
component of the pathogenesis of a wide range of
diseases of various organs and systems.

As indirectly evidenced by associative studies, the
spectrum of diseases for which neurogenic inflamma-
tion may be pathogenically significant is wider than
that currently recognized. Neurogenic inflammation
genes are overrepresented among genes associated
with diseases of various organ systems (that is, they
are recorded more frequently than if associations of
the corresponding diseases with these genes were
randomly detected) (table 2). Given the functional

significance of neurogenic inflammation genes, it is
expected that they are overrepresented among genes
associated with such diseases/signs as hyperalgesia,
swelling, inflammation and pain, itching, asthma,
atopic dermatitis, and psycho—neurological disor-
ders. In addition, genes of this pathological process
are overrepresented among genes associated with
diseases of the cardiovascular system (hypotension,
hypertension, atherosclerosis, bradycardia, etc.), gas-
trointestinal tract (colitis), urogenital system (glome-
rulonephritis, albuminuria, cystitis), etc. For example,
according to the DisGeNET database [27, 28], associa-
tions between the variants DDC, HRH1, ILIB, PNOC,
POMC, TACI, TNF, and VIP and hypotension were
established (for 8 out of 82 genes associated with this
pathology, the achieved level of the false discovery
rate was FDR = 1.27-10°, see tab. 2); CALCA, HRH3,
ILIB, POMC, PTGS2, NACRI, TNF were associated
with hypertension (for 7 out of 302, FDR = 0.029),
HRHI, PTGS2, TNF, TRPVI- with atherosclerosis
(for 4 out of 59, FDR = 0.0164), ILIB, NGF, POMC,
TNF — with glomerulonefrity (for 4 out of 40, FDR
=0.004), ILIB, PTGS2, TNF — with colitis (for 3 out
of 40, FDR = 0.031), etc. In general, these associa-
tions are easily explained in view of the importance of
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Table 2
Results of enrichment analysis for genes which products are involved in neurogenic inflammation
Disease/symptom Calculated parameters*®

N E R P FDR
Hyperalgesia 80 0.349 34.36 4.44-10°'¢ 1.14-10"2
Edema 69 0.301 26.56 4.25-101° 7.25-107
Bronchial hyperreactivity 12 0.052 95.44 9.42-10°1° 1.02-10°
Inflammation 114 0.498 18.08 1.00-10” 1.02-10°
Pain 79 0.344 23.20 1.28-10° 1.01-10°
Hypotension 82 0.358 22.35 1.74-10° 1.27-10°
Pruritus 59 0.258 27.18 4.96-10° 3.17-10°
Amnesia 17 0.074 67.378 7.24-10° 4.12-10°
Mental depression 260 1.135 9.69 8.37-10°% 4.28:10°
Experimental arthritis 40 0.175 34.36 1.60-10°® 7.42-10°
Bipolar disorder 516 2.253 5.77 1.39:107 5.93-10°
Depressive disorder 413 1.803 6.100 9.37-107 3.69-10*
Substance withdrawal syndrome 53 0.231 21.61 3.00-10° 0.0011
Asthma 99 0.432 13.88 3.86:10° 0.0013
Glomerulonephritis 34 0.149 26.95 1.31-10° 0.0041
Mood disorders 187 0.816 8.57 1.14-10° 0.0041
Fever 127 0.554 10.82 1.63-10° 0.0044
Trigeminal neuralgia 12 0.052 57.26 1.65-10° 0.0044
Atopic dermatitis 37 0.161 24.76 1.85-10 0.0047
Hyperemia 13 0.057 52.86 2.14-10° 0.0052
Memory disorders 40 0.175 2291 2.53:10° 0.0059
Neuralgia 14 0.061 49.08 2.71-10° 0.0060
Multiple sclerosis 42 0.183 21.81 3.08-10° 0.0066
Gastric ulcer 18 0.0795 38.18 6.00-10° 0.0123
Schizophrenia 1,041 4.54 3.08 7.06-10° 0.0139
Necrosis 53 0.231 17.88 7.79-10° 0.0148
Lung injury 20 0.087 34.36 8.33-10° 0.015
Cerebrovascular accident 57 0.276 14.49 1.53-10* 9.46-10°
Overactive Bladder/Cystitis/Hereditary sensory and autonomic
neuropathies/Acral ulceration and osteomyelitis leading to 4 0.017 114.53 1.11-10* 0.016
autoamputation/Anthracosis/HIV wasting syndrome**
Major depressive disorder 262 1.144 6.12 1.19-10* 0.016
Atherosclerosis 59 0.258 15.53 1.19-10* 0.016
Nerve degeneration 120 0.524 9.54 1.61-10* 0.022
Albuminuria 25 0.109 27.49 1.66-10* 0.022
Hered¥tary sensory z?u.tonomm neuropathy, type 5/Absence of pain 5 0.022 91.62 1.84-10% 0.022
sensation/Polymyositis**
Learning disorders 29 0.127 23.70 2.60-10* 0.029
Congenital pain insensitivity/Sleep—wake disorders/Infection/
Postmenopausal osteoporosis /Dermatomyositis/Extravasation of 6 0.026 76.35 2.76:10* 0.029
diagnostic and therapeutic materials**
Hypertensive disease 302 1.319 5.31 2.85-10* 0.029
Cognitive disorders 30 0.131 2291 2.88-10* 0.029
Colitis 31 0.135 22.17 3.18-10* 0.031
Transitional cell carcinoma 33 0.144 20.82 3.83-10* 0.037
Occupational asthma 7 0.031 65.44 3.85-10* 0.037
Bradycardia 36 0.157 19.09 4.97-10* 0.045
Common migraine/Pleurisy/Cutaneous leishmaniasis** 8 0.035 57.26 5.12-10* 0.045
Thyroid neoplasm 37 0.162 18.57 5.40-10* 0.047
Pneumonia 89 0.389 10.29 5.80-10* 0.0495

Note. * The enrichment analysis was conducted by WebGestalt [30, 31] using the ORA (Overrepresentation Enrichment Analysis) method,
for the “Diseases” category — according to DisGeNET [27, 28]; N — the total number of known genes associated with the disease/trait; £ — the
expected number of associated genes for a given disease/trait from those tested; R — excessive representation of genes in the test panel compared
with the expected number (enrichment); p — the achieved level of significance in assessing the enrichment, FDR — the level of significance with
the Benjamin—Hochberg adjustment. ** Diseases with the same calculated parameters are given, but which may be associated with different genes.
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inflammation in the development of the above-men-
tioned diseases. Support for neurogenic inflammation
as one of the pathogenetically significant processes in
these pathologies is provided by clinical and experi-
mental studies [2, 29, etc.].

The data given in the DisGeNET database [27, 28]
on the association of genes with diseases have differ-
ent evidence base, but for 18 of them highly significant
connections were established (table 3). Variants of
neurogenic inflammation genes not only predisposed
to the development of diseases of the multi-factorial
nature, but also acted as a cause of monogenic diseas-

es. Among the diseases with the proven involvement
of neurogenic inflammation genes in the pathogene-
sis, there is a wide range of mental and neurological
disorders (vascular dementia, familial autonomic dys-
function, mental incapacity, etc.), asthma, migraine,
endocrine disorders (obesity), pain sensitivity disor-
der, immune disorders, etc. Certainly, not all of the
diseases listed in tables 2 and 3 have neurogenic in-
flammation as the only mechanism in the pathogene-
sis, but this component can be expected to be at least a
modifying factor in the development and clinical pic-
ture of the disease.

Table 3
Diseases for which the pathogenetic significance of genes involved in neurogenic inflammation has been proven
Genes Diseases
INF Susceptibility to asthma {600807/AD}, malaria, cerebral, {611162}, migraine without aura {157300/AD}, vascular dementia®,
septic shock®
ILIB Familial Méniére disease (L); gastric cancer risk after H. pylori infection {137215/AD}
PTGS2 Familial Ménicre disease (L)
POMC Obesity, adrenal insufficiency, and red hair due to POMC deficiency {609734/AR}; susceptibility to obesity, early onset
{601665/Mu, AR, AD}
NGF Intellectual disability* (S); pain disorder (S); Charcot—-Marie—Tooth disease (S); familial dysautonomia (S); sensory and
autonomic hereditary neuropathy, type V {608654/AR}
NTRK] Intellectual disability* (S); pain disorder (S); Charcot-Marie—Tooth disease (S); familial dysautonomia) (S); congenital
insensitivity to pain with anhidrosis {256800/AR}; familial medullary thyroid carcinoma {155240/AD}
TRPV4 Charcot-Marie—Tooth disease (S); arthrogryposis (S); intellectual disability* (M); Klein—Levin syndrome (L)
DDC Intellectual disability* (S); aromatic L-amino acid decarboxylase deficiency {608643/AR}
IL7R Severe combined immunodeficiency, T-cell negative, B-cell/natural killer cell-positive type {608971/AR}
TRPAI Pain disorder (S); familial episodic pain syndrome {615040/AD}
APP Periodic fever syndrome (L); familial Alzheimer’s disease, 1{104300/AD}; cerebral amyloid angiopathy, Dutch, Italian, lowa,
Flemish, Arctic variants {605714/AD}

CRLF2 Intellectual disability* (L)
IL31RA Periodic fever syndrome (L); primary localized cutaneous amyloidosis, 2 {613955/AD}
HDC susceptibility to the Tourette syndrome {37580/AD}
OSMR Periodic fever syndrome (S); primary localized cutaneous amyloidosis, 1 {105250/AD}
AMN Congenital anemia (S), cytopenia** (S); megaloblastic anemia — 1, Norwegian type {261100/AR}

Intellectual disability* (S); susceptibility to attention deficit hyperactivity disorder, 7 {613003}; susceptibility to unipolar
TPH2 .

depression {608516}

TPSABI Ehlers—Dunlos syndrome (L)

Note. The level of evidence of the association between the gene and pathologies according to ClinGen and Genomics England (taken from
DisGeNET [27, 28]) is given in parentheses: S is a strong link; M is a moderate bond, L is a weak bond; in curly brackets, catalog OMIM number
and type of inheritance are given (AD is autosomal dominant; AR is autosomal recessive, Mu is mutational nature) [32]. The following notation is
used: * groups of pathologies, ** phenotypes; * phenotype number in OMIM is not specified.

In addition to structural variants of genes, the course
of neurogenic inflammation may be influenced by epi-
genetic mechanisms, which, in turn, may depend on
environmental factors. Thus, between pregnant wom-
en with preeclampsia and women with normal preg-

nancy there are differences in the level of methylation
of neurogenic inflammation genes (POMC, CALCA)
in blood leukocytes [33], which can also determine
differences in the level of expression of these genes.
According to the information provided in DisGeNET

178 Bulletin of Siberian Medicine. 2020; 19 (2): 171-181



Reviews and lectures

[27, 28], variants of these two genes are also associat-
ed with hypertension, as shown in the vast majority of
associated studies performed.

COMORBIDITY OF DISEASES WITH
A SIGNIFICANT COMPONENT

OF NEUROGENIC INFLAMMATION
IN THE PATHOGENESIS

The similarity of the genetic and biochemical com-
ponents of neurogenic inflammation in various pathol-
ogies suggests the possibility of forming a comorbi-
dity (polymorbidity). The largest number of clinical
studies were carried out to investigate comorbidity
between allergic and neuropsychiatric diseases (see
review [34]). The obtained data strongly show that not
only allergic diseases increase the probability of co-
morbidity with neuropsychiatric diseases, but patients
with neuropsychiatric disorders have a higher risk of
developing allergic pathologies. Other examples of
comorbidity are also known. Thus, it has been shown
that in bronchial asthma exacerbation of diseases of
the gastrointestinal tract is often observed (in gastric
mucosa, an increase in the number of cells activat-
ed by histamine is registered during exacerbation of
bronchial asthma) [35]. In depression, dysregulation
of the enzymatic production and degradation of cate-
cholamines, neurotransmitters (including histamine),
hormones, and immunological proteins is detected.
Cyclic interactions are recorded between these mole-
cules, when an increase or a decrease in one parameter
can lead to stimulating or inhibitory action for others
[22], which is well consistent with the model of neu-
rogenic inflammation in which histamine is involved
(Fig. 1). It has also been found that an increase in the
level of inflammatory markers in brain tissues can
lead to a change in the systemic immune response at
the periphery [36]. In animal studies, chronic stress
has been shown to increase the expression of /L/B and
TACI genes in white blood cells, as well as to disrupt
the functioning of the pulmonary system [37]. In case
of comorbidity of various diseases (for example, aller-
gic and neuropsychiatric disorders), the commonality
of the pathophysiological mechanisms is maintained
not only by similar neurogenic inflammation mecha-
nisms, but also by the results of genetic studies per-
formed using both the candidate gene approach [38]
and Genome Wide Association Studies (GWAS) [39].

CONCLUSION

Thus, the commonality of the pathophysiological
processes in the development of neurogenic inflam-

mation and the genetic features of individuals accord-
ing to polymorphic variants of neurogenic inflamma-
tion genes may underlie the formation of comorbid
conditions, such as allergic diseases, manifested at the
level of various organ systems (bronchopulmonary
system, gastrointestinal tract, etc.), and neuropsychi-
atric disorders. It can be assumed that the develop-
ment of chronic neurogenic inflammation in one or-
gan can increase the risk of comorbid inflammatory
diseases in other organ systems. This can be facilitated
by the transfer of histamine, substance P, and other
key mediators of neurogenic inflammation (including
penetration through the damaged blood-brain barrier),
as well as some environmental factors with a unidirec-
tional adverse effect (for example, excessive intake of
histamine with food), especially if the genetic features
of individuals are favorable for development of neuro-
genic inflammation.

Therefore, it is important to identify the diseases
in the pathogenesis of which neurogenic inflammation
plays a significant role. Establishing the commonality
and specificity of the pathophysiological processes of
neurogenic inflammation at biochemical and genetic
levels in the development of pathological conditions
of different organ systems is essential for understand-
ing the patterns of disease formation, which may help
prevent the disorders and determine the treatment
strategy for patients, including the ones with comor-
bidities.
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ABSTRACT

Cardiovascular diseases retain their leading position among the leading causes of death worldwide. The contribution
of many factors to increasing risk of developing cardiovascular diseases was proven. The article provides an
overview of current views on the role of risk factors in assessment of cardiovascular risk in asymptomatic patients.
Determination of individual cardiovascular risk is not questioned. However, more information is accumulating
on the need to supplement the existing cardiovascular risk assessment scales with new factors in order to more
accurately predict cardiovascular risk. The value of alternative risk factors, such as psychosocial factor, level of
physical activity, family history of cardiovascular diseases, coronary artery calcification, ankle-brachial index, and
identification of atherosclerotic plaques during ultrasound scanning of the brachiocephalic arteries, is described.
Studies that consider the impact of these risk factors on reducing discrimination against cardiovascular risk when
added to the globally used risk assessment scales are presented.
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HeTpaguumoHHble pakTOpbl pUCKa U X 3HAYEHUE B OL,EHKE CepAEYHO-
COCYAMUCTOro pUCKa y 6€CCMMNTOMHbIX MALUMEHTOB

JNlo6aHoBa H.10., YnuepuHa E.H.

Kuposckuii 2ocyoapcmeennuiil meouyunckutl ynugepcumem (I'MY)
Poccus, 610998, 2. Kupos, ya. K. Mapkca, 112

PE3IOME

Cepaeuno-cocyauctsie 3a6oneBanus (CC3) COXpaHSIOT JIMIUPYIOIIHE MO3UIUU CPEIH BEAYIINX IIPHINH CMEpPT-
HOCTH BO BceM Mupe. JlokazaH BKJ1a MHOTUX (pakTOpoB B yBennueHne pucka paszsutust CC3. [Ipexcrasien 0630p
COBPEMEHHBIX NPEACTABICHUH O poiM (aKTOPOB pHCKa y OSCCHMNTOMHBIX IAI[HEHTOB B OIEHKE CEPAETHO-CO-
cymucroro pucka. OnpejeneHue HHAUBULYAIbHOIO CEPAEYHO-COCYJUCTOrO PUCKA HE MOABEPracTcsl COMHEHUIO,
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0JTHAKO HAKATUTUBACTCS BCE OOJIBIIIE CBEACHHUI 0 HEOOXOIUMOCTH TOTTOJHEHHUS HMEIOIIMXCSI KA OICHKH Cep/Iey-
HO-COCYIMCTOIO PHCKa HOBBIMH (haKTOpPaMHM C IIeJIbI0 OoJiee TOYHOTO ero MmporHozupoBanus. OTpaxkeHbl CBele-
HHS O 3HAUCHUH HETPATUIMOHHBIX ()aKTOPOB PHUCKA, TAKMX KaK MICHXOCOIMAIBHBIN (hakTop, ypoBeHb (PU3HUECKON
AKTHBHOCTH, ceMeiHblii aHaMHue3 pa3utus CC3, kopoHapHas KajabIU(BHKAINS, JTOIBDKEIYHO-TUICYCBON HHJICKC,
BBISIBJICHUE aTEPOCKIEPOTUUECKUX OJISIICK MPH YJIbTPA3BYKOBOM CKAaHHUPOBAHWH Opaxuone(aibHbIX apTepHil.
[IpuBeieHbI HCCIIeJOBaHMUS, pacCCMaTPHUBAIOIIHE BIMSHUE 3THX (PaKTOPOB PUCKA HA YIyUIIEHHE IUCKPUMUHALIMN
CepACYHO-COCYIUCTOTO PUCKA MPU JOOABICHUH UX K HCIIOIb3YEMbIM B MUPE IIIKaJIaM OLIEHKH PHCKa.

KiioueBble ci10Ba: cepe4HO-COCY JUCTBII PUCK, CYOKITMHUYECKHI aTepOCKIepO3, KOPOHApHAs KaJIbLU(UKAIHS.

KOHq).]Il/lKT HHTEPECOB. ABTOpI)I JACKIIApUPYIOT OTCYTCTBHUC SIBHBIX U IMOTCHUUAJIBHBIX KOH(i)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbu.

Hcrounuk ¢punaHcupoBaHusi. ABTOPHI 3asBISIOT 00 OTCYTCTBUH (PMHAHCHPOBAHMUSL.

Jist uurupoBanus: Jlo6anosa H.1O., Ynueprnna E.H. Herpagunnonnsie hakTopsl pUCKa U UX 3HAYCHHUE B OIIEHKE
Cep/IeUHO-COCYANCTOTO PUCKA Y OECCHMITOMHBIX MAlMeHTOB. browiemens cubupckoi meduyunst. 20205 19 (2):

182-188. https://doi.org: 10.20538/1682-0363-2020-2-182-188.

INTRODUCTION

Atherosclerosis is an inflammatory disease with
damage to the arterial wall. The development of ath-
erosclerosis is a dynamic and multifactorial process.
For a long time, atherosclerosis was considered as a
disease the pathogenesis of which is associated only
with the deposition of lipids in the wall of the artery.
The morphological substrate of the affection of the
vascular wall is well understood, yet, the mechanisms
that trigger this affection are still being studied. Over
the past two decades, the perception of atherosclerosis
has gradually changed and was supplemented with the
understanding of the role of arterial wall inflamma-
tion in the disease [1]. As a result, the leading role in
the pathogenesis of atherosclerosis belongs to the lip-
id infiltration hypothesis and the response to damage
hypothesis. Complementing one other, these concepts
led to the understanding that atherosclerosis is a com-
plex inflammatory process which involves, in partic-
ular, endothelial damage, deposition of oxLDL in the
intima, proliferation of smooth muscle cells, and mac-
rophage infiltration and activation [2, 3].

Upon progression, atherosclerosis results in such
socially sensitive diseases as coronary artery disease
(CAD) and cerebrovascular disease (mainly ischemic
stroke). CAD and stroke are the first and third lead-
ing mortality causes worldwide, respectively. These
diseases account for 247.9 deaths per 100,000 people,
which accounts for 84.5% of deaths from cardiovas-
cular diseases (CVDs) and 28.2% of deaths from all
causes [4]. Other, less widespread, complications of
atherosclerosis include damage to the aorta and pe-
ripheral vessels. To date, CVDs maintain a leading

position among the mortality causes worldwide. In
the Russian Federation, according to 2016 statistics,
the mortality rate from all causes amounted to 1,
284.3 per 100,000 people, of which mortality from
circulatory diseases was 616.4 per 100,000 people,
and the mortality rate from CAD was 328.5 per 100,
000 people [5].

The concept of cardiovascular risk factors was in-
troduced into medical practice more than 70 years ago.
Over the past few decades, there has been an increase
in CVDs around the world. This epidemiological
change is partially associated with changes in lifestyle
and diet; however, these factors are the main modifi-
able causes of CVDs [2]. According to the response to
damage hypothesis, there are a lot of factors causing
endothelial damage, but the most common of them are
smoking, dyslipidemia, hypertension, diabetes melli-
tus, abdominal obesity, etc. The risk of the atheroscle-
rotic cardiovascular disease development increases
with age. The assessment of individual cardiovascular
risk may be relevant for patients with asymptomatic
atherosclerotic vascular disease, especially for iden-
tifying high cardiovascular risk in such patients. The
assessment of individual cardiovascular risk is eval-
uated in general clinical practice during screening of
large population groups (for example, during regular
health check of certain population groups).

The tool for such assessment should be simple,
reliable, convenient to be used in research and spe-
cific to the country in which it was developed and
used. Many algorithms have been proposed for quick
and accurate calculation of individual cardiovascular
risk. In the Russian Federation, along with European
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countries, the SCORE scale has been used since 2003
[6, 7]. Other well-known rating scales include Fram-
ingham risk score (FRS) (USA), Reynolds (USA),
Q-RISC (UK), PROCAM (Germany), ASSIGN (Swe-
den), CUORE (Italy), and others [6, 7].

The SCORE scale was developed based on inci-
dence studies in 12 European countries, including the
Russian Federation. More than 200,000 patients were
involved. There are 2 versions for the SCORE scale
for countries with high (including the Russian Federa-
tion) and low risk. The following risk factors were in-
cluded: gender, age, smoking, systolic blood pressure,
and total cholesterol. The 10-year risk of developing
the first fatal, associated with atherosclerosis, event —
stroke, myocardial infarction, aortic aneurysm — was
assessed with its help. Allowing to assess the develop-
ment of lethal events in the future, this rating scale did
not allow to evaluate the risk of developing non-fatal
diseases associated with atherosclerosis. However,
such possibility exists. To evaluate a combined risk
(fatal and non-fatal), it is necessary to multiply the
risk values of a particular male patient by 3 and fe-
male — by 4 [6, 7].

The findings on the association of cardiovascu-
lar diseases with various risk factors, such as arteri-
al hypertension and hypercholesterolemia, were first
obtained in the Framingham Heart Study [6, 7]. The
Framingham scale was developed on its basis. This
scale takes into account such risk factors as age,
gender, blood pressure, smoking, the use of antihy-
pertensive drugs, total cholesterol, and high-density
lipoprotein cholesterol. This rating scale predicts the
occurrence of events related to coronary artery disease
in asymptomatic patients over 10 years, the endpoint
being CAD (angina pectoris, myocardial infarction,
sudden death).

Identification of high individual cardiovascular
risk results in the need for correcting modifiable risk
factors. However, this fact is important not only for
high-risk patients, but also for people at low and me-
dium risk. In 1985, D. Rose formulated the prevention
paradox: more low-risk individuals may have more
cases of disease than a small number of high-risk pa-
tients [7, 8]. In other words, patients at high risk have
the maximum individual benefit from taking measures
to control risk factors.

The individual benefit of conducting risk correc-
tion measures is not so significant among low-risk
individuals, but they will bring great benefits to so-
ciety on the whole due to a large number of low-risk
groups. Based on the Rose paradox, the identification

of cardiovascular diseases at the asymptomatic stage
in patients of any risk can have a great economic im-
portance.

With regard to the advantages of using the rating
scales described above, more and more information
is accumulating about their defects and limitations.
Therefore, search for other risk factors is underway.
The addition of new risk factors to the scales will con-
tribute to more accurate determination of cardiovascu-
lar risk in the population groups.

Despite the fact that arterial hypertension is an
independent disease, it belongs to one of the main,
well-studied risk factors for CVD. In the recommen-
dations of the European Society of Cardiology / Euro-
pean Society for Arterial Hypertension on Treatment
of Arterial Hypertension in 2018, the influence of ar-
terial hypertension on target organ damage was con-
sidered especially significant; it leads to an increase in
cardiovascular risk, even if the damage is asymptom-
atic [9]. Also, in 2018, new factors which increase the
risk of cardiovascular complications were identified,
such as hyperuricemia, resting heart rate, diabetes
mellitus, a family history of early onset hypertension,
early menopause, sedentary lifestyle, and psychoso-
cial and socio-economic factors. These factors are rec-
ommended to be considered when stratifying risk in
patients with arterial hypertension [9].

Cardiovascular risk factors requiring further study
include the psychosocial factor (anxiety, depression),
assessment of the level of physical activity, the pres-
ence of CVD in the family history (in women — under
65 years old, in men — under 55 years old), ankle-bra-
chial index (ABI), detection of atherosclerotic plaques
during ultrasound examination of the carotid arter-
ies, and determination of the coronary artery calcium
(CAQ) [6].

THE EFFECT OF STRESS ON THE
DEVELOPMENT OF CORONARY EVENTS

In 2017, a group of European scientists evaluated
the relationship of stress in the workplace with the
following development of coronary events (the first
non-fatal or fatal myocardial infarction) [10]. The
study is based on the fact that stress occurs as a result
of the impact of work, which is characterized by high
psychological stress. A model was chosen to assess
the imbalance between hard work and remuneration.
Based on this theory, stress is created by a repeated
unsatisfactory relationship between hard work, for
example the pace of work, work load, time spent at
work, and received remuneration. In addition to sala-
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ry, remuneration includes non-financial aspects such
as respect, recognition, career prospects, and employ-
ment opportunities. Using data from questionnaires,
the imbalance between hard work and remuneration
was assessed. The cohort included 90, 164 people
(men and women) without CAD at the time the study
began. During an average follow-up of 9.8 years, 1,
078 coronary events were recorded. As a result, it
was found that in individuals with an imbalance be-
tween hard work and remuneration, the risk of CAD
increased by 1.16 times (relative risk (RR) was 1.16;
95% CI 1.01 — 1.34). The relationship between un-
favorable psychosocial work environment and CAD
was also demonstrated.

THE EFFECT OF SUBCLINICAL CAROTID
ARTERY ATHEROSCLEROSIS ON
CARDIOVASCULAR RISK

The importance of detecting atherosclerotic
plaques in the carotid arteries as predictors of the de-
velopment of cardiovascular diseases was studied by
J.F. Polak et al. in 2013 [11]. The change in the pre-
dictive value of the Framingham scale was assessed
with the addition to the existing criteria of atheroscle-
rotic plaques revealed during ultrasound scanning of
the carotid arteries. The cohort study consisted of 6,
562 individuals (mean age was 61.1 years; 52.6% of
patients were women). In 41.9% (n = 2, 748) of indi-
viduals included in the study, plaques narrowing the
lumen by less than 25% were detected; in 13.2% (n =
863) of patients, plaques narrowing the lumen by 25%
or more were revealed. CVD developed in 7.9% of
the examined (n = 515). The detection of any athero-
sclerotic plaques was reliably associated with the in-
cidence of CVD, with the strongest association being
observed for plaques that narrowed the lumen by 25%
or more (RR 1.65; 95% CI 1.34 —2.03). Therefore, the
addition of atherosclerotic plaques of the carotid arter-
ies to traditional risk factors more accurately predicts
the possibility of CVD development and improves the
prognosis of cardiovascular risk.

The value of coronary artery calcification

Some researchers believe that the detection of cor-
onary artery calcification is actually pathognomonic
of atherosclerosis of the coronary arteries [3]. At the
same time, calcium phosphate in hydroxyapatite form
accumulates in the intima affected by atherosclerosis.
The calcification of the atherosclerotic plaque begins
in the lipid nucleus of the atheroma and occurs as an
active process resembling bone formation, controlled
by complex enzymatic and cellular pathways. The un-

derlying mechanisms are not completely understood,
but apoptosis of smooth muscle cells, apparently, is an
important stage in this process, which then serves as
a focus of calcification. Based on histomorphometric
studies, approximately 20% of atherosclerotic plaques
of the coronary vessels are calcified and these mac-
rocalcifications can be identified using non-contrast
computed tomography [2, 3].

In 2008, Detrano et al. for the first time reported
about the relationship between the level of CAC and
following coronary events (myocardial infarction or
death from coronary artery disease). Based on the re-
sults of their work, researchers concluded that adding
CAC to standard risk factors improves the prognosis
of following coronary events [12].

ASSOCIATIONS OF CACWITH NEW
MARKERS OF ATHEROSCLEROSIS

In the study by J.A. Delaney et al. the relationship
between the level of physical activity, CAC and ABI
was assessed [13]. The study included individuals
with an ABI from 0.90 to 1.40 (n =5, 656), 53% of
them were women with an average age of 61 years and
an average body mass index of 28 kg/m?. At the begin-
ning of the study, approximately 33% of individuals
had dyslipidemia, 11% had diabetes, and 42% had ar-
terial hypertension, but they did not have clinically se-
vere coronary artery disease. Slightly more than 62%
of patients reported that they were engaged in intense
physical activity, and 35% — in moderate physical ac-
tivity. It was found that more intense exercise reduced
the risk of peripheral arterial atherosclerosis (RR 0.85;
95% C10.74 —0.98), and a significant relationship was
identified between the intensity of physical activity
and the detection rate of coronary artery calcification
(RR 0.97; 95% CI 0.94 — 1.00). In general, a reliable
relationship between the intensity of physical activity
and an increase in CAC was not detected, however,
sedentary lifestyle was largely associated with an in-
crease in CAC (A log (Agatston score +25) = 0.027;
95% CI 0.002 — 0.052). Therefore, sedentary lifestyle
was associated with the progression of damage to pe-
ripheral and coronary arteries. This study showed a
significant role of moderate and intense physical ex-
ertion in preventing the progression of atherosclerosis
of peripheral arteries. With regard to coronary artery
calcification, a similar fact was not detected, however,
it was determined that any physical activity reduces
its progression, and sedentary lifestyle increases it. As
a result, any type of activity is better than sedentary
lifestyle.
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FAMILY HISTORY OF CARDIOVASCULAR
DISEASE AND PROGRESSION OF
CORONARY ARTERY CALCIFICATION

It has now been established that a zero CAC score
is associated with a very low 10-year risk of cardiac
events, but this risk is not equal to zero. In the 2014
study, an assessment of the family history of coronary
artery disease was performed [14]. The purpose of
this study was to evaluate the role of family history
in the development of CVD in people with zero CAC.
Higher incidence of subclinical atherosclerosis in in-
dividuals with a family history of CAD, as opposed
to individuals without it, was established. The work
included 3, 185 individuals with basic assessment of
CAC = 0 (average age 58 years, 37% of men). The
average risk score according to the Framingham scale
was 6.1% for individuals with a family history of CAD
and 6.2% for people without it (p = 0.84). On average,
over 10 years, 101 (3.2%) individuals had CVD, and
56 (1.8%) had episodes of CAD. In analyzing age and
gender, a family history of CAD was associated with
an increase in CVD cases by approximately 1.73 times
(RR 1.73; 95% CI 1.17 — 2.56) and with CAD (RR
1.72; 95% CI 1.01 — 2.91). The researchers concluded
that asymptomatic individuals with zero CAC and a
positive family history of CAD were at increased risk
of cardiovascular and CAD events in comparison with
those who did not have a family history of CAD, al-
though absolute incidence rates remained low.

A similar study was conducted a year earlier [15].
It was demonstrated that a family history of early
CAD was usually associated with the progression of
coronary artery calcification among asymptomatic in-
dividuals. Of the total cohort, 47% were men. Overall,
52% (n =2, 633) of individuals had a positive family
history of CAD; 20% (n = 1, 002) of people had a
family history of early CAD, of which 456 reported
a similar history only with their parents, 471 — only
with brothers and sisters, and 75 — with parents, broth-
ers, and sisters. The average risk score according to
the Framingham scale was 7.5% (n = 2, 466) for in-
dividuals without a family history of CAD, 8.2% (n =
1, 631) for people with a family history of late-onset
CAD, and 7% (n = 1, 002) for people with a family
history of early CAD. In the main group, 2, 645 peo-
ple (52%) did not have coronary artery calcification
at the beginning of the study. Among them, in 527
(20%) patients, CAC became higher than zero during
the following examination. A significant increase in
CAC was observed in patients with a family history

of early CAD (7.24 per 100 person—years) compared
with patients without a family history of CAD (5.87
per 100 person—years) or with a late-onset CAD in the
family history (6.56 per 100 person—years) (p < 0.05).
In individuals with a family history of early CAD, the
increase in CAC was 16.7 units higher than in individ-
uals without it (» < 0.001). This was more than twice
as much as in the group of individuals with a family
history of late CAD (8.17 units). The obtained results
confirm the opinion that a family history is an import-
ant component of cardiovascular risk and suggest that
accelerated coronary artery calcification in subclinical
atherosclerosis may contribute to increased risk of the
disease.

THE EFFECT OF NEW CARDIOVASCULAR
RISK FACTORS ON RISK DISCRIMINATION
ACCORDING TO THE FRAMINGHAM SCALE

In 2016, J. Yeboah et al. published the results of
the study that examined the addition of new cardio-
vascular risk factors to traditional ones [16]. The role
of factors, such as coronary artery calcification, level
of C-reactive protein, ABI, and the presence of CAD
in the family history, and their significance in stratifi-
cation of cardiovascular risk were assessed. It should
be noted that these factors were not evaluated in ag-
gregate, but separately. The endpoints were myocardi-
al infarction, death from CAD, or stroke. The analysis
included 5, 185 individuals; the average age was 61
years; 53.1% were women. The average follow-up pe-
riod was 10 year; during this time, 320 (6.2%) cases
of cardiovascular diseases were registered, of which
139 (43.4%) were cases of myocardial infarction, 132
(41.3%) — strokes, and 49 (15.3%) — death from coro-
nary artery disease. In terms of predicting the develop-
ment of CAD, CAC was the only marker that signifi-
cantly improved risk discrimination according to the
Framingham scale (Net Reclassification Index (NRI)
0.178; 95% CI 0.080-0.256). The addition of ABI to
the Framingham model improved stratification of pa-
tients less significantly (NRI 0.013; 95% CI 0.034—
0.051). A total of 194 (3.7%) cases of CAD occurred.
Therefore, among the four risk markers included in
the analysis, CAC showed the greatest improvement
in the discrimination of risk of CAD and reclassifi-
cation of patients with intermediate risk according to
the Framingham scale. In addition, the authors pointed
out that CAC, compared with 3 other non-traditional
risk markers, is more suitable not only for improving
the prognosis of the risk for CAD, but may be use-
ful for people who have not made a decision on treat-
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ment based on the risk determined by the Framingham
scale. Therefore, further research is needed to improve
the discrimination provided by these additional risk
markers in subgroups of asymptomatic individuals
(primary prophylaxis), especially those who are not
recommended for statin therapy.

CONCLUSION

Despite the fact that the concept of cardiovascu-
lar risk factors was introduced into clinical practice
more than seventy years ago, it is still relevant to-
day. Most significant factors of cardiovascular risk
are modifiable and have enormous prognostic value.
Many studies have been conducted to determine the
effectiveness of existing scales for assessing cardio-
vascular risk. However, despite their effectiveness,
they require additions and refinements. Analyzing
the results of the above mentioned studies, we can
definitely say that today the problem of a correct as-
sessment of cardiovascular risk remains relevant for
all groups of patients at any cardiovascular risk. An
increase in cardiovascular risk in asymptomatic pa-
tients is often associated with the psychosocial factor
or detection of atherosclerotic plaques during an ul-
trasound examination of the brachiocephalic arteries.
The role of CAC has yet to be studied; however, the
studies presented in this review article established
mutual potentiation of risk factors, such as a family
history of coronary artery disease, sedentary lifestyle,
and assessment of ABI and CAC. The study of new
cardiovascular risk factors in asymptomatic popula-
tion shows its discriminatory and prognostic value,
but requires following detailed study to develop the
most convenient, accurate and effective rating scales
applicable to any category of patients, including as-
ymptomatic ones. The development of these risk
scales, according to the Rose paradox, will be of great
economic and social importance.
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Neuroimaging methods for assessing the brain in diabetes mellitus
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ABSTRACT

Diabetes mellitus (DM) is associated with changes in the structure of the brain and deterioration of cognitive
functions from mild to moderate according to neuropsychological testing. With the growing DM epidemic and
the increasing number of people living to old age, cognitive dysfunctions associated with DM can have serious
consequences for the future of public and practical health. Chronic hyperglycemia, severe episodes of hypoglycemia,
and microvascular complications are important risk factors common for type 1 and type 2 diabetes. DM is also
associated with structural and functional changes in the brain, which can be diagnosed by various types of magnetic
resonance imaging (MRI) of the brain.

In this review, we investigate studies conducted over the past two decades to improve the understanding of how
DM effects the brain function and structure. We also describe the changes characteristic of type 1 and type 2
diabetes during standard MRI, functional MRI and proton magnetic-resonance spectroscopy (proton MRS) as well
as their features.
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HelipoBu3yann3ayMoHHbIe METOAUKM OLL€HKU FO/IOBHOrO MO3ra
npu caxapHom guabeTe (AMTepaTypHbIit 0630p)

MarBeeBa M.B., Camonnosa l0.I'., ?KykoBa H.l'., Tonmaues WU.B., Bpasosckum K.C.,
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PE3IOME

Caxapusiii quader (CJ]) cBs3aH ¢ U3MEHEHHSIMH B CTPYKTYpEe TOJIOBHOTO MO3Ta M yXy[AIMICHHEM KOTHHTHBHBIX
(YHKIMI OT JIETKOH 10 YMEPEHHOH CTEIeHH IO JAHHBIM HEHPOIICHXOJIOTMYECKOTO TECTHPOBaHHA. B ycmoBusax
pactymeii snugemun CJI 1 yBeIM4eHHs ducia JI0eH, JOKUBAIOIIUX JIO CTApPOCTH, KOTHUTUBHAS TUCHYHKINS,
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accoruuposanHas ¢ C/I, MOKeT UMETb Cepbe3HbIC MOCIESACTBUS ISt OyLyIIero 0OMEeCTBEHHOTO U MPaKTHYECKO-
ro 3/paBOOXpaHEHUs. XPOHUYECKas TUMEPIIIMKEMHUs, TsDKeJble 3MU30]bl THIOTTMKEMUH M MHKPOCOCYAUCTHIE
OCJIOJKHEHHSI SIBIISIIOTCS BOKHBIMU (pakropamu pucka, obmumu s CI 1- u 2-ro tuna. Taxke CJ] cBsizan co
CTPYKTYPHBIMU M (YHKIIMOHATbHBIMA M3MEHEHHUSMH B TOJIOBHOM MO3re, KOTOPbIE BO3MOYKHO JMarHOCTUPOBAThH
HOCPEJICTBOM PA3IMYHBIX BAPHAHTOB MarHUTHO-pe30HaHCHOM ToMorpadun (MPT) rosoBHoro Mo3ra.

B npexncrasieHHOM 0030pe paccMOTPEHBI NCCIIEA0BAHMS, IPOBEICHHBIC 32 MOCIECTHNE ABA JECATUICTHS, YTOOBI
YIIY4IIHTh TOHKUMaHue Toro, kak CJI Biusier Ha (yHKIHUIO U CTPYKTYPY TOJIOBHOTO Mo3ra. TakKe OnumeM u3mMe-
HeHust, xapakrepssle 1yt CJ1 1- n 2-ro Tuna npu npoBeieHnH cTaHaapTHoi, GyHkiuonansHoit MPT n npoTtoHHOM
MarHUTHO-PE30HAHCHON CIIEKTPOCKOIINH, H KX OCOOCHHOCTH.

KiroueBble cjioBa: caxapHblii 1nadeT, KOTHUTUBHbIE HAPYIIEHUsI, HeHPOBU3YaIN3al[MIOHHbIE METOIUKH.

Konpaukt nHTepecoB. ABTOpHI JEKIAPHPYIOT OTCYTCTBHE SIBHBIX M MOTEHIHATBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEeil HACTOSIIEH CTaThH.

UcTtounnk puHaHcHpoBaHMsI. ABTOPBI 3asIBIISIOT 00 OTCYTCTBUH (MHAHCHPOBAHUS MPU MIPOBEACHUU HCCIIEI0-
BaHUSI.

Jas uurupoBanusi: Marseesa M.B., Camoiinosa 10.I"., XKykosa H.I'., Tonmmaues W.B., Bpazosckuii K.C., Jleii-
MmaH O.I1., ®umymxkuna H.1O., Torkux O.C. HelipoBu3yaln3alMoOHHbIE METOIMKHU OL[EHKH TOJIOBHOTO MO3Ta IPH
caxapHoM auabere (JIuTepaTypHbIi 0030p). broremens cubupckoii meduyunst. 2020; 19 (2): 189-194. https://doi.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disor-
der that is characterized by absolute insulin deficiency in
type 1 diabetes or its relative insufficiency or resistance
in type 2 diabetes [1]. This is a serious problem that leads
to development of complications in the peripheral and
central nervous system [2]. In DM, there is a 20-70%
decrease in cognitive abilities compared to healthy peo-
ple, and the risk of dementia is 5% higher than in healthy
people [3]. Cells and their extracellular matrix have a dy-
namic and reciprocal relationship. Modular components
upon activation of the glycation process lead to altered
neurogenesis, hyperphosphorylation of intracellular sig-
nal molecules, and expression of extracellular protein
matrix. All these cellular changes can contribute to cog-
nitive dysfunction in DM [4]. There are various methods
for assessing cognitive dysfunction, such as neurocog-
nitive testing, evoked potentials, electroencephalic re-
search, MRI, and positron emission tomography [5].

For the most accurate diagnosis of cognitive impair-
ment in diabetes, the method of standard brain MRI was
used in practice, which allows to detect mainly macro-
structural changes associated with cerebrovascular dis-
eases, such as hyper-intensive activity of white substanc-
es and indirect signs of atrophy of brain substances [6].
The functional MRI focuses on changes in activation
models, functional connectivity and signal fluctuations,
as well as on interconnected cognitive impairment and
activation domain names, default networks, and func-
tional conjunctivity [7]. Proton magnetic resonance

spectroscopy (PMRS) is an analytical method that allows
scientists to identify and quantify metabolites in various
areas of the brain and to determine energy metabolism
and processes in brain tissue non-invasively [8].

FEATURES OF COGNITIVE IMPAIRMENT IN
TYPE 1 DIABETES

In patients with type 1 diabetes, frequent variabili-
ty of glycaemia, hyper/hypoglycemia, and cumulative
chronic hyperglycemic exposure lead to such microvas-
cular damages to organs as retinopathy and nephropathy
[9]. In addition to microvascular complications, type 1
diabetes is associated with an increased risk of cogni-
tive impairment, which primarily represents a decrease
in the processing speed of information, attention, and
executive function [10—12]. Cognitive dysfunction can
be observed quite early (already two years after diag-
nosis) and persists in adulthood and at a later age [13,
14]. However, the exact neuropathological mechanism
of cognitive impairment caused by type 1 diabetes is still
largely unclear.

NEUROIMAGING TECHNIQUES FOR BRAIN
NEUROPLASTICITY EVALUATION IN TYPE 1
DIABETES

Neuroimaging methods were used to study the ana-
tomical and functional changes in the brain of patients
with type 1 diabetes. A standard MRI scan reveals atro-
phy of the gray matter and lesions of the white matter,
which are common structural abnormalities observed in
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the studies and associated with a cognitive decline in pa-
tients with type 1 diabetes [15—17]. The decrease in the
volume of the brain in the cortical and subcortical areas,
including the occipital, lower frontal and parahippocam-
pal regions, is mainly determined [18, 19]. There are no
significant differences in the volume of gray or white
matter of the brain compared with the control group in
the article of Perantie et al. on analyzing MRI scans in
children with type 1 diabetes [20]. It was shown that
medical history of severe hypoglycemia is associated
with a smaller volume of gray matter in the upper left
temporal region, while chronic hyperglycemia is associ-
ated with a change in the volume of the gray matter in the
right posterior parietal region and right prefrontal region
[21]. In addition, there is evidence that these changes are
noted within a few years from the start of manifestations
and associated with cognitive functions [22].

Diffuse tensor MRI reveals fractional anisotropy in
the upper parietal lobe and a decrease in average diffu-
sion in the thalamus [19]. In addition, there is a decrease
in fractional anisotropy in the posterior parts of the brain,
which is associated with a longer duration of the disease,
as well as a decrease in a number of cognitive functions,
such as speed of information processing and executive
functioning [23]. Using only functional MRI of the brain,
van Duinkerken et al. demonstrated impaired function-
al conjunctivity and network changes in patients with
type 1 diabetes [24]. In addition, abnormal functional
conjunctivity was found in the subgenual cingulate gy-
rus, which was associated with cognitive dysfunction in
patients with type 1 diabetes [25]. Moreover, using an
analysis of independent components, it was found that
type 1 diabetes is associated with a violation in several
networks, including attention, working memory, hear-
ing, language, and processing [26-28]. Since the effect
of hyperglycemia on the brain can be global, an analysis
of the neural function of the entire brain is likely to re-
veal other deficits in the central nervous system associat-
ed with type 1 diabetes.

In the studies by Mangia and Heikkild et al., a de-
crease in N-acetylaspratate metabolites was shown in the
gray matter (occipital lobe, frontal lobe), white matter,
and thalamic regions of patients with type 1 diabetes
compared with the control group [29, 30]. Besides, it was
shown that patients with high glycated hemoglobin have
a decrease in glucose in the brain by almost 10%. This
neurochemical process can explain the loss of neurons
associated with cognitive impairment [31]. In addition,
there is a change in the ratio of metabolites N-acetyl as-
partate/creatine, choline/creatine and N-acetyl aspartate/
creatine in the left posterior parietal region of the white
matter in type 1 diabetes [32].

FEATURES OF COGNITIVE IMPAIRMENT
IN TYPE 2 DIABETES

Several studies have shown that type 2 diabetes (at
least 90%) is a risk factor for dementia [33, 34]. Typ-
ically, patients with type 2 diabetes have a moderate
decrease in cognitive functions, and the metabolic syn-
drome is believed to make a significant contribution to
their decline [35]. Type 2 diabetes is usually diagnosed
at an older age and is usually associated with obesity, in-
sulin resistance, hypertension, and dyslipidemia, which
can have a negative effect on the brain [36].

NEUROIMAGING TECHNIQUES FOR BRAIN
NEUROPLASTICITY EVALUATION IN TYPE 2
DIABETES

Type 2 diabetes is associated with diffuse atrophy
of the brain [37]. A decrease in the average total brain
volume is more pronounced in type 2 diabetes, which is
comparable with 3—5 years of normal aging [38]. Brain
atrophy associated with type 2 diabetes is most pro-
nounced in areas which are surrounding the ventricles,
such as the subcortical region of the gray or white matter
[39].

In patients with type 2 diabetes, there is a decrease in
the functional relationship between the areas including
the medial frontal gyrus, precuneus and medial tempo-
ral gyrus, which are associated with cognitive functions
[40].

When performing proton MRS in patients with type
2 diabetes, a low level of N-acetyl aspartate was record-
ed in the right frontal and parietal-temporal regions,
and glucose levels were elevated in all areas of the brain
[41]. Besides, reduced levels of choline and creatine in
the lenticular nuclei and areas of the thalamus and de-
creased N-acetyl aspartate/creatine and choline/creatine
ratios were identified. These changes had a negative cor-
relation with the level of glycaemia and glycated hemo-
globin [42].

CONCLUSION

Typical signs of brain atrophy which can be detect-
ed during standard MRI are to a larger extent associated
with metabolic disorders, but give no evidence of a con-
nection with cognitive impairment and do not provide a
further diagnostic algorithm [43].

In diabetes, there is a change in the spontaneous ac-
tivity of the brain, especially in the visual zones, as well
as a change in the functional connection in various de-
fault networks. However, the plasticity of the nervous
system at a young age is possible, and the functional
relationships are improved after rehabilitation measures
[44].
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A change in the level of N-acetyl aspartate is asso-
ciated with the density, function or viability of neurons
that can be found when conducting PMRS [45]. Choline
concentration changes with damage to the cell mem-
brane [46]. Creatine is involved in energy metabolism,
and its increased level means increased oxidative stress
and mitochondrial dysfunction, both in neurons and in
glial cells [47].

Structural and metabolic changes which were de-
scribed in this article lead to impaired neurotransmis-
sion, accelerated neurodegeneration and demyelination,
as well as cause brain atrophy in diabetes. However, fur-
ther studies should confirm the above stated results in
larger clinical trials.
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ABSTRACT

Optogenetics is an innovative and fast-growing field of science combining the advances in molecular biology
and laser technologies to monitor various biochemical processes in the cell and to control its activity using light.
Therefore, this review is devoted to the implementation of the optogenetic approach to diagnosis and treatment of
various socially sensitive diseases at the molecular and genetic level. Furthermore, the article considers different
methods of delivery and incorporation of genetic constructs encoding transmembrane proteins. New fiber optic
technologies used to develop implantable devices for generating and recording signals in excitable tissues are
described. Besides, the most state-of-the-art and popular registration methods are considered in the review.
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PE3IOME

OrnroreHeTHKa — UHHOBAIIMOHHOE U 6I)ICTpO Pa3sBUBAOIIMEC HAYYHOC HAIIPaBJICHUE, 06’I)CL[I/IHHIOHIGC JOCTUIKCHUA
MOHeKyJ’I;{pHOﬁ OHMOJIOTUH U JIa3CPHBIX TeXHOJ’IOFHﬁ, JJI peHICHNS BOIIPOCOB MOHUTOPUHI'A PA3JIMYHBIX OHOXHUMHYE-
CKHUX IIPOLECCOB B KIIETKE U KOHTPOJISA €€ aKTUBHOCTH C ITIOMOIIBIO CBETA. I[aHHLIﬁ O630p TIOCBSIIICH BOIIpOCaM peaiu-
3alluy U MPUMEHEHUS ONTOICHCTUYCCKOTO MoAX0Aa Ul AMarHOCTUKU U JICYCHUS PA3JIMYHBIX COLMUAJIBHO 3HAYUMBIX
3a00JIeBaHuil Ha MOJICKYJIAPHO-TCHETUYECKOM YPOBHE. B crarbe onucanb pa3jinuHbIC CroCco0BI JOCTaBKH U BCTpau-
BaHHWs I'CHCTUYCCKUX KOHCprKHHﬁ, KOAMPYIOMUX TpaHCM€M6paHHLI€ OemKu. PaCCManI/IBaIOTCSI HOBBIC OIITOBOJIO-
KOHHBIC TEXHOJIOI'MHU, UCHOJB3YEMBIC IJI UCIIOJIHECHUSI UMIIJIAHTUPYCEMBIX yCTpOﬁCTB reaepanu u q)HKCPIpOBaHI/ISI
CUI'HAJIOB B B036yHI/IMHX TKaHsAX. HpI/IBO}Z[I/ITCSI aHaJIN3 COBPEMCHHBIX, HauboJiee HCIIOJIb3yEMBIX croco0oB peru-
CTpanuun roKasareyien OKCIIEPUMEHTA, YKa3bIBAIOTCA KIIFOUEBBIC IPECUMYIIECTBA U HEAOCTATKU Pa3JIMYHBIX METOAUK.

KiroueBbie cjI0Ba: ONTOTCHETHKA, OTNCHHBI, HOHHBIC KaHAJbI, OMTOBOJIOKOHHBIC CHCTEMBbI, (POTOCTHUMYJISIIUS,
HelipouHTepdeiic, ONTOreHeTHIeCKas Teparvsl.

KondaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaIKEeil HACTOSIIECH CTaThH.

Hcrounukn puHancupoBanus. Vccnenosanus ObUIM yacTUUHO moaaepskadbl [Iporpammoii passutis PIAOY
BO «Kpsivmckuii ¢penepanbhbiit ynusepcuret B. V. Bepuaackoro» na 2015-2024 ropsr.

Jas untupoBanus: Copokuna JI. E., [lerpenko B. 1., Cy66otknn M.B., Kymanosa A.A., Kyuepenko A.C., Ky-
obrkuH A.B., ®omouknna U.1., Homeposckas A.1O., Xamunos C.C. OnToreHeTH4eckrue METOAbI U TEXHOJIOTUH
B PELICHUH MPHUKIAJHBIX MEAUIUHCKUX 3a1a4. broremens cubupckoti meouyunst. 2020; 19 (2): 195-203. https:/
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doi.org: 10.20538/1682-0363-2020-2-195-203.

INTRODUCTION

Currently, a new interdisciplinary science — opto-
genetics — is rapidly developing at the intersection of
molecular biology and advanced laser technologies.
Researchers in this area are developing a wide variety
of methods for studying the mechanisms of memory
and behavior formation as well as for functional di-
agnosis and therapy of neurodegenerative, psycho-
genic and other socially sensitive human diseases. In
solving such complex and complicated problems, the
knowledge about the functioning of various genetic
constructs and implementation of fundamentally new
optical devices to study the functioning of excitable
tissues is of great importance.

The latest achievements in optogenetics which
have been developed and implemented in practical
healthcare are based on the use of genetically encoded
light-sensitive ion channels which are subsequently
exposed to photostimulation in various modes. In such
experiments, it is particularly important to ensure the
availability of a high-quality fiber optic system which
will deliver the light beam with minimal losses and ef-
fectively record intracellular changes. These systems
represent a unique platform for developing innovative
neural interfaces which are used in optogenetics for
experiments on freely moving animals.

Currently, optogenetics has profound advantages

over traditional electrophysiological methods due to
its selective effect, accuracy and a possibility of both
excitation and suppression of the selected cell popula-
tions. The latter can be used not only in fundamental
neurobiology, but also in applied medicine. For exam-
ple, it is possible to stop and/or prevent an epileptic
seizure by inserting actuators into neurons in the sei-
zure focus and enabling inhibition.

This review article is the first one to comprehen-
sively cover the issues of planning an optogenetic
experiment with specifying the key advantages and
disadvantages of various methods. It also most fully
describes modern advances in optogenetics used in
clinical medicine.

OPTOGENETICS: THE HISTORY OF ITS
DISCOVERY AND FORMATION

In 1971, W.Stockenius and D.Osterhelt discovered
that bacteriorhodopsin in the ion channel can be acti-
vated by photons. After eight years, Francis Krikvy,
an English biophysicist, suggested the idea of activat-
ing a group of cells with the use of light [1, 2].

In 2005, a group of scientists from Stanford Univer-
sity led by Karl Deisserot showed that the activity of a
group of neurons can be controlled by adapting natu-
ral channelrhodopsin (Channelrhodopsin-2), obtained
from green algae of the Chlamydomonas Reinhardtii
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species, using lentiviral vectors for gene delivery [3].
The experiment was performed on fruit flies and mice
several times. As a result, it was reliably proved that
after incorporation of an opsin in the plasmalemma of
a cell and its exposure to the blue spectrum light, the
cell membrane was depolarized.

Further studies showed that other natural proteins,
such as bacteriorhodopsin, halorhodopsin, and channel-
rodopsin, are also capable of regulating the functioning
of neurons in response to the light irradiation of differ-
ent wavelengths. In 2008, Volvox channelrhodopsin-1
(VChR1) was isolated for the first time, and it was al-
ready sensitive to the yellow spectrum light [4]. This
discovery demonstrated that the use of various modi-
fications of channelrhodopsins with activation peaks
shifted to the red spectrum area allows the researcher to
stimulate selectively two types of neurons located in the
same area of interest.

With updating the research in this area and ob-
taining new knowledge about the molecular organi-
zation of the brain, it became clear that the tissues of
the vertebrates already contain trans-retinal which is
necessary for the implementation of the method. By
absorbing a photon, the retinal isomerizes, thus pro-
voking a change in the protein conformation, which
results in a change in the membrane permeability for
ions, inducing the current of monovalent (H+, Na+,
K+) and some divalent (Ca2+) cations, which, in turn,
cause depolarization of the neuron membrane. Now
researchers can selectively control the activity in cer-
tain neurons, as well as predict physiological and be-
havioral responses of organisms.

Introduction of new research methods in the field
of neurobiology enabled to improve fiber optic tools
which allow for the light beam delivery. Thus, the idea
of simultaneous optical stimulation and registration of
electrical impulses has been successfully implement-
ed. For example, currently it is possible to directly
measure the electrical activity in neurons which are
responsible for motor activity and to simultaneously
control them with the use of opsins.

AN OPTOGENETIC STUDY: PRINCIPLES
OF PLANNING AND DEVELOPING THE
EXPERIMENT DESIGN

The design of any optogenetic study includes the
following main elements:

Planning of an experiment

At this stage, the aim and objectives of the exper-
iment are set, the conditions of the experiment are

specified (available or accessible equipment, financial
resources, personnel), the input and output parameters
are identified on the basis of the collected and ana-
lyzed preliminary information (determining the object
of the study, the method of delivery of the genetic
construct encoding the light-sensitive protein, and the
mode of photostimulation), and the plan and timing of
the experiment are set as well.

Delivery of the genetic construct encoding the
light-sensitive protein

Currently, the method of injecting adeno-associat-
ed virus (AAV) and lentiviral (LV) vectors is widely
used, which allows to have accurate spatial control
over the opsin expression. The specificity of the meth-
od is mainly achieved through the use of promoters
and enhancers. Only in cells with the corresponding
expression pattern for a particular promoter can op-
sin synthesis be activated [5]. The use of enhancers
makes it possible to achieve the strict specificity with-
out overloading the vector design [6].

A set of receptor proteins on the surface of the viral
capsid called serotype plays a significant role in the
effectiveness of the implementation of viral particles,
since the serotype determines in which way the target
cells will be infected (for example, in the area of the
neuron body or at its processes). It has already been
experimentally proved that the AAV 2.1 serotype is
suitable for infecting rodent brain cells, and the se-
rotypes 8 and 9 are suitable for infecting neurons in
primate brain.

Another strategy that ensures the presence of a spe-
cific gene in the experiment is the use of transgenic an-
imals, i.e. living organisms in whose genome foreign
genes were introduced. Currently, cre / loxP animal
lines are widely used, that express cre recombinase,
which excises the exon surrounded by LoxP sequenc-
es. As a result, an animal line is created which misses
a certain gene that is of interest for researchers [7].

To create transgenic animals, viral and non-viral
technologies are used. The latter include approaches
based on physical and chemical effects that allow for
cell transfection in vitro [8]. One of the methods of
creating such transgenic research objects is associated
with embryonic stem cells. First, the cloned DNA is
integrated into the embryonic stem cell culture, then
the selected transgenic embryonic stem cells are cul-
tured and used to create the necessary lines [9, 10].

To obtain transgenic mice, the method of intrapor-
tal electroporation is also used. In this case, a solu-
tion with DNA encoding opsin is injected in utero on
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certain days of embryonic development, and then it
is exposed to a short high-voltage electric discharge,
which allows to impact selectively on specific cell
types and brain regions [11]. This method requires
exact knowledge of the time and migration trajectory
of certain neuron groups during embryonic develop-
ment. This technique allows to provide high quality
targeted gene delivery to the II and III cortical layers,
striatum and hippocampal neurons [12]. Unlike viral
methods, electroporation can introduce more gene
copies and deliver DNA of any size with large pro-
moter segments to achieve higher cell specificity.

The most well-known chemical method of genetic
construct delivery is liposome transport: the genetic
material is placed in a liposome, which binds to the
cell membrane and promotes its intracellular release.
The specificity of this method is achieved by binding
a specific ligand to the liposome surface.

So, currently, there is a wide range of methods that
provide the presence of opsin-encoding genes in ex-
perimental models. The priority characteristics of the
above mentioned methods are precision and selectivi-
ty of action, relative accessibility, and reproducibility.
The most common method for optogenetic studies is
the use of transgenic animals and viral vectors. How-
ever, development and implementation of new meth-
ods for genetic construct delivery are also relevant,
since they will significantly expand the scope of opto-
genetics and accelerate implementation of the method
into practice, including its use for human treatment.

Light beam delivery

In general, the functions of the optical fiber com-
plex for light delivery are as follows: generation of
and control over light emission, modification of light
emission and its filtering, and transport of light to tis-
sues and cell cultures [13]. Today, even the simplest
optogenetic experiments require programmable pulse
generators to modulate LED or laser emission and
create a high-quality controlled light impulse. Study-
ing the brain functions requires neural interfaces that
can record the brain activity and stimulate it with high
precision in space and time. Among researchers, the
most popular method is in vivo optogenetic technique
in the laboratory, for which implantable optical fiber
is permanently inserted and guided through the cannu-
la. Fiber implantation overcomes such limitations as
brain tissue damage during second insertion of fiber,
potential fiber defects within the implant, and accura-
cy of cannula positioning inside the animal brain. One
of the advantages of the permanent optical fiber im-

plantation in in vivo experiments is the possibility of
combining the optogenetic method with other types of
investigation. The main parameters that must be deter-
mined before starting any optogenetic experiment are
the wavelength, the intensity and mode of stimulation,
which determine the success of the study and intracel-
lular activity management.

Registration of the results of the optogenetic
experiment

To visualize changes in the parameters of cellular
activity in freely moving animals, a large number of
different biosensors can be used, including genetically
encoded ones based on the fluorescence effect. These
methods make it possible to evaluate not only cellular
activity, but also a change of the cell signal status. For
example, the family of GACh acetylcholine sensors
based on G-protein receptors that selectively respond
to a specific mediator with fluorescence recorded by
epifluorescence, confocal, and two-photon microsco-
py is widely used [14]. Scientists are interested in the
possibility to manipulate a certain neuron population
and simultaneously register the results, which will al-
low to study the relationship between cellular activity
and cellular functions in more detail. The latest de-
velopment in this area is a miniscope, which allows
to visualize fluorescence and make simultaneous op-
togenetic manipulations, changing the activity of the
neurons [15].

One of the most common methods for assessing
the electrophysiological changes in the membrane po-
tential of excitable cells is the patch clamp technique.
The use of this method in vifro in combination with
optogenetics makes it possible to investigate the syn-
aptic activity of isolated neurons and establish their
role in activating and inhibitory effects on the cerebral
cortex.

Behavioral tests are used to assess neurological
status and monitor animal behavior

Thus, the diversity of modern optogenetic technol-
ogies determines the possibility of their application
as a main or additional method in various fields of
science. However, further development and improve-
ment of optogenetic technologies remain relevant,
The development of biotechnology, genetics, optics,
and biochemistry allows to fully realize the potential
of these research areas. In particular, at each stage of
the optogenetic study, several challenges can be dis-
tinguished. At the first stage, improvement of methods
of gene delivery and expression is relevant, as well as
a targeted study of genes encoding photosensitive pro-
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teins, which is especially important for future use of
optogenetics for treatment of human diseases. At the
second stage, it is important to further study the well-
known photosensitive proteins: not only their physi-
cochemical properties, but also their functions in the
cells of the organisms in which they were found. This
will allow to further consider them in the pharmaco-
logical aspect. Of particular interest is the possibility
of modifying photosensitive proteins, due to which it
will be possible to finely regulate their functions in
the optogenetic experiment. Studies at the third stage
are aimed, firstly, at investigating modified light irra-
diation for developing new methods using light of dif-
ferent wavelengths, focused, scattered, and multipath
irradiation. Secondly, they are aimed at improving the
hardware complex, which is especially important in
order to standardize the method. Finally, at the fourth
stage, the problem of an objective evaluation of the
experimental results arises, to overcome which a com-
prehensive analysis is required, including functional
tests, registration with electrodes and probes, and flu-
orescence biosensors. It is also essential to develop
non-invasive methods for recording results, especially
in the field of medicine.

APPLICATION PROSPECTS: OPTOGENETIC
APPROACH IN THE SOLUTION OF
BIOMEDICAL TASKS

Neurophysiology

Optogenetic selectively impacts on excitable tis-
sues and has a number of advantages in comparison
with other methods studying this fundamental area (in
particular, in comparison with classical neurostimu-
lation). The advantages of optogenetics include the
ability to influence certain types of neurons of inter-
est and their individual intracellular structures with
precise spatiotemporal control. This determines the
prospects for expanding modern ideas about the func-
tional structure of the brain. Thus, the possibility of
activating locomotion movements by light stimulation
of glutamatergic neurons of the spinal cord in trans-
genic mice was experimentally demonstrated, which
showed the key role of these cells in the process of
movement [16].

Optogenetics may also be the key to solving more
complex, integrated research tasks. For example, by
supplementing the experiment with functional data
using the optogenetic method, it was found that neu-
rons of the rostral ventromedial medulla oblongata in-
nervate functionally heterogeneous tissues (myocardi-

um, skeletal muscle). Previously it was suggested that
this brain region is associated with the regulation of
the tone of smooth myocytes alone [17].

In addition, the possibility of studying the cere-
bellum using the optogenetic approach is discussed,
which is especially relevant considering the poorly
studied functional connections of the cerebellum with
the cerebral cortex and subcortical structures [18].

Neurology

The mentioned advantages of optogenetics deter-
mine its wide range of possibilities not only in the
field of neurophysiology, but also in clinical disci-
plines, such as neurology and psychiatry, making
it possible to consider this approach as a promising
treatment method. One of the areas of optogenetic re-
search is the possibility of treating neuropathic pain.
The exact pathogenesis of this condition is unknown.
However, the possibility of effecting its peripheral and
central components was experimentally proved. In the
first case, nociceptors were considered a therapeutic
target, in the second — a gelatinous substance [19].

In an experiment with a model of Alzheimer’s dis-
ease it was possible to establish the therapeutic role of
restoring slow oscillations (0.6 Hz) in the corticotha-
lamic networks by optogenetically increasing the
activity of pyramidal neurons. Moreover, the patho-
genic effect of slow oscillations in the corticothalam-
ic networks with optogenetically doubled frequency
(1.2 Hz) on the development of this pathology was
identified. This creates the prerequisites for the devel-
opment of medical and preventive care based on the
achievements in optogenetics [20].

Since 2010, scientists have begun to propose meth-
ods of treatment for Parkinson’s disease through deep
brain stimulation. The method is based on the stereo-
tactic use of miniature electrodes that stimulate the
subthalamic nucleus of the brain. The effectiveness of
using this treatment option far exceeds the effective-
ness of drug therapy.

A functional optogenetic approach is also consid-
ered as a rehabilitation method, in particular, after
cerebral infarction. In this case, a multicomponent
action is possible: an increase in neuronal activity in
ischemic tissues in combination with the reorganiza-
tion of afferent and efferent neural pathways [21].

Psychiatry

The prospect of functional reorganization of affer-
ent and efferent neural pathways, and, in particular, a
targeted study of cellular and subcellular interactions
in the nervous tissue determine a great interest of psy-
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chiatrists and narcologists in optogenetics.

It is assumed that by optogenetic normalization of
biochemical processes and selective stimulation of
brain regions pathogenetically associated with a par-
ticular disease it will be possible to treat diseases with
depressive syndrome, anxiety, addiction, as well as
schizophrenia and autism spectrum disorders [22, 23].
In particular, in one of the experiments, American sci-
entists identified a significant decrease in depressive
symptoms in animals after optogenetic stimulation
of dopaminergic neurons associated with the nucleus
accumbens, responsible for the formation of various
behavioral reactions [24].

In 2014, scientists from the University of Buffalo
managed to control addictive dependence in rats ha-
bituated to alcohol using light. In this group of ani-
mals, genetic modification of dopamine release sys-
tems was carried out, thereafter, with the help of light
it was possible to stimulate selected groups of neurons
and achieve prolonged release of the neurotransmitter
[25].

In another experiment using optogenetic stimula-
tion of the orbitofrontal cortex in experimental ani-
mals, inhibition of compulsive symptoms was detect-
ed, which creates the prerequisites for the development
of treatment for a number of disorders associated with
impaired interaction between the orbitofrontal cortex
and striatum [26].

Ophthalmology

The ability to restore and regulate photosensitive
cells using optogenetic stimulation determines the
prospects for using this method in the field of ophthal-
mology, including treatment of retinal diseases, which
is extremely important given the disappointing WHO
statistics on morbidity of retinal degenerative diseases.

It should be noted that optogenetic studies con-
ducted in the field of ophthalmology have a number
of differences compared to other areas of medical re-
search. First of all, opsins with a retinoid cofactor are
most preferred, which is more physiologically reason-
able; and, secondly, genetic material is usually deliv-
ered with viral vector injections in the intraretinal and
subretinal space using an adeno-associated virus [27].
The main problems of application of the optogenetic
method in this area include the occurrence of retinal
remodeling with impairment of cytoarchitectonics and
functional relationships between its layers, problems
with precise determination of the site for the required
injection to obtain an optimal result, and some mis-
match between physiological ranges of light percep-

tion and ranges of light to which opsins react [28].
However, it is assumed that continuous improvement
of the optogenetic experiment technique will over-
come the difficulties encountered. Thus, nowadays,
optogenetic engineering technologies allow to sen-
sitize to light not degraded photoreceptor cells, but
ganglion cells, which reduces the risk of developing
complete loss of vision in patients with retinal degen-
erative diseases [29].

Otorhinolaryngology

Optogenetics also opens up wide opportunities in
the field of otorhinolaryngology. In particular, this
approach can be used to restore hearing impairment
at the receptor level when acting on physiological
mechanisms of sound perception, as was shown in
experiments with optogenetic stimulation of the audi-
tory nerve, as a result of which excitation of the cor-
responding nuclei of the brain stem was recorded [30,
31]. Obvious advantages distinguish optogenetic con-
structs from cochlear implants, allowing to impact se-
lectively on cells in a certain part of the cochlea. This
experiment was carried out by researchers from the
University of Massachusetts, and they achieved partial
restoration of hearing using low-intensity light [32].

Endocrinology

Optogenetic stimulation may be used for correct-
ing the pathogenesis of endocrine diseases and de-
veloping a blood glucose lowering system in the long
run. The possibility of achieving normoglycemia in
a model of type II diabetes mellitus has been exper-
imentally established. During the study, a cell cul-
ture secreting glucagon-like peptide-1 (GLP-1) and
alkaline phosphatase was transplanted into LepRdb/
db mice intraperitoneally and subcutaneously. In the
first case, the light beam was supplied using optical
fiber, in the second case, it was delivered transdermal-
ly; and in both cases, a significant decrease in blood
glucose was registered [33]. A similar logic of the ex-
periment was also preserved in a study with wireless
control over the process of supplying a light beam us-
ing a smartphone app. Moreover, the cell culture also
synthesized GLP-1 and insulin, and a subcutaneously
implanted LED with the culture in a hydrogel capsule
was used as a light source [34].

Cardiology

Due to the fact that the functions of the heart are
inextricably linked with electrochemical processes,
optogenetics opens up great opportunities for recov-
ery of patients with cardiovascular diseases, since it
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targets more physiological and subtle mechanisms
than currently used medical and surgical methods of
treatment.

The advances in optogenetics can be used to ob-
tain a new type of pacemaker in which the function
of cardiac pacemaker cells will be controlled by light
instead of electrical impulses. For example, in the
United States, a team of Stanford scientists led by Os-
car Abilez is working on a project to develop a new
biological pacemaker controlled by light. The results
of the studies suggest that there are reliable ways to re-
store the healthy functioning of the heart muscle using
light. The most important advantage of optogenetics
in cardiology is selective excitation of only the inner
layer — the endocardium [35]. This method of treat-
ment of atrial fibrillation will improve the condition
of patients and reduce side effects compared to the use
of existing electric pacemakers, which eliminate ar-
rhythmia, but cause severe pain due to excitation of
skeletal muscles [36, 37]. The optogenetic method can
currently replace devices, such as pacemakers and de-
fibrillators, which allow to deliver electrical signals at
a certain rhythm, but carry certain risks (damage to the
heart tissue, battery failure, etc.) [38].

Pharmacy and pharmacology

No less relevant is the use of optogenetics in the
field of pharmaceutical sciences. First of all, optoge-
netics will optimize the pipeline at the stage of research
and development of drugs. This method will provide
such opportunities as search for new therapeutic tar-
gets for drugs through a comprehensive study of the
etiopathogenesis of diseases, optogenetic screening,
functional optogenetic analysis, and stratification of
patients, which is an important step towards person-
alized medicine [39]. The action mechanisms of the
optogenetic component of therapy can encompass reg-
ulation of intracellular signaling pathways, increase in
permeability of cell membranes, control over cell pro-
liferation and differentiation, upregulation of the active
substances of the drug after delivery to the cell, etc.

In addition, optogenetics is considered a promising
method for studying the toxicity of drugs at the stage
of their development, which is economically feasible:
currently used methods are not effective enough —
about one third of drugs do not pass clinical trials in
phases II-III [40].

Finally, optogenetics can be used as a highly spe-
cific tool for drug delivery, allowing to control the
speed, rthythm, and dose of the substance released, as
well as to overcome histohematic barriers [41].

CONCLUSION

Optogenetics is a promising field of science for
solving various biomedical problems. Advances in
molecular biology and laser technologies open up new
possibilities and allow to solve complex biomedical
problems. Improvement and application of this meth-
od expand treatment opportunities for a wide range of
diseases with minimization of pharmacological effects
and considerable efficiency and selectivity of action,
which may allow to actively use this method not only
in fundamental medicine, but also in practical health
care in the future.
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The clinical case of cardiac amyloidosis associated with multiple myeloma
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ABSTRACT

This clinical case demonstrates the difficulty of timely intravital diagnosis of cardiac amyloidosis and the
prescription of adequate drug therapy which is associated not only with the limited possibilities of establishing a
correct diagnosis and the absence of specific treatment in most cases, but also with a delay in seeking medical care.
Thus, development and improvement of non-invasive screening methods of examination will allow to identify this
pathology at earlier stages with a possibility of prescribing effective drugs and performing heart transplantation in
some cases.
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KAuHu4eckuii cayyail ammaongosa cepAaua, acCoMMpPOBAHHOIO
C MMEe/IOMHOM 60/1€3HbI0

Lown E.U., PoroBckas 0.B., lembaHoB C.B., Pa6oB B.B.

Hayurno-uccnedosamenvckuii uncmumym (HUHW) kapouonozuu, Tomckutl HAYUOHAIbHBIN UCCIEO008AMENbCKULL
meouyunckuil yenmp (HUMI]) Poccuticko akademuu Hayk
Poccus, 634012, 2. Tomck, yn. Kuesckas, 1114

PE3IOME

JlaHHBIN KIMHUYECKUN clTydall JEMOHCTPUPYET CI0KHOCTH CBOEBPEMEHHON MPM)KU3HEHHON JMAarHOCTUKU aMUJI0-
171032 cepAla 1 mo100pa aJjeKBaTHOH MeTUKaMEHTO3HOH Teparny, 94TO CBA3aHO HE TOJIBKO C OTPAHUUCHHBIMHU BO3-
MOKHOCTSIMH YCTQHOBIICHHUSI TOYHOTO JJUATHO3a ¥ OTCYTCTBHUS B OOJBITMHCTBE CIy4aeB CIEIU(PUIECCKOTO JICUCHUS,
HO 1 C TO3HUM OOpaIeHHeM MaueHTOB 3a MEAUIIMHCKOH moMobio. TakiuM 00pa3om, pa3paboTKa U yCOBEpIIEH-
CTBOBAHHE HEMHBA3UBHBIX CKPUHUHTOBBIX METO/I0OB 00CIIeI0BAHMS MO3BOINT BIBIIATH NATOJIOTHIO Ha OoJIee paH-
HUX 9Tamax ¢ BO3MOXKHOCTBIO 1T0/100pa 3 heKTHBHBIX MPEenapaToB, a B PsAE CIydaeB — TPAHCIUIAHTALIUH CEPIIIIa.

KaroueBbie c10Ba: aMUIION103, MUEIIOMHAsI OOJI€3Hb, PECTPUKTUBHAS KAPHOMUOMATHSI, SHIOMHOKAPHAIbHAS
Ouorncus.
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Cyyan s KAMHUYECKOM MPaKTUKK

KOH(bHHKT WHTEPECOB. ABTOpLI JACKIIAPUPYIOT OTCYTCTBUEC SIBHBIX U ITIOTCHIUAJIbHBIX KOH(bHHKTOB HUHTEPECOB, CBA-

3aHHBIX C MMyOJUKAIMEeH HACTOSIICH CTaThH.

WcTounuk (1)I/IHaHCI/Ip0BaHI/I5[. ABTOpI;I 3asBJISIOT 00 OTCYTCTBHUHU (1)I/IH3HCI/Ip0BaHI/I$I IIpy MPOBCJACHUU UCCIIEJ0BA-

HUA.

Jns nuruposanms: [{oit E.W., Porosckas 10.B., Jlembsinos C.B., Psi6os B.B. Kinnunueckuii ciyvail amimiongosa
cep/lia acCOMUPOBAHHOTO C MHEJIOMHOM 00Je3HbI0. broiemens cubupckou meduyunst. 2020; 19 (2): 204-207.

https://doi.org: 10.20538/1682-0363-2020-2-204-207.

INTRODUCTION

Amyloidosis is a group of diseases with a variety
of clinical manifestations characterized by extracelal-
ular deposition of insoluble pathological fibrillar
proteins [1]. The pathology was first described by T.
Bonet in the 17th century. In the mid-19th century,
R. Virkhov applied the term “amyloid”, and in 1937,
F.R.B. Atkinson discovered amyloidosis in patients
with myeloma [1, 2].

Currently, 4 theories of amyloidogenesis are
known: G. Teilum’s theory of local cell genesis,
Loeschke-Letterer’s immunological theory, V. Ca-
gli’s theory of dysproteinosis and the mutation the-
ory, but none of them explains the organospecificity
and localization of the lesion [3]. The classification
of amyloidosis is based on determination of the type
of amyloid (A) and precursor protein (A is amyloid
A-protein, L is immunoglobulin light chains, TTR is
transthyretin, etc.). Clinically, generalized and local
forms of the disease are distinguished [1, 3]. The most
common type of amyloidosis involving the heart is
AL [4]. Idiopathic AL amyloidosis and the one associ-
ated with various kinds of monoclonal plasma cell dy-
scrasias, including multiple myeloma and some other
monoclonal gammopathies, are distinguished [5].

Due to late manifestation of the disease, clinical
signs are very diverse and may be often disguised as
an accompanying pathology (ischemic heart disease,
Alzheimer’s disease, renal failure, etc.), which causes
late diagnosis and lack of necessary treatment espe-
cially in the old age [6, 7]. Common symptoms are the
following: hypotonia with syncopal events, chronic
heart failure with signs of congestion in both circu-
lations, and heartburn [7]. Currently, along with rou-
tine methods of investigation, it is possible to detect
amyloidosis more frequently due to introduction of
non-invasive screening method, such as speckle track-
ing echocardiography and magnetic resonance imag-
ing of the heart [8, 9]. Although methods of determi-
ning biomarkers of amyloidosis in peripheral blood
are being investigated, endomyocardial biopsy fol-
lowed by histochemical examination is the only meth-

od of identifying the type of amyloidosis which allows
to timely prescribe adequate drug therapy [10].

The case below is a clinical case of heart amyloi-
dosis associated with myeloma and confirmed by a
morphological study.

CLINICAL CASE

Patient S., 67 years old, was hospitalized in the De-
partment of Emergency Cardiology of the Cardiology
Research Institute, Tomsk National Research Med-
ical Center in 12.2017 with complaints about short-
ness of breath of a mixed nature upon exertion, which
remits at rest. Thyroidectomy for diffuse toxic goiter
in 2007, euthyroidism (L-tyroxine 100 ug). Episodes
of non-rhythmic heartbeat and atrial fibrillation were
not recorded. Alopecia areata for 3 years. Chronic
bronchitis. Loss of body weight by 13 kg in the last
6 months.

In history: 11.2017 she was urgently hospitalized
in the district hospital with suspicion of acute coro-
nary syndrome with atypical clinical manifestations
and reduction of QRS voltage complexes on ECG.
Laboratory diagnosis did not confirm myocardial in-
farction, but a transthoracic echocardiogram (TTE)
revealed hypokinesia of the lower segments. The con-
dition was complicated by pulmonary edema, bilateral
hydrothorax, IIB chronic heart failure. Standard drug
treatment did not lead to positive dynamics; the pa-
tient was transferred to the Cardiology Research In-
stitute. Parameters of blood and urine are presented in
Table 1; TTE, ultrasonography of kidneys — in Table
2. Objective clinical examination: BP 90/60 mmHg,
hepatomegaly, leg edema. ECG showed sinus tachy-
cardia (HR 104 bpm) and reduction of QRS voltage
complex. Myeloma was revealed in laboratory tests.
In order to verify the previously diagnosed myocardi-
al infarction, invasive coronary angiography was per-
formed and coronary atherosclerosis was not detected.
Given the available restrictive pattern of transmitral
blood flow, structural condition of the left ventricle,
and minor response to drug treatment, storage disor-
der was suspected. Magnetic resonance imaging was
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carried out, which allowed to visualize both ischemic
and non-ischemic (amyloidosis/glycogenosis) dam-
age against the background of myocardial dystrophy
(Fig. 2). Endomyocardial biopsy of the right ventricle
was performed: PAS-positive substance in the inter-
stitium and endocardium and amyloid deposits were
determined.

On the basis of all the data, it was possible to verify
the diagnosis of secondary amyloidosis of the heart,
probably AL type, associated with myeloma. Against
the background of therapy with beta-blocker, inhibi-
tor of ACE, and diuretics, hydrothorax was relieved;
however, persistent hypotonia, pronounced fatigue,
insomnia, and decreased appetite were preserved. The
patient was transferred to the Department of Nephrol-
ogy and Chronic Hemodialysis, where bone marrow
trepanobiopsy was performed and myeloma and kid-
ney amyloidosis were confirmed. Hydrothorax and
hydropericardium in the intensive care unit recurred,
fatigue increased, cachexia, hypotonia, and pulmo-
nary edema recurred. The patient died on 8.01.2018.

This clinical case demonstrates the difficulty of
timely intravital diagnosis of amyloidosis and selec-
tion of adequate drug therapy, which is associated
not only with limited possibilities of establishing an
accurate diagnosis and absence of specific treatment
in most cases, but also with a delay in seeking medi-
cal care. Thus, the development and improvement of
non-invasive screening methods will allow to detect
the pathology at earlier stages with the possibility to
select effective drugs and perform heart transplanta-
tion in some cases.
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Figure. Myocardial biopsy
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Table 1.
Laboratory parameters
Blood test
12.12.2017 Normal
White blood cells, 10°/L 6.8 4.0-9.0
Red blood cells, 10'%/L 5.03 3.9-4.7
Hemoglobin, g/ 163 120-140
ESR, mm/h 6 2-20
Blood biochemistry
CPK-MB, U/L 22 0-25
Creatinine, umol/L 72 53-97
Urea, mmol/L 5.9 22-72
Cholesterol, mmol/L 5.9 3.5-52
Total protein, g/L 49 64-83
CRP, mg/L 4.0 0-10.0
Potassium, mmol/L 3.8 3.5-5.1
Urinalysis
White blood cells 10-12 0-3
Protein, g/L 5 0-0.08
Bence — Jones protein -+
Daily protein excretion, g/day 4.98 0-0.14
Table 2
Instrumental parameters
Echocardiography 12.12.2017
Normal
Left atrium, mm 50x64 43 x 49
Right atrium, mm 47x61 43 x 49
LAV, ml 100.8 20-59
RAV, ml 97 19-64
LVED, ml 41 50-112
LVES, ml 18 1241
RVED, mm 33 36-51
RVES, mm 21 21-34
EF LV (B), % 60 55-78
SV LE, ml 27 39-74
CL L/min/m? 1.9 1.7-4.5
Interventricular septum, mm 16 6.4-9.2
LV posterior wall, mm 16 6.4-9.2
Myocardial mass, g 200 <146
Myocardial mass index, g/m? 136 44-100
RVSP, mmHg 52 20-32
Vena cava inferior, mm 23 <21
E/A 2 0.62-1.39
E/e 21 <8
Ultrasound of the kidneys 18.12.2017
Right Left Normal
Length, mm 107 101 90-120
Width, mm 60 52 45-60
Parenchymal thickness, mm 13.7 12 12-20
Cyst 12 mm - -
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