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B nzparenbcree «I' 30TAP-Meguna»
B ceHTA6pe 2021 r. BhIlLEN B CBET
HOBbIil y4e6GHUK «<MMMyHonorua»
akagemuka PAH P.M. XautoBa

PelleH3seHThI: akanemykn PAH

AL TwHUGYpr, AT Fanbdoe, C.M. [iees,
B.B. 3Bepes, Al. Pymanyes, X.IN. Taxungw,
B.A. Tkauyk, H.J.. lOwy«k,

npodeccop PW. AtaynnaxaHoB.

YUeBHUK «IMMyHONOrnA», 4-e nsgaHue (ceHTAGpL 2021 I.), NOAroTOBWA U3BECTHbIA COBETCKMIA 1
POCCUMCKNA YUEeHbII C MUPOBbIM UMEHEM, UMMYHONOT, A-p Mefl, Hayk, Nnpodeccop, akageMuk PAH Paxum
Mycaeeunu XautoB. HoBoe n3paHue — 310 obHoBNeHHas, NnepepaboTaHHas 1 AONONHEHHas Bepcuns yuebHuKa,
KOTOPbIA 3a nocnegHue 15 neT ctan ogHUM U3 Ny4Ylumx yyebHMKOB Mo UMMYHONoru. NpegHasHadeH ona
CTYOEeHTOB BY30B MefULMHCKOTo 1 bronornieckoro npogunein, Bpayeit, HayHHbIX COTPYAHWKOB PasnnyHbIX
CreynansHOCTEN — UMMYHOMOTM UK, annepronorui, MuKpobuonarum, BUpYconoriam, MHpeKTonorum,
BaKLWUHONOrMN U APYTUX CMEMXHbIX C HUMIM HayKaX. YU4eBHUK «iIMmyHonorusa» PM. XautoBa — 3To ofuH 13
NYHLKUX B HALLEA CTPaHE, ONH U3 CamblX BocTpeboBaHHbIX N NPU3HAHHBIX YYeOHNKOB,

JocTtonHcTBa yuebHMKa: XOPOLINIA, AOCTYMHBIN A3bIK N2NOXEHUS; MHOXECTBO UANKCTPaLIWIA,
obneryaroLmx NOHUMaHWe 1 OCBOEHIE HOBOIO MaTepKana; NpocToTa 06 bACHEHUA OUeHb CAOMHbBIX MUBbIX
CUCTEM W NPOLIECCOB; LUIMPOKWA, NPaKTUYECKN BceobbeMniolin, oxBaT obnactell UMMyHoNoriu;
COBPEMEHHOCTb, NPeACTaBNeHNe CaMblX NOCNEAHAX LOCTUKEHNA B 06nacTax HayKX, KOTOPbIM YUUT STOT
yuyebHMK; 4OCTOBEPHOCTL U HayyHOe KayecTBO CBEAEHNI, COCTaBNAILWNX coepaHne yuyebHMKa;
npakTUyYeckaa OPUEHTUPOBaHHOCTb HayYHbIX 3HaHWI, BCerfa HanpasneHHaA Ha NX None3Hoe NpUMeHeHNe B
WHTepecax 3/J0pOBbS UenoBeKa.

CoBpeMeHHoe HayuHoe 3HaHWe 06 UMMYHUTETE — 3TO OFPOMHbIi 06bemM ceefeHni. YuebHNK
UMMYHOMOTAWN A0JIKEH MOMOUb CTYAEHTaM MEAMLIMHCKAX NN B1ONOTMHECKNX BY30B NOHATL M 3aNMOMHWTD
camoe BaXHOe W NpU 3TOM He YToNuTb 0bydaloluxcs B M206unmn HayuHbix GpakTos, cnocobax Mx nonyuyeHus,
3HaYeHNK 3TUX 3HaHWIA AN1A Haweil MMMYHHOIA 3alWWTbl OT PaznuYHbIX onacHoCTen.

He BbisbiBaeT coMHeHNIA, HTo 4-e n3gaHue yuyebHuka simmyHonorvua» PM. Xautosa Gyger no gocTouHCTBY
OLIeHEHOD CTYAeHTaMI 1 Npernofasatenamy MequLUHCKUX M BuonorMyeckinx By3oR, a Takke nccnefoBaTenaMmm B
camblX pasHbIX 0bnacTax MeauuHbl U Guonorun.
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The role of protein kinase C and PI3-kinase in the mechanism
of the cardioprotective effect of remote ischemic postconditioning

Mukhomedzyanov A.V., Naryzhnaya N.V., Maslov L.N.

Cardiology Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences
111a, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

Background. Acute myocardial infarction (AMI) with ST segment elevation is associated with high incidence
of complications. Mortality from AMI is about 5%, which has not decreased in recent years. Revascularization
provides recovery of coronary blood flow, but also contributes to the occurrence of reperfusion injury to the heart.
Remote ischemic postconditioning (RIPostC) is a promising, non-invasive method that can effectively and safely
reduce the infarct size.

The aim of the study was to investigate the role of protein kinase C and PI3-kinase in the development of the
infarct-limiting effect of remote ischemic postconditioning.

Materials and methods. The study was performed on Wistar rats. Coronary artery occlusion (45 min) and
reperfusion (2 h) were performed. The infarct size (IS) and the size of area at risk (AAR) were assessed. RIPostC
was modeled by applying tourniquets to the hind limbs in the hip joint immediately after the restoration of coronary
blood flow. All inhibitors were administered intravenously 10 min before reperfusion.

Results. In the control group, the IS / AAR ratio was 44%. RIPostC reduced the IS / AAR ratio by about 50%.
Preliminary administration of the protein kinase C inhibitor chelerythrine and the PI3-kinase inhibitor wortmannin
eliminated the cardioprotective effect of RIPostC.

Conclusion. The mechanism of the infarct-limiting effect of RIPostC is implemented through activation of protein
kinase C and PI3-kinase.

Key words: heart, ischemia, reperfusion, remote ischemic postconditioning.
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Yuyactue npotenHkuHasbl C u PI3-KMHa3bl B mexaHusme
KapAUONPOTEKTOPHOro 3¢ ¢eKkTa AUCTAaHTHOrO NOCTKOHAULMOHUPOBAHUA

MyxomensaHos A.B., HapbikHasa H.B., Macnos J1.H.

Hayuno-uccnedosamenvckuii uncmumym (HUHU) kapouonozuu,
Tomckuil HayuoHanvbHbLIL Uccaedo8amenbekull meouyunckuil yenmp (HUMI]) Poccutickoti akademuu Hayk

Poccus, 634012, 2. Tomck, yn. Kueeckaa, 111a

PE3IOME

BBenenune. Octpeiii nHapkT muokapaa (OMIM) ¢ nogbemom cermenTa ST oTiaM4aeTcst BHICOKOH 4acTOTOM oc-
noxHeHni. CmepTHOCTh 0T OMIM cocTaBnsieT okoio 5% 1 B MOCIEHUE IOkl HE CHUKaeTcs. PeBackynspusanus
obecrieyrBaeT BOCCTaHOBIICHHE KOPOHAPHOTO KPOBOTOKA, HO TAKXKE CIIOCOOCTBYET BOSHUKHOBEHHIO periepdy3u-
OHHBIX MOBPEXICHUH cepana. JluctantHoe moctkoHaunnonuposanue (JII1oct) sBasieTcss MHOTOOOCIIIAOIINM He-
MHBA3MBHBIM METOJIOM, CITIOCOOHBIM 3((PEeKTHBHO 1 0€30MacHO YMEHBILINTH pa3Mep HH(papKTa MHOKap/a.

Hean — m3ydenue yuactus nporenHkuHasbl C u PI3-kuHa3bl B peanuzanuu MHGapKT-muMuTUpyomero 3ddexra
HlTocr.

MatepuaJjibl H MeToABbI. VccrenoBanue BEIIOMHEHO Ha 48 camuax KpbIc TMHUK Bucrap. OcyniecTBIsI KOpOHa-
POOKKITIO3HIO (45 MuH) U periepdysuro (2 1). OnieHuBaIN pa3Mep 30HbI HEKpo3a U 30HBI prcKa. JlicTaHTHOE OoCT-
KOH/TUIIHOHHPOBAHNE MOJICTTUPOBAJIN IIyTEeM HAJOXKEHHS JKI'yTOB Ha 3a/HHE KOHEYHOCTH B 00JACTH Ta300eIpeH-
HOTO CYCTaBa cpasy [OCIIy BOCCTAHOBJICHUSI KOPOHAPHOTO KPOBOTOKA. Bee MHTHOMTOPHI BBOIMIIN BHYTPUBEHHO 32
10 muH 10 penepdy3un.

Pe3yibTaThl. B KOHTPONIBHOI TpyNIIe OTHOIICHHE 30Ha MH(apKkTa/30Ha pucka (31/3P) cocraBuio 44%. {ucrant-
HOE MOCTKOHAMIMOHUpOBaHue yMeHbinano cootHomenue 3U/3P B 1,5 pasa. [IpeaBapurensHoe BBEJCHHE HHTH-
O6uropa nporenHkuHa3bl C XenepuTpuHa wik HHruouTopa PI3-kuHa3pl BOpTMaHHUHA YCTPAHAIO KapIUOIPOTEK-
topHsii a3 dext Alloct.

3akiouenne. MexaHusM HHpapKT-TUMUATHPYIoniero spdekra [Iloct peanusyercs dyepe3 akTHBAIHIO POTEHH-
kuHa3bl C, PI3-kuHa3sbl.

KinroueBble ci10Ba: cepie, HieMus, pernepdysus, AMCTAaHTHOE MOCTKOHAUIIMOHUPOBAHHE.

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

Hcrounnk ¢punancuposanus. CtaTbs NOATOTOBICHA IpU noaiepxke rpanta POOU Ne 21-515-53003. Paznen,
nocesimeHHsl P13, odopmilen B paMmkax rocynapcTBeHHbIX HazHaueHHH AAAA-A15-115120910024-0. Pa6ota
BBINIOJIHEHA Ha 000py1oBaHnH LIeHTpa KOJIEKTHBHOTO MOJIb30BaHMs « MEANIIMHCKAsi TEeHOMHUKA.

CooTBeTcTBME NPUHIMIAM 3TUKH. MccaenoBanue ogo06peHo JoKaIbHBIM 3THYecKkuM komuterom HUU kapauo-
noruu Tomckoro HUMI] (mpotoxon Ne 207 ot 23.02.2020).

s uutupoBanus: Myxomenssaos A.B., Hapsokaas H.B., Macnos JI.H. Yuactue nporennkunassl C u P13-ku-
Ha3bl B MEXaHU3ME KapAHOMPOTEKTOPHOTO 3 eKTa JUCTAHTHOTO MOCTKOHIUIHOHUPOBAHUS. blonnemens cubup-
ckou meouyunel. 2021; 20 (4): 6-10. https://doi.org/10.20538/1682-0363-2021-4-6-10.

INTRODUCTION

The mortality rate for acute myocardial infarction
(AMI) is about 5% and has not decreased in recent
years[1, 2].Revascularization of an infarct-related co-
ronary artery is an important therapeutic intervention
for myocardial infarction [3]. However, recovery of

coronary blood flow also has adverse consequences
manifested through reperfusion injury of the heart
affecting the final infarct size and further prognosis
[4]. Currently, in clinical practice there are no high-
ly effective drugs for preventing reperfusion injury
of the heart [5]. Literature data suggest that remote
ischemic postconditioning (RIPostC) is a promising,
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non-invasive method to effectively and safely reduce
the infarct size and reduce the risk of developing
complications.

RIPostC was discovered in 2005 by a research
group led by Prof. J. Vinten-Johansen [6]. RIPostC
consists in an increase in myocardial tolerance to pro-
longed reperfusion after exposure to short-term isch-
emia-reperfusion of another organ at the time of cardi-
ac reperfusion. It was found that RIPostC helps reduce
the infarct size by 50% [7]. However, the molecular
mechanisms underlying this effect remain poorly un-
derstood.

The aim of this study was to investigate the role
of protein kinase C and PI3-kinase in the infarction-
limiting effect of remote ischemic postconditioning.

MATERIALS AND METHODS

Male Wistar rats (n = 48), weighing 250-300 g,
were used in in the study. All procedures related to
keeping and using the animals were carried out in
accordance with Directive 2010/63/EU of the Eu-
ropean Parliament and of the Council adopted of
22 September, 2010 on the protection of animals
used for scientific purposes. The study was ap-
proved by the Ethics Committee at the Cardiology
Research Institute of Tomsk NRMC. All pain-
ful procedures were performed on anesthetized
animals.

The rats were anesthetized with a-chloralose (60
mg / kg, intraperitoneally) and ventilated with a SAR-
830/P ventilator via a tracheostomy tube. Heart rate
was recorded using the Data Acquisition Unit MP35.
The infarction-limiting effect of RIPostC and its in-
tracellular mechanisms were studied using a model of
45-minute coronary occlusion and 120-minute reper-
fusion in vivo [8]. The quantitative assessment of the
myocardium damage was determined by the ratio of
the infarct size to the area at risk (IS / AAR) [8]. The
area at risk is considered to be a part of the myocar-
dium that was exposed to ischemia during coronary
occlusion. RIPostC was modeled by applying tourni-
quets to the hind limbs in the hip joint, immediately
after restoration of coronary blood flow. The time of
ischemia and reperfusion for each phase was 3 cycles
of 5 minutes.

The experiment used the following pharmacologi-
cal agents: a protein kinase C inhibitor chelerythrine
was injected at a dose of 0.3 mg / kg [9], a PI3-kinase
inhibitor wortmannin was administered at a dose of 25
ug / kg [10]. The inhibitors were administered into the
femoral vein 10 min before reperfusion (35 minutes

after the onset of coronary occlusion). Chelerythrine
and wortmannin were dissolved in 0.1 ml of DMSO
and then diluted in 0.9 ml of 20% 2-hydroxypro-
pyl-p-cyclodextrin. The animals of the control group
were intravenously injected with a mixture of DMSO /
2-hydroxypropyl-p-cyclodextrin. The rats were re-
moved from the experiment 2 hours after the onset of
reperfusion by excision of the heart from the thoracic
cavity for subsequent staining and determination of
the IS / AAR ratio.

The data were statistically processed using the
Statistica 13 software. The Mann — Whitney test was
used to assess reliability of the results obtained. The
data were presented as mean and standard deviation
M £ SD. The threshold significance level p was as-
sumed to be 0.05.

RESULTS

After 45-minute coronary occlusion and 120-mi-
nute reperfusion, the IS / AAR index in the control
group was 44%. The use of RIPostC helped reduce
the IS / AAR ratio by 1.5 times (Figure). Therefore,
RIPostC increases resistance of the heart to reperfu-
sion injury. Further research was aimed at studying
the signaling mechanism underlying the cardioprotec-
tive effect of RIPostC. Thus, preliminary administra-
tion (10 minutes before reperfusion and RIPostC) of
the protein kinase C inhibitor chelerythrine eliminated
the infarct-limiting effect of RIPostC. The use of the
PI3-kinase inhibitor wortmannin showed a similar ef-
fect (Figure).

60

50

40 —

30 I

20 —

10 —

0 I I I

RIPostC RIPostC +

chelerythrine

RIPostC +
wortmannin]

Controls

Figure. IS / AAR ratio: *p <0.05 compared to the control

No significant changes in the heart rate were found
in the control group during the experiment. No signi-
ficant changes in the heart rate were observed in the
group in which RIPostC was simulated 45 minutes af-
ter coronary occlusion (Table). Therefore, the use of
RIPostC does not affect the heart rate.
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Heart rate values in the model of coronary occlusion and reperfusion, M + .SD

Table

Observation period

Group Before coronary 10 minutes before Before 30 minutes .
. . . . 2 hours after reperfusion
occlusion reperfusion reperfusion after reperfusion
Control, n = 12 364.4+3.5 362.3+3.8 358.7+29 353.4+43 349.7+5.2
RIPostC, n =12 366.8 +3.1 364.8+3.6 363.5+3.2 357.6+4.1 351.5+£49

DISCUSSION

Literature data suggest that RIPostC has a pro-
found infarct-limiting effect [7]. The results obtained
in our research confirmed these data. Literature data
indicate that the cardioprotective effect of RIPostC
is associated with the activation of protein kinase C,
MEK-kinase, and PI3-kinase [7, 11, 12]. Based on
these data, we suggested that these kinases can be
involved in the mechanism of the infarct-limiting ef-
fect of RIPostC. Indeed, according to the results ob-
tained, protein kinase C and PI3-kinase are involved
in the mechanism of the cardioprotective effect of
RIPostC, which indicated the similarity of the mole-
cular mechanisms of preconditioning and RIPostC.

According to some data, the cardioprotective effect
of RIPostC is a consequence of the appearance of a
hydrophobic peptide with a molecular weight of 30
kDa in the blood of experimental animals; this sub-
stance is released into the blood from ischemic limbs
[13]. The researchers suggest that this humoral fac-
tor differs from the known endogenous peptides with
infarct-limiting effect (opioid peptides, bradykinin)
and significantly exceeds them in molecular weight.
Several studies showed that RIPostC has a neuropro-
tective effect [14]. Therefore, it can be asserted that a
distinctive feature of the humoral factor is its ability to
penetrate the blood — brain barrier. It can be assumed
that the cardioprotective effect of RIPostC may be as-
sociated with central mechanisms as well. In turn, to
date, there is no clear understanding of what molecu-
lar mechanisms underlie the effect of RIPostC.

CONCLUSION

The presented data indicate that remote ischemic
postconditioning can increase the resistance of the
heart to reperfusion injury. The infarct-limiting effect
of RIPostC is implemented through the activation of
protein kinase C and PI3-kinase.
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ABSTRACT

Aim. To study the effect of vaginal probiotic therapy on the outcome of human papillomavirus (HPV) infection.

Materials and methods. The study included HPV-infected patients: 29 patients with normal vaginal flora and
146 patients with a deficiency of vaginal lactobacilli, of which 117 patients received vaginal probiotic therapy.
In samples obtained before and after the therapy, the effect of the probiotic on the change in the ratio of living,
apoptotic, and necrotic vaginal epithelial cells after preliminary exposure to oxidative stress was studied.

Results. It was found that probiotics reduce the number of infected epithelial cells that survived the oxidative
damage and shift the balance of cell death forms towards apoptosis. Vaginal probiotic therapy in patients with a
deficiency of lactobacilli increased the frequency of HPV elimination by 2.5 times and reduced the likelihood of
treatment failure from 1.5 to 4 times, depending on the viral load. The probiotic therapy made the structure of HPV
outcomes in Lactobacillus-deficient patients similar to that in patients with normal vaginal flora.

Conclusion. Vaginal probiotic therapy improves outcomes of HPV infection in patients with a deficiency of
lactobacilli by reducing the number of survived infected cells and shifting the cell death pattern towards apoptosis.

Key words: apoptosis, epithelial cells, human papillomavirus, lactobacilli, Lactobacillus casei subsp. rhamnosus
LCR35, probiotics, vagina.
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PE3IOME

ILleas — OIEHHUTH BIMSHHE WHTPAaBarMHAJIBHOW NMPOOHOTHYECKOH Tepanuu Ha TEYCHHE MaIMIIIOMaBUPYCHOM
nHpexmn.

MarepuaJjbl 1 MeTOABI. VICX0ObI MANMIUIOMaBHPYCHON HH(EKIINH OLCHUBAIH y 29 MAIIMEeHTOK C HOPMOLIEHO30M H
146 — ¢ nedurToM HOPMOGIIOPEL, U3 HUX 117 )KEHIIMH TOMOIHUTENFHO HHTPABarHHAIBHO ITOJIYJaJI TPOONOTHK.
B npo6ax, moxydeHHBIX 10 ¥ HOCIE Tepaln, U3yJ9all COOTHOIICHUE )KUBBIX, AlIONTOTHYECKUX U HEKPOTHUECKUX
BarvHAJIbHBIX AMUTEIHOLUTOB [IOCIE IPEIBAPUTEIbHON CTUMYJISAIMU allONTO3a IEPOKCUAOM BOIOPOA.

Pe3yabTarhl. [IpOOHOTHKH CHIKAIOT KOJIMYECTBO BBDKHBIIMX HHGHIMPOBAHHBIX KIETOK M CMEIIAIOT OallaHC
(hopM KJIeTOUHOM THOENN B CTOPOHY aronTo3a. [I[puMeHeHne npoOHoTHKa y TTAUEHTOK C NIe(PHIUTOM JIAKTO(IOPHI
YBEJIMYMIIO YacTOTy IMMHHAIMK BUpPYyca MalMIUIOMBI B 2,5 pa3za u moBbICHIO 3((EKTHBHOCTH Tepanuu B 1,5—
4 pa3a B 3aBHCUMOCTH OT BUPYCHOI Harpy3ku. [IpoOuoTHueckas Tepanus y NaueHTOK ¢ Ae(QUIIUTOM JTaKTOOAIILT
NpHOIM3UIIA CTPYKTYPY HCXO/I0B NTANMIUIOMABHPYCHOM HH(EKIINH K TAKOBOH IPYIIIBI TAIIHEHTOK C HOPMOLICHO30M.

3akiouenne. FlHTpaBarnHambHas IPOOHOTHYECKAs TEPAIHS YIIy4IIaeT UCXO/IbI MANMIIIOMaBUPYCHOW HH(EKIHH
y HALMEHTOK C Ae(HLIUTOM JIAKTO(IIOPHI 32 CUET CHIIKEHHS KOJINYECTBA BEDKHMBIINX HHMHIMPOBAHHBIX KIETOK U
CMEILEHUS CTPYKTYPbI KJIETOUHON CMEPTH B CTOPOHY alloNTO3a.

Kirouessle cioBa: Lactobacillus casei subsp. rhamnosus LCR35, anonTos, BUPYC HaMIIOMBI YEJIOBEKa, BiIara-
JIMILE, JIAKTOOALMIIBI, TPOOHOTHK, SUTEIHAIIBHBIC KIICTKH.

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

Hcrounuk ¢puHAHCHPOBAaHUSA. ABTOPBI 3asBJISAIOT 00 OTCYTCTBMM (MHAHCHPOBAHHUS IPH NPOBEACHUH MCCIIENO-
BaHUAL.

CooTBeTcTBHE NMPUHIWNAM 3THKH. Bce maumenTsl moamnucainu nHGOPMHUPOBAHHOE COIJacHe Ha ydacTHe B
uccienoBanuu. VccnenoBanue ogo0peHO JIOKaIBHBIM dTHYeckuM KomutetomM OpI'MY (mporokon Ne 149 or
05.10.2016).

s uurupoBanus: Oneiinuk B.B., Kpemnesa E.A., CruOnes A.B. BnusHue uHTpaBaruHajabHOW NPOOHOTH-
YEeCKO# Tepanuyu Ha TeYCHHE ManMUIOMaBUPYCHOU nHbekumu. bronnemens cubupckoi meouyunst. 2021; 20 (4):
11-17. https://doi.org/10.20538/1682-0363-2021-4-11-17.

The effect of vaginal probiotic therapy on the outcome of papillomavirus infection

INTRODUCTION

Human papillomavirus (HPV) is the most common
sexually transmitted infection which contributes to
the development of female genital tract cancer [1]. In
most cases, papillomavirus is successfully eliminated,
but in about 10% of infected women, HPV persists
and can cause HPV-associated diseases of the geni-
tal tract, including cervical cancer [2]. It is not com-

pletely clear why HPV is eliminated in some cases but
persists in other. Some of the likely reasons for this
include individual differences in the state of the muco-
sal immune system [2, 3] and features of the microbial
flora in the genital organs.

Sexually transmitted infections and bacterial vag-
inosis, in which the species composition of microor-
ganisms in the vagina changes significantly, create a
suitable environment for expansion of the virus [4-6]
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and development of HPV-associated precancerous
conditions and cancer [7]. The main manifestation of
the imbalance in the vaginal microbial ecosystem is
a pronounced deficiency of lactobacilli which protect
the female reproductive tract from many pathogens,
including viruses due to production of antimicrobial
compounds and modulation of the mucosal immune
system [2, 5].

Therefore, the concept of modifying vaginal bacte-
rial communities using pre- and probiotics as a poten-
tial prospect for HPV infection management is widely
discussed [8]. There are already successful examples
of using probiotics for elimination of pathogens. In
particular, the use of probiotics can prevent recurrence
of vaginal yeast infection or bacterial vaginosis and
increase the efficiency of metronidazole therapy for
Trichomonas vaginalis; however, data on the possi-
bility of using probiotics to control HPV infection are
controversial.

The aim of the study was to investigate the effect of
vaginal probiotic therapy on the progression of HPV
infection. To achieve this aim, we studied how vaginal
probiotic therapy affects the survival rate and the cell
death pattern in primary cultures of vaginal epithelial
cells, as well as the outcome of HPV infection.

MATERIALS AND METHODS

The study was conducted in accordance with the
standards of good clinical practice and the principles
of the Declaration of Helsinki, with the approval of
the Human Research Ethics Committee at Orenburg
State Medical University of the Ministry of Health of
Russia (Protocol No. 149 of 05.10.2016). The study
included 175 female patients with HPV infection who
met the inclusion and exclusion criteria. The inclusion
criteria were the following: high-oncogenic-risk HPV
infection; age 18—40 years; a written informed consent
to participate in the research and take pharmaceuticals.
The exclusion criteria: smoking; immunodeficien-
cy disorders; somatic symptom disorders at sub- and
decompensated stages; menstrual dysfunction; preg-
nancy and lactation; taking hormonal contraceptives;
individual allergic reaction to the drugs used in the
study; therapy with antimicrobials or immunomodu-
lators during the month preceding the study; a need
for destructive methods of treating cervical pathology.

All the patients were treated with Allokin-Alpha®
(State Research Institute of Highly Pure Bioprepara-
tions of the Federal Medical and Biological Agency)
according to the following scheme: 1 mg subcutane-
ously, every other day, 6 injections per course, accor-

ding to the manufacturer’s instructions. In addition,
patients with a deficiency of vaginal lactobacilli re-
ceived a vaginal probiotic Lactoginal® (Laboratoires
LYOCENTRE, SAS, France) containing Lactobacil-
lus casei subsp. rhamnosus LCR35 for 21 days ac-
cording to the following scheme: 1 capsule 2 times
a day for 7 days, then 1 capsule once a day for 14
days. The control group included 29 patients with a
deficiency of vaginal lactobacilli who refused from
vaginal probiotic therapy and received only immu-
nomodulatory therapy. In accordance with the initial
viral load, the patients were divided into three groups:
1) HPV < 10° cells, 2) HPV 10%7 cells, 3) HPV > 105
cells, which were additionally divided into subgroups
in accordance with the state of the vaginal flora: 1)
normal flora; 2) flora deficient in lactobacilli.

Before treatment, all patients underwent a gyne-
cological examination, cytology, and colposcopy, as
well as an examination of the vaginal flora; the HPV
copy number was measured, and the ratio of living,
apoptotic, and necrotic vaginal epithelial cells was as-
sessed. One month after the start of the treatment, the
state of normal flora and the ratio of living, apoptotic,
and necrotic vaginal epithelial cells were studied. Six
months after the treatment, a gynecological examina-
tion, cytology, and colposcopy were carried out, and
the HPV viral load was measured. All studies were
performed on day 7-8 of the menstrual cycle. The
progression of HPV infection was assessed by chan-
ges in the viral load and the cytology and colposcopy
findings.

The presence and level of HPV were determined
using a reagent kit for real-time polymerase chain
reaction (PCR) manufactured by Lytech LLC (Rus-
sian Federation) on the MiniOpticon detection sys-
tem (Bio-Rad, USA). The state of normal flora was
assessed using the Nugent and Hay / Ison criteria and
the number of bacteria of the genus Lactobacillus, de-
termined by plating bacteria on MRS agar and then
culturing in an atmosphere of 5% CO, for 48 hours.
The belonging of microorganisms to the genus Lac-
tobacillus was confirmed by real-time PCR with ge-
nus-specific primers [9].

The primary culture of stratified squamous epithe-
lial cells was obtained by scraping the vaginal por-
tion of the cervix after removing exfoliated cells with
sterile normal saline. The cultures were transported in
thermal containers in 1 ml of Hanks’ Balanced Salt
Solution (HBSS). To eliminate the accompanying
microbial flora, the epithelial cells were washed once
with a tenfold volume of phosphate-buffered saline.
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The state of the epithelial cells was assessed after
preliminary stimulation of apoptosis by triple expo-
sure to H,0O, (50 uM) with an interval of 1 hour [10].
The ratio of apoptotic, living, and necrotic cells was
determined by fluorescence microscopy using a kit
containing Annexin V—Fluorescein with Propidium
lodide (BioVision, USA) according to the manufac-
turer’s instructions.

Data are presented as absolute and relative (abs.
(%)) incidence (outcomes of infection) and mean and
standard deviation (state of epithelial cells). GraphPad
Prism 6.0 software was used for statistical analysis
and normal distribution testing. Normality of data dis-
tribution was tested using the Kolmogorov — Smirnov
test. To assess the significance of differences between

the incidence of different outcomes, the Fisher’s exact
test was used. The Mann — Whitney test was used for
the ratio of apoptotic, living, and necrotic cells. The
threshold for the statistical significance was set as a
two-tailed p-value of 0.05.

RESULTS

Depending on the results of determining the viral load
and the state of the vaginal flora, the patients were divid-
ed into the following groups: 29 patients with a normal
number of lactobacilli and 29 patients with a deficiency
of lactobacilli, who refused from probiotic therapy and
were treated with immunomodulators, as well as 117 pa-
tients with a deficiency of vaginal lactobacilli receiving
both immunomodulatory and probiotic therapy.

Table
Characteristics of patients according to the state of normal flora, HPV viral load, and the type of therapy
) Number of patients
Viral load, - - v -
. . with a deficiency of lactobacilli with a normal number of Total
DNA copies / 10° cells - — - — .
treated without probiotics | treated with probiotics lactobacilli
47
<10° 13 (21.67% 60
B 9 (15.00%) | 38 (63.33%) ( ©)
52
1043 9 (14.75% 61
0 11 (18.03%) | 41 (67.21%) ( ©)
47
38(70.37%
>10° 9 (16.67%) ( ) 54

No significant differences in the basic demogra-
phic and anthropometric parameters between the
groups were identified. By the end of the study, 6
women had dropped out: 4 due to failure to appear for
the final follow-up examination and 2 (HPV> 10°) due
to indications for destructive therapy. Therefore, data
on the structure of HPV outcomes will be presented
for 141 patients in the treatment group and 28 patients
in the control group.

Effect of probiotic therapy on the ratio of living,
apoptotic, and necrotic vaginal epithelial cells

In samples from the patients with lactobacilli defi-
ciency receiving probiotic therapy, the proportion of
living infected cells remained practically unchanged,
while the proportion of apoptotic cells increased, and
the proportion of necrotic cells decreased (Fig.1).
These processes were more pronounced in patients
with high viral load.

In samples obtained from the patients with lacto-
bacilli deficiency who refused from probiotic therapy
(except for those who had high viral load), an increase
in the survival rate of infected cells was observed
(Fig.1). Reduction of the number of dead cells took

place due to a decrease in necrosis, while the relative
proportion of apoptotic cell death increased (Fig. 1). In
the group of patients with high viral load, the changes
were minimal and did not have statistical significance.

Therefore, inclusion of probiotics in the combina-
tion therapy for HPV infection prevented an increase
in the proportion of survived infected cells and shifted
the balance of cell death forms towards apoptosis.

Effect of vaginal probiotic therapy on outcomes
of HPV infection

The results of a final follow-up examination
(6 months after the beginning of the observation)
showed that the state of the normal flora in the va-
gina affects the outcomes of HPV infection. There-
fore, the frequency of complete HPV elimination in
patients with normal flora was 2-2.5 times higher than
in patients with deficiency of lactobacilli who did not
receive probiotic therapy (Fig. 2). Vaginal probio-
tic therapy in patients with deficiency of lactobacilli
caused an increase in the frequency of HPV elimina-
tion by 2.5 times and reduced the likelihood of therapy
failure from 1.5 to 4 times, depending on the viral load

(Fig. 2).
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Fig. 1. Change in the ratio of living, apoptotic, and necrotic

vaginal epithelial cells under the effect of therapy: Y-axis —

compared with the baseline level (before therapy), %; X-axis —

type of therapy: without a probiotic (1), with a probiotic (2).

Baseline viral load, DNA copies / 10° epithelial cells: <10°(a),
1045 (b), >10° (¢)

The structure of HPV infection outcomes in Lac-
tobacillus-deficient patients receiving probiotic the-
rapy was similar to that in the group of patients with
normal flora, and sometimes even exceeded it. Thus,
inclusion of vaginal probiotic therapy in treatment of
HPV-associated diseases improves their outcomes.
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Fig. 2. Structure of HPV infection outcomes. Y-axis —
proportion of outcomes, %; X-axis — the state of normal flora
and the type of therapy: lactobacilli deficiency, without a
probiotic (1), normal flora, without a probiotic (2), deficiency
of lactobacilli, with a probiotic (3). Baseline viral load, DNA
copies / 10° epithelial cells: <10°(a), 1045 (b),; >10° (¢)

DISCUSSION

Therefore, the use of probiotics in Lactobacil-
lus-deficient HPV-infected patients increases the like-
lihood of virus elimination. This effect can be deter-
mined by several mechanisms. Firstly, the stimulating
effect of probiotics on synthesis of host defense fac-
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tors [11] and an increase in their biological activity is
known [12]. Secondly, metabolites of probiotic strains
have a direct antiviral effect [13]. Thirdly, lactobacilli
are able to selectively suppress cancer epithelial cells
by increasing apoptosis without affecting healthy epi-
thelial cells [14]. Our study showed that probiotic
therapy also reduced the survival rate of infected cells
by increasing apoptosis, while the proportion of other
cell death forms decreased. At the same time, the shift
in the balance of cell death forms towards apoptosis
was most pronounced in samples obtained from pa-
tients with high viral load. Apparently, the shift in the
cell death pattern from necrosis to apoptosis is also
important for the elimination of the virus. It is known
that necrosis, unlike apoptosis, is accompanied by the
release of inflammatory mediators [15], and this ad-
versely alters the environment of lactobacilli [16] and
induces carcinogenesis [17].

We found that the effect of a probiotic containing
the LCR35 strain on HPV elimination is similar to the
effect of normal flora and even slightly exceeds it.
Perhaps this is determined by a higher concentration
of lactobacilli during vaginal use of the probiotic or
individual features of the probiotic strain LCR35. The
first hypothesis is supported by the data that an oral
probiotic does not affect HPV outcomes [18], since it
cannot provide the required level of lactobacilli in the
vagina. The second hypothesis is supported by data on
the ability of the probiotic strain LCR35 to potentiate
the effect of antimicrobial drugs and significantly in-
crease the likelihood of pathogen elimination [19]. In
addition, a direct inhibitory effect of surfactants and
lactate produced by the probiotic strain on reproduc-
tion of the papilloma virus is possible [11, 20].

CONCLUSION

Therefore, vaginal probiotic therapy improves the
outcomes of HPV infection by reducing the number of
survived infected cells and shifting the balance of cell
death forms towards apoptosis.
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ABSTRACT

Aim. To study clinical and morphological phenotypes in different variants of the course of intrathoracic sarcoidosis
and isolate new phenotypes.

Materials and methods. The study included 121 patients with intrathoracic sarcoidosis aged 21-66 years (50.4%
were men, 49.6% were women, the average age at the time of the disease onset was 38 years) over the period 2007—
2019. During the examination, patients’ complaints were studied thoroughly, and the diagnosis was histologically
verified in all cases. During an extended histological examination, the quantitative and qualitative composition
of biopsy specimens was investigated. The number of granulomas in the field of vision and the content of giant
cells, macrophages, lymphocytes, neutrophils, and eosinophils in them were studied. Qualitative parameters were
assessed for the presence of hyalinosis, Schaumann bodies, necrosis, stamping, calcification, fibrosis, and vasculitis.
All patients were retrospectively divided into two clinical groups depending on the outcomes of the disease: group
1 included patients with a favorable course of sarcoidosis, proceeding without relapses and signs of progression;
group 2 encompassed patients with an unfavorable course of the disease with relapses and progression, requiring
long-term administration of systemic glucocorticoids.

Results. The analysis showed that among all general clinical manifestations, only the presence of dyspnea, skin
manifestations, and weight loss occurred significantly more often in the patients with an unfavorable course of in-
trathoracic sarcoidosis (p = 0.04; 0.02; and 0.01, respectively). Among morphological parameters, a large number
of macrophages was significantly more frequent in the biopsy specimens in this group of patients (p < 0.01).
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PE3IOME

I.Iem; — U3YYUTb KIIMHUYCCKHUC U MOp(i)OJ'IOFI/I‘ISCKI/IC napauieii Opu pa3HbIX BapHaHTaX TCUCHUA CAPKOHI03a
OpraHoB AbIXaHUs € BbIICJICHUEM HOBBIX q)eHOTI/IHOB.

MatepuaJjbl u MeTobl. B nccnenoBanue BritodeH 121 mamueHT ¢ capKkouI030M OPraHOB JIbIXaHUS B BO3PAcTe
21-66 net (50,4% myxunH u 49,6% KeHIHH, CpeTHNIT BO3pacT 00C/IeI0BaHHBIX HA MOMEHT J1e010Ta 3a0011eBaHNs
coctasuia 38 ner) B nepuoy Habmogenus 2007-2019 rr. B xone oOcnenoBaHus AETadbHO M3YYaIHCh KaI00bI
NAlMeHTOB, JMArHo3 MOATBEPXk/IEH I'MCTOJIOTMYECKH BO BCeX ciydasx. IIpH pacIIMpeHHOM TMCTOJIOTHYECKOM
UCCIIEOBAHUN HM3Y4alicsi KOJNMYECTBEHHBI M KauecTBEHHBIH coctaB OuonTaTa. HccinenoBanoch KOJIMYECTBO
IpaHyJIeM B TOJISIX 3PEHNUS, a TAKXKE COACPIKaHHE B HUX TaKHX MOKa3aTellel, Kak TMIraHTCKUE KIIETKH, Makpodary,
mumoruThl, HelTpohHIEl ¥ 503MHOGMIBI. OLEHUBANNCH KAYECTBEHHBIE ITAPAMETPbI HA HAMYHE THATMHO3a, Te-
ner [[laymaHHa, HeKpo3a, INTaMIIOBAHHOCTH, KaJIbIIMHO3a, G1Opo3a U BacKynuTa. Bee marMeHTsl peTpocekTHB-
HO OBUIM pa3JielIeHbl Ha JIBe KJIMHUYECKUE IPYIIIBI B 3aBUCHMOCTH OT MCXOAO0B 3a00j1eBaHus. B nepByto rpymmy
BOIIIM MAIL[MEHTHI ¢ OJIATONPUATHBIM TEYEHHEM CapKOWJ03a, MPOTEKAIONIMM 0e3 PelUINBOB U MPU3HAKOB IPO-
IPECCUPOBAHMS; BO BTOPYIO — C HEOIaroNpHATHBIM TeYEHHEM 3a00I€BaHMS, C PELUIMBAMHU M IPOTPECCHPOBAHUEM,
NOTpeOOBaBLINE KYPCOBOTO M JUTUTEIBHOTO HA3HAYEHHSI CUCTEMHBIX NIIIOKOKOPTHKOCTEPOHIOB.

Pe3yasTatsl. [IpoBeeHHbIIH aHATIN3 TOKA3aJl, YTO CPEIU BCEX OOLINX KIMHUYECKUX MIPOSIBICHHUH TOJIIBKO HATMYHE
OJIBIIIIKH, KOXHBIE TIPOSIBJICHUS U ITOTEPs Beca BCTPEYAINCH JJOCTOBEPHO Hallle y MAIMEHTOB ¢ HEOIaronpHsTHIM
TEUeHNUeM BHYTpHUIpyAHOro capkonnosa (p = 0,04; 0,02 u 0,01 coorBercTBeHHO). M3 Mopdoiornyeckux napame-
TPOB y 3TOi IPYIINIbI MALMEHTOB B OHONTATAaX 3HAYAMO UAlle BCTPEYAnach GONbLIAS UHCIEHHOCTh MAaKpO(aros
p<0,01).

3akiroueHue. HpeI[I/IKTOPaMI/I He6JIaFOHpI/ISITHOFO TCUCHUS CAPKOU103a OPIaHOB AbIXaHUS ABJIAIOTCS IIOBBIIIICHHAS
YUCJICHHOCTH MaKpO(i)aI‘OB B OnormnraTe U Ooyiee 3HAaUUMAas TNOTEPA BECa MalveHTa.

KuroueBrble ciioBa: CapKouI03, MOp(bOJ'[OFI/Iﬂ, d)eHOTI/Il'ILI BHYTPUT'PYAHOT'O CapKOnU103a.

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

HUcTounuk q)ﬂHchHpOBaHPHI. ABTOpLI 3asIBIISIIOT 00 OTCYTCTBUU (bHHaHCPIpOBaHI/ISI py MPOBCACHUUN UCCIIEN0-
BaHUA.

CooTBeTcTBHE MPHHIUIAM 3THKH. Bce manueHTs moamucanu MH(GOPMHUPOBAHHOE COTJIacHe Ha ydacTHE B
uccnenosannn. Vcciaenosanue ogo0peHO JTOKIBHBIM >THYeckuM komuteToM CnbI'MY (mporokonm Ne 5045 ot
28.11.2005).

Jast uutupoBanus: [lansuukoBa U.A., [lenucoBa O.A., Yepnssckas .M., Ilypnux W1.JI., Kanauesa T.II., Ha-
ymoB A.O., ConoBeeB M.M. KirHnko-mopdooruueckuie GeHOTUIIBI PH BHYTPUTPYIHOM capkouzose. broine-
menb cubupcrou meduyunwt. 2021; 20 (4): 18-24. https://doi.org/10.20538/1682-0363-2021-4-18-24.

INTRODUCTION

Sarcoidosis is a granulomatous disease with char-
acteristic granulomas in the lungs, lymph nodes, and
other organs. It is known that the gold standard for
making the diagnosis of sarcoidosis is biopsy taken
from the affected lesion [1-3]. Granulomas are mainly

composed of epithelioid cells, lymphocytes, and giant
cells. Alveolar macrophages, neutrophils, and eosino-
phils are also involved in the formation of granulomas.
In the cytoplasm of giant cells, cholesterol-containing
crystalloid inclusions, asteroid bodies, and calcified
Schaumann bodies are often found [3, 4].
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Immunopathological processes occurring in the
patient’s body determine not only the clinical course,
but also the prognosis of the disease. When assessing
the course of sarcoidosis, an integrated approach is
required, taking into account the clinical and morpho-
logical manifestations of the disease. Sarcoidosis is an
extremely heterogeneous disease with an unpredic-
table clinical course [5].

Intensive studies on sarcoidosis in recent years
have led to doubts about the correctness of criteria
for assessing the course of the disease. Opinions have
been increasingly expressed that, when assessing the
course of sarcoidosis, it is necessary to abandon the
generally accepted radiographic staging system and
take into account a set of parameters [6]. In this re-
gard, in recent years, much attention has been paid to
isolating phenotypes in sarcoidosis. In the literature,
there are few works on assessment of morphological
parameters for predicting the course of sarcoidosis [6,
7]. Basically, the search for prognostic markers of sar-
coidosis is based on laboratory and instrumental data.
A number of scientists have investigated bronchoalve-
olar lavage and its cellular composition to determine
the activity of intrathoracic sarcoidosis [8—10]. Other
researchers have studied various parameters of blood
serum [11-13].

Current research is focused on the study of histo-
compatibility complex genes. Since the accurate diag-
nosis of sarcoidosis is based on the results of a histo-
logical examination, it is necessary to look for reliable
morphological markers that would reflect a relation-
ship with the clinical manifestations of the disease,
and, possibly, isolation of any new phenotypes. It is
quite likely that for each clinical variant of the disease,
there is a combination of morphological parameters
which will make it possible to distinguish groups of
patients with an unfavorable and recurrent course of
intrathoracic sarcoidosis. In the future, it will allow
to predict the course and outcome of the disease, as
well as to prescribe therapy at an earlier stage with in-
effective follow-up, since clinically silent pulmonary
sarcoidosis can have fatal consequences. Therefore, a
more detailed study of the morphometric parameters
of granulomas is necessary, which will make it possi-
ble to predict the course of sarcoidosis and distinguish
various clinical and morphological phenotypes of the
disease.

The aim of the study was to investigate clinical and
morphological characteristics in different variants of
the course of intrathoracic sarcoidosis and isolate new
phenotypes of the disease.

MATERIALS AND METHODS

The study included 121 patients with intrathorac-
ic sarcoidosis aged 21-66 years (50.4% were men,
49.6% were women, the average age of the patients
at the time of the disease onset was 38 years). The pa-
tients were examined at the Department of Pulmonol-
ogy and Consultative and Diagnostic Clinic of Tomsk
Regional Clinical Hospital in 2007-2019. A written
informed consent was obtained from all patients who
took part in the study. Visits to the sarcoidologist took
place according to the Federal Clinical Guidelines
[14]. All patients underwent a full range of examina-
tions, including analysis of medical history and clini-
cal and epidemiological data, as well as instrumental
and laboratory methods.

During the examination, patients’ complaints were
studied thoroughly. In 100% of cases, we performed
videothoracoscopy with targeted biopsy from the af-
fected lesion in the lungs and from the intrathoracic
lymph nodes with subsequent pathomorphological
study of the specimens. The diagnosis was histolo-
gically verified in all patients. During the histological
examination, the quantitative and qualitative compo-
sition of the biopsy specimens was studied. Using vi-
sual microscopy (Leica DM 3000 microscope, Leica
Microsystems, Germany), the total number of cells
was counted in 10 fields of view at 100-fold magnifi-
cation according to the generally accepted technique.
The number of granulomas in the fields of vision and
the content of giant cells, macrophages, lymphocytes,
neutrophils, and eosinophils in them (% from 100 in
the field of vision) were studied. Such morphological
signs as hyalinosis, the presence of Schaumann bo-
dies, necrosis, stamping, calcification, fibrosis, and
vasculitis were assessed qualitatively.

Calcification and vasculitis in biopsy specimens
were extremely rare; they were observed only in 2
cases. No fibrosis was found in the studied material.
In this regard, these parameters were not taken into ac-
count in further calculations. All patients were retro-
spectively divided into two clinical groups depending
on the outcomes of the disease during the observation
period 2007-2019 (6.4 to 11.6 years). The first group
included patients with a favorable course of sarcoi-
dosis, proceeding without relapses and signs of pro-
gression (clinical, radiologic, and functional), without
the use of systemic glucocorticoids (SGC) or their ac-
cidental prescription in small doses and a short course
(85 people in total, 35 men and 50 women). The se-
cond group consisted of patients with an unfavorable
course of the disease, with relapses and progression,
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who required a course of long-term CGS administra-
tion (a total of 36 people, 26 men and 10 women).
The patient groups were matched by sex and age. The
criteria for exclusion from the study were severe co-
morbidities in patients, such as chronic heart failure,
complicated or decompensated diabetes mellitus, can-
cer, tuberculosis, kidney disease with kidney failure,
and other lung diseases with respiratory failure deter-
mined by pulseoximetry.

Statistical processing of the data was carried out
using Statistica 10.0 software (StatSoft, USA). To
compare two independent samples, the nonparametric
Mann — Whitney test was used, the mean values were
calculated; a nonparametric cross tabulation analysis
was performed with the calculation of the Pearson’s
¥2 contingency coefficient. If the expected phenome-
non had a value from 5 to 9, the Pearson’s y2 test was
performed with Yates’ correction. If the expected phe-
nomenon was less than 5, the Fisher’s exact test was
used for the analysis. Statistical calculations included
Spearman’s rank-order correlation, association ana-
lysis, and intergroup difference analysis. The strength
of correlations was characterized by a weak positive
relationship at values of 7 from 0.18 to 0.26; by a mo-
derate positive relationship at » from 0.28 to 0.44; by
a weak negative relationship at » from —0.18 to —0.26;
and a moderate negative relationship at » from —0.28
to —0.44. The analysis of the confidence intervals (CI)
of the compared parameters was carried out with the
determination of the values of the upper and lower
quantiles, and the risk ratio (RR) was calculated. The
differences were considered statistically significant at
p <0.05.

RESULTS

The analysis of clinical symptoms in the examined
patients revealed a variety of complaints: asthenic
syndrome of varying severity (41.3% of cases), sweat-
ing (29.8% of cases), dyspnea (24% of cases), cough
(48% of cases), chest pain (18.2% of cases), heart ar-
rhythmia (20% of cases), pain in the joints (18.2% of
cases), any skin manifestations, except for lupus per-
nio (21.5% of cases), altered peripheral lymph nodes
(18.2% of cases), weight loss (13%), fever (29.8%).
The acute course of sarcoidosis in the form of Lof-
gren’s syndrome occurred in only 8.3% of cases (of
which 6.6% of patients belonged to the group with a
favorable course of the disease and 1.7% of patients
were from the group with an unfavorable course of
sarcoidosis without a significant difference), in most
cases the disease had a chronic course.

The inter-group analysis showed that among all
the general clinical manifestations, only the pres-
ence of dyspnea, skin manifestations, and weight
loss occurred statistically significantly more often
in patients with an unfavorable course of sarcoidosis
(» =0.04, 0.02, and 0.01, respectively). It should also
be noted that in patients with an unfavorable course of
sarcoidosis, bronchitis was also more common at the
onset of the disease (p = 0.05, chi2 = 3.57). For the
rest of the complaints in the vast majority of patients,
no significant differences between the groups were
detected.

The findings of our study allowed us to note that
one of the most typical symptoms for sarcoidosis of
any course was weight loss. It was found that in the
group of patients with a favorable course of the dis-
ease, weight loss was small — on average, up to 1 kg.
On the contrary, with an unfavorable course of sar-
coidosis, patients had a more pronounced weight loss
of 4 kg or more (up to a maximum of 40 kg). It was
established that the presence of weight loss increased
the risk of developing an unfavorable course of sar-
coidosis by more than 3 times: RR 3.6, 95% CI 2.3—
5.6. The data are presented in Table 1.

Table 1

The presence of weight loss in intrathoracic sarcoidosis
in the groups, M = m

Parameter Favorable course | Unfavorable course
(n=85) (n=36) P
We1ght loss in 0.34+0.19 394+1.7 0,01
kilograms

In accordance with the stated aim of the study,
we compared the data of morphological studies in
patients with different variants of the course of intra-
thoracic sarcoidosis. Quantitative differences between
the groups in terms of the number of macrophages,
lymphocytes, and neutrophils in the biopsy specimens
were identified. The presence of qualitative features
did not differ significantly between the groups. The
data are presented in Tables 2 and 3.

It was noted that in patients with an unfavorable
course of the disease, a greater number of macro-
phages in the biopsy specimens was significantly
more frequent. In patients with a favorable course
of the disease, a larger number of lymphocytes and
neutrophils was more common. It was found that the
predominance of macrophages in the biopsy mate-
rial increased the risk of developing an unfavorable
course of sarcoidosis by 1.4 times: RR 1.4, 95%
CI0.8-2.5.
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Table 2
Quantitative morphological parameters of biopsy specimensin the groups throughout the course of sarcoidosis, M £+ m
Parameter Favorable course (n = 85) Unfavorable course (n = 36) P
Granulomas, number in the field of vision 1.47+£0.1 1.6 £0.15 0.492642
Giant cells, %/100 in the field of vision 1.17£0.11 1.33+£0.18 0.499801
Macrophages, %/100 in the field of vision 655+ 1.8 78.5+2.1 0.000041%**
Lymphocytes, %/100 in the field of vision 30+ 1.5 192+ 1.8 0.000076**
Neutrophils, %/100 in the field of vision 336+04 1.3+0.4 0.001734%%*
Eosinophils, %/100 in the field of vision 1.0+0.2 0.6 +0.27 0.225057
*p<0.05; ** p<0.01.
Table 3
Manifestations of activity according to morphological studies in the groups throughout the course of sarcoidosis
Favorable course Unfavorable course
Sign present absent present absent Statistical analysis
abc. % adc. % adc. % adc. %
L p=0.44
Hyalinosis 36 42.4 49 57.6 18 50 18 50 = 0.60
p=0.89
Necrosis 18 21.2 67 78.8 8 222 28 77.7 ¥ =0.02%
Yates’ = 0.01
. p=0.15
Schaumann bodies 14 16.5 71 83.5 10 27.8 26 722 = 2.03
. p=0.70
Stamping 44 51.8 41 48.2 20 55.6 16 44.4 =015
Total 85 36

* %2 (Chi-square test)

Therefore, it is obvious that the unfavorable course
of intrathoracic sarcoidosis is accompanied by an in-
creased number of macrophages in the histological
examination of the biopsy specimens and great-
er weight loss in patients. A favorable course of the
disease is associated with a relative weight loss (less
than 1 kg) and a larger number of neutrophils and lym-
phocytes in the biopsy material.

DISCUSSION

A comprehensive analysis of clinical symptoms
and morphological data between the groups different
in the course of the disease showed that the cellular
composition of granulomas is of great importance in
assessing the prognosis of sarcoidosis. The analysis in
the groups revealed that a significantly larger number
of macrophages in the biopsy specimens was observed
with an unfavorable and recurrent course of intratho-
racic sarcoidosis. Macrophages are known to play an
essential role in implementation of the immune re-
sponse in sarcoidosis. These cells produce proinflam-
matory cytokines, such as interleukins (IL)-12, IL-6,
IL-8, tumor necrosis factor alpha (TNFa), and chemo-
kines. Chemokines, in turn, attract natural killer cells,

neutrophils, and naive T cells (ThO) to the focus of
inflammation [11-13].

The above-described inflammatory mediators lead
to alveolitis, granuloma formation, and tissue damage,
and cytokine levels in bronchoalveolar lavage fluid
and blood serum of patients can serve as markers of
inflammation in sarcoidosis [14]. It was also found
that in patients with an unfavorable course of sarcoi-
dosis, weight loss (more than 3 kg) was more common.
Moreover, a relationship was established according to
the Spearman’s rank-order correlation between the
number of macrophages in the biopsy specimens and
a greater weight loss in patients with an unfavorable
course of the disease (= 0.39, p <0.05). Additionally,
a relationship was identified between the number of
lymphocytes and a relatively small decrease in weight
in patients with a favorable course of sarcoidosis (» =
0.32, p <0.01).

It should be noted that in modern studies, the
authors not only study in detail the pathogenesis and
morphogenesis of sarcoidosis, but also draw parallels
between the clinical course, radiologic findings, and
other data, thereby highlighting new phenotypes of the
disease. M.A. Judson [15] distinguishes three groups
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of patients: group 1 — patients with thoracic lympha-
denopathy and silent pathological process in the lung
tissue; group 2 — patients with minor lymphadeno-
pathy and predominantly perivascular, peribronchial,
and subpleural localization of granuloma complexes,
as well as along the interlobar pleura, group 3 — pa-
tients with large granulomatous foci in the interstitial
and peribronchial tissues, with various fibrotic chan-
ges (from moderate changes to severe cysts and bullae).

When comparing microscopic features, the author
noted that in groups 1 and 2 the granulomatous in-
flammation was localized along the lymph-collecting
vessels in the perivascular and peribronchial tissues.
At the same time, in the patients of group 1, develop-
ment of sclerotic changes, necrosis, and alveolitis was
not detected, but in about 50% of cases, Schaumann
bodies were found in giant cells, and granulomas had
“stamped” appearance. In group 2, alveolitis and bron-
chiolitis of varying degrees were revealed, as well as
zones of moderate interstitial lung disease and deve-
lopment of mild to moderate sclerotic changes. The
patients of group 3 differed significantly: large granu-
lomatous foci in the interstitium were observed (80%
of cases), alveolitis and bronchiolitis were pronounced
to varying degrees, and moderate to severe interstitial
lung disease was detected. Granulomas were localized
in the interstitial and peribronchial tissues, some of the
granulomas affected the bronchiolo-alveolar region
and led to pronounced fibrosis [15].

In another study, the author distinguished pheno-
types of sarcoidosis according to the gender — age
principle, determining the course of the disease in
each group according to clinical symptoms [16]: 1)
men from 18 to 35 years old; 2) men from 36 to 60
years old; 3) women from 18 to 35 years old; 4) wo-
men from 36 to 60 years old; 5) persons over 61 years
of age. Preliminary data allow to consider histological
studies with determination of the cellular composition
of granulomas promising, since they can help predict
a possible scenario for development of the course of
intrathoracic sarcoidosis.

CONCLUSION

The data obtained indicate that the risk of develo-
ping an unfavorable course of intrathoracic sarcoi-
dosis is associated with an increased number of mac-
rophages in the histological examination and clinically
significant weight loss in patients. The predominance
of a large number of lymphocytes and neutrophils in
sarcoid granulomas is typical of a favorable course of
sarcoidosis. Based on the above-stated data, it is pos-

sible to distinguish two different clinical and morpho-
logical variants of the course of intrathoracic sarcoi-
dosis: 1) macrophage-dominant sarcoidosis with se-
vere weight loss (typical of a recurrent and unfavor-
able course of sarcoidosis); 2) lymphocyte-dominant
sarcoidosis with minimal weight loss (typical of a fa-
vorable course of sarcoidosis).

Therefore, there is a close relationship between
the clinical and morphological data of the study of
the lungs and lymph nodes in pulmonary sarcoidosis.
Morphological examination of biopsy specimens from
the affected lesion provides significant information
and complements the clinical presentation, allowing
to predict the course of intrathoracic sarcoidosis. The
predominance of macrophages in the biopsy materi-
al increases the risk of an unfavorable and recurrent
course of sarcoidosis by 1.4 times, and the presence
of significant weight loss increases the risk of an un-
favorable course of the disease by more than 3 times.

With ubiquitous use of histological research me-
thods in the diagnosis of sarcoidosis, it is necessary to
search for new phenotypes of the disease course and
identify new classification subtypes, taking into ac-
count morphological criteria. The presence of certain
morphological markers may affect treatment and out-
come of the disease. The data obtained in this study,
undoubtedly, can be used to carry out morphological
diagnosis in intrathoracic sarcoidosis and applied in
real clinical practice.
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The effects of NETosis on fibrinolysis in colon cancer patients
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ABSTRACT

Aim. To investigate formation of neutrophil extracellular traps (NETs) and their impact on fibrinolysis in patients
with colon cancer.

Materials and methods. The study was performed in two groups. The experimental group consisted of patients
with stage 2-3 non-metastatic colon cancer (n = 17, average age — 67 years). The control group included healthy
volunteers matched by sex and age (n = 30, average age — 68 years). An experimental model was created from the
whole blood. It included platelet-poor plasma and an isolated culture of neutrophils, previously induced to NETosis
by adding 100 nmol PMA. The samples were incubated for 4 hours, then the test tubes were centrifuged to pellet cells
and their remnants, and the plasma was transferred for subsequent examination. The plasma incubated with intact
neutrophils was used as a control. The levels of interleukin-8 (IL-8) and P-selectin glycoprotein ligand-1 (PSGL-1)
were used to determine the degree of cell activation. NETosis was confirmed by enzyme-linked immunosorbent
assay (ELISA) and fluorescent microscopy. Fibrinolysis was assessed using the thrombodynamics test. The results
were compared with the levels of fibrinolytic system components measured by flow cytometry.

Results. In the control group, NETosis induction contributed to pronounced neutrophil activation that was
accompanied by an increase in the IL-8, PSGL-1, and plasminogen levels, a decrease in PAI-1, and enhancement
of fibrinolysis, compared with the intact samples. Higher levels of IL-8, PSGL-1, plasminogen, and PAI-1 and
intensified fibrinolysis were detected in the intact samples. However, PMA-induced NETosis did not result in an
increase in the degree of activation and significant changes in the given parameters.

Conclusion. NETosis promotes both formation and lysis of fibrin clots. However, in cancer patients, suicidal
NETosis does not contribute to fibrinolysis due to intracellular protease depletion, which may be one of the
mechanisms causing hypercoagulation and insufficient fibrinolysis in cancer.

Key words: cancer, neutrophil extracellular traps, fibrinolysis, immunothrombosis, NETosis, hypercoagulation.
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B/unsAHue HeTO3a Ha An3uc pubpHHOBOIro CrycTka
MpU pake TO/ICTOro KULLIEYHMKA

MapuwuHa A.A., Ubi6ukoB H.H., Tepewkos .M., KapaBaeBa T.M., MakcumeHsn M.B.

Yumunckas eocydapcmeenuas meouyunckas akaoemus (41'MA)
Poccus, 672090, . Yuma, ya. 'opbrozo 39a

PE3IOME

Hens — myuenne ocobeHHocTel GpopMupoBaHus HEHTPODYMIBHEIX BHEKIIETOYHBIX JIOBYIIEK, a TAK)KE UX BIMSHHS
Ha (UOPUHONN3 Yy JIUII, IMEIOIINX 3JI0Ka4eCTBEHHBIE HOBOOOPA30BaHMUS TOJICTOTO KUIIEYHUKA.

Marepuajbl U MeToAbl. ['pyNIy NAUMEHTOB COCTABWIM JIMLIA C BIEPBBIC BBIABICHHBIM DPaKOM TOJICTOTO
KHLIeYHrKa 2—3-i craguu 6e3 metacTasa (17 4enoBek, cpeiHuid BO3pacT 67 JIeT); KOHTPOIBbHYIO TPYHILY — IOHOPHL,
COIIOCTAaBHMBIE T10 TOJIy M BO3PACTy, HE MMEIOIIHE 3JI0Ka4eCTBEHHBIX omyxoieil (30 uesoBek, cpeqHuil Bo3pact
68 net). I3 nenpHON KPOBHU CO3AJTH HKCIIEPUMEHTAIBHYIO MOJIEIb, BKIIOYABIIYIO OEIHYI0 TPOMOOIUTAMY ILTa3My
KPOBU M H30JMPOBAHHYIO KyJbTYpY HEHTPOGMIOB, IpeABAPUTENBHO HMHAYLHPOBAHHBIX K HETO3y BHECCHHEM
100 amone PMA, nHKYyOUpOBau 4 4, KIIETKH OCAX AU LIEHTPUPYTHPOBAHKEM, IUTa3My OTOHpaIH JUTA JajbHEHIIe-
0 HcCleIoBaHMsl. B kauecTBe KOHTPOJIS UCTIONIB30BAJIHM I1J1a3My, MHKYOUPOBAaHHYIO C HHTAKTHBIMU HefiTpoduiamu.
O cTemeHW aKTUBAIMU KJIETOK CyAwiIM 1o ypoBHIO uHTepneiikuna (IL) 8 m PSGL-1. Heto3 monTtepxmamu
U3MEPEHHEM YPOBHS HYKJIEOCOM U (iyopecieHTHONH Mukpockonueil. OueHky GpuOpHHOIM3a IPOBOJUIN B TECTE
TPOMOOANHAMUKH. Pe3ynbTaThl CONOCTABISUIM C KOHIIEHTPALMEH KOMIIOHEHTOB (pUOPHHOIUTHYECKOI CHCTEMBI,
U3MEPEHHBIX METOJOM IIPOTOYHOH IINTOMETPHH.

Pe3yabTarbl. B  KOHTpone WHAYKIMS HETO3a BBI3BIBACT BBIPAXKCHHYIO AaKTHUBAIMIO HEUTPOQHIIOB,
conpoBoXxatolytocs mnosbieHuemM ypoBus IL-8, PSGL-1, mna3smunorena, cHmwkenuem PAI-1 u ycuneHuem
(ubprHOIN3a, B CPABHCHUU C MHTAKTHBIMH 00pa3iamMu. Y MalHeHTOB 3aHUKCHPOBAH OOJBIIHIA, YeM B TpyIIIe
KoHTpoJIs, ypoBeHb 1L-8, PSGL-1, mnasmunorena, PAI-1 u moka3sareneii puOprHOIN3a B MHTAKTHBIX 00pasiax.
[Ipu >TOM MHAYKIMS HETO3a HE MPUBENA K YBEJIMUEHHUIO CTENEHH aKTHBAIIMU U 3HAYUMOMY M3MEHEHUIO TAaHHBIX
ToKa3aTeJeH.

3axaouenne. ['mbens HeHTpodmIOB ImMyTeM HETO3a B MeCTaX TPOMOOOOpa30BaHUS MOXKET CIIOCOOCTBOBAThH
Kak (opMHpOBaHMIO, TaK M pacTBOpeHHIO (uOpuHOBOro crycrka. OIHAKO y JIHMI[ CO 3JI0KAaYeCTBEHHBIMH
HOBOOOPA30BaHMSIMU «CMEPTENBHBIN» HETO3 HE NPUBOAWT K JIOKAITFHOMY YBEIHYCHHIO (PHOPHHOINTHYECKOTO
MOTEHIIMAJIa BBUY UCTOILIECHHS] BHYTPUKIETOUHBIX PE3EPBOB IIPOTEa3 HEHTPODHUIOB, YTO MOXKET SBIATHCS OXHUM
13 MEXaHU3MOB Pa3BUTHS THUIIEPKOATYIISIMUK U HEJOCTaTOYHOCTH (PUOPUHOIII3a IIPH OHKOIATOIOTHH.

KoroueBble cioBa: pax, HEUTPOQUIbHBIC BHEKJICTOYHBIC JIOBYLIKHM, (HUOPHHOIN3, MMMYHOTPOMOO3, HETO3,
THIEPKOAryJIsILHs.

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

Hcrounuk ¢uHancupoBaHusi. VccienoBanue BbBITIONHEHO mpu (UHAHCOBOW mojaepxkke PDODOU (mpoekT
Ne 19-34-90050).

CooTBeTcTBHE NMPHUHIUNAM JTHKH. Bce manmeHTsl moiamucanu MH(GOPMHUPOBAHHOE COTJacHe Ha ydacTHE B
nccienosanuu. Mcenenosanue onoopeno Y'MA (mpotoxon Ne 86 ot 01.11.2017).

Jist nurupoBanusi: [lapmna A A., [{pi6ukos H.H., Tepemkos I1.I1., Kapasaesa T.M., Makcumens:t M.B. Bin-
SIHUE HeTO3a Ha JIN3UC (PMOPHHOBOTO CI'yCTKA IIPU PaKe TOJCTOTrO KUIICUHHKA. broiemens cubupckoi Meouyunsl.
2021; 20 (4): 25-31. https://doi.org/10.20538/1682-0363-2021-4-25-31.

INTRODUCTION

The effects of NETosis on fibrinolysis in colon cancer patients

The hypercoagulable state and thrombotic events
are known to accompany malignancy. Thrombophilia
in cancer is based on synthesis and release of proco-
agulants by tumor cells, as well as a complex of reac-

tions, including activation of and (or) damage to the
endothelium, activation of platelets and immune cells,
and synthesis of cytokines. Neutrophils, being effec-
tors of innate immunity, are essentially involved in
inflammatory processes and hemostatic responses. In-
deed, neutrophils and NETosis products — neutrophil
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extracellular traps (NETs) — are detected in thrombi of
various localizations [1]. However, in numerous stu-
dies on the prothrombotic properties of NETs [2—7],
the possible role of NETs in fibrinolysis, especially in
cancer, remains understudied [8, 9].

MATERIALS AND METHODS

The study was carried out in two groups. The ex-
perimental group consisted of patients with newly
diagnosed, stage 2—3 non-metastatic colon cancer (n
= 17, average age — 67 years). The control group in-
cluded healthy volunteers matched by sex and age (n
= 30, average age — 68 years). Preliminary selection
of donors was carried out on the basis of a question-
naire. Then, the absence of cancer in the control group
was estimated by the results of a clinical examina-
tion. Measurement of body temperature and complete
blood count were performed in each donor. Donor ex-
clusion criteria were the following: 1) body tempera-
ture > 37 °C; hemoglobin (HGB) < 100 g/1, red blood
cells (RBC) < 3.5 x 10'%/1, white blood cells (WBC) >
10 x 10%1, erythrocyte sedimentation rate (ESR) > 12
mm per hour; 2) intake of anticoagulants / platelet an-
tiaggregants, chemotherapy; 3) acute inflammation or
exacerbation of chronic inflammation, inherited blood
disorders, diabetes mellitus, traumas or surgeries in
the last 6 months.

All patients and healthy donors signed an informed
consent to participate in the study. 25 ml of peripheral
venous blood was collected in tubes with 3.2% sodi-
um citrate solution as an anticoagulant once. To obtain
platelet-poor plasma (PPP), whole venous blood was
centrifuged for 15 min at 1,500 rpm, and then the plas-
ma was taken for repeated centrifugation at 3,000 rpm
for 10 min. 90% of prepared PPP was transferred into
separate tubes.

To isolate neutrophilic granulocytes (NG),
Ficoll — Urographin density gradient centrifugation
was performed (1.077 / 1.093). The granulocyte layer
was transferred into separate tubes, washed with phos-
phate-buffered saline (PBS), and then centrifuged to
pellet cells. The remained red blood cells were lysed
(VersaLyse, Beckman Coulter, USA), isolated neu-
trophils were washed again with PBS, and the super-
natant was discarded. Then, 4 ml of RPMI11640 was
added to the cell pellet and mixed, and a suspension
of isolated neutrophils was obtained. Cell viabili-
ty was assessed by staining with a 0.4% methylene
blue solution; the culture with the viability of at least
98% was used. The number of cells was adjusted to
4.5-6 x 10%ml.

Then 1 ml of the suspension was added into two
separate test tubes and centrifuged to pellet cells. The
culture medium was removed. After that, Sul of PBS
and then 1 ml of PPP were added to the cell pellet
in the first test tube, mixed, and, thus, a suspension
of intact neutrophils was prepared. Sul (100 nm) of
phorbol-12-myristate-13-acetate (PMA) (Sigma Al-
drich, USA) was added to the cell pellet in the second
test tube to induce NETosis, then 1 ml of PPP was
added, mixed, and, thus, a suspension of neutrophils
stimulated for NETosis was obtained. The obtained
samples were labeled in the following way: PPP —
platelet-poor plasma; INT — plasma containing intact
neutrophils; PMA — plasma containing PMA-stimu-
lated neutrophils.

All samples were incubated for 4 hours at 37 °C.
Then the INT and PMA samples were centrifuged to
pellet cells and their remnants, and the plasma was
transferred into separate test tubes for further research.
Each plasma sample was assessed using the thrombo-
dynamics test (HemaCor, Russia): lysis onset time
(LOT; min), lysis progression (LP; %/min), and lysis
time estimation (LTE; min) were recorded. Fibrino-
gen (Fib), plasminogen / plasmin system (PLS), tissue
plasminogen activator (tPA), plasminogen activator
ingibitor-1 (PAI-1), P-selectin glycoprotein ligand-1
(PSGL-1), and IL-8 in each plasma sample were de-
termined using multiplex assay kits (Human Throm-
bosis Panel, BioLegend, USA; Human Fibrinolysis
Panel, BioLegend, USA) by flow cytometry. NETosis
induction was estimated by the level of extracellular
DNA (ecDNA), measured by ELISA (Cell Death De-
tection Kit ELISAP", Roche, Germany). Additionally,
NETs were visualized using fluorescence microscopy.

For this purpose, 1 ml of prepared INT and PMA
samples were placed into the Poly-L-Lysine-coated
(Sigma Aldrich, USA) cell culture plates and incubated
at 37 °C for 4 hours. After that, the plates were washed
with PBS three times, the adherent cells were stained
with SYTOX Green (Beckman Coulter, USA), and
NETSs were visualized using the ZOE Fluorescent Cell
Imager (BioRad, USA), green channel, objective x20.

Statistical processing of the results was performed
using Microsoft Excel and Statistica 10 (StatSoft Inc.,
USA) software. The data obtained are presented as the
median and the interquartile range Me [Q; Q,]. The
Wilcoxon signed-rank test was used to compare the
results within the groups, and the Mann — Whitney
U-test was used for comparison between the experi-
mental and control groups. The differences were con-
sidered significant at p* < 0.05.
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RESULTS

NETosis in the control and experimental groups
was confirmed by an increase in the level of ecDNA
in the PMA samples compared with the INT samples
(p,=0.008 and p, = 0.05, Table). Additionally, mi-
croscopy of NG cultures made it possible to visua-
lize NETs. The figure demonstrates intact neutrophils
and NETs in the control group (a and b, respectively)
and in cancer patients (c and d, respectively). Neutro-
phil-specific IL-8 and free PSGL-1 were considered as
activation markers. The levels of IL-8 and PSGL-1 in
the control group were the highest in the PMA sam-
ples; however, no significant increase in the indicated

molecules in the corresponding plasma samples was
detected in the experimental group (Table). The effect
of NETs on fibrinolysis was evaluated in the control
group: increased LP and reduced LTE were registered
(Table). In the experimental group, no significant
changes in fibrinolysis parameters were recorded.

Changes in the level of NETosis-associated fibri-
nolytic system components were detected in the con-
trol group: a significant increase in plasminogen and
a decrease in PAI-1 were found in the PMA samples
compared with the intact ones. In the experimental
group, changes in the levels of fibrinolytic system
components were not significant (Table).

Figure. Intact neutrophils: in the control group (), in the experimental group (c); neutrophil extracellular traps: in the control group
(b); in the experimental group (d). SYTOX Green staining, objective x20. White arrows mark neutrophil extracellular traps

Table

Parameters of cell activation and the effect of intact and PMA-stimulated neutrophils on fibrinolysis and the level of fibrinolytic system
components, Me [Q,; O.]

P Control group Experimental group
1
arametet Value P, P Value D,
INT 3810.22; 0.4 1 26 [0.18; 0.
ecDNA, 0.38 [0.22; 0.48] 0,008 0 0.26 [0.18; 0.33] 0o1*
oD PMA 0.5 [0.4; 0.6] 0.03* 0.34 [0.26; 0.41]
INT 865 [620.5; 1018.7] 03 781.25 [431.8; 926.5]
PSGL-1, pg / ml 0.01* 0.2
.pg/m PMA 1236.7 [1071.2; 1340.5] 0.05* 791.5 [538.8; 1254.3]
INT 2422 [880.8; 4852.5] 0.7 3150.7 [2007; 5470.8]
IL-8, pg / ml 0.007* 0.6
.pg/m PMA 7836.2 [5422.5; 10786.] 0.07 1677 [1006.8; 7777]
. INT 30.2 [28.3; 40.7] 0.02* 24.8[16.7; 28.6]
LOT 0.7 0.5
» mn PMA 29[28.1; 36.7] 0.01* 24.1[19; 25.5]
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Table (continued)
Control group Experimental group
Parameter p
Value P, Value P,
b o INT 27[2.2;2.9] oope |_0:0003% 8.8[5.1; 12.4] o4
min . B
$ e PMA 3[2.9;3.8] 0.001% 9.2[4.7; 17.1]
. INT 40.6 [36.8; 50.6] 0.002% 16.9 [12.6; 22.4]
LTE 0.02% 0.8
i PMA 352 [27.8; 37.1] 0.001% 16 [12.4; 24.8]
INT 547.1 [475; 732.5] 0.007% 805.1 [783.7; 825.6]
PLS, meg/ml 0.008* 0.9
- e PMA 767.7 [662; 864-1] 0.7 820 [787.9; 845]
INT 63.5 [61.6; 64.7] 0.0001* 440.5 [227.5; 607.75]
tPA, pg/ml 0.4 0.5
, pg/m PMA 61.3 [59.7; 65.7] 0.0001* 389.7 [247; 672]
INT 2101.5 [508; 2681.3] 0.001* 6376.2 [5258.5; 9428.8]
AL-1, pg/ml 0.008* 0.6
. pg/m PMA 1328.2 [1044.4; 2157 8] 0.0002% | 7956.7 [5332.5; 10645.6]
‘ INT 2882.7 [1877.3; 3142.6] 0.04% 3203.4 [2749.6; 6229.9]
Fib, mcg/ml 0.9 0.6
15 megm PMA 2355.8 [1745; 3206.6] 0.08 3384.7 [2723.7; 8997]

Note: INT —plasma sample after incubation of intact neutrophils; PMA — plasma sample after incubation of PMA-stimulated neutrophils; ecDNA —
extracellular DNA, OD — optical density; p — level of statistical significance between the control and experimental groups (Mann — Whitney U-test);
p, — level of statistical significance between the INT and PMA samples in the control group (Wilcoxon signed-rank test); p, — level of statistical
significance between the INT and PMA samples in the experimental group (Wilcoxon signed-rank test); * — statistically significant difference (at

p<0.05).
DISCUSSION

The results obtained demonstrate different effect
of NETosis induction in the investigated groups.
Lower ecDNA level in the plasma samples in the
experimental group indicates that less neutrophils
underwent NETosis in the presented experimental
model (Table). Presumably, it could be caused by
alteration of intracellular signaling due to predomi-
nance of other signaling pathways. It is known that
cancer cells are capable of regulating the activity of
leukocytes, contributing to tumor progression [10—
14]. Different cytokine microenvironment might be
a factor determining NETosis propensity and (or) the
prevailing signaling pathway (suicidal or vital NE-
Tosis) [15].

PMA induced lytic (suicidal) NETosis accompa-
nied by the release in the plasma of not only chroma-
tin, but also all intracellular proteases, which activate
both the plasminogen system and non-specific prote-
olysis of fibrin. Our previous study [16] demonstrates
failure of NETs-associated fibrin plate lysis in the
presence of the protease inhibitor aprotinin. Besides
a higher number of NETosis-affected neutrophils, a
more pronounced effect of NETs formation on fibri-
nolysis in the control group could be explained by the
ability of the crucial NETosis enzyme PAD4 to modi-
fy the fibrinogen structure. It results in impaired fibrin
formation and changes in its structure [17, 18]. In this
study, altered fibrin structure could be one of the fac-
tors underlying fibrinolysis boost in the PMA samples
in the control group (Table).

No increase in fibrinolysis in cancer patients could
be associated with cell activation failure (low ecD-
NA and PSGL-1), higher concentration and activity
of PAI-1, and prevalence of procoagulant factors in
malignancy. Additionally, in cancer, initially high ac-
tivity of intact neutrophils suggests lower intracellular
protease level due to their fast and persistent release
into the extracellular space, which, therefore, causes
their insufficient increase in suicidal NETosis (that
also concerns IL-8). Considering literature and our
own data, it could be assumed that NETs formed fol-
lowing suicidal or vital NETosis have different effects
on clotting and fibrinolysis due to the differences in
the amount of released chromatin and the final com-
position of extracellular traps, which depends on NE-
Tosis inductor signal [15]. Hence, it is more relevant
to in vivo studies. However, that should become the
objective of further investigations.

CONCLUSION

NETs formation can provide not only a thrombo-
genic effect, implemented due to interactions of nu-
cleosomes with platelets, endothelium, and coagu-
lation factors, but also a fibrinolytic effect, based on
the plasminogen activation system and non-specific
lysis of insoluble fibrin by neutrophil granule protea-
ses, which, along with thrombi phagocytosis by other
leukocyte types, provides final recanalization of blood
vessels. However, cancer disrupts the coagulation / fi-
brinolytic balance. It contributes to thrombophilia by
the development of a local and systemic inflammatory
response, alteration of the NETs formation pathway
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and, therefore, prevalence of prothrombotic effects
of ecDNA over the fibrinolytic activity of NG. When
combined with an increased concentration of fibrino-
lysis inhibitors, it eventually contributes to the deve-
lopment of a chronic hypercoagulable state typical of
cancer.
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The association between parameters of oral mucosal immunity
and 25-hydroxyvitamin D in patients with rampant caries

Putneva A.S., Karavaeva T.M., Maksimenya M.V., Tereshkov P.P., Mishchenko M.N.,
Fefelova E.V., Tsybikov N.N., Parshina A.A.

Chita State Medical Academy (CSMA)
39a, Gorkogo Str., Chita, 672090, Russian Federation

Aim. To determine the saliva level of immunoregulatory proteins in patients with rampant caries and
25-hydroxyvitamin D (25(OH)D) deficiency and evaluate the association of their concentration with 25(OH)D
plasma level.

Materials and methods. The study was performed in two groups. The experimental group included 15 patients aged
20-22 years with rampant caries and the 25(OH)D plasma level of < 20 ng / ml. The control group encompassed
15 healthy age-matched volunteers with the 25(OH)D plasma level of 20-100 ng / ml. The concentrations of
B7.2 (CD86), free active TGF-B1, CTLA-4, PD-1, Tim-3, LAG-3, IGFBP-4, and ICAM-1 were assessed using
flow cytometry. The levels of LL-37 and secretory immunoglobulin A (sIgA) were measured using ELISA. The
Spearman’s rank correlation coefficient was used to reveal a correlation between the indicated proteins and the
25(OH)D plasma level.

Results. A decrease in B7.2 (CD86), PD-1, Tim-3, sIgA, and LL-37 and elevation of IGFBP-4 and ICAM-1 saliva
levels were detected in patients with rampant caries and 25-hydroxyvitamin D deficiency. A positive Spearman’s
rank correlation coefficient was revealed between plasma 25(OH)D and saliva levels of free active TGF-1, CTLA-
4,B7.2 (CD86), LL-37, and sIgA. A negative correlation was revealed between 25(OH)D and ICAM-1.

Conclusion. 25(OH)D deficiency in patients with rampant caries is associated with decreased levels of B7.2
(CD86), PD-1, Tim-3, sIgA, and LL-37 and elevated levels of IGFBP-4 and ICAM-1 in the saliva.

Key words: rampant caries, 25-hydroxyvitamin D deficiency, mucosal immunity.

Conflict of interest. The authors declare the absence of obvious or potential conflict of interest related to the
publication of this article.
Source of financing. The authors state that they received no funding for the study.

Conformity with the principles of ethics. All individuals signed an informed consent to participate in the study.
The study was approved by the local Ethics Committee at Chita State Medical Academy (Protocol No. 9 of
24.06.2019).

For citation: Putneva A.S., Karavacva T.M., Maksimenya M.V., Tereshkov P.P., Mishchenko M.N.,
Fefelova E.V., Tsybikov N.N., Parsina A.A. The association between parameters of oral cavity mucosal immunity
and 25-hydroxy-vitamin D3 plasma level in patients with multiple tooth decay. Bulletin of Siberian Medicine.
2021; 20 (4): 32-38. https://doi.org/10.20538/1682-0363-2021-4-32-38.

P4 Putneva Aleksandra S., e-mail: putnevaas@yandex.ru

32 Bulletin of Siberian Medicine. 2021; 20 (4): 32-38



Original articles

B3anmocBA3sb HEKOTOPbIX NapamMeTpoOB MYKO03d/IbHOro MMMYHUTETA NO/1I0OCTU
PTa C ypoOBHEM BUTAMUHA D y NauMeHTOB C MHOXXECTBEHHbIM Kapuecom

MytHeBa A.C., KapaBaeBa T.M., Makcumensa M.B., Tepewkos I1.I1., Muwenxko M.H.,

®edenosa E.B., Libi6bukos H.H., MapwunHa A.A.

Yumunckasn eocyoapcmeennas meouyunckas axademus (4I'MA)

Poccus, 672090, e. Yuma, yn. 'opbrozo 39a

PE3IOME

Iles1b — OLIEHUTH COJEPKAHUE UMMYHOPETYJIATOPHBIX MOJIEKY] B CIIIOHE Y JIUI] C MHOYKECTBEHHBIM KapHUecoOM U
nepunurom 25(OH)D, u onpeienuTh B3aUMOCBA3H MX BEIMYMH ¢ KoHIeHTpanuei 25(OH)D, B kposu.

MarepuaJjbl n Metoabl. O6cie0BaHbI JBE TPYIIIBI UL B Bo3pacte 2022 siet. B oqHy BKiIroYeHs! 15 genoBek ¢
kapuecoM u yposHeM 25(OH)D, menee 20 Hr/mi, B IpyTyto (KOHTPOJIBHYIO) — 15 370pOBBIX YENOBEK C COMEpIHKa-
nuem 25(0H)D, 30-100 Br/mi1. B poToBO# KUIKOCTH ONPE/IE/ICHBI KOHICHTPAIIWH PACTBOPHMBIX (POPM MOJIEKYJT
B7.2 (CD86), Free Active TGF-bl, CTLA-4, PD-1, Tim-3, LAG-3, IGFBP-4, ICAM-1 mMeTo10M pOTOYHO¥ 11K~
ToryoMeTpHH, Koau4decTBo KatenmunuanHa LL-37, cexperopHoro ummyHoriooymuaa A (IgA) MeTonom uMMmy-
HO(EpPMEHTHOT0 aHanu3a. Mexay onpeaensieMbIMH OKa3aTeNIsIMA pacCUuTaH Kputepuit koppensunn CnupMeHa.

Pe3yabTaThl. Y nuIl ¢ KapuecoM U IeGuuuToM BuTaMuHa D BeISBNICHO CHIKeHUe 3HaueHmid Free Active TGF-bl,
B7.2 (CD86), PD-1, Tim-3, slgA, xaremumununa LL-37 u moseimenue ypoBHs IGFBP-4 u ICAM-1 B cirone.
OO0HapyXeHO HAIMYUE NPAMBIX KOPPENSIMOHHBIX CBA3el Mexty kommdaectoM 25(OH)D, B kpoBw, ¢ onHOH cTO-
ponsL, u 3HaueHusiMU Free Active TGF-b1l, CTLA-4, B7.2 (CD86), cexperoproro IgA, nentuna LL-37 — ¢ npyroii.
3adukcnpoBana oTpULATENbHAS B3aUMOCBA3b MeXy BenmuunHamu 25(OH)D, n ICAM-1.

3akmovyenue. Ha ¢pone nepuimra Butammuna D npu MHOXXECTBEHHOM Kapuece B POTOBOH XKHJIKOCTH PETHCTPUPY-
10TCsl HU3KUe KoHueHTpauu Free Active TGF-b1, B7.2 (CD86), PD-1, Tim-3, cexperoproro IgA, karenuuuanta
LL-37 mo cpaBHEHHUIO ¢ KOHTpoJIeM, HO yBenndeHsl 3HaueHus IGFBP-4 u ICAM-1.

KiaroueBble ¢j10Ba: MHOXKECTBEHHBIN Kapuec, riMioOBUTaMHUHO3 D, MyKOSaJ'ILHbeI UMMYHUTET.

KOHq).]'Il/lKT HHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaIII/Ieﬁ HaCTOS{H.[eﬁ CTaTbHu.

Hcrounnk ¢punaHCHpPOBaHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUH (PMHAHCHPOBAHMS P IPOBEICHUH HCCIE0-
BaHMSL.

CooTBeTcTBHE IPUHIIMIIAM 3THKH. Bce manueHTs! noamucan HHHOpMUPOBAHHOE COTIacHe Ha y4acTHe B UCCIe-
noBaHuH. MccnenoBanue ogo0peHo TOKaIbHBIM 3THYeckuM KoMuTeToM YI'MA (mmpoTtokon Ne 9 ot 24.06.2019).

Jnsa uuruposanus: [Tyraesa A.C., KapaBaesa T.M., Makcumenst M.B., Tepemkos I1.I1., Mumenko M.H., ®e-
tdenora E.B., LIptoukos H.H., [lapmmua A.A. B3anMocBs3b HEKOTOPBIX MapaMeTPOB MyKO3aJIbHOTO HMMYHHUTETA
MOJIOCTH PTa ¢ ypOBHEM BUTaMHHa D y ManmeHToB ¢ MHOXKECTBEHHBIM KapHecoM. broinemens cubupckoi meouyu-
not. 2021; 20 (4): 32-38. https://doi.org/10.20538/1682-0363-2021-4-32-38.

INTRODUCTION

Dental caries is a multifaceted, dynamic patholog-
ical process accompanied by demineralization and
proteolysis of dental hard tissues [1]. This chronic
disease is widespread among both adults and chil-
dren [2]. Around the world, there are approximately
2.4 billion people with untreated dental caries [3],
which in turn determines the importance of develop-
ing prognostic methods and finding ways to elimi-
nate its causes.

Dental caries is formed due to complex internal
and external causes, such as dietary habits (frequency
of sugar consumption), acidogenic bacteria, and im-
paired local immunity [2]. Numerous salivary proteins
are involved in innate and adaptive immune respon-
ses in the oral mucosa. Resistance or susceptibility to
dental caries significantly correlates with changes in
the salivary protein level that modulate the oral micro-
flora. Therefore, the saliva protein profile is a sensitive
indicator of dental health and a non-invasive prognos-
tic biomarker [4].
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A number of studies showed that rampant caries
develops in patients with a lack of vitamin D [5].
The active form of vitamin D, calcitriol, is one of the
main hormones that regulate calcium and phospho-
rus metabolism and provide mineralization of dental
hard tissues [6]. Additionally, this biologically active
substance can modulate activity of immune cells and
functioning of the immune system and contribute to
synthesis and release of antimicrobial peptides, in par-
ticular, cathelicidin LL-37 [7-9].

Our earlier study revealed the association between
low level of 25(OH)D in the blood serum of patients
with moderate to severe caries. In our opinion, this
confirms the literature data that a lack of bioactive vi-
tamin D plays an important role in the development of
dental caries.

The aim of this study was to assess the level of
some immunoregulatory salivary proteins in patients
with rampant caries and vitamin D deficiency and to
determine the relationship between these values and
the concentration of 25(OH)D in the blood.

MATERIALS AND METHODS

The study involved 30 male ChSMA students
aged 2022 years who were divided into two groups.
The first group (control) included 15 healthy people
(the Decayed, Missing, and Filled Teeth (DMFT)
index was 0.00 (0.00; 0.00)) with a normal vitamin
D level (30-100 ng / ml). The second group inclu-
ded 15 people with rampant caries (DMFT index
was 10.3 (9.5; 11.5)) and vitamin D deficiency
(25(OH)D was less than 20 ng / ml). The groups
were formed taking into account the “Clinical guide-
lines of the Russian Association of Endocrinologists
on diagnosis, and prevention of vitamin D deficiency
in adults (2016)”. The serum level of 25(OH)D was
determined using the chemiluminescent immuno-
assay (Immunoassay Analyzer Access 2, Beckman
Coulter, USA).

All participants signed an informed consent to
take part in the study. The study adhered to the ethical
principles of The Declaration of Helsinki of the World
Medical Association (as amended in 2013). The levels
of soluble membrane proteins (membrane protein of
the immunoglobulin superfamily, the product of the
CD&86 gene, B7.2 (CD86), free active TGF-B1, co-in-
hibitory receptors (cytotoxic T-lymphocyte-associ-
ated antigen-4 (CTLA-4), programmed cell death-1
(PD-1), T-cell immunoglobulin and mucin domain-3
(Tim-3), lymphocyte-activation gene-3 (LAG-3), in-
sulin-like growth factor binding protein-4 (IGFBP-4),

and intercellular adhesion molecule-1 (ICAM-1))
were determined in the oral fluid collected from all
the participants using the Human Immuno-Oncolo-
gy Checkpoint Protein Panel 1 bead-based multiplex
panel (Biolegend, USA).

The analysis of the oral fluid was performed with-
out dilution, all stages of the study were conducted
according to the kit instructions (https:/www.bio-
legend.com/Files/Images/media_assets/pro_detail/
datasheets/750000504 HU Immune Checkpoint_
Panel 1 Manual RO1.pdf). The results were evalu-
ated using a flow cytometer Cytoflex LX (Beckman
Coulter, USA).

Additionally, the levels of antimicrobial peptide
cathelicidin LL-37 and secretory immunoglobulin
A (sIgA) were assessed by enzyme-linked immuno-
sorbent assay (ELISA) using Hycult Biotechnology
(Denmark) and IFA-BEST (Russian Federation) re-
agent kits, respectively. The data are presented as the
median and the interquartile range Me(Q,.; Q..); the
Mann — Whitney test was used to compare two in-
dependent samples. The non-parametric Spearman’s
rank-order correlation coefficient was calculated for
the correlation analysis. A p value of < 0.05 was con-
sidered statistically significant. The Statistica 10 soft-
ware packages were used for statistical processing of
the data.

RESULTS AND DISCUSSION

The analysis of the research results showed that
with rampant caries, free active TGF-f1 was signifi-
cantly reduced in the saliva (by 67.82%) compared
with the control group (Figure).

Tooth pulp is known to contain a number of TGF
isoforms that are either expressed by odontoblasts,
macrophages, and T- and B-lymphocytes in the tooth
pulp at the plasma membrane and/or are bound to the
extracellular matrix [10]. It was revealed that TGF-p1
induces synthesis of type III collagen in ontoblasts,
regulates transcription of non-collagenous proteins
(dentin sialophosphoprotein (DSPP), dentin matrix
protein 1 (DMP1)) [10], and is crucial for the repar-
ative process and development of teeth by regulating
proliferation and differentiation of cells [10-12]. It is
assumed that the physiological function of TGF- in
mature odontoblasts contributes to formation of sec-
ondary dentin, mineralization of intact and healthy
teeth, as well as to degradation of the matrix in case
of injury [11]. Probably, TGF-B1 is also involved in
antimicrobial protection of the tooth, although this
mechanism is not fully understood.
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We found a direct moderate relationship (r = 0.67;
p < 0.001) between the levels of free active TGF-p1
in the saliva and 25(OH)D in the blood in individuals
with rampant caries and vitamin D deficiency. No such
correlation was found in the control group. There are
also data in the literature on the association between
TGF-B1 and vitamin D in patients with some diseases
[13] and on the role of vitamin D in TGF-f1metabo-
lism [14].

Co-stimulatory and co-inhibitory molecules, also
referred to as immune checkpoints, play and impor-
tant role in the development of an adequate cellular
immune response. There are several other pathways
of co-stimulation and co-inhibition of T-cells. Co-sti-
mulation is provided by binding B7.2 (CD86) protein
to CD28 localized at the T-cell membrane. The co-
inhibitory signal, which limits the cellular immune
response, is induced by receptors that include mole-
cules of the CTLA-4 family (Tim-3, LAG-3, and TIG-
IT). The expression of these molecules begins at the
membrane of T-cells after activation of the latter, by
binding to B7.2 (CD86) protein, they inhibit the for-
mation of effector T-cells.

The second component of the immune checkpoint
is a co-inhibitory receptor PD-1, whose function is
somewhat different from that of CTLA-4. Both recep-
tors suppress proliferation of T-cells, their survival,
and cytokine synthesis. However, CTLA-4 suppresses
the cellular immune response in the early phase pri-

marily in lymphoid tissues, while PD-1 does the same
in the late phase in peripheral tissues [15]. Co-inhibi-
tory receptors are crucial for maintaining immune ho-
meostasis and preventing the development of autoim-
munity, while providing effective immune responses
to destroy pathogenic microorganisms [15].

In our study, the values of the following parameters
were significantly reduced in the group of people with
rampant caries and vitamin D deficiency (compared
with the control group): PD-1 —by 83.82% (p=0.001),
Tim-3 — by 40.75% (p = 0.004), and B7.2(CD86) — by
61.47% (p = 0.007) (Figure). The LAG-3 levels only
showed a downward trend and were 50.11% lower
than in the control group.

A correlation analysis revealed a direct correla-
tion between the values of CTLA-4 in the saliva and
25(0OH)D (r = 0.63; p = 0.010) in the blood serum, as
well as between the values of B7.2(CD86) and 25(OH)
D (r = 0.70; p < 0.001) in patients with dental caries
and vitamin D deficiency. Moreover, in this group,
a direct relationship was found between the values
of CTLA-4 and B7.2(CD86) in the saliva (r = 0.77;
p < 0.001). In the control group, correlations were
found only between the values of CTLA-4 and
B7.2(CD86) (r=0.56; p=0.019).

Our study also identified an increased level of
IGFBP-4 by 187.39% (p = 0.01) in the saliva in pa-
tients with rampant caries compared with the control
(Figure). IGFBP-4 is a protein that modulates the
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effect of insulin-like growth factor-1 (IGF-1). Insu-
lin-like growth factor, its receptors, and binding pro-
teins (IGFBPs) are critical for adequate development,
tissue growth, metabolism, and homeostasis [16]. Ad-
ditionally, IGF-1 is the most abundant growth factor in
the bone matrix [16], with its molecular mechanisms
being involved in osteogenic differentiation. Howev-
er, there is a lack of information about the functions
of six types of its high-affinity IGF-binding proteins
(IGFBP 1-6). Available studies are mainly focused
on the role of IGFBP-4 and IGFBP-5 in bone tissue
formation [17].

We also found that the saliva ICAM-1 values in
patients with caries increased by 181.02% (p = 0.04)
compared with the control group (Figure). Inter-
estingly, this group showed a negative relationship
(r =-0.56; p = 0.024) between the values of the vita-
min D metabolite and the values of ICAM-1; in the
control group, the relationship was weaker ( » =—0.44;
p = 0.047). ICAM-1 is a protein regulating interac-
tions between immune cells and vascular endothelium
[18], thus providing strong adhesion of white blood
cells to the vessel wall and facilitating penetration of
these cells into the intima. Inflammation increases the
expression of ICAM-1 [18]. There are studies show-
ing that the level of SICAM-1 in the blood correlat-
ed with the severity of periodontitis [https:/www.
ncbi.nlm.nih.gov/nlmcatalog?term=%22J+Periodon-
t01%22%5bTitlet+Abbreviation%5dhttps://pubmed.
ncbi.nlm.nih.gov/23688098/19]. C.L. Greillera et
al. demonstrated that vitamin D metabolites attenuate
RV-induced expression of ICAM-1 [20].

In addition to other protective mechanisms, human
saliva contains several immunoglobulins, which ac-
count for about 5-15% of all salivary proteins [21].
The main subclass of immunoglobulins found in the
saliva is IgA (50-60%), which acts as the first line of
defense [4]. Several studies examined the relationship
between salivary immunoglobulins and caries forma-
tion. A. Bagherian et al. [22] and T.K. Fidalgo et al.
[23] found higher IgA concentrations in this disease,
but another study reported an negative relationship be-
tween the level of this immunoglobulin in the saliva
and the intensity of caries in children aged 3—6 years
[24]. At the same time, no correlations were found be-
tween the concentration of this immunoglobulin and
the intensity of the pathological process [22].

In our study, we registered that in patients with
rampant caries the IgA level in the saliva decreased
by 77.62% (p < 0.001) compared with the control
group, and the concentration of LL-37 decreased by

62.5% (p = 0.045) (Table). The correlation analysis
revealed a positive relationship between the values of
the vitamin D metabolite and the sIgA (» = 0.88; p =
0.001) and cathelicidin LL-37 (» = 0.52; p = 0.037)
levels in both experimental and control groups.

Table

The saliva concentration of antimicrobial peptides in the oral
cavity of patients with rampant caries and 25(OH)D deficiency,

Me (st; Q7s)

Control group,

Experimental grou
Parameter P group,

n=15 n=15
) 12.31 (9.11; 15.53)
Secretory IgA, g/l 55.00 (50.00; 61.46) »<0.001
Cathelicidin LL-37, . 0.21 (0.13; 0.38)
ng/ml 0.56 (0.37; 0.72) p=0.045

Note: p — the significance level compared with the control group.

Cathelicidins are antimicrobial peptides essential
for innate immunity in the oral cavity [25, 26]. S. Da-
vidopoulou et al. found that the concentration of LL-
37 in the saliva was lower in children with highly ac-
tive dental caries compared with children without this
pathology [27]. A bioactive form of vitamin D affects
a Th-2 immune response, diminishing the expression
of Th-1 cytokines and stimulating release of Th-2 cy-
tokines, in particular, IL-4 [9], which might influence
the production of immunoglobulins, including IgA.

Therefore, literature data and the results of this
study indicate an imbalance of mucosal immunity
as an important factor in the development of dental
caries. Additionally, in our opinion, vitamin D defi-
ciency in the body can contribute to the development
of this pathology along with decreased levels of free
active TGF-B1, B7.2(CD86), PD-1, Tim-3, slgA, and
cathelicidin LL-37 in the saliva and increased levels
of IGFBP-4 and ICAM-1. Prescription of vitamin D
may alleviate the detected disorders in the oral muco-
sal immunity.

CONCLUSION

In vitamin D deficiency and rampant caries, low
levels of immunoregulatory free active TGF-p1, B7.2
(CD86), PD-1, Tim-3, sIgA, and cathelicidin LL-37
and high concentrations of IGFBP-4 and ICAM-1 are
found in the oral fluid compared with the control group.
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Prevalence of diseases and pathological conditions in young people under
45 years of age with abdominal obesity in Siberia

Ragino Yu.l., Khudyakova A.D., Striukova E.V., Denisova D.V.,
Shcherbakova L.V.

Research Institute of Internal and Preventive Medicine, Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences (IIPM — Branch of IC&G SB RAS)
175/1, B. Bogatkova Str., Novosibirsk, 630089, Russian Federation

ABSTRACT

Aim. To study the prevalence of abdominal obesity in young people aged 25-44 years in Novosibirsk, as well as
the prevalence of diseases and pathological conditions in individuals with abdominal obesity.

Materials and methods. We conducted a cross-sectional, population-based study of the population of Novosibirsk
aged 25—44 years. The screening examined 1,415 people, including 670 men and 745 women. For all individuals,
we evaluated the presence of such conditions as abdominal obesity (AO), arterial hypertension (AH), increased
body mass index (BMI), coronary heart disease (according to validated epidemiologic and functional criteria with
ECG findings classified according to the Minnesota Code), diabetes mellitus (DM), reduced glomerular filtration
rate (GFR), chronic bronchitis (CB), increased blood levels of total cholesterol (hypercholesterolemia) and low-
density lipoprotein (LDL) cholesterol (hyper-LDL-cholesterolemia).

Results. The prevalence of AO in the population of Novosibirsk aged 2544 years was 42.4%: in men — 42.7%,
in women — 42.1%. We found that AO had a significant direct effect on the development of AH (odds ratio
(OR) = 2.550, 95% confidence interval (CI) 1.899-3.422, p = 0.0001), CB (OR = 1.830, CI 1.326-2.527, p =
0.0001), hypercholesterolemia (OR =1.486,CI1.193-1.851, p=0.0001), hyper-LDL-cholesterolemia (OR =1.527,
CI 1.222-1.907, p = 0.0001) and a reverse effect on reduced GFR (OR = 0.603, CI 0.427-0.852, p = 0.004). In
the male population under 45 years of age, AO had a significant direct effect on the development of AH, CB,
hypercholesterolemia, and hyper-LDL-cholesterolemia. In the female population under the age of 45, AO had a
significant direct effect on the development of DM, AH, CB, and hyper-LDL-cholesterolemia and a reverse effect
on the reduced GFR development.

Conclusion. Therefore, in the young Siberian population under 45 years of age, abdominal obesity is associated
with the development of common diseases and pathological conditions.

Key words: abdominal obesity, population under 45 years of age, arterial hypertension, chronic bronchitis, hyper-
cholesterolemia, diabetes mellitus.
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PacnpocTtpaHeHHOCTb 3a60/1€BaHMi1 M MAaTO/IOrMYECKUX COCTOAHUM
Yy MO/10AbIX /t0AeN AO 45 /NeT ¢ abaOMUHa/IbHBIM OXXUpeHuem B Cbupu

ParuHo 10.U., XyaakoBa A.[l., CtpiokoBa E.B., leHncosa [1.B., Lllep6akoBa J1.B.

Hayuno-uccrnedosamenvcruil uncmumym mepanuu u npo@uiaxmuyeckoi meduyunst — uiuan PedepanvHo2o uccie-
dosamenvckoeo yenmpa « Ancmumym yumonozuu u eenemuxu Cubupckozo omoenenusi Poccuiickou akademuu Hayry
(HUUTIIM — ¢punuan HL{ul” CO PAH)

Poccus, 630089, e. Hosocubupck, yn. b. boecamxosa, 175/1

PE3IOME

Hesan — u3ydyeHue pacupoCTPaHEHHOCTH a0JOMUHATIBHOTO oxupeHus (AO) B MOMyJNIAIMHA MOJOMABIX JFOeH 25—
44 netr r. HoBocubupcka, a Takke pacmpoCTPaHEHHOCTH TEPANIeBTUYCCKUX 3a00JCBaHUI M MATOJOTHYECKHUX CO-
crostHui y i ¢ AO.

Marepuajbl 1 MeToabl. [IpOBECHO OJHOMOMEHTHOE MOIYJISLMOHHOE OOCienoBaHHe HaceneHus 25-44 ner
r. HoBocubupcka. Ha ckpuannre o6cnenosanst 1 415 yenosek, n3 Hux 670 myxunH (47,3%) u 745 xenumH (52,7%).
BepeMeHHBIC U KEHIIMHBI B JEKPETHOM OTITYCKE HE BKJIIOYAIIMCh B MCCIIE0BaHUE. Y 00CIeyeMbIX OLICHUBAIOCH
HaJM4YUe TakuX 3a00JeBaHMN M MATONOTHMYECKHX COCTOSHMH, kak AO, aprepuanpHas runeprensus (Al),
MOBBILICHHBIH HHAEKC MACChI TeJIa, HIleMUYeckas 60Je3Hb cepla (10 BaTMAN3UPOBAHHBIM ATHIEMHOTIOTHYECCKUM
U (DYHKLIHOHAJIBHBIM KPUTEPHUSIM C paclIn(poBKOH JIEKTPOKApAHOTrpaMMBbI 10 MUHHECOTCKOMY KOJLY), CaXapHbIi
nuabet (CJ1), cHmkeHHast CKOPOCTh KityOoukoBoid pubrpanuu (CK®), xporndeckuit 6poHxut (Xb), MOBBIIICHHBII
ypoBeHb B kpoBu o0mero XC (rumepXCemus), moBbeimeHHbN ypoBeHb B kposu XC-JIHIT (runepX C-JIHI Temust).

Pe3yabTatshl. Pacnpoctpanennocts AO B nomymsuu 25-44 net r. HoBocubupceka coctaBuina 42,4%, y My »KIuH —
42,7%., y xenmuH — 42,1%. OGHapy>keHo, 4To B MOJI0A0H momyssiiuu 10 45 neT AO oka3bIBaeT MPSMOE BIUSHUE
Ha pasButue Al (otHomeHue mancos (OLL) 2,550, 95%-it nosepurenpHblil nHTEpBaI (95%-it 1) 1,899-3,422,
p =0,0001), Xb (OLI = 1,830, 95%-i#1 1IN 1,326-2,527, p = 0,0001), runepXCemuu (OLL = 1,486, 95%-i1 1
1,193-1,851, p = 0,0001), runep-XC-JIHITemun (OIL = 1,527, 95%-it AU 1,222-1,907, p = 0,0001), obpatHoe
BIMsAHUE Ha pa3Butue cHkeHHod CK® (OLLU = 0,603, 95%-it AN 0,427-0,852, p = 0,004). B my»xckoii momy-
nsamuu 10 45 net AO okasbiBaeT npsimoe BiusHHE Ha pasButue Al', Xb, runepXCemuu, runep-XC-JIHIIemun.
B xenckoii nomyssinuu 10 45 net AO okaspiBaeT npsmoe BiusHue Ha passutue CJ1, A, XB, runep-XC-JIHIlemun,
1 oOpaTHOe — Ha pa3BuTHE CHIKEHHOI CKD.

3akmouenue. Takum 06pa30M, B IOITYJISIAU 10 45 et aGI[OMI/IHaJ'IBHOG OXXHUPCHUEC aCCONUMPOBAHO C Pa3BUTUEM
pacnpoCTpaHCHHBIX TEPAIEBTHUICCKUX 3a00JIEBaHUI M TATOJIOTMYECKUX COCTOSIHHM.

KroueBble ci10Ba: ab0MHHAIBHOE OKHPEHHE, NOMYJISNNS B Bo3pacTe /10 45 JeT, apTepuaibHasi THIIEPTeH3HS,
XPOHHIECKHH OPOHXUT, TUIIEPXOJIECTEPUHEMHS, CaXapHbIH 1HadeT.

KondaukT nHTEpecoB. ABTOPHI 3asBISAIOT 00 OTCYTCTBHH KOH(IMKTa HHTEPECOB, CBSI3aHHBIX C MyOIHKaLueH
HACTOALICH CTaTbH.

Hcrounuk ¢punancupoBanus. VccrienoBaHue BHIIIOJIHEHO B paMKaxX OIO/UKETHOW TEMbI IO TOCYAAPCTBEHHOMY
3amanuio Ne AAAAA 17-117112850280-2, cratuctuueckass oO6paboTka M aHaNINW3 MaTepuaia MPOBENCHBI NPH
(dbuHaHCOBO# MoIEepKKe rpaHTa Poccuiickoro HayuHoro donma Ne 21-15-00022.

CooTBercTBHE NPUHIUNAM 3THKHA. OT BCEX JHUI MOJIYYeHO WH(POPMHUPOBAHHOE COrIacke Ha 0OCIIeIoOBaHHE 1
00paboOTKy HepCOHANBHBIX JaHHBIX. VccnenoBanue 0100peHO JIOKaIbHBIM 3THYecKuM komuretoM HUUTIIM —
¢ummana Uul" CO PAH (mporokon Ne 6/2013 ot 25.06.2013).

Jast murupoanusi: Paruno F0.U., Xyasxosa A./l., Crprokosa E.B., [lenucosa /I.B., lllepbakosa JI.B. Pacripo-
CTPaHEHHOCTH 3a00JIEBaHUN U TATOJIOTMYECKUX COCTOSHUN Y MOJIOJBIX JII0Ie 10 45 neT ¢ abJOMUHAIbHBIM 0XKHU-
pernem B Cubupu. broremens cubupcrou meouyunst. 2021; 20 (4): 39-48. https://doi.org/10.20538/1682-0363-

2021-4-39-48.
INTRODUCTION
Currently, obesity is a topical issue worldwide. Recent research on abdominal obesity (AO)
The disease is associated with progressive spread around the world has been devoted to the study of
and severe complications, which often cause death its impact on endocrine and cardiovascular pathol-
of patients at a young age [1, 2]. ogies [3-5].
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Recent studies show that visceral adipose tis-
sue serves not only for accumulation of ener-
gy substrates. It is also a kind of endocrine gland
producing many different substances, which act
at both local and systemic level. The products of
adipocyte (visceral adipose tissue cells) secretion are
hormones (leptin, adiponectin, and resistin), proin-
flammatory cytokines (tumor necrosis factor-alpha,
interleukin (IL)-6, IL-8, etc.), and proteins of the re-
nin-angiotensin system. Some of them are involved
in the complement system and vascular hemosta-
sis (plasminogen activator inhibitor-1 and others)
[6-9]. Based on the known pathological effects of
various biological substances secreted by visceral
adipocytes, an increased blood level of adipokines/
cytokines in AO is assumed to be a significant etio-
pathogenetic link in the development of many com-
mon diseases and pathological conditions.

Novosibirsk (Russian Federation) shows high
prevalence of AO and metabolic syndrome (MS)
in the population over 45 years of age [10]. The
problem of AO is poorly studied in the young wor-
king-age population of reproductive age. Therefore,
the study is dedicated to the prevalence of AO in
the population of Novosibirsk aged 25-44-years, as
well as to the prevalence of diseases and pathologi-
cal conditions in individuals with AO.

MATERIALS AND METHODS

A cross-sectional, population-based study of
the population of Novosibirsk was carried out. The
study was approved by the local Ethics Committee
at IIPM — Branch of IC&G SB RAS (Protocol No.
6/2013 of 25.06.2013). To build a population sam-
ple, we used a database of the Territorial Federal
Compulsory Medical Insurance Fund for persons
aged 25-44 years in one of the districts of Novo-
sibirsk. The district was typical in terms of indus-
trial, social, population, demographic, and transport
structures and the level of population migration.
Using a random number generator, a random repre-
sentative sample of 2,500 people was built. Young
age groups are known to be among the most rigid
ones regarding response, so methods of gradual
epidemiological stimulation were used: mail invita-
tions, phone calls, information messages in the mass
media. 1,415 people were examined at the scree-
ning — 670 men (47.3%) and 745 women (52.7%).
The study did not include pregnant women and wo-

men on maternity leave. The response was 56.6%.
An informed consent to the examination and person-
al data processing was obtained from all individuals
participating in the study.

A team of doctors trained in standardized epidemi-
ological screening methods conducted the screening
procedure. The survey program included demogra-
phic and social data collection, a survey on smoking
habits and alcohol use, a socioeconomic survey, a
dietary survey, history of chronic diseases and med-
ication use, Rose questionnaire, anthropometry, trip-
licate measurement of blood pressure (BP), spirome-
try, an ECG with findings interpreted according to the
Minnesota code, etc.

Waist circumference (WC) was determined with
a measuring tape applied horizontally in the middle
between the lower edge of the costal arch and the
sacral part of the ilium. AO was determined with
WC =94 cm in men and > 80 cm in women [11, 12].
BP was measured three times with an interval of two
minutes on the right arm in a sitting position after
a S5-minute rest using an automatic digital blood
pressure monitor Omron MS5-1 (Japan). The ave-
rage value for 3 measurements was registered. Ar-
terial hypertension (AH) was determined at systolic
blood pressure (SBP) > 140 mmHg and / or diastolic
blood pressure (DBP) > 90 mmHg [12]. The body
mass index (BMI) was calculated using the formula
I = m/h2, where m — body weight (kg), # — height.
BMI was considered increased at > 25 kg/m? [12].
Individuals who smoked at least one cigarette a day
were considered smokers.

The epidemiological diagnosis of coronary ar-
tery disease (CAD) was made using validated epi-
demiological (the Rose Angina Questionnaire) and
functional criteria (an ECG with findings classified
according to the Minnesota Code (MC)). We used
the following ECG determination of CAD based on
the mentioned MC classification system for electro-
cardiographic findings (WHO guidelines):

— ECG changes indicative of new ischemia (new
ST-T changes or new left bundle branch block
(LBBB) — the Minnesota codes: ST-depression 4.1;
4.2; ST-elevation 9.2; LBBB 7.1);

— development of pathological Q waves in the
ECG (the Minnesota codes: 1.1.1-1.2.5, 1.2.7), in-
cluding the absence of unequivocal pathological Q
waves in the first ECG or in the set of ECGs followed
by a record with a pathological Q wave, or any Q
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wave in leads V2-V3 = 0.2 s, or a QS complex in
leads V2 and V3, 0or Q= 0.03 sand = 0.01 mV deep,
or a QS complex in leads I, II, aVL, aVF or V4-V6
in any two leads of a contiguous lead grouping (1,
aVL, V6: V4-V6: 11, 111, aVF).

Diabetes mellitus (DM) was established accor-
ding to the epidemiological criteria at fasting plasma
glucose levels > 7.0 mmol/l [13] and/or normogly-
cemia in individuals with a medical history of es-
tablished DM. The glomerular filtration rate (GFR)
was calculated using the CKD-EPI formula (Chronic
Kidney Disease Epidemiology Collaboration), which
takes into account race, sex, age, and serum crea-
tinine [14]. A decrease in the GFR was recorded at
GFR < 90 ml/min/1.73 cm?, GFR was considered
normal at GFR > 90 ml/min/1.73 cm?. Microalbumi-
nuria was not determined.

The WHO Respiratory Diseases questionnaire
and the European Community Respiratory Health
Survey (ECRHS) were used to detect respiratory
symptoms. The epidemiological diagnosis of chro-
nic bronchitis (CB) was established in the presence
of cough with mucus for at least three months a
year or if there was a medical history of the disease.
In addition, the respiratory function was studied
with the help of spirometry according to the recom-
mendations for performing spirometry on the Spiro
USB Micro spirometer (Medical Limited, Great
Britain).

Three reproducible attempts were selected for
the analysis. The spirometry results were recorded
and processed by the Spida 5 PC-based diagnostic
software. We selected the best parameters of forced
expiratory volume in 1 second, forced vital capaci-
ty, and their ratio to assess the respiratory function.
The calculation of the respiratory function indi-
ces was carried out using comparative equations
of proper values obtained in the Third Natio-
nal Health and Nutrition Examination Survey
(NHANES III) [15].

A single blood sampling from the ulnar vein
was performed on an empty stomach after 12-hour
fasting. Blood parameters of the lipid profile, glu-
cose, and creatinine were measured by the enzyma-
tic method using standard TermoFisher reagents on
the automatic biochemistry analyzer KoneLab 30i
(Finland). Conversion of serum glucose to plasma
glucose was performed according to the formu-
la: plasma glucose (mmol/l) = —0.137 + 1.047 x

serum glucose (mmol/l). The values > 5.0 mmol/l
were considered increased blood levels of to-
tal cholesterol (hypercholesterolemia), the values
> 3.0 mmol/l were considered increased blood levels
of LDL-C [12].

Statistical processing of the obtained results
was performed using the SPSS software package
(version 13.0). In the tables and text, the obtained
data are presented as absolute and relative values n
(%) for categorical variables and as Me (Q,,; O..)
for continuous variables due to non-normal distri-
bution of most variables. The Kolmogorov — Smir-
nov test was used to check the normality of distri-
bution. The nonparametric Mann — Whitney U-test
was used to assess the differences between two
independent samples. The Pearson’s chi-squared
test was used to compare the differences between
the sets of data. Associations were evaluated with
the help of multiple logistic regression analysis,
performed under the following conditions: the de-
pendent variable is dichotomous; independence
of observations; absence of multicollinearity, i.e.,
situations when the independent variables strongly
correlate with one other (» > 0.9); the linear depen-
dence between each independent variable and the
logarithm of the odds ratio (OR) (log odds); inde-
pendence of the residuals. The results of the mul-
tiple logistic regression analysis were presented as
OR and 95% confidence interval (95% CI) for OR.
The critical significance level of the null hypothesis
(p) was equal to 0.05.

RESULTS

1,415 individuals were examined, and AO was
determined in 600 people (42.4%). 286 of the 670
examined men had AO (42.7%) and 314 of the 745
examined women had AO (42.1%). The preva-
lence of AO in the population of Novosibirsk aged
2544 years was 42.4%: 42.7% in men and 42.1%
in women.

Table 1 shows the characteristics of the studied
factors depending on the presence of AO in the po-
pulation of Novosibirsk aged 25—44 years. The indi-
viduals with AO, both men and women, demonstra-
ted higher values of SBP, DBP, hip circumference
(HC), BMI, age, blood glucose levels, total choles-
terol, and LDL-C. Male population did not show any
differences in the blood levels of creatinine depen-
ding on the presence of AO. Female population with
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AO had lower blood creatinine levels than women
without AO.

Table 2 shows the prevalence of certain disea-
ses and pathological conditions in people under 45
years of age with AO. In the population of indivi-
duals with AO, the prevalence of DM was 2.3 times
higher, AH was 2.3 times higher, CB was 1.5 times
higher, hypercholesterolemia was 1.3 times high-
er, and hyper-LDL-cholesterolemia was 1.2 times
higher than in individuals without AO. Similar re-
sults were found in women. Thus, in women with
AO, the prevalence of DM was 13.0 times higher,

AH was 4.4 times higher, CB was 1.9 times higher,
hypercholesterolemia was 1.2 times higher, and hy-
per-LDL-cholesterolemia was 1.3 times higher than
in individuals without AO. Men showed significant
differences only for hypertension and lipid disorders.
So, in men with AO, the prevalence of hyperten-
sion was 1.8 times higher, hypercholesterolemia —
1.4 times higher, and hyper-LDL-cholesterolemia —
1.2 times higher than in men without AO. No dif-

ferences were detected in the prevalence of CAD
and reduced GFR depending on the presence of AO,
both in men and women.

Table 1
Characteristics of the studied factors depending on the presence of abdominal obesity in the population of Novosibirsk aged
25-44 years, Me (Q,; O..)
Population, n = 1.415 Men, n =670 Women, n = 745
Continuous
variables AO ectb, AO Her, AO ectb, AO Her, AO ecTb, AO Her,
n= 600 n=2815 P n=1286 n=384 P n=314 n=1431 P
123.0 116.5 128.0 122.5 118.3 110.3
SBP (114.0; 134.0) | (1075 125.5) | 21| (120.0, 137.5) | (115.5: 1315) | <01 | (109.5;120.0) | (103.5; 118.5) | <000
82.5 76.0 85.5 80.0 79.0 72.0
DBP (75.0:900) | (69.5:82.5) | 00| (795.925) | (74.5:88.0) | "0 | (720:86.0) | (66.5:77.9) | 00!
97.8 77.0 101.1 85.9 89.6 72.0
we 88.8:1035) | (71.0;85.0) | 20| (98.0:107.9) | (81.0;900) | <01 | (84.9;980) | (67.6;76.0) | 000!
5.83 5.62 5.94 5.73 5.73 5.41
Glucose 5.41:618) | (520:594) |00 (552.625) | 541:6.15 | 00| (s41.604) | (5.10:573) | 000
Total
5.14 4.83 5.27 4.87 5.01 4.78
E;‘Ocl)e“eml 452:579) | @21:543) | 0% 46s.550) | @26:550) | 00N | (439:568) | (419:539) | %00
3.26 3.02 3.34 3.15 3.15 2.89
LDL-C (2.66; 3.83) (2.45; 3.60) <0.001 (2.82; 4.01) (2.55;3.70) 0.001 (2.58;3.72) (2.36; 3.50) <0.001
.. 74.0 75.0 81.0 79.0 69.0 71.0
Creatinine | 6580y | (68.0:820) | "7 | (73.0,87.0) | (73.0:86.0) | " | (64.0,740) | (66.0:77.0) | 002
108.7 96.2 101.1 97.1 109.0 95.0
HC (104.0: 114.0) | (92.9;100.0) | 1| (104.5; 113.0)| (94.0; 100.4) | <1 | (103.8; 116.0) | (91.8:99.0) | <0001
29.50 22.60 29.90 23.78 29.0 21.78
BMI (27.07; 32.43) | (20.66:24.66) | 01 | (28.02; 32.41) | (21.85:25.57) | <001 | (25.81;32.44) | (20.00; 23.44) | <0001
39.0 35.8 38.5 35.0 39.5 36.4
Age 338;428) | (31.0:41.1) |00 330,424y | (304:404) | 00| 3as.430) | (14414 |00
Table 2
Prevalence of diseases and pathological conditions depending on the
presence of abdominal obesity in the population of Novosibirsk aged 25-44 years, %
Population, n = 1.415 Men, n =670 Women, n = 745
Categorical variables AO ( + )’ AO ( _ )’ AO ( + )’ AO ( _ )’ AO ( + )’ AO ( _ )’
n=600 | n=815 4 n=286 | n=384 p n=314 | n=431 P
Detected CAD 3.8 3.0 0.430 2.9 2.6 0.839 4.7 34 0.396
DM 3.5 1.5 0.022 49 11.0 0.260 2.6 0.2 0.004
AH 28.1 12.3 <0.0001 379 21.1 <0.0001 19.2 4.4 <0.001
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Table 2 (continued)

Population, n = 1.415 Men, n =670 Women, n = 745
Categorical variables AO (+), AO (-), AO(+), | AO(-), AO (+), AO (-),
n=600 | n=815 p n=286 | n=384 ’ n=314 | n=431 P
CB 26.5 17.7 <0.001 315 24.4 0.072 21.8 11.7 0.001
Hypercholesterolemia 56.2 43.5 <0.0001 61.4 44.7 <0.0001 51.4 42.5 0.016
Hyper-LDL-cholesterolemia 62.5 50.4 <0.0001 66.3 56.2 0.009 59.1 453 0.001
Reduced GFR 21.3 244 0.254 9.8 9.9 0.983 30.5 373 0.166

At the next stage of the study, a logistic regres-
sion analysis was performed to assess the impact of
AO on the development of diseases and pathologi-
cal conditions (Table 3). The categorical variables

of CAD, DM, AH, CB, lipid disorders, and reduced
GFR were included in individual models as depen-
dent variables, whereas AO, sex, age, and some oth-
er parameters were taken as independent variables.

Table 3

Logistic regression analysis of the impact of abdominal obesity on the development of diseases and pathological conditions
in the population of Novosibirsk aged 25-44 years

Population, n = 1,415 Men, n =670 Women, n = 745
Categorical variables
OR 95% Cl P OR 95% CI p OR 95% CI p
Detected CAD 1.158 0.624 - 2.147 0.642 | 1.048 0.384 - 2.856 0.928 1.194 | 0.538-2.652 | 0.663
DM 1.971 0.950 —4.087 0.068 | 1.255 0.545-2.890 | 0.593 | 10.765 | 1.316 —88.057 | 0.027
AH 2.550 1.899-3.422 | 0.0001 | 2.070 1.450-2.956 | 0.0001 | 4.074 | 2.343-7.082 | 0.0001
CB 1.830 1.326 -2.527 | 0.0001 | 1.655 1.069 —2.563 0.024 | 2.130 1.311-3.459 | 0.002
Hypercholesterolemia 1.486 1.193-1.851 | 0.0001 | 1.805 1.313-2.483 | 0.0001 | 1.293 | 0.957-1.746 | 0.094
Hyper-LDL-cholesterolemia | 1.527 1.222-1.907 | 0.0001 | 1.439 1.040-1.990 | 0.028 1.595 1.180-2.156 | 0.002
Reduced GFR 0.603 0.427 - 0.852 0.004 | 0.708 0.364—-1.376 | 0309 | 0.573 | 0.382-0.861 | 0.007

We found a significant impact of AO on the de-
velopment of AH in the population, including men
and women (Table 3). In the general population, age
(OR=1.089,95% CI1.062-1.117,p=0.0001), male
sex (OR =3.632, 95% C12.677-4.928, p =0.0001),
and smoking (OR = 1.689, 95% CI 1.188-2.402,
p = 0.003) significantly influenced the development
of AH along with AO. In men, only age, along with
AO, influenced the development of hypertension
(OR = 1.074, 95% CI 1.041-1.107, p = 0.0001).
In women, age (OR = 1.128, 95% CI 1.077-1.180,
p = 0.0001) and smoking (OR = 2.102, 95% CI
1.166-3.789, p = 0.014), along with AO, had a sig-
nificant impact on the development of hypertension.

We found a significant impact of AO on the de-
velopment of CB in the population, including men
and women (Table 3). In the general population, age
(OR =1.038,95% CI1.010-1.067, p = 0.008), male
sex (OR = 1.457, 95% CI 1.062-2.001, p = 0.020),
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and smoking (OR = 6.284, 95% CI 4.242-9.308,
p = 0.0001) significantly influenced the develop-
ment of CB along with AO. In men, the development
of CB was significantly influenced by age (OR =
1.040, 95% CI 1.002—1.080, p = 0.039) and smoking
(OR = 7.268, 95% CI 3.981-13.270, p = 0.0001),
along with AO. In women, only smoking, along with
AO, significantly influenced the development of CB
(OR =5.230, 95% CI 3.062-8.933, p = 0.0001).

A significant effect of AO on the development
of hyper-LDL-cholesterolemia in the population, in-
cluding men, was detected (Table 3). In the general
population, age (OR = 1.037, 95% CI 1.019-1.056,
p = 0.0001) and male sex (OR = 1.541, 95% CI
1.247-1.905, p = 0.0001) significantly influenced
the development of hyper-LDL-cholesterolemia
along with AO. In men, only age, along with AO,
influenced the development of hyper-LDL-cho-
lesterolemia (OR = 1.032, 95% CI 1.005-1.060,
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p =0.020). In women, only age had a significant ef-
fect on the development of hyper-LDL-cholestero-
lemia (OR =1.042,95% CI 1.016-1.067, p=0.001).

A significant effect of AO on the development
of hypercholesterolemia in the population, includ-
ing men, was identified (Table 3). In the general
population, age (OR = 1.046, 95% CI 1.028-1.065,
p = 0.0001) and male sex (OR = 1.310, 95% CI
1.064-1.613, p=0.011), along with AO, significant-
ly influenced the development of hypercholestero-
lemia. In men, only age, along with AO, influenced
the development of hypercholesterolemia (OR =
1.048, 95% CI 1.021-1.076, p = 0.001). In wom-
en, the development of hypercholesterolemia was
affected only by age (OR = 1.045, 95% CI 1.021—
1.069, p = 0.0001).

A significant influence of AO on the development
of DM in women was also detected (Table 3). In the
general population, the development of DM was in-
fluenced by age (OR = 1.113, 95% CI 1.045-1.185,
p = 0.001) and male sex (OR = 2.976, 95%
CI 1.440-6.151, p = 0.003); in men — only by age
(OR =1.152, 95% CI 1.065-1.247, p = 0.0001) and
in women — only by AO.

Finally, a significant reverse effect of AO on the
development of reduced GFR in the population, inclu-
ding women, was established (Table 3). In the gener-
al population, age (OR =1.083, 95% CI 1.054—1.13,
p = 0.0001) and female sex (OR = 0.183, 95%
CI 0.125-0.268, p = 0.0001), along with AO, sig-
nificantly influenced the development of reduced
GFR. In men, the development of reduced GFR
was influenced only by age (OR = 1.099, 95%
CI 1.035-1.167, p = 0.002). In women, age, along
with AO, also had a significant effect on the de-
velopment of reduced GFR (OR = 1.078, 95%
CI 1.046-1.12, p = 0.0001). No effect of AO on
the CAD development in the population, including
men and women, was found.

In the young population under the age of 45, AO
had a significant direct effect on the development of
AH, CB, hypercholesterolemia, hyper-LDL-choles-
terolemia and a reverse effect on the development
of reduced GFR. In the male population under 45
years of age, AO had a significant direct effect on
the development of AH, CB, hypercholesterolemia,
and hyper-LDL-cholesterolemia. In the female po-
pulation under the age of 45, AO had a significant
direct effect on the development of DM, AH, CB,

and hyper-LDL-cholesterolemia and a reverse effect
on the development of reduced GFR.

DISCUSSION

Our results confirming the direct effect of AO on
the AH development in young people under 45 years
of age correspond with the known data on the rela-
tionship between AO and AH, also as criteria/signs
of metabolic syndrome (MS), as well as to data from
other studies of recent years. Thus, Y. Zhao et al.
in the cohort study of rural Chinese residents of a
broad age group showed that AO increased a 6-year
risk of developing AH in both men and women [16].
J. B. Almeida et al. found that young women with
AO aged 20-59 years demonstrated a two times
higher AH prevalence than women without AO [17].

Our results regarding the direct effect of AO on
the development of CB in young people under 45
years of age do not contradict the data of other stud-
ies. E. Pekkarinen et al. concluded that even mild
AO in healthy non-smoking adults was associated
with obstructive changes in the lungs and a decrease
in the vital capacity of the lungs according to spi-
rometry [18]. Similar data were obtained by A. Va-
trella et al. in the cohort study of women in Italy
[19]. Discussing a possible mechanism of the asso-
ciation between AO and CB, it is essential to note
the etiopathogenetic synergy of proinflammatory
biomolecules secreted by visceral adipocytes in AO
and factors of chronic inflammation that potentiate
the development of chronic inflammatory diseases,
including CB [6, 20].

The obtained results regarding the direct effect
of AO on the development of lipid disorders (hy-
percholesterolemia, hyper-LDL-cholesterolemia) in
young people under 45 years of age have not come
as unexpected, since the data on the relationship
between AO and lipid disorders, also as criteria/
signs of MS, have also been known for a long time.
Z. Hertelyova et al. also found a positive associa-
tion of non-HDL-C with increased WC and BMI in
students. However, unlike us, they did not find an
association of WC with the level of total blood cho-
lesterol [21].

MS based on AO and insulin resistance is known
to play a potentiating role in the development of
type 2 diabetes. In this respect, the expected results
regarding the association of AO and DM were not
obtained, since this association was identified only
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in women. However, it should be noted that our
study determined DM only with the help of epidemi-
ological criteria (fasting plasma glucose level) [13]
and did not take into account the type of DM. In the
12-year cohort study, F. Salehinia et al. also identi-
fied an association of AO with the development of
type 2 diabetes only in women over 20 years of age,
but not in men [22].

Our results regarding the reverse effect of AO on
the development of reduced GFR in young people
under 45 years of age, including women, do not cor-
respond with the data of other studies. Several stu-
dies demonstrated a direct association of AO with
reduced GFR and kidney pathology [23-25]. On the
other hand, A. Shahali et al. found no association
of AO with an increased risk of kidney failure in
either men or women in the cohort study of 7,002
people over the age of 20 [26]. It is important to note
that our study considered GFR < 90 ml/min/1.73
cm? as reduced GFR, since there were only 4 young
people with reduced GFR < 60 ml/min/1.73 cm2
(this criterion for reduced GFR is used in the major-
ity of studies), which was not enough for a correct
statistical analysis of the results.

Finally, the expected association of AO with
early CAD (according to epidemiological criteria)
in young people aged 25-44 years was not identi-
fied. The obtained data differ from the known re-
sults of other numerous studies showing a direct
association of AO with CAD development and its
complications. It should be noted that most of these
studies were conducted on populations, cohorts or
selective clinical groups of people over 45 years of
age. Our results presented in Tables 2 and 3 reflect
higher prevalence of CAD in individuals with AO
and a direct association of CAD with AO, but their
statistical significance has not been achieved. This
is probably due to the low number of CAD cases in
the examined young population under the age of 45.

CONCLUSION

Therefore, it is important to note that AO, inclu-
ding AO in young people, probably causes and trig-
gers the development of not only endocrine and car-
diovascular diseases, but also a broad range of other
socially sensitive diseases and pathological condi-
tions. These studies will undoubtedly continue, in-
cluding the search for pathogenetic associations of
AO with the development of a wide range of diseases.
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Features of morphometric parameters of vessels in the human portal venous
system identified by multislice computed tomography
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V.F. Voino-Yasenetsky Krasnoyarsk State Medical University
1, Partizana Zheleznyaka Str., Krasnoyarsk, 660022, Russian Federation

ABSTRACT

The aim of this study was to identify the morphometric features of the human portal venous system by means of
multislice computed tomography (MSCT).

Materials and methods. A contrast X-ray study of the portal vein was carried out in 53 men who were treated in
the surgical departments of the Krasnoyarsk Regional Hospital No. 1. The average age of the patients was 54.9
+ 1.7 years (3671 years). Measurements were performed on 3D models of the vascular bed in the portal venous
system (GE Advantage Workstation and Siemens singo.via workstations). Branching patterns, length, diameter,
angle of the portal vein formation relative to the midline of the human body, and angles of formation of the vessels
forming the portal vein in the frontal plane were evaluated.

Results. Variations in the morphometric parameters of the intrahepatic vessels of the portal vein are obvious,
although the branching patterns are not diverse and are reduced to one type — the magistral pattern (according to
V.N. Shevkunenko). The veins that form the portal vein are represented by three systems, each of which has a stem
and tributaries that differ in branching patterns and other morphological characteristics.

Conclusion. The findings of the study made it possible to supplement the scientific materials regarding branching
patterns and morphological characteristics of the portal vein and its tributaries as well as to use the morphometric
characteristics of the superior and inferior mesenteric and splenic veins to resolve the issues of surgical intervention
on the abdominal organs.

Key words: portal vein, 3D modeling, branching pattern, superior mesenteric vein, inferior mesenteric vein,
splenic vein.
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OcobeHHOCTM MOpdpOoMeTpPHUUYECKUX NOKA3aTeneil COCYAO0B BOPOTHOM CUCTEMDI
4ye/I0BEKa, BbifiIB/IEHHbIE MOCPEeACTBOM MY/IbTUCNIMPA/IbHON KOMMbIOTEPHOM

Tomorpadpum

Pycckux A.H., Wla6oxa A.[l., TiomeHueB H.B., lepeBuyosBa C.H.

Kpacnospckuii 2ocyoapcmeennwiii meduyunckuti yhusepcumem (Kpacl' MY) um. npogh. B.®. Botino-Aceneyrkoco

Poccus, 660022, 2. Kpacnospcek, yn. [lapmuzana Kenesmnsika, 1

PE3IOME

Hens — BoIsIBIEHIE MOP(HOMETPUIECKAX 0COOCHHOCTEH BOPOTHOH CHCTEMBI YeJI0BEKa MOCPEICTBOM MYIbTUCITH-
pabHON KOMITBIOTEPHOH TOMOTpaduu.

Marepuajbl ¥ MeToAbL. J{/1s peleHus NOCTaBICHHOHN 3a1a4n MPOBEJEHO PEHTIT€HKOHTPACTHOE HCCIEIO0BAHHE
BOPOTHOH BEHBI 53 MyXYMHaM, IPOXOJMBIINM JICYEHHE B XUPYPTUUECKUX OTAeNeHHAX KpacHospckoil kpaeBoit
6onpHuIB! Ne 1. Cpenuuii Bospact coctaBun 54,9 + 1,7 net (36—71 rox). i3mepeHns npoBOoIMINCH HA MyJIBTHILIA-
HapHBIX PEKOHCTPYKIMAX COCYIUCTOTO pycia BOPOTHOH cucteMsl (paboune cranunu GE Advantage Workstation,
Siemens singo.via). OLeHUBaINCh TUIBI BETBICHUS, [UTMHA, IUAMETP, YT0Jl 00pa30BaHMs BOPOTHOH BEHBI OTHOCH-
TEJILHO CPEANHHON JIMHUY TEJa YeJIOBEKa U YIJIbl 00pa30BaHuUs COCYOB, 00pa3yIoONIX BOPOTHYIO BEHY BO ()pOH-
TaJIbHOU INIOCKOCTH.

Pe3yasTatsl. Bapuannu MmopdomeTprueckux napaMeTpoB BHY TPUIIEYEHOUHBIX COCY/I0B BOPOTHOW BEHbBI OUEBH/I-
HBI, XOTS] BAPHAHTHI BETBIICHUS] HEPa3HOOOPa3HbI M CBOJATCS K OTHOMY THITY — MarucTpaisHoMmy (o B.H. IlleBky-
HEHKO). BeHsl, 00pasyloliie BOpOTHYIO BeHY, IPEICTaBICHBI TpeMs OacceHaMu, B KaXKIOM U3 KOTOPBIX UMEIOTCS
CTBOJI M IPUTOKH, OTJIMYAIOILINECS TUTIAMH BETBIICHHS U IPYTHMH MOP(OJIOTUUECKUMH XapaKTEPUCTHKAMH.

3axinodenne. lccienoBanue N03BOIMIO JONOIHUTh HAY4HbIE MaTepHajabl OTHOCUTEIBHO TUIIOB BETBJICHUS U
MOpP(}OJIOTHUECKUX NTapaMeTPOB BOPOTHOM BEHBI M €€ BETBEH, NCIIOIb30BaTh MOP(HOMETPHUECKUE XapaKTEPUCTHKH
BEpXHEH, HIDKHEH OpbDKEEUHBIX M CeJIC3CHOYHON BEH JUIS PELIeHHs BOIPOCOB XUPYPTrHUECKOr0 BMENIATEIbCTBA
Ha opraHax OpIOIIHOI MOJIOCTH.

KirwueBblie ciioBa: BopoTHas BeHa, 3D-MoaeIupoBaHue, THIT BETBICHHS, BEPXHss OpbDKECUHAsl BEHA, HUKHSIS
OpbDKECYHAsI BCHA, CEJIC3CHOYHAS BCHA.

KoHduuKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHINAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OPpOBEACHUU HUCCIIENO0-
BaHUA.

CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce manneHTs! noanucanty NHGOPMUPOBAHHOE COTJIACHE Ha yJacTHE B HC-
cienoBannu. MccnenoBanue o1o0peHO JOKaIBHEIM dTHIecKHM KomuTeToM KpacI'MYVY (mportokon Ne 84/2018 ot
06.06.2018).

Jas uurupoBanusi: Pycckux A.H., [lla6oxa A. /1., Tromennes H.B., Jlepesriora C.H. Ocobennoctu Mmopdomerpu-
YECKUx HOKa3aTeJ’[eﬁ COCy10B BOpOTHOﬁ CHUCTEMBI YEJIOBEKA, BbISIBJICHHBIC ITOCPEACTBOM MyanncnupaanOﬁ KOM-
HObIOTEPHOI TOMOTrpaduu. brotemens cubupcrou meduyunsvt. 2021; 20 (4): 49-55. https://doi.org/10.20538/1682-
0363-2021-4-49-55.

INTRODUCTION

Variability of the human portal venous system is
beyond doubt [1-5]. Features of interposition, bran-
ching of veins included in this system, and its stereo-
metric and linear characteristics define the develop-
ment, course, and methods of surgical intervention for

several surgical diseases, which eventually determines
the outcome of surgical pathology [6—8]. According to
leading gastrointestinal surgeons, enhancement of di-
agnosis of the structural features in the portal venous
system will allow to answer many questions about the
therapeutic and diagnostic strategy in the preoperative
period [9—-12].
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Radiographic testing of vessels, organs, and entire
systems in various areas of medical practice shows
good diagnostic results [13, 14]. A study carried out
on a stationary X-ray machine in order to identify the
features of rectal vessels of the portal venous system
proved high information capacity of the method and
allowed to find out postmortem characteristics, such
as morphometry, spatial location, and vein branching
[15-18].

Variant anatomy of major vessels of the portal ve-
nous system has been studied by a number of authors
[19-22]. In 2018, L.V. Gaivoronsky et al. presen-
ted the main results characterizing variants of portal
vein trunk formation and quantitative measurements
of the vein length, diameter, and roots, showing a
wide range of morphometric characteristics. The re-
sults obtained by multislice computed tomography
(MSCT) of the abdominal cavity were defined as
markers that allowed for planning an optimal surgi-
cal strategy and reducing postoperative complications
on the part of the mesenteric and portal vein system
in acute extensive portal vein or superior mesenteric
vein thrombosis [6].

However, the study results can be applied only to
operations on abdominal organs, in which the major
vessels of the portal venous system are involved. Ac-
cording to A.V. Kolsanov et al. (2017), for a compre-
hensive study of the portal venous system of living
people, it is eligible and competent to use contrast
computed tomography with bolus tracking, which is
one of the most precise methods to estimate morpho-
metric features of vascular formations. Such a tech-
nique is the best for studying variant angioanatomy
with visualization of vessels with a diameter of 1 mm
and more, which allows to use this method not only
in choosing the surgical strategy to treat portal hyper-
tension, but also in all types of liver and pancreatic
resection, liver transplantation etc. [9].

The aim of the study was to identify the morpho-
logical features of the human portal venous system.

MATERIALS AND METHODS

A contrast X-ray study was carried out on 53 men
who were treated in the surgical departments of the
Krasnoyarsk Regional Hospital No. 1. The inclusion
criterion: patients with surgical diseases of the abdom-
inal organs without circulatory disorders. The ave-
rage age of the patients was 54.9 + 1.7 years (36—
71 years). All patients signed an informed consent to
participate in the study. The study was approved by
the local Ethics Committee at V.F. Voino-Yasenetsky

Krasnoyarsk State Medical University (Protocol No.
84/2018 of 06.06.2018).

The measurements were performed on 3D recon-
structions of the vascular bed of the portal venous
system (GE Advantage Workstation and Siemens sin-
go.via working stations) on the basis of MSCT scans
of the abdominal cavity using bolus contrasting with
Ultravist-370 (Bayer Pharma AG, Germany). The
volume of the used contrast medium was 100 ml, the
injection rate was 4 ml per second, and the average
radiation exposure was 11.3 mSv.

The contrast X-Ray study is applicable to the
study of variants of portal venous system formation
and their morphometric patterns, as well as branching
patterns at different levels of structural organization
using classifications by the T. Nakamura (type A —
classical anatomy, type B — portal trifurcation, type
C — intra-; type D — extrahepatic branching of the
anterior branch, and type E — absence of the anteri-
or branch) and V.N. Shevkunenko (magistral, mixed,
and distributed patterns) [9, 23, 24].

The length, diameter, and angle of the portal vein
formation relative to the midline of the human body
as well as angles of formation of the vessels forming
the portal vein in the frontal plane were estimated. The
measurements were performed by building a central
axis of the vessel with further measuring of its linear
parameters [25].

Statistical processing was carried out using the
SPSS Statistics 17.0 software package. The normali-
ty distribution was assessed using the Shapiro — Wilk
test. Characteristics of variational series for quantita-
tive features with nonparametric distribution and data
with parametric distribution due to their small number
were presented using measures of the central tendency
(mean (M), median (Me), mode (Mo)) and measures
of variance (standard deviation, range, interquartile
range [Q,.; O.]). When comparing two independent
samples of nonparametric data, the nonparametric
Mann — Whitney U-test was used.

RESULTS AND DISCUSSION

3D models of CT scans of the portal venous system
among all the examined men were characterized by
constant presence of the portal vein, its right branch
(with the anterior and posterior branches) and left
branch (with the transverse and umbilical portion), as
well as splenic, superior and inferior mesenteric veins,
and more superior veins, forming the main tributar-
ies. According to X-ray, the portal vein was a cylinder
with the diameter of 14.5 [13.0; 14.5] mm, and the
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diameter at the place of its formation was similar to
the diameter of its origin. The length ranged from 58
to 71 mm and the average length was about 63 mm.
The portal vein was formed at the angle of 68 [46; 72]°
relative to the midline of the human body, which
proves the previously published data on the frequency
of the angle (Fig. 1) [6].

Fig. 1. 3D model of the human portal venous system. 2 —

Left branch of the portal vein; 2a — Transverse portion; 2 —

Umbilical portion; 3 — Right branch of the portal vein; 3a —
Anterior branch; 35 — Posterior branch

Morphometric parameters of portal vein branches
are shown in Table 1. Formation angles of the main
branches of the portal vein were statistically different
(p < 0.05). If the formation angle of the right main
branch made 135.0 [130.0; 141.0]°, the left branch
was located at an angle of 53.0 [49.5; 60.0]° relative
to the portal vein. In 96% of cases, both branches
were formed according to the classical branching pat-
tern (according to the classification by T. Nakamura),
and in individual cases, trifurcation and intrahepatic
branching of the anterior portion occurred.

The left branch of the portal vein was longer than
the right one (82.0 [79.5; 89.0] mm and 46.0 [39.5;
47.5] mm, respectively); the left and right branches
had identical diameters (13.0 [10.5; 14.5] mm and 11.0
[10.5; 12.0] mm, respectively). The right branch of the

portal vein was dichotomously divided into anterior
and posterior branches; the length of the anterior (75.5
[73.0; 77.5] mm) and posterior (80.5 [75.5; 81.0] mm)
branches and their diameters (8.0 [7.0; 8.5] mm and
7.0 [6.5; 8.5] mm) did not differ significantly, unlike
the angles of their formation. The anterior branch was
a kind of continuation of the right branch and depar-
ted from it at the angle of 160.0 [145.0; 170.0]°. The
posterior branch formed an almost right angle with
the right branch (115.0 [100.0; 125.0]°). Portions of
the left branch of the portal vein had peculiarities in
terms of length. The transverse portion (53.0 [48.0;
61.0] mm) was always longer than the umbilical one
(31.0 [28.0; 39.0] mm), while their diameters did not
differ significantly.

Table 1
Morphometric parameters of the portal vein branches
found by X-ray, Me [P P_]
Length, Diameter, Formation
Parameter
mm mm angle, degree*
Portal vein 63.0 14.5 68.0
[58.0; 71.0] | [13.0; 14.5] [46.0; 72.0]
46.0 11.0 135.0
Right branch of [39.5;47.5] | [10.5;12.0] | [130.0; 141.0]
the portal vein: 75.5 8.0 160.0
— anterior branch [73.0; 77.5] [7.0; 8.5] [145.0; 170.0]
— posterior branch 80.5 7.0 115.0
[75.5; 81.0] [6.5; 8.5] [100.0; 125.0]
Left branch of the 82.0
portal vein: [79.5; 89.0]
— transverse 53.0 13.0 53.0
portion [48.0; 61.0] | [10.5;14.5] [49.5; 60.0]
— umbilical 31.0
portion [28.0; 39.0]

*Formation angle of the portal vein relative to the midline of the hu-
man body

As a result, variations in the morphometric pa-
rameters of intrahepatic vessels of the portal vein are
obvious. The vessels that form the portal vein are pre-
sented by three systems, each of which has a trunk and
tributaries differing in the branching pattern and other
morphological characteristics.

The superior mesenteric vein is characterized by
the mixed branching pattern [23]. It has one trunk of
93.5 [78.5; 119.5] mm in length with the diameter of
9.5 [6.5; 12.0] mm entering the portal vein at the angle
of 170.0 [160.0; 175.0]° and formed by tributary veins
of most of the unpaired organs in the upper and lower
abdominal cavity (Fig. 2). The tributaries of the supe-
rior mesenteric vein have almost the same diameter of
3.5-12 mm, but different length. The shortest tribu-
taries are the jejunal vein (40.0 [38.5; 46.5] mm), the
right gastroepiploic vein (45.0 [38.5; 53.5] mm), the
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iliac vein (50.0 [48.5; 53.5] mm), the middle colic vein
(60.0 [58.5; 63.5] mm), and the ileocolic vein (70.0
[68.5; 78.5] mm). The maximum length is determined
in the right colic vein (115.0 [108.5; 120.5] mm), drai-
ning the ascending and transverse parts of the colon.
The convergence angles of each tributary of the supe-
rior mesenteric vein are defined by locations of the in-
ternal organs from which the venous drainage is carried
out. Since iliac and ileocolic veins are caudal branches,
the value of their angles approaches the flat angle and
averages 160 (160.0 [155.0; 171.0]° and 160.0 [150.0;
171.01°, respectively). The given value is the statistical
maximum relative to the convergence angles of other
veins in this system. The middle (120.0[110.0; 131.0]°)
and right (140.0 [130.0; 145.0]°) colic veins have the
average value. The minimal values are typical of the je-
junal and right gastroepiploic veins (70.0 [60.0; 81.0]°
and 85.0 [80.0; 91.0]°, respectively).

The inferior mesenteric vein system contains few-
er veins entering its bed compared with the superior

mesenteric vein vasculature. The magistral branching
pattern of the inferior mesenteric vein is found in 23%
of cases, while in 77% of cases this vein is charac-
terized by the mixed pattern (Fig. 3) [23]. In case of
the mixed branching pattern, the inferior mesenteric
vein enters the superior mesenteric vein between the
right colic and jejunal veins. In most cases, the inferi-
or mesenteric vein of the magistral branching pattern
enters the splenic vein (Fig. 1) or is an independent
tributary of the portal vein. Its diameter is significant-
ly smaller than that of the superior mesenteric vein
and reaches 4.5 [2.0; 6.5] mm. Although length val-
ues vary depending on the branching characteristics,
they do not significantly differ from the values of this
parameter for the superior mesenteric vein. The angle
of formation, as in the case of inflow into the superior
or splenic vein, ranges from 135 to 151°. Linear para-
meters and formation angles of the inferior mesenter-
ic vein tributaries do not have statistically significant
differences (Table 2).

Table 2
Morphometric parameters of the portal vein roots found by X-ray, Me [P ; P..]
Parameter Length, mm Diameter, mm Formation angle, degree

Superior mesenteric vein: 93.5[78.5; 119.5] 9.5[6.5; 12.0] 170.0 [160.0; 175.0]
—middle colic vein 60.0 [58.5; 63.5] 9.0 [6.0; 11.0] 120.0 [110.0; 131.0]
— jejunal vein 40.0 [38.5; 46.5] 4.0 [3.5; 6.0] 70.0 [60.0; 81.0]

— iliac vein 50.0 [48.5; 53.5] 5.5[5.0;7.0] 160.0 [155.0; 171.0]
—ileocolic vein 70.0 [68.5; 78.5] 5.0 [3.5; 6.5] 160.0 [150.0; 171.0]
— right colic vein 115.0 [108.5; 120.5] 6.0 [6.5;9.0] 140.0 [130.0; 145.0]
— right gastroepiploic vein 45.0 [38.5; 53.5] 4.0 [3.5;6.0] 85.0[80.0; 91.0]

Inferior mesenteric vein: 108.5[104.0; 111.5] 4.5[2.0; 6.5] 140.0 [135.0; 151.0]
— left colic vein 40.0 [33.5; 49.5] 3.5[2.0; 4.5] 175.0 [170.0; 179.0]
— sigmoid vein 50.0 [27.0; 53.5] 3.0[2.0; 3.5] 165.0 [160.0; 170.0]
— superior rectal vein 30.0 [20.0; 50.0] 3.0 [2.0; 4.0] 160.0 [155.0; 165.0]
fﬁ}ff?‘ca:;g‘e - loic vein 125.0 [97.5; 129.5] 7.5[5.5; 8.5] 100.0 [95.0; 111.0]
3 shor% astrig Seins 20.0 [13.5;29.5] 5.0 [4.0; 6.0] 130.0 [120.0; 135.0]
(n= 671(;2) 12.0 [7.0; 18.5] 4.0 [3.0; 4.5] 90.0 [90.0; 95.0]

Unlike the superior and inferior mesenteric vein
systems, the splenic vein always has the magistral bran-
ching pattern (Fig. 4). The splenic vein has medium di-
ameter (7.5 [5.5; 8.5] mm) and maximum length (125.0
[97.5; 129.5] mm) values and enters the portal vein at a
smaller angle (100.0 [95.0; 111.0]°) than in case of the
superior and inferior mesenteric veins. Tributaries of
the splenic vein are numerous, values of the linear pa-
rameters do not differ significantly. The average values
for the length, diameter, and convergence angle of the
left gastroepiploic vein are 20.0 [13.5; 29.5] mm, 5.0
[4.0; 6.0] mm, and 130.0 [120.0; 135.0]°, respectively.
The short gastric veins enter the splenic vein at a right

angle (90.0 [90.0; 95.0]°), and the average values for
their length and diameter reach 12.0 [7.0; 18.5] mm and
4.0 [3.0; 4.5] mm, respectively.

Radiographic testing of the portal venous system
using MSCT with bolus tracking has shown high
information capacity, which had been previously
demonstrated by A.V. Kolsanov et al. [9].

Estimating the length, diameter, and formation an-
gles of the portal vein and its tributaries, we came to
the conclusion that modern diagnostic imaging tech-
niques with the use of contrast agents should be used
to study the portal venous system at various levels of
its structural organization.
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Fig. 2. 3D model of the human superior mesenteric vein: I —

superior mesenteric; 1 — middle colic vein; 2 — jejunal vein;

3 —Iliac vein; 4 — Ileocolic vein; 5 — Right colic vein; 6 — Right
gastroepiploic vein

Fig. 3. 3D model of the human inferior mesenteric vein: II —
Inferior mesenteric vein; 1— Left colic vein; 2 — Sigmoid vein;
3 — Superior rectal vein

Splenic vein

Fig. 4. 3D model of the human splenic vein: 1 — Left
gastroepiploic vein; 2 — Short gastric veins

CONCLUSION

The current study provides quantitative landmarks
for the major venous structures in the portal venous
system. The research results made it possible to sup-
plement scientific materials regarding the branching
patterns and morphological parameters of the portal
vein and its branches. The obtained data reflecting
morphometric characteristics of the superior and in-
ferior mesenteric veins as well as splenic vein prove
variability of veins included in the v. portae system
and a wide range of its structural anatomy and can
be used to resolve the issues of surgical intervention
on the abdominal organs. Variations typical of each
venous system should be taken into account when
choosing the strategy of managing patients with portal
hypertension or at the preoperative stage.
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Comparison of cutting and coagulation properties of 1.56 and 1.94 pm
fiber lasers and a 0.98 ym semiconductor laser
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ABSTRACT

Aim of the study was to compare the cutting and coagulation properties of 1.56 and 1.94 um fiber lasers with those
of'a 0.98 um semiconductor laser.

Materials and methods. A comparative study of the biological effects of 1.56 and 1.94 um lasers and a 0.98 um
semiconductor laser used in a constant, continuous mode was carried out. The cutting properties of the lasers were
evaluated on the chicken muscle tissue samples by the width and depth of the ablation zone formed via a linear laser
incision at a speed of 2 mm/s, while the coagulation properties were assessed by the width of the lateral coagulation
zone. The zones were measured using a surgical microscope and a calibration slide. For statistical analysis, power
values of 3, 5,7, 9, and 11 W were chosen for each laser wavelength.

Results. Analysis of the findings confirmed that laser wavelength had a statistically significant effect on the
linear dependence between incision parameters and laser power. It was found that the 1.56 pm fiber laser (water
absorption) had a greater coagulation ability but a comparable cutting ability compared with the 0.98 um laser
(hemoglobin absorption). When used in the power mode of 7W or higher, the 1.94 um laser provided superior
cutting performance compared with the 0.98 pm semiconductor laser at the same exposure power. Elevating the
power in any of the lasers primarily increased the width of the ablation zone, and to a lesser extent — the crater
depth and the width of the lateral coagulation zone. Therefore, in comparison with the 0.98 pm semiconductor
laser, higher radiation power in the 1.56 and 1.94 um lasers mainly influences their cutting properties, expanding
the width and depth of the ablation zone, and has a smaller effect on their coagulation ability.

Conclusion. The findings of the study showed that the 1.56 and 1.94 um fiber lasers have better coagulation properties
in comparison with the 0.98 um semiconductor laser. was statistically proven that all incision characteristics (width
of the lateral coagulation zone, depth and width of the ablation zone) for the 1.56, 1.94, and 0.98 um lasers depend
on the power of laser radiation. The 1.94 um laser is superior to the 0.98 um laser in its cutting properties.

Key words: laser, ablation, coagulation, wavelength, power.
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CpaBHEHUE peXYLMX U KOAry/IALLMOHHbIX CBOMCTB BO/IOKOHHbIX /1a3€pOB
C A/MHOM BO/IHbI 1,56 U 1,94 MKM C NO/1yNpOBOAHUKOBbIM /1a3€pOM 0,98 MKM

Pa6osa M.A., Ynynos M.10., Llymunosa H.A., MoptHoB I'.B., Tuxomuposa E.K.,
Mankosa M.E.

Iepsviii Canxkm-Ilemepbypeckuii 20cy0apcmeenuviii MeOUyuHCKull yrusepcumem umenu akademuxa M.11. I[lasnosa
(IICIT6I'MY)
Poccus, 197022, 2. Canxm-Ilemep6ype, yn. Jlvea Torcmozo, 6-8

PE3IOME

Lean — MpOBECTH CPABHUTEIBHYIO OLEHKY PEXYIIMX M KOATYJIAIHOHHBIX CBOWCTB BOJIOKOHHBIX JIa3epOB C
JUTMHAaMU BOJH 1,56 1 1,94 MKM ¢ mOynpoBOIHUKOBBIM JiazepoM 0,98 MKM.

Marepuajbl U MeToAbl. IIpoBeseHO CpaBHHUTEIHHOE HCCIEOBAaHNE OHOJOTMYECKHX CBOHCTB BOJIOKOHHBIX
J1a3epoB ¢ JNIMHOI BoyHBI 1,56 1 1,94 MKM ¢ 1OTynpoBOAHUKOBEIM Ja3epoM 0,98 MKM B IOCTOSHHOM HENIPEPHIBHOM
pexume. Pexxymue cBoiicTBa J1a3epoB OLEHUBAINCH HA MBIIICYHOI TKAHM KYPHUIIBI 110 MIUPUHE U TIyOUHE 30HEI
a0y, GopMHpyeMol B XOJie JIMHEHHOTO JIa3epHOTO pa3pe3a CO CKOPOCThIO 2 MM/C, KOAryJSIIHOHHBIC —
1o mMupHHE OOKOBOI 30HBI Koaryisiuu. M3mepeHue 30H IMPOBOAMIN B YCIOBUSX MHKPOCKOIHH C ITOMOIIBIO
KaJMOpOBOYHOTO IIPEIMETHOTO CTeKIa. JJIs CTaTHCTHYECKOTO aHaIM3a BEIOpaIi 3HaYeHHUst MOIHOCTH 3, 5, 7, 9 1
11 BT [u1s1 ka>101 JUIMHBI BOJIHBI JIA3EPHOTO U3IIyYCHHUS.

Pe3ynbTaThl. AHAIN3 MOTYYEHHBIX PE3YNbTATOB M3MEPEHUH MOATBEPIMI CTATHCTHYCCKH 3HAYMMOE BIIHSHHE
JUTMHBI BOJIHBI JIA3€PHOTO WM3IyYEHMS Ha XapakTep JTMHEHHOH 3aBHCHMOCTH INapaMeTpOB JIa3epHOTO pa3pes3a
OT MOILHOCTH BO3JECHCTBUA. YCTaHOBJICHO, 4YTO BOJOKOHHBIM BOAOIOIJIOIIAEMBI Ja3ep C IJIUMHOH BOJHBI
1,56 MM obnagaet OomnbIel Koaryaupyromeil cliocOOHOCTBIO, HO COIIOCTaBUMOM CIIOCOOHOCTHIO K pe3Ke TKaHeH
[0 CPaBHEHHIO C TE€MOTJIOOMHIOTIONIAEMBIM Jla3epoM ¢ AnuHOW BomHBI 0,98 MkM. Jlazep ¢ mnuHOW BOJHBI
1,94 mxMm Ha MouiHOCTH 7 BT 1 BBIIIE MPEBOCXOJHUT MO CBOUM PEXYIIUM CBOWCTBAM MOJTYHPOBOAHUKOBEIN Ja3ep
0,98 MKM Ha TOH K€ MOIIHOCTH BO3AeHCTBHs. /Iy BceX Na3epoB MPHUPOCT MOIIHOCTH U3NIyYeHHS B OOJBIICH
CTENEHH yBEIMYNBACT IIMPHUHY 30HBI aONSIIUH, B MEHBIICH CTENEHH — INIyOMHY Kparepa W IIHPHHY OOKOBOH
30HBI Koaryysimuu. TakuM o0pa3oM, NMPUPOCT MOIIHOCTH H3IyYeHHS AT JIa3epoB C JUIMHOM BONHBI 1,56 n
1,94 MKM IIpeuMyIIECTBEHHO BIHMACT Ha PEXXYIIIE CBOMCTBA, YBETUUUBAsI ITUPUHY U TITyOHHY (GopMUpyeMOii 30HBI
a0AIuy, B MEHBIIEH CTENEeHH — HA €r0 KOAryJISIMOHHBIE CIIOCOOHOCTH B CPABHEHHH C MOJIYIIPOBOJIHHKOBBIM
na3zepoM ¢ JUInHOM BosHBI 0,98 MKM.

3akuarovenue. [To pe3yiabraTaM SKCIEPUMEHTAIBHOTO UCCIIEOBAHUS OOHAPYKEHO, YTO JIa3ephl C AJTMHON BOJIHBI
1,56 u 1,94 MxM 0051a7ai0T Jy4IIMMH KOAryJIMPYIOIIMMH CBOWCTBAMU B CPaBHEHUH C IOJIYIPOBOAHUKOBHIM
nazepom 0,98 mxm. CTaTHCTHYECKU JJOKA3aHO, YTO BCE MapaMeTphl JIa3epHOro pa3pesa (IIHPHHBI OOKOBOW 30HBI
KOAryJISIUH, TJyOUHBI ¥ LIMPUHBI 30HBI aOJISIKK) U1 J1a3epoB ¢ JUTMHOM BonHbI 1,56; 1,94 u 0,98 MM 3aBucsT
OT MOIIHOCTH Jla3epHoro usnyueHus. Jlazep ¢ pnuHoit BonHbI 1,94 MM npeBocxoauT nazep 0,98 MkM 1o cBoum
PEXYLIMM CBOMCTBAM.

Kirouessble ciioBa: nasep, abisiius, KOaryJysiius, JUIMHA BOJIHBI, MOIITHOCTb.

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 CTaThbH.

Hcrounnk ¢unaHcupoBanusi. ABTOpBI 3asBISIOT 00 OTCYTCTBUH (DMHAHCHPOBAHUS MPH IPOBEICHUH
HCCIIEI0BAHMSI.

Jns nurupoBanusi: Psdosa M.A., Vinynos M.10O., llymunosa H.A., [Toptros I'.B., Tuxomuposa E.K., Manko-
Ba ML.E. CpaBHeHUe peXyluX U KOAryJsIIIMOHHBIX CBOMCTB BOJIOKOHHBIX JIA3€pOB C JUIMHOW BonHBI 1,56 u 1,94
MKM C TIOJTyIIPOBOTHUKOBBIM JiazepoM 0,98 MM. Broanemens cudupckori meouyunst. 2021; 20 (4): 56—62. https://
doi.org/10.20538/1682-0363-2021-4-56-62.
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INTRODUCTION

In recent years, laser technologies have been rap-
idly developing with creation of semiconductor and
fiber lasers with various wavelengths never used be-
fore (0.53, 0.81, 0.97, 1.06, 1.47, 1.56, 1.94 pm) and
production of high-power lasers, which expands the
scope of their application in different modes (continu-
ous, pulsed, contact, and distance modes). Novel med-
ical equipment expands the range of therapeutic inter-
ventions; however, biological effects of the majority
of machines rarely receive any empirical evaluation.
Therefore, the right operation mode is usually found
by trial and error, which makes surgical intervention
less predictable and increases the risk of complica-
tions. Since the wavelength defines the properties of a
laser, a lack of data on the biological effect of different
wavelengths prevents practitioners from selecting the
right laser device and its operation modes.

In most experimental studies, ablative performance
is assessed by measuring the ablation rate, which is
the volume of ablated tissue per a unit of time (g/min),
while coagulation properties are evaluated by deter-
mining the bleeding rate (g/min) and tissue necrosis
depth (mm). This method involves the in vivo use of
living tissue models (in many cases — blood-perfused
porcine kidney), though evaluation results provide
only circumstantial evidence on the extent of ablation
and coagulation properties [1]. Current Russian and
foreign studies on the effects of diode and fiber la-
sers with various wavelengths (0.81, 0.94, 0.97, 1.47,
1.56 um) use vein models as samples for comparative
experimental analysis, which makes it impossible to
evaluate the cutting properties of lasers [2—8]. There
are few papers on semiconductor lasers being used on
the cartilaginous tissue models (0.97; 1.56 um), but
they do not discuss the ablative and coagulation char-
acteristics either [9].

The main aspects of laser performance relevant for
clinical practice include cutting properties measured
by the width and depth of the ablation zone, as well as
coagulation properties, or hemostatic effect of the la-
ser, that manifest themselves through tissue blanching
along the incision.

The development of new 1.56 and 1.94 um fiber la-
sers makes it relevant to study their biological effects pri-
or to using them in clinical practice. The 0.98 pm lasers
have been extensively used for various surgical purposes
[1], including ENT surgery [10-13], and, therefore, it is
reasonable to use this experience for a comparative anal-
ysis of the biological effects of other lasers.

The aim of the study was to compare the cutting

and coagulation properties of the 1.56 and 1.94 um fi-
ber lasers and the 0.98 um semiconductor laser.

MATERIALS AND METHODS

To assess the biological effects of laser radiation,
linear incisions were made on the chicken muscle tissue
at a fixed rate. The laser fiber was rigidly fixed with
tripods on a support stand at a 60° angle relative to the
incision projection. The biological object was placed on
a mobile recorder sheet moving uniformly at a speed
of 2 mm/s [12]. The width of the ablation crater and
the lateral coagulation zone was evaluated using a slide
with the graduation of 10 pm and an operating mi-
croscope with x15 magnification. To assess the crater
depth, cross sections of the tissue were made relative
to the linear incision line, and the parameter was mea-
sured using the above-described method. The width and
depth of the incision served as indicators of the ablative
performance, while the width of the lateral coagulation
zone represented the hemostatic properties of the lasers.

The incisions were made with the 1940 and
980/1560 nm lasers (LSP, IRE-Polus, Moscow, Rus-
sian Federation) in a continuous contact mode. The
procedure was performed with a freshly cleaved opti-
cal fiber end with a width of 400 um after its charring
by a short-term contact with a wooden surface (spat-
ula). At power values from 3 to 11 W and interval of
2 W, 3 incisions for each wavelength were made, and
the results for each incision were measured in 10 posi-
tions (30 measurements in total).

Statistical processing of the data was carried out
using the IBM SPSS Statistics software package (ver-
sion 22). The evaluation methodology included de-
scriptive statistics methods, regression analysis, and
multiple regression analysis with a madiating variable.
The parameters of the laser incision (width of the lat-
eral coagulation zone, depth and width of the ablation
zone) were dependent variables. The regression anal-
ysis of each dependent variable was performed sepa-
rately. The power and wavelength of radiation were
regarded as independent variables. Since the experi-
ment involved three lasers with wavelengths of 0.98,
1.56, and 1.94 um, the qualitative mediating variable
“wavelength” was coded with two dummy variables
representing the 1.56 and 1.94 pm lasers.

RESULTS AND DISCUSSION

The graphs depicting the dependence of the width
of the lateral coagulation zone and the depth and width
of the ablation zone on the power and wavelength are
shown below (Fig. 1-6).
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The statistical analysis of the results was based on
multiple regression:

Y:BO+BI .P+B2.DI,56+B3 .Dl,94+B4P.Dl,56+

+ BS ’ P ) D1,94+ 8’
where Y is a dependent variable (the coagulation
width for the first model; the ablation depth, for the
second model; and the ablation width for the third
model); P is the laser power; D, is a dummy vari-
able that equals 1 for the 1.56 um laser and O in other
cases; D, ,, is a dummy variable that equals 1 for the
1.94 um laser and 0 in other cases.

The 0.98 um laser is a benchmark, and the regres-
sion equation for itis Y= + B, - P+ ¢. The regres-
sion equation for the 1.56 um laser is ¥ = B, + 3, +
B, +B,) P D, +e¢, while for the 1.94 pm laser, it
is Y:BO+B3+(B1+BS). P.D1.94+8'

Thus, the significance of the B,, B, coefficients in-
dicates the statistical difference between 0.98 pm and
1.56 um lasers, and the significance of the f,, B, coef-
ficients indicates the statistical difference between the
0.98 um and 1.94 um lasers.

Multiple regression analysis with a mediating vari-
able showed a statistically significant relationship be-
tween all the parameters (the width of the coagulation
zone, the depth and width of the ablation zone) and
the laser power (Table 1, 2). In all but one case, it was
established that the laser radiation wavelength (medi-
ating variable) had a statistically significant effect on
the linear dependence of laser incision characteristics
on the laser power. Only when comparing the 0.98 and
1.56 um lasers, no statistically significant difference in
the effect of the laser power on the ablation depth was
revealed.

Table 1
Overview of dependence of incision parameters on power and wavelength
Model R R? SE F dfl df2 p
Model 1 (coagulation zone width) 0.88 0.78 0.014 444.7 5 444 <0.001
Model 2 (ablation zone depth) 0.96 0.92 0.004 1107.3 5 444 <0.001
Model 3 (ablation zone width) 0.88 0.78 0.013 3783 5 444 <0.001

The dependent variable for model / — coagulation width; for model 2 — ablation depth; for model 3 — ablation width; p — significance level; SE —

standard error, df — degrees of freedom.

Table 2
Regression parameters for dependence of laser incision characteristics on radiation power and wavelength
Model Parameter Coefficient SE p LO.W er conﬁdgnce Upper conﬁfi ence
interval limit interval limit
Constant B,=0.483 0.006 <0.001 0.472 0.495
Power B, =0.033 0.002 <0.001 0.029 0.037
. . 1.56 pm B,=0.426 0.015 <0.001 0.399 0.458
Model 1 lat dth 2
odel I (coagulation zone width) 1.94 um B, = 0.289 001 | <0.001 0.269 0309
Power* 1.56 um B,=0.017 0.005 <0.001 0.007 0.027
Power* 1.94 um B,=0.034 0.004 <0.001 0.027 0.041
Constant B,=0.508 0.006 <0.001 0.496 0.519
Power B, =0.053 0.002 <0.001 0.049 0.057
. 1.56 pm B,=0.024 0.007 <0.001 0.01 0.039
Model 2 (ablat depth 2
odel 2 (ablation zone depth) 1.94 ym B,=0.017 0.008 | 0.040 0.001 0.033
Power* 1.56 um B,=0.003 0.002 0.183 -0.002 0.008
Power* 1.94 um B,=0.054 0.003 <0.001 0.048 0.059
Constant B,=1.258 0.014 <0.001 1.23 1.283
Power B, =0.096 0.004 <0.001 0.087 0.105
. . 1.56 um B,=-0.25 0.02 <0.001 -0.289 -0.211
Model 3 (ablat th 2
odel 3 (ablation zone width) 1.94 ym B.—-0.024 | 0024 | 0314 20.073 0.027
Power* 1.56 um B,=-0.032 0.007 <0.001 -0.045 -0.019
Power* 1.94 um B, =0.083 0.007 <0.001 0.068 0.097

Statistical analysis of the data obtained showed that
the laser power significantly (p < 0.05) influenced the
cutting and coagulation properties of all lasers. This
was confirmed by the statistical significance of the f3,

coefficient in all the three models (width of the coag-

ulation zone, depth and width of the ablation zone).
The 1.56 pum laser radiation (water absorption)

did not differ much from the 0.98 pm radiation (he-
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moglobin absorption) in its cutting properties (the
statistical differences in the ablation zone depths are
non-significant, p > 0.05), though its coagulation
properties were more prominent: compared with the
0.98 um laser, the 1.56 um laser created a wider co-
agulation zone at the same power mode (j3, differs
significantly from 0).

The cutting properties of the 1.94 um laser fol-
lowed a different correlation pattern with its power
than the 0.98 um or 1.56 um lasers (due to a differ-
ent angle of the regression line, which was confirmed
by the fact that B, is statistically different from zero in
model 2). Unlike the 0.98 um and 1.56 um lasers, the
power of 3—5 W resulted in a smaller width and depth
of the ablation zone, while the power of 9-11 W in-
creased these incision parameters. The 1.94 pm laser
was found to have greater coagulation properties than
the 0.98 um laser with hemoglobin absorption.

The research showed that greater laser power pri-
marily increased the ablation zone width (the regres-
sion coefficients were 0.1, 0.06, and 0.18 mm/W for
the 0.98, 1.56, and 1.94 um lasers, respectively), to
a lesser extent — the ablation crater depth (the regres-
sion coefficients were 0.05, 0.06, and 0.11 mm/W, re-
spectively), and to the least extent — the width of the
lateral coagulation zone (the regression coefficients
were 0.03, 0.05, and 0.07 mm/W, respectively). Thus,
the increase in laser power predominantly affected the
cutting properties, making the ablation zone deeper
and wider, but had a modest effect on the coagulation
abilities. Therefore, using greater laser power during
surgery will increase the cutting properties of the laser
more than the hemostatic ones.

The visual analysis of the regression lines demon-
strated that the 1.94 pum laser had less prominent co-
agulation properties than the 1.56 um laser, since the
former was absorbed by water more easily and had a
greater target chromophore absorption rate, as well as
a smaller penetration depth. However, the statistical
analysis of differences between the 1.94 and 1.56 um
lasers was not performed, as it was not intended by the
research design.

Contact laser exposure mainly involves radia-
tion absorption by the area of carbonization and its
transmission to the surrounding tissues. Since most
of the near-infrared radiation is absorbed by carbon
particles, no significant differences in the cutting
properties of the tested wavelengths were recorded.
All the lasers showed good cutting properties. The
difference in the coagulation properties appears to
depend on the amount of remaining radiation (unab-

sorbed by carbon) penetrating the tissue and can be
explained by differences in the wavelength character-
istics (different chromophores and tissue absorption
coefficient).

CONCLUSION

The research and the resulting data analysis con-
firmed the statistically significant dependence of all
laser incision characteristics (width of the lateral co-
agulation zone, depth and width of the ablation zone)
on the radiation power for the 0.98, 1.56, and 1.94 um
lasers. The 1.56 and 1.94 um lasers have better coagu-
lation properties compared with the 0.98 pm semicon-
ductor laser. The 1.94 um laser is superior to the 0.98
um laser in its cutting properties.
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Characteristics of lipid peroxidation processes and factors of the antioxidant
defense system in chronic atrophic gastritis and gastric cancer
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Research Institute of Medical Problems of the North
3G, Partizana Zheleznyaka Str., 660022, Krasnoyarsk, Russian Federation

ABSTRACT

Background. The problem of gastric cancer remains unresolved throughout the world, while chronic atrophic
gastritis (CAQG) increases the likelihood of its development by 15 times. In the Russian Federation, the incidence
of gastric cancer (GC) is among the highest, with it prevailing among males. One of the leading mechanisms
in molecular pathology of membranes is lipid peroxidation (LPO). The severity of oxidative membrane damage
depends on concomitant diseases, contributing to emergence and progression of pathological processes and
development of cancer. Currently, the problem of LPO is unsolved in biological systems.

The aim of this study was to investigate the state of LPO and antioxidant defense system in CAG and GC.

Materials and methods. The parameters were studied in 45 patients with CAG and 50 patients with GC. The
control group included 50 practically healthy volunteers without gastrointestinal complaints, who did not have
changes in the gastric mucosa according to the fibroesophagogastroduodenoscopy (FEGDS) findings.

Results. In patients with CAG, an increase in malondialdehyde, superoxide dismutase, catalase, glutathione
S-transferase, and glutathione peroxidase was found in the blood plasma compared with the control group. In
patients with CAG, lipid peroxidation was activated, and the malondialdehyde level increased by 3.5 times
relative to normal values. At the same time, the body fought against oxidative stress by increasing the activity of
antioxidant enzymes, such as superoxide dismutase, catalase, glutathione S-transferase, and glutathione peroxidase.
All patients with GC showed pronounced oxidative stress in the blood plasma in the form of a 45-fold increase in
malondialdehyde. The activity of the main antioxidant enzyme superoxide dismutase was reduced in GC. Catalase
was activated, which indicated pronounced oxidative stress, significant damage to blood vessels, and massive
cell death. Glutathione-related enzymes (glutathione S-transferase and glutathione peroxidase) and the antioxidant
protein ceruloplasmin were activated, which also indicated significant oxidative stress and severe intoxication in
patients with GC.

Conclusion. Depending on the stage and type of cancer, an in-depth study of lipid peroxidation and factors of
the antioxidant defense system can be used to correct therapy and prevent cancer and can serve as markers of
progression and prognosis in gastric cancer.
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XapaKTepucTrKa npoueccoB MNONepoKCcMaanMm u pakTopoB CUCTEMbI
AHTUOKCUAAHTHOM 3aLLUTbI MPU XPOHUYECKOM aTPOPUYECKOM racTpuTte
U paKe xenypaKa

CmupHosa O.B., LlykaHoB B.B., CunakosB A.A., Mockanenko O.J1., EnmaHoBa H.l'.,
OsuapeHko E.C., Kacnapos 3.B.

Kpacnospcekuii nayyunwtii yenmp Cubupcrkoeo omoenenus Poccutickoti akademuu nayk (KHL] CO PAH),
Hayuno-uccredosamenvcruii uncmumym meduyunckux npooiem Ceeepa (HUHU MIIC)
Poccus, 660022, 2. Kpacnospck, yn. [lapmusana Kenesnsxa, 32

PE3IOME

AkTyansHOCTb. [Ipobnema paka xeryaka sSBISETCS HEPEIISeHHOI BO BCEM MHpE, IIPU 3TOM XPOHHIECKHH aTpo-
¢udeckuit ractpur (XAI') moBbIaeT BepoSATHOCTE €ro pa3Butus B 15 pa3. B Poccun moka3zarenn 3aboneBaemMo-
ctr pakoM xermyaka (PXK) — omxu M3 caMBIX BBICOKHX, My’KCKasi 3a001€BaeMOCTb 37ech nuaupyer. OqHuM n3
BEIyIINX MEXaHH3MOB MOJIEKYJISIPHOHM IAaTONOTHH MeMOpaH sBIsleTcs IepekucHoe okucnenne aunuaos (ITOJT).
BeIpaXeHHOCTh OKHCIUTENBHON AECTPYKINU MeMOpPaH 3aBHCHT OT COIMYTCTBYIOIINX 3a00IeBaHUH, CIIOCOOCTBYS
BO3HUKHOBEHHIO H NIPOTPECCHPOBAHUIO TTATOJIOTHIECKUX IPOIECCOB, PA3BUTHIO OHKOJIOTMIECKOTO 3a00JIeBaHus.
B nacrosimee Bpemst npo6iema [1OJ] siBisieTcst HepeleHHOH B OMOIOTHYECKUX CHCTEMAX.

HeJsbl0 HAaCTOSIIETO HCCNEAOBaHUS ABWIOCH n3ydeHue coctosHus [10J] u anTnokcumaanTHOM 3amuthl pu XA
u PXK.

Marepuasnl u MeToabl. 13yuyens! nokaszatenu y 45 naruentos ¢ XAI' u 50 6onpabix PXK. KonTponsHas rpymmna
npenacTaBieHa 50 IpaKTHUECKH 310POBBIMH J0OPOBOIBLIAMHU, HE HMEIOIIMMHU TaCTPOIHTEPOTOTHUECKUX HKAI00, Y
KOTOPBIX OTCYTCTBOBAJIM M3MEHEHHMS CIIM3UCTOI 00O0JIOUKH KelyKa Mo pe3yisTataMm (pudposzodaroracTporyo-
JIEHOCKOITHH.

PesyabTathl. Y 60ibpHBIX XAI' B Iu1azmMe KpoBH OOHApPYKUBAJIOCH YBEIMYCHUE MAIOHOBOTO JUANBICTHIA, aK-
TUBHOCTH CYHEPOKCHAIMCMYTa3bl, KATAIA3bI, TIyTaTHOH-S-TpaHCc(epaspl, [Ty TATHOHIIEPOKCH a3l OTHOCUTEIHLHO
KOHTPOJIGHOU TpyHIbl. Y G0NbHBIX XAl MPOUCXOIUT aKTHBAIMSI IEPEKUCHOTO OKHCIICHUS JIUITUIOB, YBEIHYCHUE
MAJIOHOBOTO JMANIBACTHIA B 3,5 pa3a OTHOCUTEIBHO HOPMAalbHBIX Belu4uuH. [Ipu 3TOM cam opranm3m Gopercs
C OKHCJIHTEIIFHBIM CTPECCOM, YBEIMYMBAS aKTHBHOCTh aHTHOKCHUIAHTHBIX (PEPMEHTOB (CYNEPOKCUIINCMYTA3bI,
KaTaJla3bl, TIIyTaTHOH-S-TpaHchepasbl, ITyTaTHOHIEPOKCHAA3kl). Y BeeX 00ibHBIX PXK B m1a3Me KpOBHU BBISBIISIICS
BBIPQYKEHHBIN OKUCIIUTENbHBIA CTpecC B BUE MOBBIMIEHUS B 45 pa3 MaJIOHOBOTO Jualibieruaa. AKTUBHOCTh OC-
HOBHOTO (pepMEHTA aHTHOKCHAHTHOH 3alHUTHI (CYyIIepOKCHIINCMYTa3bl) cHIkeHa pu PXK. AxkTuBHpoBaHa kaTa-
Jla3a, KOTOpasi CBUIETENIbCTBYET O BBHIPAXKEHHOM OKHCIMTEIBHOM CTpPECCE U 3HAUUTENILHOM MOBPEXKIEHUN COCY-
JIOB, O MacCOBOM KJIETOYHOM pacnajie. AKTHBHBI ()epMEHTBI TITyTaTHOHOBOTO 3BeHA (TIIyTaTHOH-S-TpaHc(epasa
¥ TIYTaTHOHIEPOKCHIa3a), AHTHOKCHIAHTHBIA OeloK (LepyJIoIUIa3MHH), KOTOPhIE TaKKe YKa3bIBalOT Ha
3HAYHUTEIBHBII OKHCIUTENBHBIN CTPECC U BRIPAKCHHBI MHTOKCHKAIMOHHBIN CHHIPOM y 60sbHBIX PXK.

3ak/04yenne. YriryOneHHOE U3y4eHHE MPOIECCOB MEPEKUCHOTO OKHUCIEHHUS JTUIHIO0B U (aKTOPOB CHCTEMBI aH-
THOKCHJAHTHON 3aIllUTHl B 3aBUCHMOCTH OT CTaJ{M OHKOIIPOLECCA M TUIIOB paka MOXKET HCIIOIb30BATHCS IS
KOPPEeKIIUHU Tepanuy U MPOPHIAKTHKA OHK03a00JeBaHMI, a Takke B KaUeCTBE MAPKEPOB MPOTPECCHPOBAHUS H
MIPOTHO3a paKa Kely/Ka.

KnroueBble ci10Ba: XpOHHYECKHUH TaCTPUT, paK JKEITy/AKa, XEMHIIOMHUHECIICHTHAsI aKTHUBHOCTb HEUTPO(DHIBHBIX
rpaHysIonnuToB, Bocrounas Cnbups.

KoHduuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHINATIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanueil HacTOsIeH CTaThU.
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Hcrounuk punancuposanus. [Ipoext «Pa3zpaboTka u BHEAPEHHE MPOTPaMMHOTO KOMIUIEKCAa CKPHHUHTA M PaH-
Hel IMarHOCTHKH paka >KeIy[AKa II0 TOKa3aTelsIM HMMYHHOH, MPOOKCHIAaHTHON 1 aHTHOKCHIAHTHOM CHCTEM JUTS
CHIDKEHHMS ITOKa3aTeNeil CMepPTHOCTH ¥ MHBATMIM3AIIMN HACEICHHsD) TIPOBECH Npu mojepskke KpacHospckoro

KpaeBoro (hoHIa HAyKH.

CooTBeTcTBHE NPUHIMNAM 3THKH. Bce ydyactHuku noanucanu uHdopmupoBanHoe coriacue. MccnenoBanue
ono0peHo JokanbHbIM 3THYecKkuM komureTroM OUI[ KHI CO PAH (mpotokon Ne 4 ot 02.08.2019).

[ nurupoBanusi: Cmupaosa O.B., Llykanos B.B., CunsikoB A.A., Mockanenko O.J1., Enmanosa H.I'., OBua-
penko E.C., KacnapoB D.B. XapakTepucTHKa IPOLECCOB JIUIIONEPOKCUIAINN U (AKTOPOB CHCTEMbI aHTHOKCH-
JTAHTHOM 3aIL[UTHI IPU XPOHUYECKOM aTpO(UIECCKOM TaCTPHUTE U PaKe KeNyAKa. Broaiemenb cubupckoil MeOuyuHbl.
2021; 20 (4): 63-70. https://doi.org/10.20538/1682-0363-2021-4-63-70.

INTRODUCTION

The problem of gastric cancer (GC) remains
unresolved all over the world, while chronic atro-
phic gastritis increases the likelihood of its deve-
lopment by 15 times. In the Russian Federation, the
incidence rate of GC is among the highest, with it
prevailing among men [1-3]. Low survival rates are
due to late diagnosis of a malignant disease and low
treatment efficiency at the end stages of the disease.
GC is characterized by regional variability; the dis-
ease is 2 times more common in the Far East, Eas-
tern Siberia, and the North of the European part of
Russia [4, 5]. One of the leading mechanisms in the
molecular pathology of membranes is lipid pero-
xidation (LPO). The severity of oxidative damage
to membranes depends on concomitant diseases,
contributing to the emergence and progression of
pathological processes and development of cancer.
Currently, the problem of LPO is unsolved in bio-
logical systems. According to the Correa cascade,
a precancerous condition of the stomach (chronic
atrophic gastritis) associated with Helicobacter py-
lori infection can advance to GC (adenocarcinoma)
[6-8]. Atrophic changes in the gastric mucosa trig-
ger membrane destruction, and produced reactive
oxygen species (ROS) contribute to oxidative da-
mage to tissues, enhancing lipid peroxidation in cell
membranes [9-11]. The role of toxic products of
LPO and free radicals in the development of chronic
oxidative stress and advancement of the disease to
GC is not excluded. Progression of the malignant
disease aggravates disorders in LPO and antioxidant
defense (AOD) systems, reduces tumor resistance
in patients with GC, and causes the emergence of
histotoxic hypoxia, disorders of tissue respiration,
and an increase in LPO products, closing the vicious
pathogenetic circle [12—14].

The aim of this study was to research the state of
lipid peroxidation and antioxidant defense systems
in chronic atrophic gastritis and gastric cancer.

MATERIALS AND METHODS

The parameters were studied in 45 patients with
chronic atrophic gastritis (CAG) and 50 patients with
gastric cancer (GC). The control group encompassed
50 practically healthy volunteers who did not have
gastroenterological complaints or changes in the
gastric mucosa (GM) according to the results of fi-
broesophagogastroduodenoscopy. The study was ap-
proved by the local Ethics Committee at the Federal
Research Center of the KSC SB RAS (Protocol No.
4 of 02.08.2019). All ethical principles imposed by
Art. 24 of the Constitution of the Russian Federation
and the Declaration of Helsinki by the World Me-
dical Association were observed in the study. Each
participant confirmed that they take part in the study
voluntarily by signing a voluntary informed consent
to participate in the study.

The diagnosis of CAG was verified according to
the clinical data, medical history data, fibroesoph-
agogastroduodenoscopy, and morphological exam-
ination of the mucous membrane of the greater and
lesser curvature of the stomach using the updated
Sydney System. Diagnosis of GC was carried out
by oncologists at Krasnoyarsk Regional Oncology
Dispensary, taking into account the full range of
instrumental and morphological examination. This
study included patients with GC associated with He-
licobacter pylori infection and adenocarcinoma as a
histological variant of the tumor.

The material of the study was venous blood
which was drawn from the cubital vein in the mor-
ning, from 8 to 9 o’clock, on an empty stomach,
upon admission of the patient to the hospital before
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the start of pathogen-specific therapy. The presence
of H. pylori was detected in all patients included in
the study by ELISA to determine the titer of specific
IgG antibodies to the H. pylori CagA antigen. If the
titer of antibodies to H. pylori corresponded to 30
EIU or more, it was assessed as a positive result. If
the antibody titer was less than 30 EIU, it was as-
sessed as a negative result.

In addition, for chronic atrophic gastritis, sero-
logical diagnosis was performed to determine pep-
sinogens in the blood serum. The diagnosis of severe
CAG of the gastric mucosa was made when the level
of pepsinogen-1 was less than 25 pg/l and the value
of the pepsinogen-1/pepsinogen-2 ratio was less than
3. The final diagnosis was always verified by the re-
sults of a morphological examination of the gastric
mucosa (GM).

In the blood serum, spectrophotometric methods
were used to determine the LPO-AOD parameters:
malondialdehyde, activity of glutathione S-transfe-
rase, glutathione peroxidase, superoxide dismutase,
catalase, and ceruloplasmin. The ratio of pro- and
antioxidant factors was used to calculate an integral
coefficient of individual oxidative stress assessment
(coefficient of oxidative stress — COS).

_ (DC,/DC,) x (KD and CT,/KD and CT,) x (TBA —
(SOD,/SOD,, x (GSH,/GSH,)) x (a.— tocopherol,/

COS

— AP,/TBA - AP))
a — tocopherol,/) x (retinol,/retinol, )

where i — the levels of the parameter in the examined
patients; n — the level of the parameter in the control
group. With COS> 1, the development of oxidative
stress was recorded.

Statistical analysis of the results was carried out
using the Statistica for Windows 8.0 (StatSoft Inc.,
USA, 2008) and Microsoft Excel, 2007 (Microsoft,
USA) software packages [15]. Nonparametric data
were determined: the median and the interquartile
range Me (C,, — C,,). Statistically significant diffe-
rences were established using the Mann — Whitney
test. The critical level of statistical significance when
testing scientific hypotheses was considered equal to
p <0.05.

RESULTS

We studied the features of LPO and AOD sys-
tems in the blood plasma of patients with CAG and

GC. The level of malondialdehyde indicated the se-
verity of oxidative stress in the blood plasma. The
products of LPO are opposed by the activity of an-
tioxidant enzymes (superoxide dismutase (SOD),
catalase, glutathione S-transferase, glutathione per-
oxidase) and the effect of the antioxidant protein ce-
ruloplasmin.

The median plasma concentration of malon-
dialdehyde in patients with CAG and GC increased
relative to the control group (Table). An increase in
the median concentration of malondialdehyde in the
plasma was found in patients with GC (adenocarci-
noma) compared with patients with CAG. Malon-
dialdehyde is considered the end product of LPO and
is a parameter of LPO processes triggered in cells by
free radicals and ROS. Malondialdehyde, being an
active compound, can react with proteins, carbohy-
drates, and nucleic acids, and the formed complexes
reduce their biological activity.

Lipoprotein particles (very-low-density lipo-
proteins (VLDL), low-density lipoproteins (LDL),
high-density lipoproteins (HDL)) are a necessary
component of LPO in the blood. Altered lipopro-
teins damage the endothelial lining of blood vessels,
contributing to the development of atherosclerosis.
A significant increase in MDA in the blood plasma
of patients with CAG and GC indicates excessive
formation of ROS, which become an altering factor
in the vascular endothelium.

The median plasma superoxide dismutase con-
centration increased in CAG patients in comparison
with the control group. In contrast, in the patients
with GC, a decrease in the median concentration of
superoxide dismutase was found compared with the
CAG. Superoxide dismutase is the most important
enzyme of the antioxidant defense system; at the
stage of one-electron oxygen reduction, it interrupts
the chain of free-radical processes at its inception
with the formation of a superoxide anion radical.
The extracellular SOD isoform is active in the blood
plasma. As a rule, an increase in its activity indicates
an increase in the number of free radicals and reac-
tive oxygen species in the intercellular fluid. Exces-
sive production of this enzyme is due to increased
activity of glial cells and fibroblasts.

The median concentration of catalase in the
blood plasma increased in the patients with CAG
and GC compared with the control group. Signifi-
cant catalase activity indicated damage to the endo-
thelium of blood vessels following oxidative stress.
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Table

Parameters of pro- and antioxidant systems in the blood plasma in patients with chronic atrophic gastritis and gastric cancer compared
with the control group, Me (C,-C.)

Parameter Control, n =50 (1) CAG,n=45(2) GC,n=50(3)
. . 5.24 (4.38-5.88) 56.35(32.46-101.74)
MDA, umol / 1 g protein 1.6 (0.96-2.24) p.,<0.001 P,.<0.001; p, < 0.001
204.41 570.5 (314-670.8) 235.2(133.7-462.27)

SOD, units / min / 1 g protein (151.05-250.32)

P,,<0.001 P,,<0.001

CAT, umol /s / 1 g protein 0.27 (0.16-0.39)

0.66 (0.42-0.71)
Pp,=0.03

0.87 (0.67-1.01)
p,,=0.02

GST, mmol / min / 1 g protein 41.3 (37.742.64)

70.6 (63.5-105.7)
p,,<0.001

83.5 (79.3-110.6)
p,,<0.001

GPO, umol / 1 g protein 105.9 (81.19-162.38)

177.5 (150.1-236.05)
p,,=0.007

168.6 (158.7-211.5)
p.,=0.05

CP,mg/1 192.5 (157.5-227.0)

375.8 (282.9-826.06)

149.6 (113.7-189.8) ,,<0.001; p, < 0.001

Note: statistically significant differences between the CAG patients and the control group —p |, between the GC patients and the control group —

P . between the CAG patients and the GC patients —p , ,

Catalase lacks an extracellular isoform, therefore,
its high activity in the blood plasma is due to mas-
sive cell death, which proves histodestruction in
CAG and GC.

Glutathione in the antioxidant defense system
acts against endotoxicosis. The median concentra-
tion of glutathione S-transferase in the plasma in the
patients with CAG and GC increased compared with
the control group. In the patients with CAG and GC,
the median concentration of glutathione S-transfe-
rase in the plasma was significantly higher than in
the control group, as was the median concentration
of glutathione peroxidase. Probably, the increased
activity of these enzymes indicates the severity of
intoxication, the presence of oxidative stress, and
insufficient effectiveness of the antioxidant defense
system in patients with CAG and GC.

The median ceruloplasmin level in the patients
with GC was significantly elevated compared with
all other studied groups, which proves an increase in
oxidative stress in GC following the combined effect
of various pathogenetic factors. Ceruloplasmin is an
essential antioxidant copper-containing glycoprotein
with ferroxidase and superoxide-removing activity.
The protein ceruloplasmin inhibits superoxide and
ferritin-dependent lipid peroxidation in lipoprotein
particles of the blood plasma. According to the ra-
tio of pro- and antioxidant components, COS was
calculated for chronic atrophic gastritis (3.5) and for
gastric cancer (45).

DISCUSSION

In the patients with CAG, an increase in malon-
dialdehyde, superoxide dismutase, catalase, glutathi-
one S-transferase, and glutathione peroxidase activi-
ty was found in the blood plasma compared with the
control group. Thus, in the patients with CAG, lipid
peroxidation was activated, and malondialdehyde in-
creased by 3.5 times compared with normal values.
At the same time, the body fought against oxidative
stress by increasing the activity of antioxidant en-
zymes (superoxide dismutase, catalase, glutathione
S-transferase, and glutathione peroxidase). Parame-
ters of LPO and AOD in CAG prove the presence of
cell destruction in the gastric mucosa infected with
Helicobacter pylori.

All patients with GC showed pronounced oxi-
dative stress in the blood plasma in the form of a
45-fold increase in the content of malondialdehyde.
The activity of superoxide dismutase was reduced in
GC. Activated catalase indicated massive cell death
and significant vascular damage. Glutathione-related
enzymes (glutathione S-transferase and glutathione
peroxidase) and the antioxidant protein ceruloplas-
min, which also combat oxidative stress and severe
intoxication in GC patients, were activated. In pa-
tients with GC, multidirectional shifts in the activity
of the antioxidant system enzymes were revealed.
Compared with CAG, the activity of the main en-
zyme superoxide dismutase was reduced, which re-
flects the classic version of the peroxide theory of
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carcinogenesis [16] with inhibition of antioxidant
enzymes.

The effect of antioxidant defense enzymes in GC
has ambiguous changes: the activity of superoxide
dismutase decreases, while the activity of the second
line of defense (glutathione S-transferase and gluta-
thione peroxidase) increases. Most likely, these pro-
cesses are associated with the fact that an increase in
the ROS level causes depletion of the enzymatic ac-
tivity of AOD. ROS attack thiol proteins through in-
teraction with the protein SH-group, changing their
structural modification. These proteins are the key
enzymes in the metabolism of nucleotides, carbohy-
drates, and the antiradical defense system (glutathi-
one-related enzymes). This modification enhances
the formation of the superoxide anion radical, there-
fore, ROS formation only increases.

In GC, hypoxia enhancing nitrate reductase ac-
tivity is observed in the cell. Increased NO synthe-
sis reacts with excess amount of superoxide anion
radical to form peroxynitrite, causing the formation
of carcinogenic nitrosamines. The resulting pro-
ducts interfere with apoptosis of tumor cells and
enhance their metastasis. The tumor process in GC
is associated with increased production of ROS,
which at high concentrations can irreversibly da-
mage tumor cells, while they themselves contribute
to tumor progression. Strengthening the processes
of free radical oxidation of membrane lipids and
their interaction with LPO products lead to chan-
ges in lipid and protein domains. All this contri-
butes to malignant transformation, invasiveness,
uncontrolled tumor growth and metastasis [17] and
affects the state of the antioxidant system enzymes,
which are crucial for the malignant process [18,
19]. Therefore, in patients with GC, an imbalance
of antiradical defense system is found, which con-
tributes to better survival of tumor cells and tumor
progression.

The activation of free radical oxidation is proved
by the obtained results on the increase in LPO in
the blood plasma of patients with CAG and GC.
At the same time, the content of LPO products and
pronounced disorders of the combined functioning
of the antioxidant enzymes in the blood plasma in-
creased in patients with GC [20]. Depending on the
stage of cancer and its types, an in-depth study of
LPO and AOD can be used to correct therapy and
prevent cancer and can serve as markers of progres-
sion and prognosis in GC [21, 22].

CONCLUSION

The study of lipid peroxidation and antioxidant
defense parameters in CAG and GC associated with
Helicobacter pylori infection proved the importance
of these biochemical processes in the pathogenesis
of the diseases. In CAG, there is an increase in li-
pid peroxidation, which the body tries to compensate
by activating the enzymes of AOD. The coefficient
of oxidative stress (COS) in CAG is 3.5, which im-
plies that the level of the end products of lipid per-
oxidation in CAG patients is 3.5 times higher than in
healthy people. The increase in lipid peroxidation in
CAG is probably due to morphological changes in
the cells of the gastric mucosa. The higher the COS,
the more structural changes in the gastric mucosa.
Consequently, early detection of LPO and AOD pa-
rameters makes it possible to identify a risk group
among CAG patients who need a more effective
pathogen-specific therapy aimed at eliminating atro-
phic changes in the gastric mucosa.

In GC, tumor growth, intoxication, progressive
destruction of healthy gastric mucosa, unrespon-
siveness of the immune system, etc. are revealed.
All this causes a drastic rise in lipid peroxidation,
and the coefficient of oxidative stress is 45. AOD
is not effective; LPO, destroying membranes, en-
hances the decay of cells and tissues and compli-
cates the clinical course of GC, hence, resulting in
ineffective therapy in late stages of cancer. The es-
tablished disturbances in the function of AOD have
a significant impact on the viability and functions
of cancer cells. The imbalance between lipid pero-
xidation and factors of the antioxidant defense sys-
tem is closely related to enzymatic changes in the
exchange of nucleotides, these processes regulating
each other according to the feedback principle. The
development of oxidative stress is accompanied by
structural modification of biological membranes, en-
zymes, and nucleotides. The intensity of metabolic
processes and rearrangements in the pathogenesis at
the cellular level depend on the severity of all these
disorders. Therefore, the key issue in the develop-
ment of GC is the balance between prooxidants and
antioxidants. Early diagnosis of patients with CAG
and their complex pathogen-specific therapy will
reduce the number of patients with advancement
of the disease to gastric cancer and reduce the ove-
rall mortality and disability rates among the Russian
population.
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ABSTRACT

Background. Antigen-presenting cells (APCs), especially macrophages, play an important role in the body
defense against various pathogens. Their dysfunction and polarization are associated with most inflammatory and
autoimmune diseases. The inflammatory process is regulated by activation and / or inhibition of genes differentially
expressed by macrophages. Successful correction of inflammation leads firstly to elimination of inflammatory
stimuli and then to remodeling and restoration of tissues and organs. It was experimentally confirmed that silver-
containing bionanocomposites based on natural humic substances (HS) obtained from coal of different origin, as
well as initial matrices of these HS, are capable of activating pro- and anti-inflammatory properties of macrophages.

Aim. To study cytotoxic, pyrogenic, and immunomodulatory properties (arginine balance) of initial HS samples
and samples of silver nanoparticles ultradispersed in these HS matrices (HS-AgNPs) in the cell culture of peritoneal
macrophages, as well as their effect on pro- and anti-inflammatory properties of APCs.

Materials and methods. Cultural and biochemical methods were used in the study.

Results. The study showed that the samples CHE-K, CHE-AgNPs, CHS-K, and CHP-K increased M1 macrophage
polarization due to stimulation of the NO-synthase activity and inhibition of arginase. The samples CHI-K, CHI-
AgNPs, CHP-AgNPs, and CHS-AgNPs modulated an alternative M2 or M2-like state of macrophage activation.
At the same time, HS are not cytotoxic at effective concentrations, and three out of four studied samples did not
contain pyrogenic impurities.

Conclusion. The use of HS and their silver-containing bionanocomposites, which have the ability to greatly affect
the polarization of antigen-presenting cells, is a promising research area in correction of the inflammatory response
for solving an important social and medical problem of treating chronic wounds.
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B/nAHME ryMMHOBBIX BeLLLeCTB Yr/18 U GUOKOMMNO3ULUI C HAHOYACTULLAMMU
cepebpa Ha X OCHOBe Ha 6as1aHC aprMHMHA B NepUTOHEa/IbHbIX Makpodarax
MHTAKTHbIX MbILLIE
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Fpuropbesa U.0.3, Muxanés [1.A.%, Llynko A.B.? JlorBuHoBa J1.A.?, MepmunHoBa U.B.3,
benoycos M.B.2
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PE3IOME

BBenenne. AHTUIEHNPE3CHTHPYIOLIME KIETKH, OCOOCHHO Makpogard, WrpaioT BaXHYIO pOIb B 3alluTe
OpraHm3Ma oOT pa3lIM4HBIX IaTOreHOB, WX JUCOYHKIUHM, W TOJSpU3alUs CBs3aHa C OOJIBIIMHCTBOM
BOCHAJIMTEIBHBIX ¥ AyTOMMMYHHBIX 3a00J1€BaHMil. BocmanuTenpHbli mpoliecc eCcTKO peryaupyercst akTHBane
u (unm) uHrHOupoBaHueM MM GEPeHINATBHO KCIPECCUPYEMBIX MakpodaraMu T'eHOB. YCIEIIHas KOPPEKIHs
BOCHIAJIUTENILHOTO IIpoliecca MPUBOAUT K YCTPAHEHUIO BOCHAJIMTENBHBIX CTUMYJIOB U Jajiee PEMOJICIUPOBAHUIO
U BOCCTaHOBJICHHMIO TKaHEH M OpraHoB. DKCIEPHUMEHTAJIBHO J0Ka3aHO, YTO OMOKOMIIO3MLUH C HaHOYACTHUIIAMH
cepebpa Ha OCHOBE NMPHUPOIHBIX T'YMHUHOBBIX BetecTB (I'B) yrist paznndHoro reHesa, a Takke UCXOIHBIC MATPHIIBI
naHHbIX ['B crlocoOHBI akTHBUPOBATH MPO- ¥ IPOTHBOBOCHAIHUTEIBHBIE CBOHCTBA MaKpo(haros.

Heasn. VccnemoBanue B KyJbType KIETOK HNEPHUTOHEATFHBIX MaKpo(aroB MUTOTOKCHYSCKHX, MHPOTCHHBIX H
AMMYHOMOJIYJIUPYIOIIUX CBOUCTB (0araHC apruHUHA) UCXOIHBIX 00pasnoB ['B u 06pasnoB HaHOYACTHIT cepebpa,
YIBTPaJAUCIICPTUPOBAHHBIX B JAHHBIX MaTpUIax T'yMHHOBEIX BerecTB (I'B-AgNPs),a Takke X BIUSHUS Ha IPO- U
MIPOTHBOBOCIIAJMTEIILHBIC CBOWCTBA aHTHT'CHIIPE3CHTUPYIOIINX KIETOK.

MarepuaJjibl # MeToAbl. VICTIONB30BaMNCh KyIbTypaTbHbIE U OMOXHMMHUYECKUE METOMBIL.

PesyabraThl. [Toka3ano, uro obpasisr CHE-K, CHE-AgNPs, CHS-K, CHP-K 3a cuet ycunenus aktuBHoctr NO-
CHHTa3bl ¥ MHT'UOMIIMK apTHHA3bI CIOCOOCTBYIOT MOJIAPH3ALNH IEPHUTOHEATbHBIX MAKpO(daroB Mo KIaCCHYECKOMY
tuny (M1). O6pasusl CHI-K, CHI-AgNPs, CHP-AgNPs u CHS-AgNPs MogynupytoT anbTepHaTHUBHBIH M2 nimn
M2-nono6ueiii Tun (M2-like state) akrusanun makpodaros. IIpu stom I'B He nutoToKcHuHBI B 3 HEKTHBHBIX
KOHLICHTPAIMSAX, a TAKXKE TPH U3 YETBIPEX UCCIIETYEMbIX 00pa3LOB HE COJEPKAT MUPOTeHHBIX TPUMECEH.

3axmouenne. [Ipumenenne ['B u cepebpocopepxkammx OHOHAHOKOMITO3UIIMKA Ha OocHoBe ['B, oOmamarormx
CHOCOOHOCTBIO IMUPOKO BIMSTH HA MOJISIPU3AIMI0 AHTUTCHIIPE3CHTUPYIONINX KIETOK, SBJISETCS MEPCIIEKTUBHBIM
HalpaBJIieHUEM HCCIIEOBAaHUI KOPPEKLUMU BOCHAIMTENILHOW pEeaKkUWW M, B YACTHOCTH, JJISi PEIICHUS OCTPOH
COLMAITBHON U METUIIMHCKOM MPOOIEMbI — JICYCHUS] XPOHUYECKUX PaH.

KiioueBble c/I0Ba: IyMHUHOBBIC BEIIECTBA YIJIs, HAHOYACTHIBI cepebpa, mosspusainus Makpogaros, OanaHc
apruHuHA.
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KoHpuKT HHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SIBHBIX M MOTCHIMAIBHBIX KOH(QIMKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJIMKalUel HaCTOsIIeH CTaTby.

Hcrounnk punancupoBanus. Pabora Bemonnena npu gunancosoii nopnepxke PHO® (rpant Ne 20-65-47052).

CooTBeTCTBHE NPUHIUIIAM 3THKH. DKCIIEPUMEHTHI C HCTIONB30BAHHEM J1a00PATOPHBIX JKMUBOTHBIX BBIOJIHSIIHCH
¢ CoONIOIEHHEM TIPHHIMIIOB T'YMaHHOCTH, M3JIOKCHHBIMH B JTHpEeKTHBaX EBporeiickoro coobmectsa (86/609/
EEC) m XenscuHKCKOH nekmapanun. MccnemoBanue on00peHo OuosTmdeckuM kKomuretom HUWOuPM
M. E.J1. Tompabepra (mpotoxon Ne 171052020 ot 18.05.2020).

Jst murupoBanusi: Tpopumosa E.C., 3pikoBa M.B., [lannneny M.T'., Jlurauea A.A., Illepcro6oes E.1O., I'pu-
ropsesa M.0O., Muxanés JI.A., Ilynko A.B., Jlorsunosa JI.A., Ilepmunosa 1.B., benoycos M.B. Biaustaue rymu-
HOBBIX BEUIECTB YIS M OMOKOMIIO3UIINIT C HAHOYACTHIIAMU cepedpa Ha X OCHOBE Ha OaJlaHC aprHHHIHA B IIEPUTO-
HeaJbHBIX Makpodarax HHTAKTHEIX MEIIIeH. boaremens cubupckoii meouyunet. 2021; 20 (4): 71-78. https://doi.

org/10.20538/1682-0363-2021-4-71-78.

INTRODUCTION

It is known that antigen-presenting cells (APCs), es-
pecially macrophages (MPs), play an important role in
the initiation of inflammation and pathogenesis of chro-
nic (Crohn’s disease, ulcerative colitis, asthma, allergies,
atopic dermatitis, periodontosis) and autoimmune (rheu-
matoid arthritis, multiple sclerosis, diabetes mellitus,
cardiovascular diseases, neurodegenerative disorders)
diseases and cancer [1]. Macrophages are the first line
of defense and, depending on the nature of the antigen
(bacteria, viruses) or changes in the microenvironment
(ischemia, necrosis, and apoptosis of cells), they are
activated and take on various types of phenotypic and
functional polarization [2].

The type of MP polarization determines the develop-
ment of a specific immune response and activation of Th1,
Th2, Th17, and Treg cells, which are further responsible
for the pathological process and inflammatory response,
systemic metabolism, hematopoiesis, vasculogenesis,
and tissue homeostasis [3, 4]. Macrophages mainly exist
in two different phenotypes: 1) M1 macrophages (classi-
cally activated or proinflammatory) through the expres-
sion of transcription factors, mainly nuclear factor-xB
(NF-xB), produce proinflammatory cytokines, such as
tumor necrosis factor-o (TNF-a), interleukin-1p (IL-1p),
IL-6, 1L-12, and IL-23; and 2) M2 (alternatively activa-
ted, anti-inflammatory) which are immunoregulatory
cells producing anti-inflammatory cytokines IL-10 and
transforming growth factor-p (TGF-p) [1, 5-8].

The functions of M1 macrophages are traditionally
associated with microorganism phagocytosis, microbi-
cidal activity, induction of inflammation, and antitumor
activity. M2 marcophages suppress inflammation and
promote tissue repair and remodeling, homeostasis, and
vasculogenesis. The M1/M2 balance determines the fate
of the organ in conditions of inflammation or injury. In
this case, MPs are very plastic, and one phenotype can

repolarize into another [3]. During infection (inflamma-
tion), tissue-resident MPs initially exhibit the M1 phe-
notype; however, long-term development of this phase
causes chronic inflammation, tissue damage, and loss
of organ function. Under these conditions, suppression
of inflammation and activation of M2 macrophages are
extremely necessary [6, 9]. Thus, control and modula-
tion of macrophage functions, their polarization, and
a relationship between pro- and anti-inflammatory re-
sponses determine the outcome of inflammation and are
necessary for managing inflammation and restoring or-
gan functions [10].

Effective anti-inflammatory drugs are already avai-
lable and a number of drugs of various origins are under
development. The study of biocomposites based on hu-
mic substances (HS) and their silver-containing bionano-
composites possessing antimicrobial, anti-inflammatory,
and wound healing properties for treatment of purulent,
chronic non-healing wounds is innovative and has not
been described in the world literature. First of all, the
effect of these substances on the mechanisms of the an-
ti-inflammatory response and formation of the immune
response is unknown. The relevance of this kind of re-
search is beyond doubt, since a lack of effective methods
for treating chronic non-healing wounds leads to infec-
tion, and against the background of the existing problem
of antibiotic resistance — to sepsis and death. Therefore,
potentially effective and safe substances with antimicro-
bial and wound-healing properties should be carefully
studied and introduced into clinical practice following
confirmation of the therapeutic efficacy.

The aim of this study was to investigate the cyto-
toxic, pyrogenic, and immunomodulatory properties
(arginine balance) of initial HS samples and samples of
silver nanoparticles ultradispersed in these HS matrices
(HS-AgNPs) in the cell culture of peritoneal macro-
phages, as well as their effect on pro- and anti-inflamma-
tory properties of APCs.
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MATERIALS AND METHODS

Test systems. In the experiments, we used conven-
tional C57BL/6 mice (total of 80 heads) of both sexes at
the age of 8—10 weeks, obtained from the Department of
Experimental Biomodels at the Goldberg Research In-
stitute of Pharmacology and Regenerative Medicine, the
structural unit of Tomsk NRMC.

The substances under study were humic substances
and silver-containing bionanocomposites based on them
(HS-AgNPs), synthesized at the Laboratory of Natural
Humic Systems of the Lomonosov Moscow State Uni-
versity, Chemistry Department. They were dissolved
immediately before use in the culture medium. The
synthesis of HS-AgNPs biomaterials was carried out by
reducing silver ions in HS solutions (at a concentration
of 15 g/l) using an AgNO, solution until the final con-
centration of silver nanoparticles was 20 mmol/l. The
characteristics of the research objects are presented in
Table 1.

Table 1

Experimental samples of coal-derived humic substances
and silver-containing bionanocomposites based on them

Names of ercial sam Sample code
s of commercial sam-
ples of coal-derived HS HS (basic | HS with Ag nanoparti-
matrix) cles (HS-AgNPs)
Powhumus” (Humintech, CHP-K CHP-AgNPs
Germany)
Sakhal.m humates”, Russian CHS-K CHS-AgNPs
Federation
Irkutsk humates”, Russian CHI-K CHI-AgNPs
Federation
Hum.lc substanges, Genesis, CHE-K CHE-AgNPs
Russian Federation

Cell preparation. From the cell suspension ob-
tained by washing the abdominal cavity of mice with
ice-cold sodium chloride solution, mature peritoneal
MPs were isolated using the EasySep™Biotin Positive
Selection Kit and antibodies specific to macrophage
receptors, Anti-Mouse F4/80 Antibody (both Stem
Cell, USA).

Cultivation conditions. MPs (2.5-3 x 10°) were cul-
tured for 48 hours (37°C, 5% CO,, 100% humidity) in
a complete culture medium (RPMI 1640 (Sigma, USA)
with the addition of 10% fetal bovine serum (FBS) (Hy-
clone, UK), 20 mM of HEPES (Sigma, USA), 0.05 mM
of 2-mercaptoethanol (Sigma, USA), 50 pg/ml of genta-
micin (Sigma, USA), and 2 mM of L-glutamine (Sigma,
USA) in 96-well plates in the presence of various con-
centrations of the studied samples or 0.1 pg/ml lipopoly-
saccharide (LPS) (Sigma, USA).

Study of the arginine balance and cytotoxici-
ty. According to the attached protocols, the content

of nitrites in the production of nitric oxide (NO) was
determined in the supernatant by mixing the superna-
tant with the Griess reagent (Sigma-Aldrich, USA) in
equivalent volumes, and the activity of arginase was
measured in the cell lysate by the concentration of urea
using a test system Urea-450 (Erba Lachema, Czech
Republic). Cell proliferation was also assessed in the
MP lysate, for which, 4 h before the end of cultivation,
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium-
bromide (MTT, Sigma, USA) was added to the wells
at the final concentration of 200 pg/ml. The precipitate
was dissolved with dimethyl sulfoxide (Sigma, USA).
The absorption of solutions (units of optical density)
was measured on a UNIPLAN PIKON enzyme im-
munoassay analyzer (AIFR-01, Pikon LLC, Russian
Federation) at a wavelength of 540 nm. The nitrite con-
centration (WM) was calculated with a calibration curve
constructed using standard sodium nitrite solutions.
The amount of the enzyme catalyzing the formation of
1 uM urea per minute was taken as 1 unit of activity
(U.A)) of arginase.

Determination of pyrogenicity. To determine the im-
purity of LPS — endotoxin — HS were treated for 1 h with
the antibiotic polymyxin B (50 pg/ml), then the cells
were added and incubated as described above.

Statistical processing was performed using Statistica
13.3 software, using one-way ANOVA, Dunnett’s test,
and Student’s #-test, after checking for normality of dis-
tribution using the Shapiro — Wilk test (data distribution
corresponds to normal), where M is the sample mean; m
is the error of the mean; level of statistical significance
of differences p < 0.05, and sample size n > 5 depending
on the research method.

RESULTS AND DISCUSSION

It is known that humic substances are dark-colored
nitrogen-containing organic compounds, the color inten-
sity of which is directly proportional to the concentration
of the sample [11]. Based on this, the effect of a native
dark color of the HS samples on the spectrophotometric
parameters of aqueous solutions was preliminary evalu-
ated. It was shown that all HS samples at a concentration
of 1 ug/ml did not affect the spectrophotometric parame-
ters of MP supernatants even without the addition of the
Griess reagent (Table 2). With an increase in the concen-
tration to 10 pg/ml, only the CHS sample had an optical
density 2.6 times higher than the control values, but at
the concentration of 100 pg/ml, all samples were 2—15
times darker than the control.

It was found that at the same concentration of the
studied substances, the optical density of the CHS-Ag-
NPs sample was lower than the initial matrix of HS,
while that of the samples CHP-AgNPs and CHI-AgNPs,
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on the contrary, was higher. Further, in the study of cell
proliferation, it was shown that all the studied basic HS
samples did not exhibit toxic effects in any of the concen-
trations used (Table 3). MP cultivation with the samples
CHP-AgNPs, CHS-AgNPs, CHE-AgNPs, and CHP-Ag-
NPs, starting from a concentration of 10 pg/ml, led to

inhibition of cell proliferation by 2-3 times. Therefore,
in the further work, in order to avoid false-positive re-
sults and pronounced toxic effects, when assessing the
activating properties of the studied substances, concen-
trations of 1 and 10 pg/ml were used, and for the CHS
sample —only 1 pg/ml.

Table 2

Effect of coal-derived humic substances and silver-containing bionanocomposites based on them on the optical density of macrophage
supernatants (without Griess reagent), units of optical density, M + m

) ) MP + HS, pg/ml
Studied substance Control (MP + medium)
1 10 100
CHP-K 130+ 4 135+3 260 + 8*¢
CHP-AgNPs 1943 1213 128+3 372+ 3*em
+
CHS-K 132+1 307 £ 6*e 1,777 £ 9*¢
CHS-AgNPs 130+3 132+ 4m 336+ 3*em
CHI-K 127+£2 135+£2 222 £ 2%
CHI-AgNPs 1251 133£3 321 £ 5%em
127+4
CHE-K 1395 137 = 1* 266 = 4*¢
CHE-AgNPs 134+2 1372 251 £ 2*e

* differences compared with the control.

Note: o — differences between concentrations of 1 and 10 pg/ml, ¢ — differences between concentrations of 10 and 100 pg/ml, m — differences
between HS-AgNPs samples and basic HS matrices at the same concentration; level of statistical significance of differences p < 0.05, n = 6.

Table 3

Effect of various concentrations of coal-derived humic substances and silver-containing bionanocomposites based on them on the
peritoneal macrophage proliferation of intact CS7BL/6 mice, M £+ m

MP + HS
Studied substance Control .1 (MP + Control 2 (MP +
medium) LPS) 1 10 100
CHP-K 500 + 8e 467+ 8 512+ 10e
460+9 425+3
CHP-AgNPs 494 £ 11 154 £ 6*om 169 £ 6*em
CHS-K 541 £ 11e 594 +9e 536+ 8e
510+4 451+3
CHS-AgNPs 496 £ 9 169 + 7*om 164 + 7*em
CHI-K 291 £ 9e 308 + 6e 340 £ 17%e
CHI-AgNPs 298 +£ 13 197 £ 2*om 208+ 11*em
282+ 12 279+ 7
CHE-K 264 + 8o 260+ 5 556+ 10*e
CHE-AgNPs 294+9 255+2 273 £10m

* — differences compared with Control 1.

Note: o — differences between the parameter and Control 2, m — differences between HS-AgNPs samples and basic HS matrices at the same
concentration; level of statistical significance of differences p < 0.05. The LPS concentration — 0.1 pg/ml, n = 6.

The study of the NO-activating properties of the ini-
tial HS matrices showed that the cultivation of MPs with
the CHP-K and CHE-K samples led to an increase in the
concentration of nitrites in comparison with the intact
control by 1.2 (CHP-K) and 17 (CHE-K) times at the
concentration of 1 pg/ml, and by 13 times — at the con-
centration of 10 pg/ml (Table 4). The basic matrices of
the CHS-K and CHI-K samples, as well as none of the

AgNPs samples, did not affect the secretory properties
of MPs. The NO-activating effect of all substances was
significantly lower than that of the mitogen-stimulated
control.

It is known that consumption of L-arginine increases
drastically in activated MPs. Molecular markers of M1
are NO synthase (iNOS), CD16, CD32, CD40, CD80,
and CD86, while M2 macrophages are characterized by
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the activation of arginase-1 (Arg-1) and transglutami-
nase 2, macrophage surface marker CD36, receptor of
transferrin CD71, CD163, mannose (MMR or CD206),
CCL-22, and E-cadherin [1, 3, 7]. Classically activated
MPs convert arginine into nitric oxide and citrulline with
iNOS; alternatively activated MPs convert arginine into
urea and ornithine by means of arginase. The study of

the effect of the analyzed substances on the arginine ba-
lance in peritoneal MPs showed that an increase in the
production of nitrites during the MP cultivation with the
CHE-K (by 29 times) and CHE-AgNPs (by 1.5 times)
samples was accompanied by a decrease in the arginase
activity in cell lysates by 1.2 and 4 times, respectively,
compared with the intact control (Table 5).

Table 4

Effect of different concentrations of coal-derived humic substances and silver-containing bionanocomposites based on them on the

nitric oxide production by peritoneal macrophages of intact C57BL/6 mice, M = m
. . Control 1 Control 2
Studied substance Concentration HS (MP + medium) (MP + LPS)
30+£0.13*
CHP-K 1 3.30+0.13%e
10 34.63£043%e
2.66+0.14 69.70 £ 0.18*
CHP-AgNP 1 2.77+0.11em
e 10 2.59%0.07em
CHS-K 1 2.93+£0.060
CHS-AgNPs 1 2.77+0.11e
1 2.41 +£0.06e
- S51+0. 93 +£0.37*
CHI-K 10 25320 138 2.51+0.15 65.93 +£0.37
1 2.81+0.16e
HI-AgNP
CHI-AgNPs 10 2.87+0.10e
.61 £0.28*
CHE-K 1 41.61 £0.28
10 3391 +0.71*
N 2532007e 244 £0.17 37.89+0.71*
. .07em
CHE-AgNPs 10 241£0.07em

* differences compared with Control 1.
Note: o — differences between the parameter and Control 2, m — differences between HS-AgNPs samples and basic HS matrices at the same

concentration; level of statistical significance of differences p < 0.05. The LPS concentration — 0.1 pg/ml, n = 6.

Table 5

Effect of various concentrations of coal-derived humic substances and silver-containing bionanocomposites based on them
on the activity of NO-synthase (nitrite production) and arginase (urea fermentation) in peritoneal macrophages of intact C57BL/6

mice, M £ m
Studied substance Concentration, pg/ml Nitrite concentration, uM Urea fermentation, U.A.

Control 1 (MP + medium) — 2.20+0.22 53.64 +0.40
Control 2 (MP + LPS) 0.1 64.56 + 0.67* 42.47 + 0.46*
CHP-K 10 28.74 £ 0.72*e 52.85+0.35e
CHP-AgNPs 10 249+0.03em 529+0.82%em
CHS-K 1 2.88+£0.19*e 33.81 £ 0.46*e
CHS-AgNPs 1 2.52+0.05e 20.71 £0.56*om
CHI-K 10 2.51+0.07e 60.16 £ 0.45e
CHI-AgNPs 10 2.42+0.040 56.81 £ 0.74e
CHE-K 10 63.48 £ 0.30* 43.13 +£0.35*
CHE-AgNPs 10 326£0.11%em 1291 £0.51*%em

* — differences compared with Control 1.
Note: o — differences between the parameter and Control 2, m — differences between HS-AgNPs samples and basic HS matrices at the same
concentration; level of statistical significance of differences p < 0.05; n = 5 (nitrites) and n = 10 (arginase).

The CHP-K sample, against the background of a 13-
fold increase in the nitrite concentration, did not affect
the arginase activity, and the CHS-K, CHS-AgNPs, and
CHP-AgNPs samples, not showing NO-activating prop-
erties, significantly increased urea fermentation relative

to Control 1. The CHI-K and CHI-AgNPs samples did
not affect the studied parameters.

The literature shows that extracts of plant origin may
contain an admixture of endotoxin (LPS), which also
causes an increase in the production of nitric oxide [12].
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In order to assess the degree of purification of the stud-
ied substances from LPS, experiments were carried out
using polymyxin B, which binds directly to endotoxin
and, thus, blocks its stimulating effect. Table 6 shows
that the antibiotic did not affect the NO-stimulating
properties of the CHS-K and CHS-AgNPs, CHI-K and
CHI-AgNPs, and CHE-K and CHE-AgNPs samples.

During cultivation of the CHP-K and CHP-AgNPs sam-
ples with the antibiotic, the concentration of nitrites
decreased by 1.3—1.7 times. The results obtained indi-
cate the absence of endotoxin impurity and pyrogenic
properties in the CHS-K and CHS-AgNPs, CHI-K and
CHI-AgNPs, and CHE-K and CHE-AgNPs samples, and
their presence in the CHP-K and CHP-AgNPs samples.

Table 6

The effect of polymyxin B on the NO-producing properties of coal-derived humic substances and silver-containing bionanocomposites
based on them in peritoneal macrophages of intact C57BL/6 mice, M + m

Control 1 (MP + medium) Control 2 (MP + LPS) MP + HS
Studied substance, pg/ml polymyxin B polymyxin B polymyxin B
- + + — +
CHP-K 10 2543 +0.02%e 1493+ 0.16Ame
CHP-AgNPs 10 3231 + 3.56 + 2.64 +0.08e 1.91+0.05Ame
CHS-K 1 2.34+£0.03 | 2.36+0.11 0.41% 0llAm 3.63+0.15%e 4.08 = 0.09m
CHS-AgNPs 1 2.34+0.08e 2.71 £0.06¢
CHI-K 10 2.78+0.15e 2.53+£0.10
CHI-AgNPs 10 36.63 = 272+ 2.76 £0.07e 2.40 +0.08
2.48+0.07 | 2.16+0.13
CHE-K 10 0.62* 0.l1Am 4530+ 0.51*e 41.02 + 0.54me
CHE-AgNPs 10 2.66 = 0.06e 2.29 £0.06

* — differences compared with Control 1 without polymyxin.

Note: A — differences between the parameter and incubation of each substance without polymyxin; e — differences
between the parameter and Control 2 without polymyxin; m — differences between the parameter and Control 1 with
polymyxin; ¢ — differences between the parameter and Control 2 with polymyxin; level of statistical significance of
differences p < 0.05. The polymyxin B concentration — 50 uM, LPS — 0.1 pg/ml, n=>5.

CONCLUSION

The studies have shown that the CHE-K, CHE-AgNPs,
and CHS-K samples contribute to the polarization of anti-
gen-presenting cells according to the classical type (M1)
by increasing the activity of NO synthase and inhibition
of arginase. The basic CHP-K matrix, which significantly
enhances the NO-stimulating properties of cells against
the background of stable arginase, can also be attributed
to this type of substance. The functions of proinflamma-
tory macrophages M1 are associated with phagocytosis,
microbicidal activity, induction of inflammation and
adaptive immune response, and antitumor activity and are
accompanied by the secretion of Thl cytokines.

On the contrary, the CHI-K and CHI-AgNPs samples
did not affect the activity of NO-synthase and arginase of
peritoneal MPs, which allows to consider these substan-
ces as activators of alternative, anti-inflammatory prop-
erties of M2 macrophages. The latter are aimed at forma-
tion of the extracellular matrix, repair and remodeling of
tissues, suppression of inflammation, stimulation of vas-
cular formation, apoptotic cell phagocytosis, and synthe-
sis of anti-inflammatory cytokines (IL-10, TGF-f, 1L-4,
IL-1ra). The CHP-AgNPs and CHS-AgNPs samples that

inhibit arginase activity but do not affect nitrite produc-
tion can be attributed to the M2-like state polarization
which has some, but not all, characteristics of M2 cells
[3]. At the same time, HS are not cytotoxic at effective
concentrations, and three out of four studied samples do
not contain pyrogenic impurities.

Therefore, macrophages undergo various dynamic
changes at each stage of wound healing. Firstly, M1 mac-
rophages mediate tissue damage and initiate inflammato-
ry reactions. Secondly, at the early stages of repair, infil-
trating MPs exhibit the M2 phenotype to suppress acute
inflammation, and then their depletion inhibits the for-
mation of excessively vascularized and scar tissue. The
use of silver-containing bionanocomposites based on HS,
which have the ability to greatly affect the polarization of
APCs, is a promising research area for solving an acute
social and medical problem of treating chronic wounds.
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Effectiveness of antimicrobial therapy for community-acquired pneumonia
in real clinical practice

Uryasev O.M., Shakhanov A.V., Korshunova L.V.

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

ABSTRACT

Background. Community-acquired pneumonia (CAP) remains one of the most common infectious diseases,
occupying an important place in the structure of mortality worldwide.

Aim. To evaluate the effectiveness of antimicrobial therapy for community-acquired pneumonia in hospitalized
patients in real clinical practice.

Materials and methods. A retrospective, observational study was conducted, which included 236 patients
hospitalized for community-acquired pneumonia at the Regional Clinical Hospital in Ryazan in 2019. Based on
these case histories, an analysis of the effectiveness of the initial empiric antimicrobial therapy was performed.

Results. The initial empiric antimicrobial therapy in 73% of cases included administration of ceftriaxone, in 45%
of cases — levofloxacin, in 14% of cases — azithromycin. It was found that initial antimicrobial therapy was effective
in 58% of patients who did not require replacement for the antibiotic. A need for a change in the treatment regimen
was significantly associated with an increase in the length of hospitalization (p < 0.001), heart rate upon admission
(» = 0.032), myelocyte count in the complete blood count (p < 0.001), and urea and blood creatinine levels (p =
0.004 and p = 0.044, respectively). The selected antimicrobial therapy regimen was significantly associated with
the expected treatment effectiveness (p = 0.039). The choice of levofloxacin in monotherapy or in combination
with ceftriaxone was accompanied by a decrease in the relative risk of replacing the antimicrobial, compared with
other treatment regimens (odds ratio (OR) = 0.86 (95% confidence interval (CI): 0.55-1.34) and OR = 0.57 (95%
CI: 0.37-0.87), respectively).

Conclusion. Empiric antimicrobial therapy for community-acquired pneumonia in real clinical practice complies
with current recommendations, however, at the same time, its ineffectiveness persists. Respiratory fluoroquinolones
are most effective in treating pneumonia in hospitalized patients.

Key words: pneumonia, antibiotics, fluoroquinolones.
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3¢ PeKTUBHOCTb aHTUBAKTEpHa/IbHOM Tepanuu BHE6O/IbHUHHOM MHEBMOHUM
B YC/IOBUAX Pea/IbHOM K/AIMHUYECKOW NMPAKTUKMK

Ypsacbes O.M.,, LLlaxaHos A.B., KopwyHosa J1.B.

Psszanckuil 2ocyoapcmeennwiii meouyunckuil ynusepcumem (Psazsl’MY) umenu akademuxa U.11. Ilagnosa

Poccus, 390026, 2. Pazaus, y1. Beicokogonemnas, 9

PE3IOME

AKTya.]'I])HOCTb. BuebonsHUYHAS THEBMOHUS OCTAETCS OJHHUM H3 Hanboiee PpacnpOCTpaHEHHBIX HHq)eKHPIOHHLIX
3a6OHeBaHHﬁ, 3aHUMArONIUM Ba’KHOE€ MECTO B CTPYKTYPE CMEPTHOCTH HACCIICHUA BO BCEM MHUPE.

ean — oueHUTs 3QHEKTUBHOCTD aHTHOAKTEPUAIBLHON Tepanny BHEOOILHUYHON ITHEBMOHUH Y TOCIIUTAIM3UPO-
BaHHBIX IAI[IEHTOB B YCIOBHUAX PEATbHON KIIMHUYECKOH PAKTUKH.

Marepuasbl 1 MeTOABI. [IpOBEIEHO PETPOCIIEKTHBHOE HAOIIOATEIbHOE HCCIIEJOBAaHUE, B KOTOPOE BKIIFOUECHBI
236 GONBHBIX, TOCTUTATU3UPOBAHHBIX MO TIOBOLY BHEOOIbHUYHOM MHeBMOHMU B [ BY PO «O6nactHast KIUHH-
yeckast 6onpHuIA» (T. Psa3anp) B Teuenne 2019 r. Ha ocHOBaHMM JaHHBIX UCTOpHI OOJNE3HH MPOBE/ICH aHAIN3
3¢ }exTHBHOCTH CTaPTOBOW SMIMPUIECKOH aHTHOAKTEPHATBLHO TepaIHH.

PesyasTarel. CraproBas SMImpHueckas aHTHMHUKpOOHas Tepamus B 73% ciydaeB BKJIIOYala Ha3HadeHHE
nedrpuaxcona, 45% — neBogrokcarnuHa, 14% — a3uTpoMUIMHA. Y CTAHOBIICHO, YTO CTApTOBAsI aHTHOAKTepHAIbHAsT
Tepanus 0b11a 3 hekTUBHON y 58% MaIeHToB, KOTOPBIM He oTpedoBanack 3aMeHa anTuonoTtuka. [lorpedHoCTD
B CMEHE CXEMBI Tepalny ObUla 3HAYMMO aCCOLMHMPOBAHA C YBEIMUYEHHEM CpOKoB rocmutanmusanuu (p < 0,001),
JaCTOTOH CepAEYHBIX COKpamnieHui mpu noctymieHud (p = 0,032), ypoBHEM MUEIOIUTOB B 00IIEM aHAIN3e KPOBH
(» <0,001), ypoBHEM MOYEBHHEI 1 KpeaTHHHHA KpoBH (p = 0,004 u p = 0,044 cooTBeTcTBeHHO). BEIOpanHas cxema
CTapTOBOH aHTHOAKTEpHATLHON TepalmHuy 3HAYMMO ACCOLMHPOBAHA C OXKHAaeMOil 3((EKTUBHOCTBIO JEUECHHS
(» = 0,039). Bribop neBodiokcayiHa B MOHOTEpANIUH WM B KOMOMHAIMN C HEe(TPHAKCOHOM COIPOBOXKIAJICS
CHIDKEHHEM OTHOCHTEIBHOTO PHCKA 3aMEHBI aHTHOAKTEPHAILHOTO IIpeTiapara I1o CpaBHEHUIO C HHBIMH BapHaHTaMH
teparmu (OR = 0,86 (95% CI: 0,55-1,34) u OR = 0,57 (95% CI: 0,37-0,87) cOOTBETCTBEHHO).

3axiIi0ueHne. DMIUpUIecKas aHTHOAKTepHaIbHas Tepanus BHEOOIbHUYHON THEBMOHHU B [IEJIOM COOTBETCTBYET
JEHCTBYIOIIMM PEKOMEHIALMAM, OJJTHAKO IIPU 9TOM COXpaHseTCs KpaitHe BBICOKas yacToTa ee Heda((heKTHBHOCTH.
HaunGonpiyro 3¢ GpeKTHBHOCTS B ICYSHUH THEBMOHHH Y TOCTTHTATM3HPOBAHHBIX MTAIMEHTOB UMEIOT PECITUPATOPHBIE
(TOPXUHOIOHBL.

KiaroueBrblie ciioBa: ITHCBMOHU, aHTI/I6I/IOTI/IKI/I, (bTOpXI/IHOJIOHLI.

KOHq)JIPlKT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(l)J'II/IKTOB HHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaIII/Ieﬁ HaCTOHU.Ieﬁ CTaTbHU.

Hcrounuk ¢uHaHCHPOBAaHUSA. ABTOPHl 3asBISIOT 00 OTCYTCTBHM (MHAHCHPOBAHHS IIPH IIPOBEJCHUH
HCCIICIOBAHUSL.

Jist nutupoBanusi: YpsiceeB O.M., lllaxanos A.B., Kopurynosa JI.B. D dexruBHocTs aHTHOAKTEpUATIBHON Te-
panuy BHEOOJIbHUYHOM ITHEBMOHUH B YCJIOBUSIX PEAIbHON KIIMHUYECKOM NIPAKTUKU. Broiiemens cubupckoii meou-

yunwl. 2021; 20 (4): 79-85. https://doi.org/10.20538/1682-0363-2021-4-79-85.

INTRODUCTION

Pneumonia is a group of acute infectious diseases
(mainly bacterial ones) with different etiology, patho-
genesis, and morphological characteristics. They are
characterized by focal lesions in the lungs with the
obligatory presence of intraalveolar exudate. Pneu-
monia is considered community-acquired, if it deve-
lops outside the hospital or is diagnosed in the first
48 hours of hospitalization.

Community-acquired pneumonia (CAP) remains
one of the most common infectious diseases, occu-
pying an important place in the structure of morta-
lity worldwide. Among adults in Europe and North
America, pneumonia occurs in 5—10 people per 1,000
population [1]. In the Russian Federation, where the
population exceeds 140 million people, it can be sta-
ted that every year, more than 1.5 million people de-
velop pneumonia among adult population [2]. In gene-
ral, the Russian Federation demonstrates persistent
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pneumonia morbidity, but in some regions, including
the Ryazan region, a steady increase is registered [3].
Every year, about 400 thousand people with pneumo-
nia are hospitalized in the Russian Federation, while
the mortality rate for severe forms of the disease in the
inpatient setting is approaching 10% [2].

High mortality rate from pneumonia is observed
not only in the inpatient setting. Pneumonia is ranked
Ist among the causes of mortality from infectious
diseases and 6th among all causes in the overall struc-
ture of mortality [4, 5]. Despite advances in modern
methods of diagnosis and treatment, CAP remains one
of the topical problems in the Russian healthcare. In
recent years, to improve the effectiveness of pneumo-
nia patient management, international and national
guidelines have been implemented, which help doctors
choose the most rational treatment strategy in a speci-
fic clinical situation. However, in real clinical practice,
the recommended approaches to the choice of empiric
antimicrobial therapy are often neglected, which leads
to an increase in the number of unfavorable outcomes
in patients with pneumonia [6]. Therefore, the aim of
the study was to evaluate the effectiveness of antimi-
crobial therapy for CAP in real clinical practice.

MATERIALS AND METHODS

A retrospective observational study was conducted
to assess the comparative effectiveness of empiric an-
timicrobial therapy for CAP in real clinical practice.
To carry out the study, a register of all CAP cases was
formed that were registered at the Regional Clinical
Hospital (Ryazan) from January to December of 2019.
At the first stage of the study, an analysis of 236 case
histories was carried out, including a clinical and de-
mographic analysis of disease cases. At the second
stage, two study groups were identified, depending
on the need to change the empiric antimicrobial the-
rapy prescribed at the time of hospitalization, in order
to determine the most effective treatment regimens.
When forming the study groups, the effectiveness of
treatment was understood as achievement of the cri-
teria for an effective response to antimicrobial thera-
py and absence of the need to revise the antimicrobial
therapy regimen following the current guidelines [7].
At the second stage of the study, 3 case histories were
excluded from further analysis due to the impossibili-
ty to definitely determine the applied initial antimicro-
bial therapy regimen.

Patient records were used as primary documenta-
tion for the study, from which the following informa-
tion was obtained:

— demographic and medical and statistical infor-
mation, including age, gender, date and duration of
hospitalization, the outcome of hospitalization, infor-
mation on concomitant diseases;

— information about the course of the disease, in-
cluding the period from the onset of symptoms to the
start of antimicrobial therapy, complaints upon admis-
sion, data of clinical examinations and additional re-
search methods, including the severity of pneumonia,
the presence of complications, the volume and loca-
lization of the lesion according to chest X-ray, find-
ings of complete blood count and blood biochemistry
test, results of sputum test.

Statistical analysis was performed using the Stat-
Soft Statistica 10 software package. Normal distri-
bution of variables was assessed using the Shapiro —
Wilk test. The results obtained are presented as Me
[025; Q75], where Me is the median, and Q25 and
Q75 are lower and upper quartiles, respectively. The
Kruskal — Wallis and Mann — Whitney tests were used
to compare the groups by quantitative criteria. Rela-
tive parameters of qualitative variables (frequencies
and proportions) were compared using Fisher’s exact
test with Yates’ correction. The differences were con-
sidered statistically significant at p < 0.05.

RESULTS

Cases of hospitalizations for CAP were recorded
all year round, with peaks, according to the register,
in the periods from April to May and from October
to December. A significant decrease in the number of
hospitalizations was noted only in summer months.

Among those included in the study, there were 122
(52%) men and 114 (48%) women, which indicates
that there is no associated between gender and the de-
velopment of pneumonia. The average age of those
hospitalized for pneumonia was 61 years. The average
hospital stay was 12 days. Most often, according to
medical records, patients complained of cough, fever,
shortness of breath, and generalized weakness. Less
commonly, the complaints included sputum produc-
tion, sweating, and chest pain (Figure).

Severe CAP was observed in 39 patients (17%).
In 97 (41%) patients, the disease was complicated by
the development of respiratory failure, in 7 (3%) pa-
tients — by exudative pleuritis. Other complications,
including abscess, pleural empyema, and toxic shock
syndrome, were isolated.

According to chest X-ray, the lesion volume in 55
(23%) cases corresponded to focal pneumonia, in 13
(6%) cases — to segmental pneumonia, in 130 (55%)
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cases — to multilobar pneumonia, and in 36 (15%)
cases — to lobar pneumonia. In 2 (1%) patients, chest
X-ray revealed interstitial pneumonia. Most often, 104
(44%) patients had right-sided pneumonia, 74 (31%)
patients had left-sided pneumonia, and 58 (25%) pa-
tients had bilateral pneumonia. The inflammatory
process in 49% of cases was localized in the lower
lobe, in 4% of cases — in the middle lobe, in 15% of
cases — in the upper lobe; multiple localization was
determined in 32% of patients.

o,
% 91.00r%

14505
65,50

30.70%  29.10%

P
=

Chills I g

Hemoptysis I

increase
Sputum

Chest pain . B
g

production
Sweating

Temperature
General
weakness

Figure. Complaints of patients hospitalized for pneumonia, %

The outcome of hospitalization in 92 (39%) pa-
tients was recovery, in 133 (56%) patients — improve-
ment of the condition and discharge for outpatient
treatment, in 11 (5%) cases — death of the patient. It
was found that the outcome of hospitalization depen-
ded on the patient’s age (p = 0.0140), respiratory rate
(p =0.0012), blood urea level (p = 0.0118), and blood
oxygen saturation (p = 0.0268) and did not depend on
the duration of the onset of the disease before hospi-
talization (p = 0.8216) and the level of systolic and
diastolic blood pressure (p = 0.6043 and p = 0.4468,
respectively). Analyzing the relationship between the

complete blood count parameters and the outcome of
hospitalization, it was found that the outcome of hos-
pitalization was associated with the level of neutro-
phils (p = 0.0248), but did not depend on the level of
erythrocytes, leukocytes, and hemoglobin (p = 0.2428,
p=0.1083, and p = 0.9250, respectively).

The results of the sputum culture test in the prima-
ry documentation were present only in 26 (11%) pa-
tients: of them, in 65% of cases the causative agent of
pneumonia was Streptococcus pneumoniae, in 15% of
cases — Escherichia coli, in 11% of cases — Klebsiella
pneumoniae, and in 4% of cases — Staphylococcus au-
reus and Pseudomonas aeruginosa. In 31% of cases,
the sputum culture test detected fungi of the Candida
genus.

Analyzing the prescribed treatment, we obtained
data that the initial empiric antimicrobial therapy in
73% of cases included prescription of ceftriaxone, in
45% of cases — levofloxacin, in 14% of cases — azith-
romycin; in some cases the therapy regimen included
the use of amikacin, amoxicillin, vancomycin, gen-
tamicin, josamycin, clarithromycin, co-trimoxazole,
meropenem, metronidazole, cefotaxime, and erta-
penem. It was found that initial antimicrobial thera-
py was effective only in 136 (58%) patients who did
not require replacement of the antibacterial drug. The
need to change the therapy regimen was significant-
ly associated with an increase in hospitalization time
(» < 0.001), heart rate upon admission (p = 0.032),
the level of myelocytes in the complete blood count
(» <0.001), and the level of urea and blood creatinine
(»p = 0.004 and p = 0.044, respectively) and was not
associated with other clinical and laboratory parame-
ters (Table 1).

Table 1
Clinical and demographic analysis of disease cases, Me [Q,.; O..]
Replacement of Replacement of
Total, . . . .
Parameter n=1236 antibacterial treatment | antibacterial treatment 2
was not required, n = 136 | was required, » =100

Age, years 61 [41.5; 75.5] 65.5[51; 79] 56 [37; 69] <0.001
Gender, male/female 122/114 64/72 58/42 ¥2=2.95; p=0.085
Length of hospitalization (days) 12 [9; 16] 10 [8; 14] 15 [11; 17] <0.001
Time from the onset of symptoms to . . .
hospitalization (days) 6[4;10] 7 [4; 8,5] 6[4;11] 0.719
Respiratory rate (per minute) 20 [18; 22] 20 [18; 22] 20 [18; 21] 0.359
Systolic blood pressure (mmHg) 130 [120; 140] 130 [116; 140] 125 [120; 140] 0.760
Diastolic blood pressure (mmHg) 80 [70; 80] 80 [70; 80] 80 [70; 80] 0.442
Heart rate (beats per minute) 84 [78; 92] 82 [74; 92] 84,5 [80; 97] 0.032
Blood oxygen saturation (%) 95192; 97] 95191, 97] 95192; 97] 0.766
Time from the onset of symptoms to the start ) . )
of antimicrobial therapy, days 61491 71491 614 11] 0.654
Duration of initial antimicrobial therapy, days 715; 8] 7[6; 8] 6[3;7] <0.001
];;;rsatlon of prescribed antimicrobial therapy, 9[7: 12] 716: 8] 12[10: 15.5] <0.001
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Table 1 (continued)

Replacement of Replacement of
Parameter Tftal’ antibacterial treatment | antibacterial treatment p
n=236 . .
was not required, n = 136 | was required, » =100
Complete blood count
Erythrocytes, 102 4.6[4.2;4.9] 4.6[4.2;4.9] 4.6 [4.2; 5] 0.456
Hemoglobin, g/l 132 [119; 143] 130 [116; 141] 133 [122; 146] 0.082
Platelets, x10° 229 [169; 329] 233 [178; 349] 211.5[129; 294] 0.398
Leukocytes, x10° 9.6 [7.3;13.9] 9.7[7.5; 14.1] 9.6 [6.5; 13.9] 0.381
Basophils, % 1[1;1] 1[1;1] 1[1;1] 1.000
Eosinophils, % 2[1;4] 2[1;4] 2[1;3] 0.907
Myelocytes, % 8[5; 11] 8 [5; 11] 0 [0; 0] <0.001
Immature neutrophils, % 2[1;2] 2[1;4] 1.5[1; 2] 0.648
Band neutrophils, % 2[1; 4] 2[1;4.5] 2[1;4.5] 0.837
Segmented neutrophils, % 65 [54; 74] 65 [54; 74] 65 [57; 75] 0.778
Lymphocytes, % 21 [11.55; 29] 21 [14.6; 29] 20 [10; 28] 0.348
Monocytes, % 7[6; 10] 8[6; 10] 7[5.5; 10] 0.384
Blood biochemistry test
Urea, mmol /1 5.7[4.4;8.8] 6.35[4.8; 10.35] 5.4 [4;7.4] 0.004
Creatinine, mmol / 1 0.1(()51[201-?81’ 0.107 [0.086; 0.135] 0.099 [0.08; 0.116] 0.044

It was found that the chosen regime of initial
antimicrobial therapy was significantly associated
with the expected effects of treatment and the need
to replace the antibacterial drugs (p = 0.039). At
the same time, only the regimens with levofloxacin
were accompanied by a decrease in the relative risk
of antibiotic replacement compared with any other
treatment options. Monotherapy with levofloxacin

reduced the relative risk of antibiotic replacement
in etiotropic therapy by 14% compared with other
treatment options. The most effective combination
of ceftriaxone and levofloxacin reduced the risk of
antibiotic replacement by 43%. Any other treatment
options that did not include respiratory fluoroquino-
lones demonstrated an increased relative risk of anti-
biotic replacement.

Table 2

Effect of initial antimicrobial therapy on the need for further change of the antibacterial drug

Antimacrobial therapy regimen Rep@ac.e ment of th.e anti- Rf?plficement of the .antl- Relative risk of replacing the antibiotic
biotic was required biotic was not required
Ceftriaxone 42 42 OR = 1.28 (95% CI: 0.96-1.72)
Azithromycin 7 6 OR =1.27 (95% CI: 0.75-2.16)
Levofloxacin 14 23 OR = 0.86 (95% CI: 0.55-1.34)
Azithromycin + ceftriaxone 9 10 OR =1.11 (95% CI: 0.68-1.83)
Ceftriaxone + levofloxacin 17 45 OR =0.57 (95% CI: 0.37-0.87)
Other options for antimicrobial therapy 11 7 OR =1.48 (95% CI: 0.99-2.21)

Note: OR — odds ratio, CI — confidence interval.

DISCUSSION

Many studies are devoted to assessing the effec-
tiveness and safety of antimicrobial drugs in pneu-
monia. The most commonly prescribed antibiotic in
the treatment of pneumonia in the inpatient setting in
the Russian Federation is ceftriaxone. According to
the pharmacoeconomic analysis carried out in Nizhny
Novgorod, the drug load of 1 CAD patient with cef-
triaxone per day is 3.2 g, which exceeds the load with
ampicillin / sulbactam by 2.3 times, levofloxacin and
azithromycin — by 5 times, moxifloxacin — by 19 times

[8]. Our results also confirm high frequency of ceftri-
axone use for initial antimicrobial therapy for pneu-
monia, but the effectiveness of this prescription is
doubtful.

According to the study conducted by Professor
A.L Sinopalnikov in 2012 in real clinical practice, in
hospitalized patients, initial antimicrobial therapy was
effective and did not require replacement of the anti-
bacterial drug in only 45% of patients, which is con-
sistent with our data [6]. In this case, a single antibio-
tic replacement was sufficient to obtain the necessary
clinical effect only in 39% of cases, in 16% of cases,
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a two- or three-time change of etiotropic therapy was
required. In 2012, the main reason for the ineffective-
ness of the initial therapy, according to data obtained
by Professor A.lL. Sinopalnikov, was low adherence to
recommendations for CAP treatment, including wide-
spread use of drugs with insufficient antimicrobial ac-
tivity against the key pathogens (primarily cefazolin
and ciprofloxacin). However, in our work, similar
treatment failure was noted with the use of antibiotics
included in the current clinical guidelines, which may
indicate other mechanisms, for example, an increase
in the drug resistance of typical pathogens causing
pneumonia observed in recent years [7].

It has now been shown that monotherapy with
B-lactam antibiotics is often insufficiently effective
due to an increase in the number of CAP cases asso-
ciated with atypical pathogens, such as Mycoplasma
pneumoniae and Chlamydophila pneumoniae. The
study by K. Eljaaly, conducted in the USA, showed
that inclusion of drugs fighting atypical pathogens
in empiric antimicrobial therapy for CAP can sig-
nificantly reduce the risk of clinical treatment failure
(RR = 0.851; 95% CI, 0.732-0.99; p = 0.037), while
not affecting the overall mortality and development
of adverse drug reactions requiring antibiotic with-
drawal (RR = 0.549; 95% CI, 0.259-1.165, p = 0.118
and RR = 0.83; 95% CI, 0.542-1.270, p = 0.39,
respectively ) [9].

Many studies were devoted to comparing regimens
of etiotropic therapy for pneumonia. In the work by
Wei Nie et al. [10], 2,946 publications on this topic
were analyzed, of which 16 articles were included in a
further meta-analysis devoted to comparing the effec-
tiveness of monotherapy with B-lactam antibiotics and
their combination with macrolides. The meta-analy-
sis showed that two-component therapy was associa-
ted with higher treatment effectiveness and a reduced
risk of death due to pneumonia. Similarly, our results
indicate that the combination of ceftriaxone and azi-
thromycin is associated with a lower relative risk of
failure compared with both ceftriaxone monotherapy
and azithromycin monotherapy (Table 2). At the same
time, even the combination ceftriaxone + azithromy-
cin is less effective in comparison with monotherapy
with levofloxacin and especially in comparison with
the combination ceftriaxone + levofloxacin.

The advantages of monotherapy with respiratory
fluoroquinolones in patients with CAP are shown in a
meta-analysis by A. Raz-Pasteur et al., including the
results of inpatient treatment of 4,809 patients. It was
found that monotherapy with fluoroquinolones re-

duced the relative risk of treatment ineffectiveness and
antibiotic withdrawal (RR =0.72 (0.57-0.91) and RR
=0.65 (0.54-0.78), respectively). Additionally, it was
accompanied by a smaller number of diarrhea cases
compared with the combination macrolide + B-lactam
antibiotic (RR = 0.13 (0.05-0.34)) [11].

Similar results were obtained by K. Skalsky et al.
in a systematic review on the comparative effective-
ness of macrolides and fluoroquinolones in patients
with pneumonia [12]. The study involved 83 publica-
tions, of which 16 randomized controlled trials con-
ducted from 1993 to 2005 were included in a further
analysis. According to the meta-analysis results, it
was found that mortality from pneumonia did not dif-
fer in the groups of fluoroquinolones and macrolides,
however, the use of fluoroquinolones was accompa-
nied by a lower risk of clinical and microbiological
treatment failure (RR 0.63 (95% CI 0.49-0.81)). The
authors of the meta-analysis indicated that in thera-
py with fluoroquinolones, the clinical effect occurred
faster and the cure time was shorter. However, not all
results on the benefits of respiratory fluoroquinolones
are so clear-cut.

In a prospective, randomized clinical study con-
ducted by M. Izadi from December 2016 to June 2017
in Iran, it was shown that the effectiveness of mono-
therapy with oral levofloxacin at a dose of 750 mg
per day did not differ from that of the combination
of ceftriaxone at a dose of 1,000 mg per day and oral
azithromycin at a dose of 250 mg per day. Although
it is worth noting that the doses of drugs used in the
study are lower than those traditionally used in Rus-
sian clinical practice [13]. The benefits of respiratory
fluoroquinolones were shown in a systematic review
by J.H. Lee, comparing the combinations fluoroquino-
lone + B-lactam antibiotic versus macrolide + f-lac-
tam antibiotic in patients with severe CAP. According
to the review, the combination macrolide + B-lactam
antibiotic resulted in a lower percentage of deaths than
the combination fluoroquinolone + B-lactam antibio-
tic (19.4% versus 26.8%) and was accompanied by a
decrease in the duration of hospital stay by 3.05 days
[14]. Therefore, the issue of recommending monothe-
rapy with fluoroquinolones as the first line therapy in
patients hospitalized for CAP requires further study,
at the same time, their high effectiveness in combina-
tion therapy is beyond doubt.

CONCLUSION

Our analysis of CAP in hospitalized patients
showed that the applied empiric antimicrobial therapy
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for CAP generally complies with the current guide-
lines. However, extremely high frequency of its inef-
fective outcome remains. Among the groups of drugs
used in clinical practice, respiratory fluoroquinolo-
nes have the greatest effectiveness in the treatment
of pneumonia in hospitalized patients, which can be
recommended as one of the key drugs in the treatment
of this cohort of patients.
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Features of the level of matrix metalloproteinase-2, -3, -9 and tissue
inhibitors of metalloproteinases-1, -2, -3, -4 in the aqueous humor of patients
with primary open-angle glaucoma
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ABSTRACT

Aim. To study the content of matrix metalloproteinase (MMP)-2, -3, -9 and tissue inhibitors of metalloproteinases
(TIMPs) -1, -2, -3, -4 in the aqueous humor of patients with moderate primary open-angle glaucoma (POAG).

Materials and methods. The experimental group included 47 patients with verified moderate primary open-angle
glaucoma. The control group consisted of 26 patients with uncomplicated cataract. The levels of MMP-2, -3, -9
were determined with Luminex Performance Human MMP Magnetic Panel 3-plex kit (R&D Systems, USA), the
concentration of TIMPs-1, -2, -3, - 4 was determined with the Human TIMP Magnetic Luminex Performance Assay
4-plex kit (R&D Systems, USA). The study was carried out using flow-through field fluorometry on a Bio-Plex 200
double-beam laser analyzer (Bio-Rad, USA).

Results. The study showed a statistically significant increase in the levels of matrix metalloproteinase-2 and
tissue inhibitors of matrix metalloproteinases-1, -2, -3, -4 in the aqueous humor of patients with moderate POAG
compared with patients with uncomplicated cataract.

Conclusion. The obtained data on high concentrations and imbalance in the levels of matrix metalloproteinases and
their tissue inhibitors in the aqueous humor of patients with moderate POAG confirm the role of local inflammation,
as well as impairments in the structure of the extracellular matrix and its remodeling in the mechanisms of
development of this pathology.

Key words: primary open-angle glaucoma, pathogenesis, matrix metalloproteinases, tissue inhibitors of matrix
metalloproteinases, aqueous humor.
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Ocob6eHHOCTU coaeprKaHMA MAaTPUKCHbIX METa/N/IONPOTEUHaAs 2, 3, 9

M TKaHEBbIX UHTMBUTOPOB MAaTPUKCHBIX METa/I/IONPOTEUNHAS 1, 2, 3, 4

BO BHYTPUI/1a3HOM }XUAKOCTU NALLMEHTOB C NEPBUYHOU OTKPbITOYrO/IbHOM
r/1ayKoMom

YepHbix B.B.', KoHeHKoB B.W.%, EpmakoBa O.B.', OpnoB H.b.2, TpyHoB A.H."3

I Hayuonanonwiti meduyunckuil uccredosamenvckui yenmp (HMHUL]), Mescompaciegoii Hayuno-mexHuyeckull
xkomnaexc (MHTK) «Mukpoxupypeus enaza» um. axao. C.H. @edoposa, Hosocubupckuii gpunuan
Poccus, 630096, 2. Hosocubupck, ya. Koaxuockas, 10

? Hayuno-uccnedosamenbCKuil UHCMumyn KIuHUYeCKou U 9KCNepUMeHmaibHol aumgonoeuu — guruan @edepanvhoco

uccaedosamenvckoeo yeumpa « Mnemumym yumonoeuu u eenemuxu CO PAH» (HUUKu3JI QU] Ul {ul” CO PAH)
Poccus, 630117, 2. Hosocubupck, ya. Tumaxosa, 2

3 @edepanvhuiil uccreoosamenvekuil yeHmp Gynoamenmanorou u mpanciayuonnou meouyunvt CO PAH
Poccus, 630117, 2. Hosocubupck, yi. Tumaxosa, 2

PE3IOME

Leab — M3y4nuTh COAepkaHHe MATPHKCHBIX Metamionporenras (MMP) 2, 3, 9 u TKkaHEBBIX HHTHOMTOPOB Ma-
TpUKCHBIX MeTasutonporendas (TIMP) 1, 2, 3, 4 Bo BHyTpUTTIa3HOH JKUIKOCTH MAIIMEHTOB C Pa3BUTOU CTaauei
MEPBUYHON OTKPBITOYTOJIBHOM TIayKOMBI.

Marepuainbl n1 MeToabl. O0cien0BaHbI 47 MAMCHTOB ¢ BEpU(DHUIIMPOBAHHBIM, HA OCHOBAHUH O(TAIEMOJIOTHYC-
CKOT0 00CIIeIOBaHHUS, AUATHO30M Pa3BUTOM CTAMU IEPBUYHON OTKPHITOYTOIBHOMN IIayKOMBI, KOTOPBIE COCTABHIIH
OCHOBHY10 rpynny. KoHTpoibHYy0 Ipymny cocTaBmin 26 NalMEHTOB € IUarHO30M «HEOCI0)KHCHHAS KaTapakTay.

Konnentparuo MMP-2, MMP-3, MMP-9 onpenensu ¢ ucrions3oBanueM Habopa Luminex Performance Human
MMP Magnetic Panel (3-Plex) (R&D Systems, CIIIA), onpenenenue xonnenrpamun TIMP-1, TIMP-2, TIMP-3,
TIMP-4 mnpoBogumm ¢ momomibio Habopa Human TIMP Magnetic Luminex Performance Assay 4-plex (R&D
Systems, CIIIA). HccnenoBaHue IpOBOANIOCH METOIOM IIPOTOYHOM (HITyOPHMETPHH HA JIBYXIIYUEBOM JIa3€PHOM
aHamzarope Bio-Plex 200 (Bio-Rad, CILIA).

Pe3ynbTaThl. YCTaHOBICHA CTATUCTUYECKN 3HAYMMO BBICOKAS KOHIIEHTPAIMS MAaTPUKCHOW METAJLIONpPOTEHHA-
3bI-2 U TKaHEBBIX HHTHOHTOPOB MATPUKCHBIX METAIIONpoTenHas 1, 2, 3, 4 BO BHYTPUITIA3HOM KHIKOCTH Malld-
€HTOB C Pa3BUTON CTaguell MePBUIHON OTKPHITOYTOIBHOHN ITIAyKOMBI OTHOCHTEIBHO JAHHBIX, MOTYyYCHHBIX NPH
HCCJIEOBAHNYU BHYTPUIJIA3HOM KUAKOCTH JIUIL] C HEOCTIOXKHEHHOM KaTapakTou.

3akuoyenue. [TosydueHHbIe B MCCIIEIOBAHUH JIaHHbIE O BHICOKUX KOHIIEHTPAlUsX U HapylleHuu GaaHca conep-
’KaQHUSI MATPUKCHBIX METaJUIONPOTEHHA3 U X TKAHEBBIX MHTMOMTOPOB B BHYTPHUITIA3HOH *KUIKOCTH MALIEHTOB C
Pa3BUTON cTazivel MEPBUYHOM OTKPHITOYTOJbHOW INTAYKOMBl MOATBEPXKAAIOT POJIb MECTHOTO BOCHAIIUTENBHOTO
npolecca, a TakXke HapyLIIEeHHH CTPYKTypbl BHEKJIETOUHOTO MaTpPHKCa M €ro peMoJEINPOBaHHsS B MEXaHH3MaX
Pa3BUTHS MATOJOIMYECKOT0 MpoIiecca.

KiaroueBrbie ciioBa: TICpBUYHAA OTKPBITOYTOJIbHAA I'TAYyKOMa, MATOICHE3, MATPUKCHBIC METAJUIONIPOTEUHA3BI, TKa-
HEBBIC I/IHFI/I6I/ITOpBI MaTPUKCHBIX METAJITIONPOTENHA3, BHYTPUIIa3HAA )KUIKOCTD.

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aune171 HaCTOS{H.[efI CTaTbHU.
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UcTounnk ¢puHancupoBanus. McciaenoBanue npoBogUIOChk 3a CYET CPEACTB FOCYAAPCTBEHHOTO 3a/laHUsA, TeMa
HUP «/3y4eHne natoreHe3a OTKPHITOYTOJIBHOM INIAyKOMBI Ha OCHOBE OLICHKH JucOanaHca IIMTOKHMHOB U (akTo-
poB poctay (Ne AAAA-A18-118082290059-3), a Takxke B paMKax JOTOBOPOB O HAYYHO-IPAKTHYECKOM COTPY-
HudectBe Mexxny HMUL] «MHTK "Mukpoxupyprus rnaza" um. akaa. C.H. ®enoposa» 1 HUUKDJI — pununan
NIul" CO PAH, HUMKDJI n ®enepanbHbIM HCCICIOBATEILCKAM IIEHTPOM (DyHAaMEHTANBHOI U TPaHCIIALHOH-
noit meaunuael CO PAH.

CooTBeTcTBHE NMPHHOMNAM 3THKH. Bce manmeHTsl noanucany MHGOPMHUPOBAHHOE COTVIACHE Ha IPOBEICHHE
orepanuy, 3a00p BHYTPUTIIa3HOM JKUIIKOCTH, @ TAK)Ke MCIOJIb30BAaHNE JTAaHHBIX UCCIIEAOBAHMS B HAYYHBIX LIEIIIX.
HccnenoBanue ogoOpeHO KOMHTETOM 110 OnoMexnuuHckoi atuke HoBocubupckoro ¢ummana HMULL «MHTK
"Mukpoxupyprus riasa" um. akag. C.H. @exoposa» (mpotokon Ne 2 ot 02.09.2018).

Jast umtupoBanusi: Yepnsix B.B., Konenkos B.U., Epmakosa O.B., Opnos H.b., TpynoB A.H. OcoGeHnnoctu
COJICpIKaHUsI MATPUKCHBIX MeTauionporenHas 2, 3, 9 1 TKaHEBbIX HHIMOUTOPOB MAaTPUKCHBIX METAJUIONPOTEHHA3
1, 2, 3, 4 BO BHYTPUIJIa3HOM >KUIKOCTH ALIUEHTOB C MEPBUYHOM OTKPBITOYTOJIbHOI T1ayKOMO. broinemens cu-
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INTRODUCTION

Primary open-angle glaucoma (POAG) is widely
spread in all countries of the world, and its increasing
prevalence has significant medical and social conse-
quences for patients and the community [1-4]. The
ophthalmological community is to a certain extent
unsatisfied with results of treatment for this patho-
logy, which makes POAG a pressing issue of modern
ophthalmology. A thorough study of the development
of pathological mechanisms in this disease is a sig-
nificant research task which would allow to elaborate
pathogen-specific treatment.

According to the analysis of publications devoted
to POAG pathogenesis, morphological and structu-
ral changes in the eye drainage system leading to im-
paired aqueous humor outflow and an increase in the
intraocular pressure (IOP) are some of the main cau-
ses of POAG [5-9].

Some researchers suggest that these morphologi-
cal and structural changes in the eye drainage zone
may be manifestations of the local aseptic destructive
and inflammatory process in patients with POAG, the
development of which depends on the imbalance and
content change of various biologically active mole-
cules with proinflammatory and fibrotic activity (cy-
tokines, growth factors, etc.), as evidenced by publi-
cations of recent years [ 10—14]. In order to understand
the role of local destructive and inflammatory process
in POAG development, it is important to determine
changes in the local content and balance of matrix
metalloproteinases (MMPs) and their tissue inhibitors
(TIMP), which play an essential role in degradation
of extracellular matrix proteins degradation and tissue
remodeling [15-20], as well as in ophthalmic disor-
ders [21].

In addition, the publications provide data on the
ability of a number of cytokines to affect MMP and
TIMP production and participate in regulation of
MMP and TIMP synthesis [22-24].

Currently, few publications contain data on high
concentrations of various MMPs and TIMPs in both
the aqueous humor and tear and tissue structures of
the eye affected by POAG. Based on the conducted
studies, the authors of the publications suggest that ex-
cessive production of MMPs and TIMPs is associated
with the active synthesis of various classes of cyto-
kines, and the resulting imbalance in the studied bio-
logically active molecules can lead to disturbances of
the extracellular matrix and remodeling of the trabe-
cular meshwork and lamina cribrosa of the sclera with
impaired aqueous humor outflow and development of
glaucomatous process. The authors also suggest pos-
sible role of MMP in the mechanisms of apoptosis in
retinal ganglion cells and glaucomatous optic neurop-
athy [25-30].

However, it is not always possible to interpret the
data presented in the literature unequivocally, which
allows to conclude on the relevance of further study
of the content and balance of MMP and TIMP in the
aqueous humor of POAG patients to understand the
molecular mechanisms of POAG development, as
well as to formulate the aim of this study.

The aim of the study was to investigate the content
of MMP-2, 3, 9 and TIMPs-1, 2, 3, 4 in the aqueous
humor of patients with moderate POAG.

MATERIALS AND METHODS

The study was conducted in accordance with the
principles of the Declaration of Helsinki of the World
Medical Association “Ethical principles for medical
research involving human subjects”, the Federal Law
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of the Russian Federation of November 21, 2011 No. centrifuged at 4°C, 10,000 rpm, for 10 min. The con-
323 FL “On the basics of protecting the health of citi- centrations of MMP-2, MMP-3, and MMP-9 were
zens in the Russian Federation”, as well as the require- determined using the Luminex Performance Human
ments of the Federal Law of July 27, 2006 N 152-FL MMP Magnetic Panel 3-plex kit (R&D Systems,
(as amended on July 21, 2014) “On Personal Data” USA). The levels of TIMP-1, TIMP-2, TIMP-3, and
(as amended and supplemented, entered into force on TIMP-4 were identified using the Human TIMP Mag-

September 1, 2015). netic Luminex Performance Assay 4-plex kit (R&D
The study examined 73 patients. The experimental Systems, USA). The study was conducted using flow-
group consisted of 47 patients who underwent clinical through field fluorometry on a two-beam laser analy-
and instrumental examination, including best visual zer Bio-Plex 200 (Bio-Rad, USA).
acuity, binocular ophthalmoscopy, spheroperimetry, Bio-Plex manager Software version 4.1 was used
echoopthalmography, optical coherence tomography for data processing. Data analysis was performed
(OCT), and intraocular pressure (IOP) measurement. using the Statistica 10 software package (StatSoft
Moderate POAG and uncomplicated cataract were re- Inc., USA). The concentrations were measured in

vealed. There were 16 (34.0%) men and 31 (66.0%) ng/ml. The use of the Kolmogorov — Smirnov and
women in the experimental group. The average age of Lilliefors tests for normality allowed to establish

patients was 64.3 = 5.9 years. The control group inclu- the absence of normal distribution in the obtained
ded 26 patients with uncomplicated cataract. There were samples. In this regard, the study used the methods
8 (30.8%) men and 18 (69.2%) women in the group, the of non-parametric statistics. The significance of dif-
average age of patients was 67.1£3.2 years. Thus, the ferences in variation series in unrelated samples was
studied groups did not differ in terms of age and gender. assessed using the Mann—Whitney U-test. Data were
Exclusion criteria from both groups were acute and presented as the median and upper (75%) and lower
chronic eye disorders, diabetic retinopathy, neovascu- (25%) quartiles, Me (Q1-Q3). The differences were
lar glaucoma, uveitis of various etiology and localiza- considered statistically significant at p < 0.05.
tion, hemophthalmus, and autoimmune diseases and
cancer of any localization. The study excluded pa- RESULTS AND DISCUSSION
tients who, in order to normalize intraocular pressure, As a result of this study, we identified the presence
took medications containing prostaglandin analogs, of a significantly higher concentration of MMP-2 in
capable of affecting the activity of the local destruc- the AH of patients with moderate POAG compared
tive and inflammatory process. with the data obtained in the AH of patients with un-
Samples of the aqueous humor (AH) (100-150 uL) complicated cataract (p = 0.001, Table).
were collected from all patients at the initial stages At the same time, when determining the content
of surgical treatment. The samples were frozen and of MMP-3 and MMP-9 in the AH of patients in the
stored at —70 °C until the study was conducted. examined groups, it was found that their levels did not
Determination of the concentration of matrix differ statistically significantly (»p = 0.08 and p = 1,
metalloproteinases (MMPs) and tissue inhibitors of respectively), and the samples in which the concentra-
matrix metalloproteinases (TIMPs) in AH tion of the studied biologically active molecules was
Once frozen, AH was defrosted to room tempera- higher than the lower limits of the sensitivity were iso-
ture before the study. To remove the sediment, it was lated.
Table

Content of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in the aqueous humor of patients with
moderate POAG and uncomplicated cataract, ng/ml, Me (0 -0,)

Parameter Patients with POAG, n =47 Patients with uncomplicated cataract, n =26 P
MMP-2 1.87[1.43;2.31] * 1.43[1.09; 1.81] 0.001
MMP-3 0.06 [0.00; 0.09] 0.02 [ 0.00; 0.01] 0.08
MMP-9 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 1
TIMP-1 30,822.74 [23,320; 44,298] * 18,254.11 [14,058; 25,685] 0.001
TIMP-2 40,570.62 [33,690; 49,381] * 27,520.26 [24,159; 31,400] 0.001
TIMP-3 11,771.36 [10,788; 14,086] * 10,364.90 [8,097; 11,333] 0.012
TIMP-4 110.41 [80.03; 129.05] * 77.57 [69.83; 93.86] 0.001

* statistically significant differences compared with the group of patients with uncomplicated cataract.
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When comparing the obtained data on the MMP
content in the AH of patients in the examined groups
with the results of other studies presented in the lite-
rature, the following can be noted.

Our data on significantly higher concentrations of
MMP-2 in the AH of patients with POAG are similar
to the results presented in the study by A.D. Nga et
al., where comparable data were obtained on the con-
tent of this matrix metalloproteinase in the AH [26].
Our data are also consistent with the data presented by
P. Sahay et al., in which high concentrations of
MMP-2 were found in the lacrimal fluid of patients
with POAG [27].

At the same time, we did not reveal significantly
higher concentrations of MMP-3 in the AH of patients
with moderate POAG, data on which were presented
by A.D. Nga et al. [26]. We also could not confirm the
conclusion made in the study by L. Markiewicz et al.,
who found high concentration of MMP-9 in the AH of
POAG patients and regarded it as a marker of inflam-
mation development [29].

The analysis of the data obtained in the study made
it possible to state the following facts reflecting the
content of TIMPs in the AH of patients in the exa-
mined groups. The concentrations of TIMP-1 in the
AH of patients with moderate POAG were found to be
significantly higher than in patients with uncomplica-
ted cataract (p = 0.001). Similar results were obtained
when examining the levels of TIMP-2 in the AH of the
patients. The patients with moderate POAG had sig-
nificantly higher values of the studied parameter com-
pared with the data in the control group (p = 0.001).

The study also showed the presence of a signifi-
cantly higher concentration of TIMP-3 and TIMP-4
in the AH of patients with moderate POAG relative
to the values of the studied parameters in the AH of
patients with uncomplicated cataract (p = 0.012 and
p =0.001, respectively).

When comparing the data on the content of TIMPs
in the AH of the patients obtained in this work with
the results of other studies presented in the literature,
the following can be noted. Our data on statistically
significantly higher concentrations of TIMP-1, TIMP-
2, and TIMP-4 in the AH of patients with POAG
are similar to the results presented in the study by
E.L. Ashworth Briggs et al. There, comparable data
were presented, and it was concluded that an imbal-
ance between MMP and TIMP with a shift towards
their increased levels was found in the AH samples,
which can lead to inhibition of MMP activity with
changes in the composition of the extracellular matrix

in the trabecular meshwork with a subsequent increase
in resistance to the AH outflow, as well as to increased
intraocular pressure [31].

Additionally, higher concentrations of TIMP-1 and
TIMP-2 in the AH of POAG patients were identified
in the study by A.D. Nga et al. [26]. In the study by
N. Fountoulakis et al., it was concluded that the most
significant changes were established when TIMP-4
was determined in the AH; it was also established that
this biologically active molecule was crucial in the
pathogenesis of POAG [32]. The analysis of the data
obtained in this study and research results presented
in the literature on the content of TIMPs in the AH
of POAG patients made it possible to state fewer dis-
crepancies between them than in the analysis of data
on the content of MMPs. However, a relatively small
number of publications devoted to the study of MMPs
and TIMPs indicates the need for further research in
this area.

CONCLUSION

The conducted study allowed to establish that in
patients with moderate POAG, significantly high
levels of MMP-2 and TIMPs-1, -2, -3, -4 were iden-
tified. The study also confirms the importance of
local inflammatory process and impairment of the
extracellular matrix structure and its remodeling in the
mechanisms of POAG development.
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ABSTRACT

Aim. To study the relationship between clinical, radiologic, and morphological features in nonfibrotic and fibrotic
hypersensitivity pneumonitis.

Materials and methods. Clinical symptoms, data of high-resolution computed tomography, parameters of external
respiration, and histological changes in the lung tissue obtained via open and transbronchial biopsies were studied
retrospectively in 175 patients with hypersensitivity pneumonitis (HP). Statistical analysis was performed using
the Statistica software.

Results. We found that the clinical error rate in the diagnosis of HP was 84.5%, among pathologists — 92%. Among
all the variants of HP, the most common was fibrotic HP. It was shown that non-necrotizing granulomas and giant
cells in the cavities of the alveoli, microcells, and interalveolar septa were more typical of nonfibrotic HP.

In fibrotic HP, peribronchial fibrosis, smooth muscle metaplasia in fibrotic areas, and the presence of fibroblastic
foci in the walls of terminal bronchioles are signs of differential diagnosis with usual interstitial pneumonia. The
classical triad of histological signs was observed in 19.2% of patients with nonfibrotic HP and in 5.6% of patients
with fibrotic HP.

Conclusion. Diagnosis of HP is complex and should be based on a multidisciplinary approach involving clinicians
(pulmonologists), radiologists, functional diagnostics specialists, and pathologists. In this case, it is imperative to
take into account and identify factors causing development of the disease, as well as the age of patients.

Key words: nonfibrotic and fibrotic hypersensitivity pneumonitis, multidisciplinary approach, histological features.
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PE3IOME

Heab. U3yunTth B3aNMOCBSA3b KITMHUKO-PEHTTEHO-MOP(OJIOTUIECKUX IPH3HAKOB TPH HePUOPO3HOM 1 PHOPO3HOM
BapHaHTaX THIIEPYYBCTBUTEIFHOTO MTHEBMOHHMTA.

Matepuajbl 1 MeToAbIL. PeTpocriekTiBHO y 175 manueHToB ¢ TunepuIyBCTBUTEIBHBIM THEBMOHUTOM (I'T1) Ob1H
M3y9deHbl KIMHHYECKHE CHMIITOMBI, JaHHBIC KOMIBIOTEPHOW TOMOrpaduu BBICOKOTO Pa3peIleHHs, ITOKa3aTeIH
(YHKIMM BHEIIHETO JBIXaHMS, THCTOJOTHYECKHE H3MEHEHHS TKaHU JIETKHX, MONYyYCHHBIX IIPU OTKPBITHIX H
TpaHCOPOHXHANBHBIX OnorcHsx. CTaTHCTHYECKUH aHAIN3 OCYIICCTBIBLIN IPH MTOMOIIY ITPOTpaMMBI Statistica.

Pe3yabTarhl. BroLiBieHO, 4TO ypoBeHb OIIMOOK B KIMHHYECKOM MpakTuke mpu auarHoctuke I'TI cocraBui
84,5%, cpean nmatonoroanaroMoB — 92%. Cpenu Bcex BapuanToB I'TI Hanbonee yacto Berpetmiics GUOPO3HBIIL.
ITokazaHo, YTO HEHEKPOTHYECKHE TPAaHYJICMbl, T'MTaHTCKHE KIETKH B IIOJOCTAX albBEOJI, MHKPOCOT U B
MEKaJIbBEOJISPHBIX Teperoposikax Oonee xapakrepHs! At Hepuobposnoro I'TL. TIpu dpudposnom I'Tl MozanuHsbIit
MepHOPOHXHUOIIAPHBIHA (HHOPO3, TIIaIKOMBIIICUHAsT METaIuIa3us B 30HaX (ubpo3a, Hammyne GpudpodiIacTHUeCcKuX
(OKyCOB B CTEHKaX TEPMHHAIBHBIX OpPOHXHOJ SIBISIIOTCS HpH3HaKaMu IuddepeHiranbHOil TUarHOCTUKH C
OOBIYHON MHTEPCTULHAIBHON MHeBMOHHEH. Kitaccuyeckyro TpuaLy MMCTOIOIMYECKUX MPH3HAKOB HAOMIONANN B
19,2% npu veduodpoznom I'Tl, npu pudposnom — B 5,6%.

3aksoueHue. I[I/I&FHOCTI/IK& I'TI cnoxua u JIO0JIKHa OBITh OCHOBaHAa Ha MYJIbTUAUCIUIUIMHAPHOM IOAXO0AE C
Y4aCTUEM KIIMHUIHUCTOB (HyJ'ILMOHOJ'IOFOB), PEHTIC€HOJIOT OB, CIIEHUAJIMUCTOB 110 (byHKL[PIOHaJ'ILHOﬁ JUAarHOCTHUKE U
naToJOroaHaTOMOB. HpI/I OTOM CJIEAYET 00s13aTeTHLHO YUYUTBIBATH U BBISABJIATH (1)21KTOpI>I7 BBI3BIBAIONIUE PA3BUTHUE
3a00JIeBaHUS U BO3pacT NaqUE€HTOB.

KiroueBble ciioBa: HeuOpO3HbI U GUOPO3HBIN THIIEPUYBCTBUTEIBHBIN MTHEBMOHHT, MYJIbTHANCIUILIMHAPHAS
JINarHOCTHUKA, TMCTOJIOTHYECKUE TPU3HAKHU.

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

HcrouHnk (uHAHCHPOBaHUSA. ABTOpPBHI 3asBIAOT 00 OTCYTCTBMM (DMHAHCHUPOBAHMSA NPH IPOBEICHHU
YICCIIEIOBAHUSL.

Jas uurupoBanus: Yepuses A.JL., Kycpaesa D.B., Camconosa M.B., ABnees C.H., Tpymenko H.B., Tymano-
Ba E.JI. KIMHHKO-PEHTIeHO-MOP(OIOrnyecKast IHarHoCTHKA THIIEPUYBCTBUTEIBHOIO THEBMOHUTA. broaienens
cubupcroi meduyunst. 2021; 20 (4): 93—102. https://doi.org/10.20538/1682-0363-2021-4-93-102.
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INTRODUCTION

Hypersensitivity pneumonitis (HP) (extrinsic aller-
gic alveolitis) refers to a group of immune-mediated
diseases of the lung tissue and terminal and respira-
tory bronchioles that develop in response to antigen
inhalation [1].

The most well-known types of HP are bird fancier’s
lung [2], farmer’s lung, air-conditioner lung caused by
cold air in air-conditioned rooms, chemical worker’s
lung, and drug-induced bagassosis [3]. According to
E. Fernandez Pérez et al. [4], the prevalence of HP
ranges from 0.3 to 0.9 per 100,000 population. Ac-
cording to F. Morell et al. [5], the incidence of HP
amounts to 6.2 per 100,000 population sleeping on
feather pillows and 54.6 per 100,000 among poultry
breeders. S. Dhooria et al. [6] demonstrated that from
2015 to 2017, 10.7% out of 803 patients with intersti-
tial lung disease (ILD) were diagnosed with HP.

The major pathogenetic mechanisms of the
disease remain unclear; however, the development of
types III and IV hypersensitivities has been shown.
Antigen sensitization and manifestation of clinical
symptoms after repeated exposure to the antigen play
a key role [7].

Historically, three HP types were distinguished:
acute, subacute, and chronic. Later, acute (inflam-
matory, cellular) and chronic HP were distinguished,
which reflected the clinical course of the disease and
differed in outcomes, survival, and treatment strategy
[8, 9]. In 2020, the first international guidelines on HP
were created, which suggest distinguishing nonfibro-
tic and fibrotic HP phenotypes [1].

Symptoms of nonfibrotic (inflammatory) HP are
shortness of breath, cough, chills, and fever that oc-
cur within 4-8 hours (in farmer’s lung, within 12—
18 hours) after exposure to the antigen and can accel-
erate within several hours or days [9, 10]. In fibrotic
HP, patients experience shortness of breath, slightly
increasing with time, dry cough, malaise, fatigue, and
loss of appetite [9, 10]. In high-resolution computed
tomography (HRCT) of the lungs, nonfibrotic HP is
characterized by multifocal, diffuse, and centrilobu-
lar ground-glass opacities, areas of mosaic attenua-
tion, and “air traps” during the exhalation phase [11,
12]. Among all ILDs, areas of mosaic attenuation are
more common in nonfibrotic HP, which makes this
sign diagnostically significant and can lead to a cor-
rect diagnosis [13]. Major signs of fibrotic HP include
alteration of lung architecture, reticular changes,
areas of mosaic attenuation, the head cheese sign (jux-
taposition of areas with ground-glass opacities, mosa-

ic attenuation and normal lung tissue), traction bron-
chiectasis, and honeycomb lung [12, 14].

The gold standard for collecting a sample is a sur-
gical lung biopsy. A transbronchial lung biopsy pro-
vides little information due to the small amount of
lung tissue. However, a transbronchial cryobiopsy is
believed to be promising in diagnosing HP [15, 16].

In nonfibrotic HP, histological examination reveals
bronchiolocentric interstitial pneumonia (IP), chronic
cellular bronchiolitis, granulomatous inflammation,
with granulomas being usually small and loose mass-
es with indistinct margins, consisting of epithelioid
and multinucleated giant cells (MGCs) commonly
located in peribronchiolar regions. Additionally, scat-
tered MGCs are observed, containing asteroid bodies,
needle-shaped cholesterol crystals, and calcifications
(Schaumann bodies) in the cytoplasm.

In fibrotic HP, pulmonary arterial hypertension, fi-
brosis, honeycombing, obliterative bronchiolitis, and
MGC:s in the alveolar lumina, honeycombs, and inter-
alveolar septa prevail.

The aim of the study was to perform a retrospec-
tive analysis of the relationship between clinical, ra-
diologic, and morphological features in nonfibrotic
and fibrotic HP.

MATERIALS AND METHODS

The research included 175 patients. We studied
clinical symptoms from medical histories, performed
HRCT of the lungs, and obtained open (via videotho-
racoscopy, through a small thoracotomy incision) and
transbronchial biopsy specimens. Clinically, the fol-
lowing signs were studied: shortness of breath on the
Modified Medical Research Council (mMRC) scale,
cough, sputum production, and the presence or ab-
sence of generalized weakness.

When analyzing HRCT findings, attention was
paid to the localization of changes in the lung tissue,
the presence of ground-glass opacities, “air traps”, re-
ticular changes, the head cheese sign, traction bron-
chiectasis, and disseminated focal lung disease.

When studying the respiratory function, the fol-
lowing was taken into account: forced vital capacity
(FVCO), forced expiratory volume in 1 second (FEV ),
the forced expiratory volume in 1 second to forced
vital capacity ratio (FEV1/FVC), total lung capacity
(TLC), residual lung volume (RV), and diffusing lung
capacity for carbon monoxide (DLCO).

Histological changes in the lungs were studied
and then compared with the clinical referral diagnoses
and pathology reports.
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We conducted a histological examination of sec-
tions stained with hematoxylin and eosin and Van Gie-
son’s stain to detect collagen and elastic fibers. The
following changes were revealed: obliterative bron-
chiolitis; peribronchiolar fibrosis with lymphocytic
infiltrates; organizing pneumonia; moderate fibrosis;
smooth muscle metaplasia in fibrosis and interalveolar
septa; nonspecific interstitial pneumonia (NSIP); loose
non-necrotizing granulomas; honeycombing; MGCs
in the alveolar lumina, interalveolar septa, and honey-
combs; fibroblastic foci and their localization; bron-
chiolectasis; Schaumann bodies; and histological signs
of secondary pulmonary arterial hypertension (SPAH).

The statistical analysis was carried out using STA-
TISTICA 10.0 for Windows 10. The Shapiro — Wilk
W-test was used to determine the nature of the sample
and the Mann—Whitney U test was applied to deter-
mine the reliability of differences in the samples with
non-normal distribution, which were considered sta-
tistically significant at p < 0.05. The correlations were
assessed using the Spearman’s rank order correlation
coefficient, whereas the strength of the correlation co-
efficients was evaluated with the Chaddock scale.

RESULTS

HP was diagnosed only in 15.5% of all clinical
referral diagnoses, i.e. clinicians misdiagnosed the
disease in 84.5% of cases. Fig. 1 demonstrates the
range of diagnoses.

IPF,
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Cystic fibrosis
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Fig. 2 represents the range of histopathologic diag-
noses. HP was diagnosed only in 8% of cases. Most
often, patients were diagnosed with fibrosing lung dis-
ease (idiopathic pulmonary fibrosis). In other words,
the error rate in the histological examination reached
92%. It should be noted that in 49.5% of cases, a his-
tology report was not provided.

Fig. 3 demonstrates the frequency of the above-
listed clinical symptoms in fibrotic and nonfibrotic
HP. Shortness of breath, cough, and sputum produc-
tion prevailed in fibrotic HP. However, the parameter
of shortness of breath on the mMRC scale was not
reliable.

Fig. 4 demonstrates the parameters of the pulmo-
nary function tests. Parameters of bronchial obstruc-
tion prevailed in nonfibrotic HP; at the same time, the
differences between the DLCO parameters were not
significantly different in two HP types.

Fig. 5 presents data on the HRCT findings. We ob-
served significantly more reticular changes in fibrotic
HP and traction bronchiectasis was more common.
Honeycombing was observed only in fibrotic HP. The
differences between the remaining parameters in fi-
brotic and nonfibrotic HP were not statistically signif-
icant. Two HP types demonstrated diffuse changes in
42% of cases; lesions of the lower lobes prevailed in
both lungs (47%). At the same time, the upper lobe le-
sions were detected in 11% of cases, which practically
does not occur in usual interstitial pneumonia (UIP).

s —— 10 (3 75%)
[ 31 [15.5“]
——— 05 {14%)
EE—— 3 {11.5%)

IP o6 (1%)

30 40 50 ]

Fig. 1. Clinical referral diagnoses: IPF — idiopathic pulmonary fibrosis, HP — hypersensitivity pneumonitis, PD — pulmonary

dissemination, ILD — interstitial lung disease, IP — interstitial pneumonia, NSIP — nonspecific interstitial pneumonia, CB — chronic

bronchitis, SCTD — systemic connective tissue diseases, LIP — lymphoid interstitial pneumonia, CLD — cystic lung disease,

PTS — post-thrombotic syndrome, AL — amiodarone lung, BP — bilateral pneumonia, DIP — desquamative interstitial pneumonia,
LAM - lymphangioleiomyomatosis
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No diagnosis

UIP 23 (11.5%) 74 (49.5%)
HP  oo— 16 (8%)
FA ) 14 (7%)
NSIP 5 (2.5%)
CI 5 (2.5%)
Granulomatosis 4 (2%)
Pl 4 (2%)
Pneumoconiosis 4 (2%)
PS | 4 (2%)
LIP |- 3 (1.5%)
Bronchiolitis | 3 {1.5%)
COP = 2 (1%)
LAM = 2 (1%)
CNSLD | 10 (18%)
RBILT | 1 (0.5%)
Carcinoid |+ 1 (0.5%)
BOOP | 1 [0.5%)
COPD | 1 (0.5%)
SCTD = 1 (0,5%)
BE | 1 (0.5%)
CA | 1(0.5%)
LTM - 1(0.5%)
Histoplasmosis ' 1 {0.5%]
Pulmonary alveolar proteinosis I 1 [0.5%)
CP | 1(0.5%) i . i = : .
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Fig. 2. Morphological referral diagnoses in HP: no diagnosis — no morphological report on the specimen from another institution

was included in the medical history, FA — fibrosing alveolitis, CI — chronic inflammation, PS — pneumosclerosis, COP — cryptogenic

organizing pneumonia, CNSLDs — chronic non-specific lung diseases, RBILT — respiratory bronchiolitis with another interstitial

lung disease, BOOP — bronchiolitis obliterans organizing pneumonia, CA — capillary adenoma, LTM — lung tissue malformation,
CP — chronic pneumonia

91.5%
% ooy 85.0%

2 2.1

Nonfibrotic HP Fibrotic HP
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(=T T A TF R -}

M Nonfibrotic HP  # Fibrotic HP

Shortness Cough Sputum i
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Fig. 3. The frequency of clinical symptoms in nonfibrotic and fibrotic HP

FEV 1. % FEVI/FVC DLCO. %

Nonfibrotic HP 78.37 84.79 76.9 103.5 53.32
Fibrotic HP 60.5 64.22* 88.19** 70.1 99.22 47.66

Fig. 4. Pulmonary function test parameters
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Fig. 6 shows histological changes in the lung tissue
in nonfibrotic HP. Obliterative bronchiolitis was the
most common, granulomas and MGCs were observed
to a lesser extent. NSIP, organizing pneumonia, and
obliterative bronchiolitis with organizing pneumonia
were detected in 96.1% of cases.

Fig. 7 demonstrates the frequency of histological
signs in fibrotic HP. A microscopic examination re-
vealed that in both fibrotic and nonfibrotic HP, obli-
terative bronchiolitis was mostly “string-like” (Fig. 8
a, b), and sometimes it was with fibroblastic foci in the

walls of the terminal bronchioles (Fig. 8,b). In nonfi-
brotic HP, we observed MGCs in the alveolar lumi-
na, cavities, and the interstitium (Fig. 10,a), non-nec-
rotizing loose granulomas (Fig. 10,b), and NSIP
(Fig. 11). Fibrotic HP can be also characterized by
MGCs, moderately pronounced peribronchiolar in-
terstitial fibrosis with smooth muscle metaplasia (Fig.
9), areas of bridging fibrosis (Fig. 12), peribronchiolar
fibrosis with lymphocytic infiltrates, organizing pneu-
monia, honeycombing, Schaumann bodies, bronchiol-
ectasis, and histological signs of SPAH (Fig. 13).

Fig. 5. Changes in the lung tissue on HRCT: HC —
the head cheese sign, AT — air traps, GGO — ground-

glass opacities, RC — reticular changes, DFLD

disseminated focal lung disease
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Fig. 6. The frequency of histological features in nonfibrotic HP:

BE — bronchiectasis

HP

Fig. 8. Obliterative bronchiolitis in nonfibrotic and fibrotic HP: a — obliterative bronchiolitis, b — “string-like” bronchiolitis, ¢ —
fibroblastic foci in the wall of the terminal bronchiole with narrowing of the lumen; hematoxylin and eosin stain, x100
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: _ A
a b
Fig. 9. Nonfibrotic HP. Giant cells and granuloma in nonfibrotic HP: « — MGCs in the alveolar lumina, b — peribronchiolar granuloma;
hematoxylin and eosin stain, x100

Fig. 10. Cellular NSIP in nonfibrotic HP; hematoxylin and Fig. 11. Fibrotic HP. Smooth muscle metaplasia in the peri-
eosin stain, x100 bronchiolar fibrosis area; hematoxylin and eosin stain, X100

P .-L.J,:.‘-'?'L i _,V{:Za -

Fig. 12. Fibrotic HP. Bridging fibrosis; hematoxylin and eosin Fig. 13. SPAH in fibrotic HP. Proliferation of the intima with
stain, x200 narrowing of the pulmonary artery branch lumen; hematoxylin
and eosin stain, X200
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We compared the results of the histological ana-
lysis and lung CT findings and established that non-
fibrotic HP was detected in 16% of cases, fibrotic
HP — in 62% of cases, and possible HP — in 22% of
cases. Pulmonary emphysema was detected only in
16 patients (9%), with one case having a combina-
tion of fibrotic HP and pulmonary alveolar proteino-
sis (PAP). The three key morphological HP signs that
were described earlier (i.e. granulomas and/or MGCs,
obliterative bronchiolitis, and NSIP) were found in
19.2% of cases in nonfibrotic HP and in 5.6% of cas-
es in fibrotic HP.

The correlation analysis revealed a significant
moderate relatioship between (1) NSIP frequency in
the microscopic evaluation and the presence of hone-
combing in HRCT (r = —0.34); (2) between NSIP and
the head cheese sign in HRCT (# = 0.40); (3) between
the presence of the granuloma and reticular changes
(r=-0.34); (4) between the presence of the granuloma
and traction bronchiectasis (» = —0.31), (5) between
honecombing and traction bronchiectasis (» = 0.42),
and (6) between honeycombing and focal dissemina-
tion (r =-0.32).

DISCUSSION

Clinical HP manifestations are non-specific. The
presence of shortness of breath in both HP types on
the mMRC scale was not statistically significant. As
in the studies by G. Raghu et al., M. Vasakova et al.,
M. Selmanetal. [1, 9, 10], shortness of breath, cough,
and sputum were 9.3, 10, and 7%, respectively, more
common in fibrotic HP, but they were not statistically
significant. At the same time, fatigue was observed
twice as often in nonfibrotic HP. HRCT showed that,
unlike UIP and lung changes in systemic connective
tissue disease (SCTD), changes in the upper, middle,
and lower parts of the lungs were observed in two
HP types.

Consistent with the data by G. Raghu et al.,
B. Chong et al., and S. Kligerman et al. [1, 11, 13],
pulmonary dissemination and emphysema were more
often observed in nonfibrotic HP, but these changes
were not statistically significant. The presence of re-
ticular changes, “air traps”, and bronchiectasis was
significantly more often observed in fibrotic HP,
which did not differ from the data obtained by G. Ra-
ghuetal, L. Wangetal.,and O. Dias etal. [1, 12, 14].

A microscopic evaluation of the lungs for nonfi-
brotic HP revealed bronchiolocentric IP, chronic cel-
lular bronchiolitis, and granulomatous inflammation,
with granulomas being usually small and loose, in the

form of poorly defined clusters of epithelioid cells and
MGCs, which were usually located in the peribronchi-
olar region. Moreover, scattered MGCs were observed
in the alveolar lumina and honeycombs, terminal and
respiratory bronchioles, and the interstitium. These
cells often contained non-specific cytoplasmic inclu-
sions, such as asteroid bodies and/or cholesterol crys-
tals, and Schaumann bodies. Our data are consistent
with those obtained by G. Raghu et al. and M. Kitaichi
etal. [1, 17] on the fact that the described above histo-
logical signs were observed in possible nonfibrotic HP
in the absence of granulomas.

Fibrotic HP is characterized by altered lung archi-
tecture due to centriacinar emphysema and bridging
fibrosis; fibrous IP; the appearance of fibroblastic
foci (usually in the walls of the terminal bronchioles),
peribronchiolar metaplasia; and less often — by the
presence of granulomas. Our data are also consistent
with those of G. Raghu et al., M. Kitaichi et al., and
S. Chibaetal. [1, 17, 18] in the fact that fibrosis covers
both subpleural and centroacinar regions. However, as
fibrosis progresses in HP, it is extremely difficult to
distinguish its changes in the lungs from UIP. More-
over, the obtained data are consistent with the data of
G. Raghu et al. [1] in the fact that the same histolo-
gical signs are observed in possible fibrotic HP as in
verified fibrotic HP, but without honeycombing and
granulomas, with less pronounced peribronchiolar
metaplasia and single MGCs.

In our opinion, the list of histological signs presen-
ted in the guidelines of 2020 should be supplemented
with such signs as loose mosaic peribronchiolar fibro-
sis in fibrotic HP, smooth muscle metaplasia in the
areas of fibrosis, and the presence of fibroblastic foci
in the walls of terminal bronchioles, as opposed to the
same foci in the walls of cells in UIP. The correlation
analysis revealed significant moderate correlations be-
tween the HRCT parameters and histological changes
in the lungs; however, we believe this does not allow
to diagnose HP with certainty. HP is mainly diagnosed
based on identifying the impact of an external factor,
a CT scan of the lungs, and histopathological signs.
The major problem is that no single HP sign alone is
sufficient and its presence is not obligatory. This leads
to possible multiple combinations of signs that con-
tribute to correct HP diagnosis, presented in the guide-
lines of 2020 [1].

The age of patients with ILDs should be taken
into account. Patients with different HP types are usu-
ally under 60 years of age, whereas patients with UIP
are over 60.
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CONCLUSIONS

1) Among clinicians, the error rate in HP diagnosis
accounts for 84.5%, whereas among pathologists, it
reaches 92%.

2) Among all HP types, fibrotic HP is the most
common.

3) Non-necrotizing granulomas and giant cells in
the alveolar lumina, honeycombs, and the interalveo-
lar septa are more typical of nonfibrotic HP.

4) The following signs distinguish fibrotic HP from
UIP: mosaic peribronchiolar fibrosis, smooth muscle
metaplasia in the areas of fibrosis, and the presence of
fibroblastic foci in the walls of terminal bronchioles.

4) The three key morphological HP signs were ob-
served only in 19.2% of nonfibrotic HP cases and in
5.6% of fibrotic ones.

5) The diagnosis of HP is complex and should
be based on a multidisciplinary approach involving
clinicians (pulmonologists), radiologists, functional
diagnostics specialists (pulmonary function technolo-
gists), and pathologists. At the same time, it is neces-
sary to take into account and identify the factors that
cause the development of the disease and the age of
patients.
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ABSTRACT

Aim. To assess the concentrations of bacterial and eukaryotic metabolites mainly involved in indole, kynurenine,
and serotonin pathways of tryptophan metabolism in a cohort of patients with obesity.

Materials and methods. Using high-performance liquid chromatography with mass spectrometric detection, the
concentrations of several serum metabolites, such as kynurenine, kynurenic acid, anthranilic acid, xanthurenic acid,
quinolinic acid, 5-hydroxyindole-3-acetate, tryptamine, serotonin, indole-3-lactate, indole-3-acetate, indole-3-
butyrate, indole-3-carboxaldehyde, indole-3-acrylate, and indole-3-propionate, were analyzed in a cohort of obese
patients compared with healthy volunteers.

Results. It was found that serum levels of tryptophan metabolites of microbial and eukaryotic origin were
significantly increased in obese patients. Therefore, the concentration of kynurenine in the blood serum in obese
patients was 2,413 + 855 nmol / 1, while in healthy volunteers of the same age group, the level of kynurenine in
the blood serum was 2,122 + 863 nmol / 1. In obese patients, two acids formed due to kynurenine metabolism;
the concentrations of kynurenic and quinolinic acids were increased in the blood serum. The concentration of
kynurenic acid in the blood serum in obese patients was 21.1 + 9.26 nmol / I, and in healthy patients, it was 16.8
+ 8.37 nmol / 1. At the same time, the level of quinolinic acid in the blood serum in obese patients was 73.1 + 54.4
nmol / I and in healthy volunteers — 56.8 + 34.1 nmol / . Normally, the level of quinolinic acid is 3.4 times higher
than the concentration of kynurenic acid, and in case of obesity, there is a comparable increase in these acids in the
blood serum.

From indole derivatives, mainly of microbial origin, the concentrations of indole-3-lactate, indole-3-butyrate, and
indole-3-acetate were significantly increased in the blood serum of obese patients. In obese patients, the serum
concentration of 5-hydroxyindole-3-acetate was elevated to 74.6 = 75.8 nmol / 1 (in healthy volunteers — 59.4 + 36.6
nmol / 1); indole-3-lactate — to 523 + 251 nmol / | (in healthy volunteers — 433 + 208 nmol / 1); indole-3-acetate — to
1,633 £ 1,166 nmol / | (in healthy volunteers — 1,186 + 826 nmol / 1); and indole-3-butyrate — to 4.61 £ 3.31 nmol /1
(in healthy volunteers — 3.85 + 2.51 nmol / I).

Conclusion. In case of obesity, the utilization of tryptophan was intensified by both the microbiota population
and the macroorganism. It was found that obese patients had higher concentrations of kynurenine, quinolinic and
kynurenic acids, indole-3-acetate, indole-3-lactate, indole-3-butyrate, and 5-hydroxyindole-3-acetate. Apparently,
against the background of increased production of proinflammatory cytokines by adipocytes in obese patients,
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the “kynurenine switch” was activated which contributed to subsequent overproduction of tryptophan metabolites
involved in the immune function of the macroorganism.

Key words: microbiota, tryptophan, obesity, kynurenines, indoles, metabolic syndrome.
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PE3IOME

Hens. U3y4nTs compepxanne MeTabONMNTOB OaKTEPHATBHOTO M SYKapHOTHIECKOTO MIPOUCXOXKCHUS HHIOIBHOTO,
KHHYPEHUHOBOTO M CEPOTOHMHOBOTO IMyTei oOMeHa TpunTodaHa y HaI[EHTOB C OKHPEHHEM.

Matrepuajbl 4 MeTOAbI. MeTo10M BBICOK03((GEKTUBHOMN )KUIKOCTHONH XpoMaTorpauu ¢ Macc-ClieKTpoMeTpHYe-
CKHMM JETEKTHPOBAHUEM HU3YYHIIM KOHLICHTPALIMU CHIBOPOTOYHBIX META0OINTOB: KUHYPEHHHA, KHHYPEHOBO KHC-
JIOTBI, AaHTPAHUJIOBOM KUCIIOTHI, KCAHTYPEHOBOI KHMCIOTHI, XMHOJIMHOBOM KHCIOTHI, S-THAPOCUUHION-3-alleTarTa,
TpUNTAMUHA, CEPOTOHUHA, HHAO0J-3-JIaKTaTa, HHIOJ-3-alleTara, HHA0N-3-0yThpaTa, HHI0J-3-KapOoKcanbaAeruia,
WHJI0N-3-aKpunaTa, HHAO0J-3-IPOIMOHATa y MALUEHTOB C OKMPEHHEM B CPABHEHUH C TPYIMION 340POBBIX JOOPO-
BOJIBLIEB.

Pe3yabTaThl. YCTaHOBICHO, YTO Y MALIEHTOB C 0)KUPEHHEM B CHIBOPOTKE KPOBU CTATUCTHUYECKH 3HAUUMO IOBBI-
IIeH YPOBEHb MeTabOoNUTOB TPUNTO(HAHOBOTO 0OOMEHa MHKPOOHMOTHYECKOTO U 3yKAPHOTHYECKOTO IIPOHCXOXKIE-
Hys. KoHIeHTpanust KHHypeHHHA B CEIBOPOTKE KPOBH y OOJIBHBIX C OKHUpeHHeM cocTaBisiia 2 413 + 855 umons/m,
TOTIa KaK y 3/I0POBBIX JJOOPOBOJIBIIEB TAKOH K& BO3PACTHOMN rpymnmbl — 2 122 + 863 HMoib/n. Taxke y HaneHToB
C OKMPEHHEM B CBIBOPOTKE KPOBH OBUIM HOBBIIIECHBI JIBE KHCIOTHI, KOTOPbIe 00pa3yloTcs B pe3ysibTaTe MeTado-
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JIM3Ma KPIHypeHI/IHa — KI/IHypeHOBaﬂ U XUHOJHMHOBAas. KOHLIGHTpaL[I/Iﬂ KHHypeHOBOﬁ KHUCJIOTBI B CBIBOPOTKE KPOBHU
y MALMEeHTOB ¢ OKHpeHHeM cocTaBisiia 21,1 + 9,26 Hmoinb/1, a y 310poBbIX 16,8 + 8,37 HMONB/I COOTBETCTBEHHO.
Toraa Kak KOHLIEHTpALXsI XHHOJIMHOBOW KHCIIOTHI B CBIBOPOTKE KPOBH Mpu oxxupeHuu — 73,1 + 54,4 umonn/1, a
Y 310pOBBIX 100poBosbleB — 56,8 £ 34,1 HMonb/1. B HOpMe KOHIIEHTpanusi XHHOJIMHOBOH KHCIOTHI B 3,4 pasa
BBIIIEC, YEM KOHLCHTpAUUsA Kl/lHypeHOBOP’I KHUCJIOTHI, a MPHU OKHUPEHUU MPOUCXOIUT COMMOCTABUMOEC UX IMOBLINICHUEC.

W3 npon3BOJHBIX MHIONA, KOTOPHIE MMEIOT MPEHMYIIECTBEHHO MUKPOOHOTHYECKOE NPOHCXOXKJICHUE, B CHIBO-
POTKE KPOBH THAIMEHTOB C OXXHPCHUEM CTATHCTUYCCKU 3HAYMMO MOBBINICHA KOHIICHTpAIMS WHIOJ-3-1aKTaTa,
UHJ0N-3-0yTHpaTa U UHJOJN-3-anerara. Y HalHeHTOB C O)KHPEHUEM KOHIIEHTPALHS B CBIBOPOTKE KPOBH METa0o-
JIUTa CEPOTOHMHA — 5S-TUIPOKCHHH/IOIN-3-aneTaTa — Oblia MOBBINICHA U cocTaBisuia 74,6 + 75,8 HMoib/J (y 310po-
BBIX J0OpOBOJbIEB — 59,4 £ 36,6 HMOIB/JT); MHIOM-3-1akTata — 523 £ 251 HMOB/T (Y 3J0POBBIX TOOPOBOJIBIICE
433 + 208 amMous/nn); mHA0N-3-anerata — 1 633 + 1166 HMob/1 (Y 310poBEIX 100poBosbLeB 1 186 + 826 HMOIB/N);
nHpon-3-0yrupara — 4,61 + 3,31 aMonbs/1 (y 310poBBIX 10OpoBOIbIEeB 3,85 + 2,51 HMOIB/1).

3akaouenne. [Ipyn 0XHpEeHUN TPOMCXOIUT UHTCHCH(HUKALUS YTIUIH3AMNH TPUNTO(haHa KaK MUKPOOHOTHIECKOH
MOMyJISAIMEH KAMIEYHNKA, TaK 1 MAKPOOPTaHM3MOM. Y CTAaHOBJIEHO, YTO OOJIHBIE C 0XKUPEHHEM UMEIOT 0oJIee BBI-
COKHME KOHIIEHTPAI[NN KWHYPEHHWHA, XHHOINHOBOH M KHHYPEHOBOW KHCIIOT, MHOJ-3-areTaTa, HHAOI-3-1aKTaTa,
uHA0N-3-0yTHpaTa U 5-THAPOKCHUHMHAON-3-aneraTa. Buaumo, Ha ¢GoHE TMHEepnpomyKIH HMPOBOCHATHTEIBHBIX
IIUTOKWHOB aAWTIONNTAMH y MAHEHTOB C OXKUPEHHEM CpabaThIBaeT «KHHYPEHHHOBBIN MEPEKIII0YaTeNby, 9T0 U
obecneYrBaeT THIePIPOAYKIUIO METAO0INTOB TPUNTO(HAHOBOTO 0OMEHa, KOTOPHIE BOBIEUYEHBI B HUMMYHOJIOTHYE-
CKYIO (pyHKIIHIO MaKpOOPTaHH3Ma.

KuroueBble ciioBa: MI/IKp06I/IOTa, TpI/IHTO(l)aH, OXUPCHUE, KUHYPEHWHBI, UHJ0JIbI, MeTabOIMIECKU CHUHIPOM.

KonpaukTt naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJIMKaLel HaCTOsIIeH CTaTby.

Hcrounuk ¢punancupoanus. Pabora BemonHeHa B pamkax jgorosopa Ne 0373100122119000041 no mpoekty
«Co3nanne 6aHKa 6n000pa3OB CHIBOPOTKU KPOBH M (heKaIUil OT 3I0POBBIX JJOHOPOB M TAIIMEHTOB C OXKHUPEHHUEM,
MeTabOJIMYEeCKHM CHHIPOMOM, caxapHbIM auaberoM Il Twma, HapyleHHeM MyKO3aJIbHOTO Gapbepa >KelyZo4HO-
KUIIEYHOTO TPAaKTa C IIENBI0 BBIBICHUS KAaHAWAATHBIX BUIOHECHENU(PHIECKHX MEAMATOPOB CHCTEM quorum
sensing MHKpOOHOTHI 4eI0BEKa, MOAYIHPYIOLIUX YHIOKPHHHYIO U METa0O0JIHYECKYIO (PYHKIIUIO )KUPOBOH TKAHM.

CooTBeTcTBHE NPHHIUINAM 3THKH. Bce ydacTHHKH nccienoBaHus MOANMUCAIN J0OpOBOIbHOE HH(POPMUPOBAH-
Hoe coryacue. MccnenoBanue 0100peHO JOKANBHBIM 3THYecKkuM komuteroM PHUMY um. H.U. [Tuporosa (mpo-
ToKoJ Ne ot 86 ot 26.06.2019).

Jns nurupoBanus: lllecromanos A.B., lllatosa O.I1., Kap6ermer M.C., 'anonoB A.M., Mockanesa H.E., Armo-
noHoBa C.A., Tyrenssi A.B., Makapos B.B., IOqun C.M., Pymsnnes C.A. «KuHypeHHHOBBII IEpEKIIOYaTEeNIb) U
oxxupenue. bromiemens cubupcroii meouyunsvt. 2021; 20 (4): 103—111. https://doi.org/10.20538/1682-0363-2021-
4-103-111.

INTRODUCTION

Tryptophan is an essential amino acid for the hu-
man body [1]. However, the intestinal microbiota has
an enzymatic system of the shikimate pathway of tryp-
tophan synthesis and can provide the macroorganism
with both amino acid and its derivatives. Among these
metabolites are derivatives of the kynurenine, indole,
and serotonin pathways of tryptophan metabolism [2].
Synthesis of aromatic amino acids is possible in the
microbiome due to universal metabolic pathways —
glycolysis and the pentose phosphate pathway (PPP).
Therefore, glycolysis produces phosphoenolpyruvate
(PEP), while PPP is a source of erythrose—4-phos-
phate for the shikimate pathway of tryptophan and
anthranilic acid synthesis (Fig. 1,a and b).

The dominant mechanism of tryptophan utiliza-
tion for eukaryotes is the kynurenine pathway. More
than 90% of tryptophan not spent on biosynthesis is
converted into metabolites of the kynurenine path-
way [2]. They perform antioxidant and anti-inflam-
matory functions in the body, regulate immune re-
sponses, and act as toxins and signaling molecules in
the molecular dialogue between the macroorganism
and the microbiome [2]. For example, anthranilic
acid (anthranilate) is an essential link in the metabolic
coupling of the microbiome and the macroorganism:
it has a mixed origin and is a precursor in the syn-
thesis of quinolinic acid and, accordingly, NAD" and
also participates in the formation of quinoline reg-
ulators of the quorum sensing (QS) in the microbi-
ome [3]. So far, there is no information on the role
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of microbiota enzymes in the synthesis of quinolinic
acid and NAD" directly from tryptophan [4]. How-
ever, both quinolinic acid and NAD" are not spe-
cies-specific metabolites, and their synthesis occurs
in both eukaryotes and prokaryotes. It is important
to note that quinolinic acid in eukaryotes is formed
from tryptophan, whereas in prokaryotes, this acid is
formed from aspartic acid [5].

COOH COOH
| "
C|-O-PO3H2 - H—C——0H
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Pi
COOH
| COOH
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C-0-PO3H;

a

Quinolinic acid is neuro- and gliotoxic and in-
creases in animals with multiple sclerosis in brain
tissues and blood serum [6]. Quinolinic acid is an
ionotropic glutamate receptor antagonist that selec-
tively binds N-methyl-D-aspartate, while kynurenic
acid is an agonist of glutamatergic and cholinergic re-
ceptors and has antioxidant properties [7]. Therefore,
kynurenic acid will have a neuroprotective effect.
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Fig. 1. The shikimate pathway: a — at the first stage, 3-dehydroquinate is synthesized: PEP and erythrose 4-phosphate are converted

into deoxy-d-arabino-hept-2-ulosonate-7-phosphate (DAHP) with the participation of DAHP synthase; b — at the second stage,

DAHP is converted into 3-dehydroquinate (3-DQ) with the participation of 3-DQ synthase, and then reduction to shikimate occurs,

followed by a phosphorylation reaction to shikimate 3-phosphate. When interacting with PEP, shikimate 3-phosphate is converted

into enolpyruvate shikimate-3-phosphate by a specific synthase, and then, after dephosphorylation, it becomes a chorismate, which,
when interacting with glutamine (Gln), turns into anthranilic acid (AA)a

It is shown that after tryptophan loading or after
immune stimulation, hepatocytes, which are consti-
tutively responsible for NAD" synthesis, transiently
accumulate quinolinic acid. At the same time, cells of
the immune system, including macrophages, dendri-
tic cells, Langerhans cells, Kupffer cells, etc., generate
high, stable levels of intracellular quinolinic acid in
response to various immune stimulators. This event
regulates the mobility of immune cells, since it indu-
ces synthesis of cytoskeleton proteins in them [8]. It
is important to note that in the liver, all tryptophan
molecules not involved in protein synthesis are con-
verted into NAD" or oxidized to CO, and H,O. During
immune stimulation, indolamine-2,3-dioxygenase
(I-2,3-DO) is activated in the lung tissue, contributing
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to the “kynurenine switch” activation. Systemic ky-
nurenine begins to actively engage immune cells for
overproduction of NAD* [8].

Intracellular levels of quinolinic acid increase in
response to immune stimulation by lipopolysaccha-
ride in macrophages, microglia, dendritic cells, and
other cells of the immune system [8]. The further fate
of quinolinic acid depends on the activity of quino-
linate phosphoribosyltransferase (QPRT), which cata-
lyzes the formation of nicotinic acid mononucleotide
from quinolinic acid and 5-phosphoribosyl-1-pyro-
phosphate (Fig. 2).

It is known that the inflammatory response re-
quires higher levels of NAD"' in immune cells.
Thus, NAD* performs numerous functions (Fig. 2):
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Fig. 2. The biological role of NAD+ in immune cells

participates in the respiratory burst and the poly-
merization reaction of poly(ADP-ribose) polymerase
(which is involved in DNA repair mechanisms) and
regulates the activity of NAD"-dependent deacety-
lases (sirtuins) and NAD*-dependent hydrolases,
including CD38, CD157, and ADP-ribosyl cyclase/
cyclic ADP-ribose hydrolase. The latter is expressed
on many immune cells, including CD4*, CDS§",
B-lymphocytes and natural killer cells, and CD157 —
ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase-2
is expressed by pre-B cells [8].

It was shown that obesity is a systemic inflam-
matory disease with overexpression of indoleamine
2,3-dioxygenase (I-2,3-DO) in both white adipose tis-
sue and the liver, induced by adipocytes of proinflam-
matory cytokines [9]. In response to the activation of
the regulatory enzyme of the kynurenine pathway, the
entire kynurenine pathway of tryptophan metabolism
is also intensified. Activation of I-2,3-DO in the intes-
tine leads to an increase in the kynurenine concentra-
tion, which has an antimicrobial effect [2] and, thus,
affects the gut microbiota.

It is possible that in obesity, the intensification of
the shikimate pathway in the intestine is accompanied
by excessive production of tryptophan, which can be
metabolized into indole derivatives by various micro-
biota populations. It should be noted that indole-3-lac-
tate regulates the kynurenine pathway of tryptophan
conversion in cells of the macroorganism [10], and

indole-3-acetate (and tryptamine) is an agonist of aryl
hydrocarbon receptors [11].

Therefore, the aim of the study was to investigate
the concentrations of metabolites of the kynurenine
and indole pathways of tryptophan metabolism in the
blood serum of patients with obesity.

MATERIALS AND METHODS

A cohort of 266 participants with an average age of
39.9 £+ 4.2 years was examined. Two clinical groups
were formed. Group 1 (n = 138) — a control group of
healthy volunteers without obesity and/or metabolic
syndrome with an average body mass index (BMI) of
22.7 kg / m? and waist circumference (WC) of 79.8 cm.
Group 2 (n = 128) was an experimental group inclu-
ding patients with obesity and/or metabolic syndrome
with an average BMI of 32.96 kg / m*> and WC of
108.98 cm.

Samples of the whole blood and blood serum were
obtained from all study participants according to the
study protocol. Transportation and storage of the
samples were carried out in compliance with the cold
chain at a temperature not higher than —40 °C.

A quantitative analysis of tryptophan metabolites
in the blood serum was performed by high-perfor-
mance liquid chromatography with mass spectrome-
try (HPLC-MS/MS). The analysis was performed us-
ing an Agilent 1200 liquid chromatography (Agilent
Inc., USA) with an automatic sample input system, a
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column thermostat, and a degasser. Chromatographic
separation was performed using the Discovery PFP
HS F5 analytical column (2.1 x 150 mm; 3 microns).
The composition of the mobile phase A —0.1% formic
acid solution in deionized water; phase B — 100% ace-
tonitrile for chromatography. The mobile phase gradi-
ent ranged from 1 to 10 % within 4 minutes, then went
up to 90% by the 9th minute of the analysis. The flow
rate of the mobile phase was 0.40 ml / min.

A mass spectrometry detector based on the Agilent
6460 triple quadrupole (Agilent Inc., USA), MRM, and
electrospray ionization were used. The characteristic
parent and daughter ions for each compound for the
MRM mode and ionization and dissociation parame-
ters were optimized using the standards of the studied
metabolites. The received signal was processed using
MassHunter software (Agilent Inc., USA).

Metabolite concentrations were calculated by the
internal standard method (2-hydroxynicotinic acid).
The internal standards of the determined compounds
were prepared using an artificial matrix containing bo-
vine serum albumin and sodium chloride. The studied
metabolites were added to the matrix and prepared ac-
cording to the analysis method.

Serum sample preparation was conducted as fol-
lows: an internal standard (2-hydroxynicotinic acid)
was added to 100 ul of serum, and proteins were pre-
cipitated with acetonitrile; the supernatant was evapo-
rated and re-dissolved in 10% methanol in water with
the addition of ascorbic acid to prevent oxidation of
analytes. To prepare a stool sample, it was lyophilized
to a dry residue, and then a sample of about 5 mg was
extracted with 50% methanol in water with addition of
an internal standard and ascorbic acid. After centrifu-
gation, the sample was analyzed by HPLC-MS/MS.

The method was validated in terms of selectivity,
linearity, accuracy, reproducibility, matrix effect, and
analyte stability. The validation was conducted fol-
lowing the FDA guidelines for the validation of bio-
analytical methods.

Statistical analysis of the obtained results was per-
formed using Statistica 12.0 software package (Stat-
Soft Inc, USA). The data are presented as the mean
and standard deviation M + ¢. After checking the data
distribution for normality, the statistical significance
of the differences in the mean values of independent
samples was assessed using parametric analysis. The
normality of the distribution of variables in the groups
was assessed using the Shapiro — Wilk test. The
Mann — Whitney test was used for comparative anal-
ysis of independent samples, with the Wilcoxon test

used for comparative analysis of dependent samples.
The differences were considered statistically signifi-
cant at p < 0.05.

RESULTS AND DISCUSSION

When analyzing the level of metabolites of the
kynurenine and indole pathways in the blood serum
in the control group, we found that concentrations of
quinolinic acid, kynurenic acid, kynurenine, 5-hy-
droxyindole-3-acetate, indole-3-lactate, indole-3-ace-
tate, and indole-3-butyrate significantly increased in
obesity (Table).

Table
Serum content of tryptophan metabolites, nmol/l, M + ¢
Control group, | Experimental group,
Parameter "= 1g38 P P "= 128g P
Quinolinic acid 56.8 +34.1 73.1 £54.4*
Kynurenine 2,122 £ 863 2,413 £ 855%*
5-hydrosyindole-3-acetate 59.4 +36.6 74.6 + 75.8*
Kynurenic acid 16.8 + 8.37 21.1 £9.26*
Indole-3-lactate 433 + 208 523 £251**
Indole-3-acetate 1,186 + 826 1,633 +1,166*
Indole-3-butyrate 3.85+2.51 4.61 +3.31%*
Serotonin 809 + 356 782 + 434
Anthranilic acid 33.3+20.7 37.5+20.9
Xanthurenic acid 431+3.11 4.18+2.91
Tryptamine 0.818 +0.541 0.731+0.314
Indole-3-carboxaldehyde 40.4+19.3 443 +25.7
Indole-3-acrylate 5.01 £14.6 4.29+15.7
Indole-3-propionate 650 + 845 753 +£736

* differences are statistically significant relative to the control group
at p < 0.01; ** differences are statistically significant relative to the
control group at p <0.05.

We did not find statistically significant differences
in serum concentrations of such tryptophan metabo-
lites as anthranilic acid, xanthurenic acid, tryptamine,
indole-3-carboxaldehyde, indole-3-acrylate, and in-
dole-3-propionate between healthy volunteers and
obese patients (Table).

Many research groups demonstrated an increase
in kynurenine concentration in the blood serum in
obesity [4]. However, in this study, the statistically
significant increase in serum kynurenine was not so
significant in percentage terms, whereas we found a
tremendous increase in the concentrations of quinoli-
nic acid and kynurenic acid in obese patients.

We also showed that among all the kynurenine
pathway metabolites in the blood serum in both
groups, the concentration of kynurenine was signifi-
cantly higher in comparison with other metabolites of
the kynurenine pathway. In our opinion, this obser-
vation is natural, since kynurenine is the main catab-
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olite of tryptophan for the macroorganism. However,
kynurenine has a mixed origin, and it remains unclear
what percentage of serum kynurenine is absorbed
from the intestine and what percentage is formed in
other organs of the macroorganism in normal condi-
tions and obesity.

The depletion of taxa in the gut microbiota in
obese patients is known [12]. Overproduction of
various proinflammatory cytokines by adipocytes is
also observed [13], accompanied by an increase in
the kynurenine concentration in the blood serum with
a subsequent rise in quinolinic acid. The increased
concentration of quinolinic acid in the blood serum
of obese patients reflects what is happening in the
cells of the macroorganism. The significance of the
“kynurenine switch” and the protective role of NAD*
were discussed above, but there is a rate-limiting reac-
tion in the synthesis of NAD*— CPRT [8]. Apparently,
overproduction of quinolinic acid in obese patients is
associated with low activity of this enzyme, also in
immune cells.

Utilization of the excessive amount of kynurenine
in obesity also follows the path of its conversion into
kynurenic acid, as evidenced by data obtained on a sta-
tistically significant increase in the level of kynurenic
acid in obese patients. This metabolite performs an
antioxidant role and is seemingly a functional antago-
nist of quinolinic acid, not only in the nervous tissue.
Probably that is why the increase in the serum concen-
tration of quinolinic acid is comparable to the increase
in the serum level of kynurenic acid in obese patients.

A pronounced statistically significant increase in
the level of indole-3-acetate in the blood serum was
found in the patients of the experimental group. This
tryptophan metabolite is mainly of bacterial origin. It
should be noted that the indole molecule itself sup-
presses the formation of Pseudomonas quinolone sig-
nal (PQS) in the intestine [14], the precursor of which
is anthranilic acid.

It was shown that indole-3-acetate is a metabolite
conjugating the indole and kynurenine tryptophan me-
tabolism pathways; it can also be formed in eukary-
otic cells from anthranilic acid. This metabolite is a
ligand of aryl hydrocarbon receptors and performs a
regulatory function in the human body, participating
in the immune function [15]. Indole-3-lactate is also
an agonist of aryl hydrocarbon receptors [16]. It is
known that indole-3-lactate decreases the response
to interleukin-8 after stimulation with interleukin-1
[17]. In obese patients, an increase in indole-3-lactate
is microbiota metabolic compensation to reduce the

production of proinflammatory cytokines. In further
studies, it is necessary to analyze the relationship be-
tween the concentration of proinflammatory cytokines
and indole-3-lactate in obese patients.

Indole-3-butyrate, like indole-3-lactate, is a metab-
olite of bacterial origin. So far, there are no studies that
would show the eukaryotic origin of these metabolites
of the indole pathway in tryptophan metabolism. The
involvement of indole-3-butyrate in the pathogenesis
of obesity has to be studied, while there are no stud-
ies that would determine the role of this tryptophan
metabolite. We found that in obese patients, the con-
centration of indole-3-butyrate in the blood serum was
higher than in healthy volunteers.

When serotonin is metabolized, 5-hydroxyin-
dole-3-acetate is formed, which is significantly in-
creased in the blood serum of obese patients, while
the serum concentration of serotonin itself does not
change significantly. It should be noted that the prima-
ry level of serum serotonin is determined by its over-
production in enterocytes. It can be assumed that an
excessive amount of tryptophan in the intestine is me-
tabolized to serotonin, indole-3-acetate, indole-3-bu-
tyrate, indole-3-lactate, and kynurenine.

CONCLUSION

It should be noted that all pathways of tryptophan
metabolism in the body are intensified in obese pa-
tients. Utilization of the excessive amount of trypto-
phan occurs by both gut microbiota and cells of the
macroorganism. An increase in the serum level of
quinolinic acid has an adverse effect on the macro-
organism and is a necessary consequence of immune
stimulation. An increase in the concentration of ky-
nurenic acid in the blood serum of patients with low-
grade inflammation in obesity is an indispensable
condition for simultaneous formation of a functional
antagonist of quinolinic acid.

In obese patients, we have found an increase in the
rate of tryptophan metabolism by the gut microbiota,
and it has not been studied yet whether this trypto-
phan is of exogenous origin or a product of the shi-
kimate pathway. The increased levels of kynurenine,
quinolinic acid, and kynurenic acid in the blood serum
may be a manifestation of the “kynurenine switch” of
NAD* overproduction in immune cells in obese pa-
tients. A drastic increase in indole-3-acetate in the
blood serum of obese patients performs a compensato-
ry and adaptive function, also through suppression of
the activity of some enzymes of the kynurenine path-
way in different tissues of the macroorganism. The
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increase in the concentrations of indole-3-lactate and
indole-3-butyrate in the blood serum of obese patients
reflects precisely the microbiotic activation of the uti-
lization of excess tryptophan, possibly of shikimate
origin. In obese patients, the utilization of serotonin
is intensified, and the concentration of 5-hydroxyin-
dole-3-acetate in the blood serum increases statistical-
ly significantly.
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Adherence to lifestyle modification in patients with nonalcoholic fatty liver
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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) makes a major impact on morbidity and mortality among the working-
age population in developed countries. In the lack of effective pharmacological methods, the leading role in
treatment of NAFLD belongs to lifestyle modification, consistent and gradual weight loss, and its maintenance.
The qualitative and quantitative structure of the diet, intensity of physical activity, and most importantly, regularity
and consistency of implementation of lifestyle modification activities are the key to successful management of
patients with NAFLD.

To date, there are very few studies on adherence to lifestyle modification activities in this group of patients, which
is mainly due to a deficiency of methodological tools. The questionnaire “QAA-25" recommended by the Russian
Scientific Medical Society of Therapists for quantitative assessment of adherence to treatment allows to assess both
adherence to therapy in general and adherence to its individual components (adherence to drug therapy, adherence
to medical counseling, and adherence to lifestyle modification), which requires further study taking into account
features of therapeutic strategies in treating NAFLD.

Key words: nonalcoholic fatty liver disease, lifestyle modification, adherence, insulin resistance, metabolic
syndrome.
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Reviews and lectures

Beaylyto poib B edennu HAXKBII urpaet moxudukanms odpasa KH3HH, B TIEPBYIO 0Yepeb MOCIeJ0BaTEIbHAS
¥ IIOCTETIeHHAas IIOTepsl MacChl Tella, a TaKkxKe ee nojaepxanue. KauecTBeHHBIN U KOJMYECTBEHHBIH COCTaB AUETHI,
YPOBEHb (pM3UUECKOI aKTUBHOCTH, a TJIaBHOE, PETYJISIPHOCTD BBIMOIHEHHSI MEPOIIPUSTHI 110 MoAnHKauu oopa-
3a )KU3HU SBJISIOTCS 3aJI0TOM yCIenHoro BeaeHus nauuentos ¢ HAXBII.

Ha ceropHsImHuil [eHb HCCIEOBAaHUH, IIOCBAIICHHBIX H3YYEHHUIO BOIIPOCOB NIPUBEP)KEHHOCTH MEPOIIPUSATUSIM MO
M3MEHEHHUI0 00pa3a >KH3HU y JAHHOU IPYHITEI OOJTBHBIX, KpaifHe Maslo, YTO BO MHOTOM CBSI3aHO CO CKYIHOCTBIO
METOJI0JIOTHIECKOT0 HHCTPYMEHTapHsl. PeKOMeH/I0BaHHBIN POCCUIICKUM HayYHBIM MEAUIIMHCKAM OOIECTBOM Te-
pareBTOB ONPOCHUK KOJIMYECTBEHHOH OIEHKH MpuBepkeHHOCTH JedeHnio «KOII-25» mo3BOoNseT OleHHTh Kak
HPUBEPKEHHOCTh TEPalUy B IEJIOM, TaK U 110 OTAENHHBIM KIIOYEBBIM KOMIIOHCHTaM (IIPUBEP>KEHHOCTH JIeKap-
CTBEHHOM TepaIiy, IPUBEPKEHHOCTh MEIUIUHCKOMY COIPOBOXKICHUIO M TPUBEPIKCHHOCTH MOAN(HKAIMY 00pa3a
JKU3HH), YTO TpeOyeT N3ydeHHUs, YIUTHIBast 0COOCHHOCTH TepaneBTuaeckux crpareruit mpu HAXKBII.

KutroueBbie €JI0Ba: HEAJIKOTOJIBHAS JKUpOBast 00J1e3Hb TNCYCHU, NIPUBCPIKEHHOCTD, MOI(PI(bI/IKaHI/IH 06pa3a JKHU3HU,
HUHCYJIMHOPE3UCTCHTHOCTD, MeTabOIMYCCKUI CUHAPOM.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIHUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'[PIKaIlPIeI>i HaCTOSIU.[efI CTaTbu.

Hcrounuk ¢punancupoBanus. [IyOonukanus NOATrOTOBICHA 3a c4eT (UHAHCHPOBAHHA 1o TpaHTy [Ipesnmenta
Poccun mmst rocynapcTBEHHON MOAEPKKY BeAyIux HaydHbIX mkon HI-2558.2020.7 (cormamenne Ne 075-15-
2020-036 ot 17.03.2020) «Pa3paboTka TEXHOIOTHH 310pOBbecOEpeKeHUs] KOMOPOUAHOTO OONBHOTO TaCTPOIHTE-
POJIOTHYECKOTO MPO(UIIS Ha OCHOBE KOHTPOJIS IPHBEPKEHHOCTH.

Jnsa uutupoBanus: AunpeeB K.A., Ckupnenko O.I1., Hukonaes H.A., Jluzan M.A., ['op6erko A.B., Deno-
pua M.M., Kponesen T.C. [IpuBepkeHHOCTH MOAH(UKAIN 00pa3a KU3HH MPU HEATKOTOJIBHO KHPOBOH 00Ie3-
HU 11e4eHu. bronnemens cubupcrou meouyunsvt. 2021; 20 (4): 112—-122. https://doi.org/10.20538/1682-0363-2021-

4-112-122.

RELEVANCE

Nonalcoholic fatty liver disease (NAFLD) in-
cludes a range of liver changes which are morpho-
logically characterized by excessive accumulation
of fat in hepatocytes (associated with insulin resis-
tance) in patients who do not consume significant
amounts of alcohol and/or steatogenic drugs and do
not have other possible causes of secondary steato-
sis [1]. The established risk factors for the develop-
ment and progression of this disease include obesi-
ty, type 2 diabetes mellitus, and dyslipidemia [2, 3].

Currently, NAFLD is one of the most common
liver diseases worldwide, affecting 20-40% of the
population in developed countries [4, 5]. This trend
is expected to worsen as obesity rates increase [6,
7]. NAFLD is considered as a hepatic manifestation
of the metabolic syndrome, whose pathogenetic
mechanisms of formation determine the interdis-
ciplinary relationship between the progression of
the disease (steatohepatitis, fibrosis, cirrhosis) and
cardiovascular events, renal pathology, etc. This, in
turn, becomes the reason for high mortality among
these patients.

Despite the growing interest in the study of
NAFLD in the global and Russian research com-
munity, the issue of effective specific treatment of
NAFLD remains unresolved. The main directions
of drug therapy for NAFLD are increasing tissue
sensitivity to insulin and reducing the stage of liv-
er damage [8], which are used only with lifestyle
modification [9—-12]. Therefore, lifestyle modifica-
tion is the cornerstone of any NAFLD treatment
regimen and implies namely changes in the quantity
and quality of nutrition, weight loss, and increased
physical activity. Changing habits and lifestyle as
established functional systems in human behavior
requires significant efforts. Long-term effectiveness
of non-pharmacological treatment depends on pa-
tient motivation and adherence [13—-15].

In few studies available on adherence to treat-
ment in patients with NAFLD, there is evidence of
significant effectiveness of non-pharmacological
treatment, but information on adherence to these
treatment methods is extremely limited. This may
be determined by difficulties of studying the adher-
ence to lifestyle modification, as well as by imper-
fection of the methodology.
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EATING BEHAVIOR MODIFICATION
IN THE TREATMENT OF NAFLD

The 2016 guidelines of the European Associa-
tion for the Study of the Liver, European Associa-
tion for the Study of Diabetes, and European Asso-
ciation for the Study of Obesity describe the main
provisions of diet therapy: weight loss by 7-10%
from the initial weight, which should be achieved
by reducing the daily calorie intake by 500—1,000
kcal; a change in the ratio of macronutrients in fa-
vor of an increase in the amount of complex car-
bohydrates, plant-based proteins, and fiber and a
decrease in the proportion of fat; exclusion of food
containing fructose from the diet; consumption of
alcoholic beverages not exceeding the daily safe
dose (30 ml for men, 20 ml for women in terms of
ethanol) [16].

The most effective therapeutic intervention
in the treatment of NAFLD is diet modification,
which promotes weight loss in patients [16]. De-
spite this, some diets that involve excessive and/
or rapid weight loss (for example, diets very low in
carbohydrates and high in fat) contribute to the de-
velopment of insulin resistance. This, in turn, wor-
sens the course of the disease [17]. The use of eli-
mination diets and the so-called healthy fasting for
the treatment of patients with NAFLD is absolutely
unacceptable, since fatty liver disease is aggrava-
ted, and a relatively favorable stage of steatosis can
advance to steatohepatitis and fibrosis [18].

Given a strong association between NAFLD and
obesity, it is not surprising that significant histolo-
gical and biochemical improvements are seen in pa-
tients after weight loss. A study by M. Palmer and
S. Schaftner demonstrated that weight loss of more
than 10% in obese patients with NAFLD is associat-
ed with a significant decrease in serum aminotrans-
ferase levels [19]. In another study, S. Zelber-Sagi
et al. found that a 9% decrease in body weight leads
to significant morphological changes [20].

Diet therapy to achieve the target body weight
should have both quantitative and qualitative chan-
ges. Most studies demonstrate that energy restric-
tion alone is not enough to treat NAFLD, modula-
tion of both macro- and micronutrients in the diet
is critical, so a balanced diet and moderate weight
loss may now be considered the best therapeutic
approach [21]. The balance and qualitative compo-

sition of the diet are even more important in a situa-
tion when we face the so-called metabolically inac-
tive NAFLD in patients with initially normal body
weight. The main goal in diet therapy is to maintain
normal body weight and realize the antifibrinogen
effects of the corresponding diets [22, 23].

Diet is the main moderator of triglyceride accu-
mulation in the liver parenchyma and can be crucial
for potentiating antioxidant activity [2, 24-26]. To
date, there are no solid data on the effect of certain
products on the development and course of NA-
FLD, but such studies are being conducted globally
[22, 24, 27, 28]. There have been reports that diets
high in carbohydrates and low in fat, but with the
same amount of protein and total calories are asso-
ciated with greater severity of NAFLD [24], or that
patients with NAFLD consume more saturated fatty
acids compared with healthy individuals [23].

A population-based study in Germany showed
that it is typical of people with NAFLD to con-
sume less tea, confectionery, fat, bread, cereals, and
cheese and have higher consumption of soups, beer,
wine, juice, poultry, and eggs [29]. Among 999
Chinese adults included in the study by C.Q. Yang
et al., patients who had a vegetarian diet had the
lowest risks of developing NAFLD [30].

A number of European studies also sugges-
ted that a plant-based diet is beneficial for patients
with liver diseases [31-33]. In a crossover study of
the Chinese population, a vegetarian diet was as-
sociated with a lower risk of developing fatty liver
disease [34]. However, there are studies that do not
confirm this effect [27, 35]. For example, in another
crossover study involving 615 Buddhists, a vegeta-
rian diet was not shown to be effective in prevent-
ing NAFLD [35]. According to the Rotterdam study
of 3,882 patients with NAFLD, it was found that
a diet rich in animal proteins was associated with
the development of NAFLD, regardless of the tra-
ditional risk factors. According to that study, sugar
consumption did not increase the risk of the deve-
lopment and progression of NAFLD [36].

One of the most preferred diets in patients with
NAFLD is the Mediterranean diet [37]. This diet is
a traditional approach to eating among the popu-
lation in the states surrounding the Mediterranean
Sea. Although due to cultural, religious, and agri-
cultural characteristics, each region is characterized
by its own variant of the diet, the general features of

114 Bulletin of Siberian Medicine. 2021; 20 (4): 112-122



Reviews and lectures

the diet are as follows: eating a large amount of un-
refined grains, vegetables, fresh fruits, olive oil and
nuts; fish, white meat and legumes in moderation;
limiting the intake of red meat, meat products, and
sweets. The main characteristics of the Mediterra-
nean diet are a healthy fatty acid profile, consisting
in low intake of saturated fat and cholesterol and,
conversely, high intake of monounsaturated fatty
acids with a balanced ratio of omega-6 to omega-3,
along with a high content of complex carbohydrates
and dietary fiber [38].

The MEDINA study in a large cohort of patients
with NAFLD demonstrated that a Mediterranean
diet, regardless of weight loss, can lead to signi-
ficant improvements in biochemical liver markers,
and these changes were maintained for at least 12
months [39]. It was suggested that the positive ef-
fect of the Mediterranean diet is partly due to the
high content of substances with high antioxidant
and anti-inflammatory activity [40—42].

Cognitive behavioral therapy (CBT) can be an
important aspect of lifestyle modification therapy.
S. Moscatiello et al. compared the effectiveness of
psychotherapy support in weight loss in patients
with NAFLD [43]. After 2 years, in the group
of patients receiving psychotherapy, there was a
statistically significant decrease in body weight,
normalization of liver parameters and a greater
likelihood of maintaining it within the required
therapeutic interval, compared with the group re-
ceiving diet therapy alone. Evidence on long-term
treatment efficacy and adherence to lifestyle mo-
difications and diet emphasizes the role of psycho-
therapy support in the treatment of NAFLD [44].

PHYSICAL ACTIVITY IN THE TREATMENT
OF PATIENTS WITH NAFLD

In the aforementioned consensus statement of
the European Association for the Study of the Li-
ver, European Association for the Study of Diabe-
tes, and European Association for the Study of Obe-
sity, increasing physical activity to 120-150 min-
utes per week (in 3—5 workouts) is one of the main
recommendations for non-drug treatment of NA-
FLD. Preference should be given to aerobic activ-
ities (brisk walking, exercise bike, swimming) [16].

In a retrospective analysis of 813 adults with
biopsy-confirmed NAFLD, physical activity
was assessed using clinical questionnaires [45].

Similarly, the level of physical activity was as-
sessed in the crossover study by S. Zelber-Sagi,
which involved 375 patients with NAFLD [46].
Patients with NAFLD were significantly less
physically active than those without NAFLD. An
important limitation of these studies is the use of
survey and questionnaire data rather than objec-
tive measures of physical activity.

The relationship between low physical activity
and NAFLD was also studied among adolescents
[28,47—49]. L.N. Hattar et al. in a prospective cohort
study compared the physical activity of pediatric
patients (aged 8—16 years) with NAFLD in patients
without liver diseases [50]. The results showed that
the group of obese children with NAFLD had the
lowest physical activity scores, and more than 50%
of them did not exercise actively at all.

All this led to a new concept that a simple de-
crease in the level of “inactivity”, even in the ab-
sence of proper physical education sessions, can be
useful [51-53]. The lack of adequate physical ac-
tivity in patients with NAFLD prompted the Amer-
ican Association for the Study of Liver Diseases,
the American College of Gastroenterology, and the
American Gastroenterological Association to revise
the guidelines on the role of physical exercise in
2012 [54]. The Association Joint Clinical Guide-
lines mention physical exercise as an effective
method for reducing hepatic steatosis, however, it
should be noted that only a limited number of stud-
ies use physical exercises as the main treatment for
NAFLD, and the significance of improvements in
the course of the disease, provided no weight loss,
is yet to be studied.

Several studies focused on finding the optimal
frequency and intensity of physical exercise that
would lead to clinically significant reduction of he-
patic steatosis [55-58]. The study by K.D. Kistler
et al. showed that patients who performed high-in-
tensity exercise, such as exercising on a treadmill or
using a step machine, were significantly less likely
to develop NAFLD [45]. The average time spent on
performing intense physical exercise by the stud-
ied patients was 3 hours per week. A decrease in
the risk of developing progressive fibrosis was also
noted, when the recommended duration of high-in-
tensity exercise was doubled. In contrast, patients
who did moderate-intensity exercise, such as brisk
walking, did not show a difference in the risk of
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developing NAFLD or fibrosis compared with those
who did not exercise.

These results are consistent with previously
published studies showing great cardiovascular
health benefits of intense exercise [46]. Based on
the available data, it can be concluded that high-in-
tensity exercise appears to be of the greatest benefit
to patients with NAFLD and should be considered
the preferred option when discussing the treatment
strategy [59, 60].

Strength training deserves special attention, due
to its wider application. Often, patients with NA-
FLD have underlying medical conditions that can
complicate aerobic exercises. To date, there are
few studies examining the effectiveness of strength
training in the treatment of patients with NAFLD,
but the available data suggest this area is promising
[61, 62].

The study by K. Hallsworth et al. evaluated the
effect of resistance training on the biochemical pa-
rameters of patients with NAFLD [63]. The training
consisted of eight strength exercises with a total du-
ration of 45-60 minutes, done 3 times a week. At
the end of the 8-week test period, a decrease in ste-
atosis and lipid oxidation and an increase in muscle
tissue sensitivity to insulin were recorded. These ef-
fects were recorded regardless of body weight loss.
Since the data on the effect of resistance training on
the course and outcome of NAFLD are insufficient,
attention should be paid to studies evaluating the ef-
fectiveness of such exercises in patients who meet
the criteria for metabolic syndrome, given high
probability of their having NAFLD.

A meta-analysis of 13 randomized controlled tri-
als using resistance training to improve metabolic
syndrome showed that this approach can signifi-
cantly influence such parameters as obesity, glyca-
ted hemoglobin levels, and systolic blood pressure
[64]. There was also a decrease in the amount of
visceral fat and the level of proinflammatory cyto-
kines [65].

COMBINING DIET AND EXERCISE IN THE
TREATMENT OF NAFLD

Sustained weight loss is most effectively
achieved by combining diet changes with a specific
level of exercise. Thus, in the prospective study by
S.S. Baba et al. 44 patients with histologically con-
firmed NAFLD underwent aerobic physical activity

for at least 45 minutes a day 5 times a week in com-
bination with a diet aimed at reducing body weight
(daily deficit in the range of 500—1000 kcal). After
3 months, these patients showed a significant de-
crease in aspartate aminotransferase (from 70.5 to
41.4 U/, p <0.0001) and alanine aminotransferase
(from 104 to 63.2 U/1, p <0.0001). In approximate-
ly 45% of patients adhering to the recommended
regimen for 3 months, the level of aminotransfera-
ses became fully normal [66].

A similar study of 96 patients with NAFLD com-
pared the effectiveness of intensive lifestyle inter-
ventions (exercise and dietary changes) to achieve a
minimum weight loss of 7% and exceptional nutri-
tional education. According to magnetic resonance
spectroscopy, a significant decrease in the degree
of steatosis was noted in the intensive intervention
group (50.8 and 22.8%, respectively; p =0.04) [67].

Despite the fact that statistically significant re-
sults were achieved in all of the above-mentioned
studies, a number of limitations may prevent the use
of these approaches in real clinical practice. Thus,
in the study by C.S. Baba et al., 25% of the par-
ticipants were unable to complete their prescribed
exercise program due to difficulty and physical fa-
tigue. In addition, significant specialized assistance
was required to achieve the results obtained.

In the aforementioned study by K. Promrat et al.,
all patients were closely monitored by a nutritionist
and a professionally trained physical education in-
structor for a 48-week trial period [68]. This study
included extensive psychological support through-
out the period. These financial, human, and physi-
cal obligations significantly increase the burden of
managing the NAFLD patient.

ADHERENCE IN NAFLD PATIENTS

Even without significant weight loss, lifestyle
changes improve the course of NAFLD, especially
when adherence is high. Meanwhile, it is the adhe-
rence to lifestyle modification that is the main prob-
lem of all such interventions [69]. To date, there are
very few studies examining the issues of adherence
to lifestyle change in this group of patients. This is
largely due to a deficiency of methodological tools,
since the widely used questionnaires of patient ad-
herence to MMAS-4 and MMAS-8 therapy do not
adequately assess adherence to lifestyle modifica-
tion [70-72].
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The Russian Scientific Medical Society of The-
rapists recommends to use the Russian question-
naire for quantitative assessment of adherence to
treatment “QAA-25" to determine adherence to
therapy [73]. It allows to estimate (in %) patient’s
adherence to therapy by its main components: ad-
herence to drug therapy, medical counseling, and
lifestyle modification, which makes it extremely
promising [74].

A number of studies which were carried out in
2001-2006 in Greece and dedicated to the influ-
ence of the Mediterranean diet on the development
of cardiovascular diseases in the Greek population
are of interest. To assess the adherence and effec-
tiveness of the Mediterranean diet, the Mediterra-
nean diet score system was used, which implies a
score assigned to respondents depending on what
foods and with what frequency they consume. Typ-
ically, the score ranges from 0 (minimum adherence
to the Mediterranean diet) to 9 (maximum adher-
ence) [75, 76].

Another tool for assessing adherence to a partic-
ular type of nutrition is the international diet quality
indicator (DQI-I), which examines four main as-
pects: its composition and variety, adequacy, mo-
deration, and balance (the sources of energy that a
person receives from food are analyzed). The score
is estimated from 0 to 100; the higher the score, the
higher the quality of the diet [77, 78].

Bearing in mind that pharmacological and sur-
gical methods of NAFLD treatment are a backup
therapy strategy, the prevalence of their use can
indirectly indicate the degree of ineffectiveness of
non-drug methods, due to low adherence of patients
to the doctor’s recommendations in the long term.
In this regard, it is worth noting that there are data
that in the vast majority of patients after bariatric
surgeries, no manifestations of fibrosis were reg-
istered; however, after a short period of time, they
relapsed and progressed at a higher rate [8].

The use of metabolic surgery techniques in the
treatment of patients with NAFLD remains a mat-
ter of debate. To date, there is no evidence for the
safety and efficacy of bariatric surgery in the treat-
ment of patients with nonalcoholic steatohepatitis.
In addition, there is evidence of both progression of
fibrosis in patients with NAFLD after surgical treat-
ment of obesity and cases of NAFLD manifestation
in patients undergoing similar operations [79, 80].

CONCLUSION

Diseases associated with metabolic syndrome,
in particular, NAFLD, make a significant contribu-
tion to the morbidity and mortality of the working
population in developed countries. In the absence of
effective pharmacological approaches, lifestyle mo-
dification, primarily consistent and gradual weight
loss, as well as its maintenance are crucial in the
treatment of NAFLD. Diet and exercise should be
the main elements of any NAFLD treatment plan.
The macro- and microelement composition of the
diet has a significant impact on the progression of
liver damage. Diets that are low in carbohydrates
and saturated fats should be preferred.

Exercise is clearly essential in the management
of NAFLD and should be recommended for all
patients with hepatic steatosis. Even regardless
of weight loss, physical activity improves disease
progression rates. Increasing the intensity of exer-
cise leads to a gradual increase in the beneficial
effect in the treatment of NAFLD. The effect of
strength training is less studied, but preliminary
results show that it is highly effective in patients
with NAFLD, even in the absence of significant
weight loss.

As with many therapies, there is no single ap-
proach that would apply to every patient. At this
stage of understanding the problem, there is a need
for strategies focused on patient’s individual cha-
racteristics. Regularity and consistency are the most
important characteristics of any NAFLD manage-
ment program.

Previous studies have investigated adherence to
in patients with NAFLD treatment in general, while
it is fundamentally important to study the nature of
patients’ adherence to lifestyle modifications in the
short and long term, since eating behavior and phy-
sical activity are currently the only effective treat-
ments for this pathology. Until recently, there have
been no tools to assess adherence to lifestyle modi-
fication. However, at present, the Russian question-
naire for quantitative assessment of adherence to
treatment “QAA-25" makes it possible to determine
both adherence to therapy in general and adherence
by individual key components: adherence to drug
therapy, medical counseling, and lifestyle modifi-
cation, which undoubtedly takes into account treat-
ment strategies in patients with NAFLD.
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Gender aspects of urolithiasis development in patients with metabolic
syndrome
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ABSTRACT

The review summarizes and analyzes the results of domestic and major foreign studies of recent years concerning
gender characteristics of the epidemiology and development mechanisms of metabolic syndrome and urolithiasis
as an associated disease. A deep understanding of gender aspects in the pathogenesis of these pathologies can
form the basis for development of high-quality diagnostic algorithms and pathogenetically grounded approaches
to treatment.
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INTRODUCTION

For four decades, the interest of many clinicians
and researchers in the problem of metabolic syndrome
(MS) has continued to grow. First of all, this is deter-
mined by the growth of its social and medical impor-
tance associated with its high prevalence and negative
consequences. The results of the latest epidemiologi-
cal studies on all continents of the world make it pos-
sible to establish a global trend towards an increase
in the spread of MS in the adult world population, a
significant part of which are people of working age.

The concept of MS, which united the interests of
therapists, cardiologists, and endocrinologists at the
end of the last century, is to recognize the existence
of a cluster of factors that have a common pathogene-
tic basis. This symptom complex, according to most
researchers, is a combination of risk factors for the
development, severe course, and complications of a
large number of socially sensitive diseases, which cur-
rently determine the structure of morbidity, disability,
and mortality among the population. MS and its com-
ponents (abdominal obesity, arterial hypertension,
impaired lipid, carbohydrate, and purine metabolism,
and low-grade inflammation) are known to negative-
ly affect the quality of life in patients, which further
increases its social significance [1, 2]. The list of
diseases and pathological conditions, the development
of which is based on modifiable factors united under
the concept of MS, continues to grow. Among the
pathological conditions associated with MS, in addi-
tion to diseases of the cardiovascular system and type

2 diabetes mellitus (DM), urolithiasis should be also
mentioned.

Urolithiasis is considered one of the most common
chronic diseases. According to a number of recent epi-
demiological studies, its prevalence varies from 3.5 to
9.6% [3—6] and accounts for about 40% of all diseases
of the urinary tract. At the same time, attention is paid
to significant differences in this parameter not only in
different countries, but also in different social groups.
There is a persistent trend towards an increase in the
incidence of urolithiasis among the population, which
does not depend on age, gender, and race [5]. The so-
cial significance of this disease is determined not only
by its big share in the structure of morbidity, but also
by its propensity for a recurrent course and high fre-
quency of emergency conditions and disability, while
the existing methods for removing calculi do not save
patients from recurrent urolithiasis [7, 8].

There is still no single point of view on the patho-
genesis of urolithiasis. The development of this disease
is explained by complex physicochemical processes
occurring both in the body as a whole and directly in
the urinary tract and kidneys. Urolithiasis is current-
ly considered a multifactorial pathological process
resulting from disorders of urodynamics and genetic,
hormonal, and metabolic disorders [9]. In the etiology
of urolithiasis, the so-called non-modifiable factors,
such as gender, ethnic and genetic characteristics, as
well as geographic location, play an essential role [6].
However, it is the increasing role of modifiable risk
factors in the increase in the urolithiasis incidence that
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currently explains the great interest of researchers in
studying the influence of such factors as obesity, DM,
and MS on the formation of kidney stones to improve
the quality of diagnosis and develop effective methods
of drug and non-drug correction [10].

For the first time, data on the relationship between
urolithiasis and MS were published in 2008 by Amer-
ican researchers, who demonstrated a close correla-
tion between the severity of MS symptoms and cases
of urolithiasis. At the same time, the simultaneous
presence of four or more components of MS, diag-
nosed according to the National Cholesterol Educa-
tion Program (NCEP) criteria, almost doubled the risk
of developing urolithiasis [11].

Later, the results of a large-scale study conduct-
ed in South Korea at the Asan Medical Center were
presented. 34,895 people were examined: they under-
went general screening tests, which included anthro-
pometry, blood and urine tests, chest X-ray, respira-
tory function test, and ECG. The presence of MS was
also determined according to the NCEP criteria. The
presence of kidney stones was assessed using comput-
ed tomography or ultrasound.

Of all the examined individuals, kidney stones
were detected in 839 (2.4%) people, MS was diag-
nosed in 4,779 (13.7%) people. The likelihood of
calculi formation grew with an increase in the waist
circumference quintile and the level of systolic / dia-
stolic blood pressure (p <0.001). Age, gender, arterial
hypertension, and metabolic status were independent
risk factors for urolithiasis. The presence of MS had a
probability coefficient of 1.25 (95% confidence inter-
val (CI), 1.03—1.50) for the formation of urolithiasis.
In subjects with arterial hypertension, the probabili-
ty coefficient for the presence of kidney stones was
1.47 (95% CI, 1.25-1.71) compared with that for peo-
ple without arterial hypertension after adjustment for
other variables [12].

In the Iranian population, the prevalence of uro-
lithiasis was 14.53%, while patients with this disease
were significantly younger and had higher body mass
index and blood uric acid levels compared with the
average values in the general population [13]. Chinese
researchers found that in the presence of urolithia-
sis, MS was detected 1.74 times more often. A sta-
tistically significant relationship was found between
these pathological processes, the strength of which in-
creased with a rise in the number of MS components
[14].

Currently, contribution of the following factors
to the pathogenesis of urolithiasis in MS has been

proven: insulin resistance, hyperuricemia, and high
levels of free fatty acids. Hyperuricemia is quite com-
mon in the clinical practice of a doctor. An asymptom-
atic increase in the concentration of uric acid in the
blood is observed in 5-8% of the population. A close
relationship between the level of this parameter in the
blood and MS components allowed to consider hyperu-
ricemia one of the manifestations of this symptom
complex [15, 16]. Much more often in patients with
MS, calculi originating from uric acid salts are found.
In individuals with type 2 diabetes, the incidence
of uric acid nephrolithiasis is 6 times higher than in
patients from the general population [17].

One of the key mechanisms of the uric acid stone
formation, along with a decrease in urine output and
hyperuricosuria, is the acidic reaction of urine, which
is a consequence of insulin resistance. Insulin resis-
tance reduces production and transport of ammo-
nium, which leads to a change in urine pH towards
oxidation. Free fatty acids (FFA) are released from
adipose tissue in visceral obesity, which contributes
to an increase in production of glucose, triglycerides,
very low-density lipoproteins (VLDL) and low-densi-
ty lipoproteins (LDL) and a decrease in production of
high-density lipoproteins (HDL) in the liver. It under-
lies the development of insulin resistance and charac-
terizes dyslipidemia.

Calcium oxalate urolithiasis is the most common
type of urolithiasis [17], and its pathogenetic relation-
ship with MS is very complex. The role of MS as a
risk factor for calcium oxalate stone formation is often
considered insignificant. The pathogenesis of calcium
oxalate nephrolithiasis includes increased excretion of
lithogenesis predictors, such as oxalates, calcium, uric
acid, etc., against the background of a decrease in the
excretion of citrates, which act as inhibitors of kidney
stone formation. It is followed by a decrease in urine
acidity, increased formation of Randall’s plaques, and
inflammation in the renal tubular epithelium due to
oxidative stress associated with insulin resistance [18].

In addition, in the mechanisms of calcium oxalate
urolithiasis in patients with MS, the presence of obe-
sity and associated lipid metabolism disorders with
chronic low-grade inflammation is of greater impor-
tance, in contrast to uric acid lithiasis, where insulin
resistance is considered the main pathogenetic factor.
Experimental studies and clinical observations indi-
cate a negative effect of dyslipidemia on renal tubular
function with the development of hypercalciuria, hy-
peroxaluria, and hyperphosphaturia with a decrease in
the level of citrates in the urine, which characterizes
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an increase in its lithogenic properties. Data were also
obtained confirming the relationship between other
MS components and oxalate urolithiasis. A positive
correlation was described between body mass index
(BMI) and calcium and oxalate excretion, and a nega-
tive correlation — between BMI and citrate excretion.

In the study of the epidemiology, clinical presen-
tation, and pathogenesis of MS and urolithiasis as an
associated disease, the attention of some researchers
was drawn to gender characteristics in the develop-
ment of metabolic disorders, understanding of which
would make it possible to more effectively select
pathogen-specific therapy for patients. Gender diffe-
rences in the epidemiological parameters of MS are
characterized by earlier (from the age of 30 years) ap-
pearance of abdominal obesity in men and, as a con-
sequence, a risk of atherosclerosis of different local-
ization and other pathological conditions. For women,
the problem of MS and the emergence of related dis-
eases become more relevant during menopause. On
the one hand, these features are associated with the
influence of sex hormones: the stimulating effect of
estrogens and progesterone and the suppressive effect
of testosterone. On the other hand, they are related to
the peculiarities of adipose tissue distribution, since
the morphofunctional features of the adipose tissue
in the subcutaneous fat are well known. According to
the lipokine theory, white adipose tissue is considered
an endocrine organ that synthesizes a large amount of
biologically active substances — adipokines, which re-
alize their systemic action by participating in the reg-
ulation of various body functions [19-25].

It is currently believed that in the pathogenesis of
MS and associated pathological conditions, adipokine
imbalance is of great importance, the main manifes-
tations of which are hypoadiponectinemia, hyperlep-
tinemia, and leptin resistance. At the same time, adi-
pokine imbalance has also gender characteristics [26].
There are literature data confirming the statistically
significant predominance of the concentrations of ad-
iponectin [27, 28], leptin [29, 30], and resistin [31]
in women. Meanwhile, some researchers established
gender characteristics of the relationship between
some adipokines and both insulin resistance [32] and
other clinical and metabolic parameters, including
markers of the acute phase of inflammation [26].

Inflammation and oxidative stress, which sig-
nificant role in the mechanisms associated with MS
in pathological conditions has been proven, are also
regulated by adipokines. The relationship of clini-
cal and laboratory symptoms of MS (the severity of

abdominal obesity, arterial hypertension, impaired car-
bohydrate metabolism), the intensity of inflammation,
and activation of free radical oxidation with adipokine
imbalance has gender characteristics. For men, hy-
poadiponectinemia is crucial in this relationship, and
for women — hyperleptinemia [26]. Gender character-
istics of urolithiasis development are multifaceted.

Researchers studied gender differences in urine
concentration, which may affect the prevalence of
urolithiasis in men and women. It was found that both
in healthy individuals and in patients with diabetes
and / or chronic kidney disease, urine osmolality, cal-
culated urine osmolality, and relative urine concentra-
tion index (urine creatinine / plasma creatinine) were
higher in men than in women [33]. Urine osmolality
increases after protein loading [34]. Urine osmolality
in men is already higher before puberty, which is not
found in women. Therefore, it is unlikely that sex hor-
mones directly affect urine concentration. A compara-
tive analysis of the concentration of some electrolytes
in urine showed that excretion of calcium and oxalates
was significantly higher in men, and the level of ci-
trate — in women (p < 0.05). These data suggest that
lower calcium and oxalate concentrations and higher
citrate excretion may reduce the risk of kidney stone
formation in women [35].

Seasonal fluctuations of risk factors for the forma-
tion of urolithiasis were found. In summer, both men
and women had moderate sodium depletion with a
corresponding decrease in urinary calcium, while men
had a significant decrease in the volume of urine with
an increase in calcium oxalate concentration. In wom-
en, the level of calcium oxalate was at its highest at
the beginning of winter, both due to a decrease in the
urine volume and an increase in urinary calcium ex-
cretion. A decrease in urine pH in both gender groups
was observed in summer, but the pH level in men was
significantly lower, mainly due to a high concentra-
tion of uric acid [36]. Thus, the risk of kidney stone
formation is seasonal. In men, an increase in the con-
centration of calcium oxalate and uric acid was noted
in summer, while in women, a high level of calcium
oxalate was noted at the beginning of winter.

Gender differences in the level of vasopressin were
determined. They were characterized by higher val-
ues for this parameter in the blood plasma and urine
of men, as well as by higher threshold of sensitivity
to osmotic stimuli in this group [33]. On a biologi-
cal animal model, the concept of gender differences
in antidiuretic reactivity to endogenous vasopressin
was confirmed [37, 38]. Higher values of urine con-
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centration may be a risk factor for the development of
urolithiasis and / or chronic kidney disease and arterial
hypertension in men, which requires in-depth study.

Two large studies from France and Germany
demonstrate a clear gender correlation of urolithiasis
formation in relation to age [39, 40]. In the first decade
of life, urolithiasis is more common in boys, while in
the second decade, girls, according to these data, suf-
fer from it more often [41]. The largest number of peo-
ple with urolithiasis was observed in the age groups
of 40—49 years and 30-39 years, regardless of gender
[39]. Italian researchers found that the process of kid-
ney stone formation can be the result of environmental
factors, such as dietary habits and lifestyle. In particu-
lar, they noted the influence of increased consumption
of animal protein [42].

In Germany, a large-scale study of more than
200,000 urinary stone compositions was carried out
for almost 30 years (from 1977 to 2006). The over-
all ratio of men and women with urolithiasis was 2.4
: 1, and throughout the study, it changed: in 1977 —
1.86 : 1, and in 2006 — 2.7 : 1. At the same time, the
peak of kidney stone formation in women was in the
age group of 60—69 years, while in men, a plateau at
the age of 30-69 years was observed [40]. It was also
found that calcium stones were widespread regardless
of gender (84% of men, 81% of women). However, in
the age group of 60—69 years, the proportion of men
among patients with urolithiasis with calcium stone
formation was 3 times higher than among women.

Calcium phosphate in the form of carbonate apatite
was twice as common in women than in men; it was
the third most common calculi after calcium oxalate
monohydrate and calcium oxalate dihydrate. Hyper-
uricemia was more common in men with a 4 : 1 ra-
tio [40]. The incidence of uric acid lithiasis remained
steady, with an overall rate of 11.7% in men and 7.0%
in women and a peak at an older age in both groups
[40]. It was found that 0-9.6% of all analyzed kidney
stones were cystine. The level of cystine stone forma-
tion remained low; this type of urolithiasis occurred in
0.4% of men and 0.7% of women. The peak incidence
in women was between 20 and 29 years of age, while
in men, the peak incidence occurred 10 years later,
between 30 and 29 years, respectively [40].

In order to study the influence of the MS compo-
nents on kidney stone formation in relation to gender
aspects, a study was carried out in the child popula-
tion. The study included 94 children (the ratio of boys
and girls was 1 : 1.8) who did not take any medica-
tions and did not follow a diet prior to treatment for

urolithiasis [43]. Overweight children were found to
have hypocitraturia, hypercalciuria, and hyperoxaluria
compared with children with normal weight.

An assessment of risk factors for kidney stone for-
mation in both groups confirms that being overweight
can cause stone formation in both sexes. Likewise,
A.L. Negri et al. [44] found that with an increase in
BMI in both sexes, there was a significant increase in
the excretion of uric acid and oxalate, but a signifi-
cant decrease in urine pH was noted only in men. In
another study of more than 500 people with calcium
oxalate stones, a positive relationship was found be-
tween BMI and urinary oxalate excretion in women
and urinary calcium excretion in men [45].

To determine a possible relationship between uro-
lithiasis and obesity, a subanalysis was carried out.
It showed that obesity was a risk factor for the deve-
lopment of urolithiasis in all age groups and in both
gender groups, in persons with hypertension and di-
abetes mellitus. In this subanalysis, obesity in wom-
en showed the greatest effect: women with obesity
were significantly more susceptible to stone formation
than nonobese women (odds ratio (OR) 1.35, 95% CI
1.33-1.37). This effect was less pronounced in men
(OR 1.04, 95% CI 1.02-1.06). Being overweight in
women increased the risk of urolithiasis by 35%
compared with any other parameter [46].

A. Trinchieri et al. conducted a study aimed at as-
sessing the impact of overweightness and obesity on
the risk of kidney stone formation in the population
following a Mediterranean diet, as well as elucida-
ting the mechanisms underlying the increased risk of
urolithiasis observed in obese individuals [47]. A ret-
rospective analysis of data from 1,698 patients with
urolithiasis (average age of 45.9 + 14.6 years; 984
men and 714 women) attending outpatient clinics in
Milan and Florence from January 1986 to June 2014
was carried out.

Italian scientists reviewed the records and collec-
ted data regarding age, sex, body weight, height, cal-
culus composition, association with type 2 diabetes or
gout, and daily urine metabolic profile. In the studied
population, overweightness and obesity occurred in
40.7% and 8% of men, respectively, and in 19.9% and
8.7% of women, respectively [47]. The average BMI
in patients with urolithiasis was 24.5 + 7.5 kg / m?
[47]. BMI values positively correlated with age (p =
0.000), and the average BMI was higher in men than
in women (25.5 + 8.9 versus 23.2 + 4.4 kg / m?) [47].
In men with urolithiasis, the rates of overweightness
and obesity were higher than in the general population
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of Italy in 2004 for the age group of 25—44 years alone
[47].

The rates of overweightness and obesity varied
significantly in patients with different chemical com-
position of calculi. In particular, patients with uric
acid stones had higher rates of overweightness and
obesity than patients with calcium or other types of
stones [47]. Additionally, the rates characterizing type
2 diabetes and gout were significantly higher in over-
weight and obese patients. Besides, in this category
of patients, urinary excretion of risk factors for stone
formation (calcium, oxalates, and urates) and inhibi-
tory substances (citrate) was significantly higher than
in patients with normal weight or who were under-
weight. The prevalence of overweightness and obesi-
ty in patients with urolithiasis in a country following
a Mediterranean diet is no higher than in the general
population [47].

There is a growing body of evidence suggesting a
relationship between insulin resistance or type 2 di-
abetes and urolithiasis. To assess this correlation, a
study was conducted including three large cohorts of
over 200,000 participants: the Nursing Health Study
(D) (older women), the Nursing Health Study (II)
(young women), and the Health Professionals Fol-
low-Up Study (men) [48]. The relationship between
diabetes and nephrolithiasis was studied for over
44 years of follow-up. Analysis of the results in the
groups listed above showed a relative risk of urolithi-
asis prevalence: 1.67 in young women with diabetes,
1.38 in older women with diabetes, and 1.31 in men
with diabetes.

The relative risk of urolithiasis in participants with
diabetes compared with participants without diabetes
was 1.60 in young women, 1.29 in older women, and
0.81 in men [48]. It was found that not only type 2
diabetes is associated with an increased risk of uro-
lithiasis, but also a history of urolithiasis increases the
likelihood of type 2 diabetes in the future. The authors
consider it relevant to diagnose diabetes mellitus in
new patients with urolithiasis [48]. This opinion is
confirmed by a study which found that the proportion
of uric acid stones is 2.2 times higher in patients with
diabetes mellitus than in patients with urolithiasis
without diabetes, with statistically significant predo-
minance in women compared with men (3.8 versus
1.7) (p = 0.003) [49].

CONCLUSION

This literature review showed that gender aspects
are of significant importance in the mechanisms of

development of MS and urolithiasis as an associat-
ed disease. Their further study and understanding are
necessary for the development of high-quality diag-
nostic algorithms and pathogenetically grounded ap-
proaches to treatment.
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ABSTRACT

The review analyzes the global experience in the application of nuclear medicine techniques for diagnosis of tumors
and non-tumor pathologies of the brain. The main groups of radiopharmaceuticals currently used for imaging of
malignant brain tumors and diagnosis of cognitive impairments and neurotransmitter system disturbances by means
of single-photon emission computed tomography and positron emission tomography are described.

Modern approaches to the application of methods for radionuclide diagnosis in neuro-oncology and neurology
are compared, and the main trends in production of new, more specific radiopharmaceuticals for visualizing brain
tumors of various degrees of malignancy and diagnosing non-tumor pathologies of the brain are described. The
review discusses the advantages and disadvantages of currently used techniques and radiopharmaceuticals for
imaging of central nervous system disorders, depending on the clinical situation and specific diagnostic tasks.

In addition, the review presents consolidated recommendations of the leading scientific schools in neuro-oncology
on the use of nuclear medicine techniques in patients with brain tumors at the stages of treatment and follow-up. The
presented article examines the experience of domestic scientific schools in the development of radiopharmaceuticals
for neuro-oncology. The features of the development and use of new radiopharmaceuticals in patients with brain
tumors and neurodegenerative diseases are highlighted. The review is based on the analysis of literature included
in the Scopus, Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health, and RSCI databases.
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CoBpeMeHHble METOAbI PagUOHYKANAHOM ANArHOCTUKU ONyXo/1ei
W HEOMNyX0/1€BOI MaTO/I0rMU r0/IOBHOIrO MO3ra

3enbuaH P.B."?, MegBepeBa A.A.', Pbi6buHa A.H.', bparuxa 0.4." % Pa6osa A.l.",
YepHos B.W." 2, YonH3oHoB E.J1."

I Hayuno-uccreoosamenvcrkuu uncmumym (HUH) onkonocuu, TomcKkull HayuoHAbHbII UCCIE008AMENbCKUL MEOU-

yurckutl yeump (HUML]) Poccutickoil akademuu Hayk
Poccus, 634009, 2. Tomck, nep. Koonepamuenwiii, 5

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

PE3IOME

B 0030pe 06cykmaeTcss MEPOBOM OTIBIT TPUMEHEHHSI METOJIOB SACPHON MEAUIIMHEI B TUATHOCTHKE OITyXOJIEH ro-
JIOBHOTO MO3Ta M €T0 HEOITyXOJIEBBIX M3MEHEeHUH. PaccMaTpuUBalOTCS OCHOBHBIE TPYIIIBI IPHMEHSEMBIX CETOIHS
pannodapmaneBTuaecknx npemnapatos (POII) ans Bu3yanu3anuy 3110Ka4eCTBEHHBIX OMYXOJIEH TOJOBHOTO MO3Ta,
JIMAaTHOCTHKY KOTHUTHUBHBIX HApYyMICHWH W HapyIICHWIH CHCTEMBI HEWMPOTPAHCMHICCHH METOAOM OJHO(DOTOHHOI
SMHCCHOHHOI KOMITBIOTEPHOH TOMOTpaduH U TIO3UTPOHHO-IMUCCHOHHON TOMOTpadu.

B cpaBHUTENBHOM aCHEKTE OCBEILAIOTCS COBPEMEHHBIE MOAXOABI K IPUMEHEHUIO METOJI0B PAANOHYKINAHON 1H-
arHOCTUKH B HEHPOOHKOJIOTUH U HEBPOJIOTHH, OTPAXKAIOTCSI OCHOBHBIE TEHAEHIUH B TIPOM3BOJICTBE HOBBIX, Ooiee
cneruduunpix POIT qis Bu3yanusamuu omyxoseil roI0BHOTO MO3ra pa3inyHOM CTENeHH 3I0KaYeCTBEHHOCTH U
JIMarHOCTUKU HEOIyXOJIEBBIX 3abosieBaHui Mo3ra. OOCYkJal0TCAd MPEUMYINECTBA U HEJOCTATKU MPUMEHAEMBIX
ceronHs Metoauk u POII nns Busyanusauuu 3a00eBaHUM LEHTPAIbHOM HEPBHON CHCTEMBI B 3aBUCHUMOCTH OT
KIMHUYECKON CUTYaI[MH U KOHKPETHBIX IUATHOCTHYECKHUX 3a7ad.

IMpecraBiieHbl KOHCOIUANPOBAHHBIE PEKOMEHIAIMN BEYIIINX HAYYHBIX IIKOJ HEHPOOHKOIOTHH M0 IPUMEHEHHIO
METOJIOB SIIEPHON MEIUIIMHBI Y MAIMEHTOB C OMYXOJISIMH FOJIOBHOTO MO3ra Ha 3Tarax JICYeHHUs: U JMHAMHUYECKOTO
Ha0JoieHust. PacCMOTpPEH OIBIT OTEYECTBEHHBIX HAYYHBIX MIKOJI B paspaborke POII s welipoorkonoruu. Ocse-
HIeHbI 0COOEHHOCTH Pa3paboTKU U IpuMeHeHUs HOBBIX PDII y MaueHToB ¢ OIMyXOJISIMH TOJIOBHOTO MO3Ta U HEl-
ponereHepaTHBHbIX 3a0oneBanunii. OG30p BBINOJIHEH HA aHAIM3E JINTEPATYPHI, BXOIEN B Ga3bl JaHHBIX Scopus,
Web of Science, MedLine, The Cochrane Library, EMBASE, Global Health u PHII.

KuoueBble cjioBa: sjiepHas MEIUIMHA, OMYyXO0Jb FOJIOBHOTO MO3ra, AEMEHIUS, PAJIMOHYKIUIHAS TUAarHOCTHKA,
pannodapMarieBTHUEKHii penapar.

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

Hcrounuk punancupoBanms. PaGora BeinosiHeHa B pamkax denepanbHol 1iesieBoii nporpammel «Pa3sutue dap-
MAaIeBTUYECKON U MEAUIIMHCKOM poMbliieHHocTH Poccuiickoi deneparu Ha nepuon 10 2020 roga u fanpHen-
IIYI0 HEePCIEKTUBY» MO TeMe «JOKIMHNYEeCKHe UCCIIeOBaHMS parodapMaleBTHYECKOro pernapaTa Ha OCHOBE
MedeHHOH *™Tc MpOU3BOJHON TIIOKO3bI IS PAAMOHYKIHAHON JHATHOCTHKH OHKOJOTHYECCKHX 3a00JICBaAHHI.
Hudp «2015-14-Ne 08-0008». I'ocynapctBennslii koHTpakT 14. Ne 08.11.0033 ot 19.05.2015.

Jns uurupoBanus: 3enpuan P.B., Mensenea A.A., Peiouna A.H., bparuna O.J1., Ps6osa A.U., Yeprnos B.1.,
Yoitazonos E.JI. CoBpemeHHBIE METOIBI paIHOHYKINIHON JTHATHOCTUKH OITyXOJel W HEOITyX0JIEeBOH MaTOIOTUH
TOJIOBHOTO Mo3ra. broniemerns cubupckotl meduyunwvt. 2021; 20 (4): 131-142. https://doi.org/10.20538/1682-0363-
2021-4-131-142.

Modern methods for radionuclide diagnosis of tumors

INTRODUCTION

Currently, nuclear medicine technologies are quite
firmly entrenched in modern medical science and cli-
nical practice in the world in general and in the Rus-
sian Federation in particular. Oncology, neurology,

and cardiology remain the main areas of application
of nuclear medicine techniques. Radionuclide studies
are successfully used for primary diagnosis of brain
tumors, assessment of the effectiveness of combina-
tion treatment, and as an objective method of disease
control at the follow-up stage, as well as for early di-
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agnosis of neurotransmitter system disturbances of the
central nervous system and various types of dementia
[1-3].

These methods make it possible to study the ac-
tivity of various enzymes, synthesis and metabolism
of neurotransmitters, density of receptors, and expres-
sion of various genes [4—6]. Modern techniques of ra-
dionuclide imaging allow to conduct differential diag-
nosis of pathological changes in the brain and clarify
their biological nature.

According to numerous studies, such radiopharma-
ceuticals (RP) as a *Tc-MIBI, ™! chloride, and '*
I-labeled amino acids are most commonly used for the
diagnosis of brain tumors by single-photon emission
computed tomography (SPECT). As a rule, *™Tc-MI-
BI SPECT makes it possible to visualize primary ma-
lignant brain tumors and hypervascular benign neo-
plasms [7]. The major limiting factor of *™Tc-MIBI
SPECT in imaging of brain tumors is the intensity of
blood flow in the tumor. The degree of *™Tc-MIBI
accumulation in malignant tumors varies widely and
does not correlate with the degree of malignancy of
the tumor and its histological type [8—10]. Despite
this, some authors argue that hyperintense accumu-
lation of *™T¢c-MIBI is characteristic of glioblastoma
multiforme, and high values of the drug accumulation
index in this type of tumor make it possible to diffe-
rentiate it from other malignant neoplasms of the brain
[11,12].

Due to the nonspecific accumulation of *™Tc-MI-
BI in the zones of post-radiation changes, its use is
very limited in the follow-up of patients after radia-
tion therapy of brain tumors [13]. Although some re-
searchers testify to the opposite and admit the use of
#mTc-MIBI SPECT for assessing the effectiveness of
chemoradiotherapy of malignant brain tumors and de-
tecting relapses in this group of patients at early stages
[14,15].

Various amino acids labeled with iodine-123
("®I) are still of great interest in terms of diagno-
sing brain tumors by SPECT. Most of the studies are
devoted to the study of the diagnostic capabilities of
SPECT with the following amino acids labeled with
iodine-123: a-methyl-L-tyrosine and L-phenylalanine
[16—18]. It was shown that the level of accumulation
of '»I-o-methyl-L-tyrosine in the tumor is slightly
higher than that of '*I-L-phenylalanine, and does not
depend on the density of tumor cells. SPECT with
the indicated iodine-123-labeled amino acids can ef-
fectively visualize gliomas of various grades of ma-
lignancy (grade I-1V), while metastases to the brain,

for example, in lung cancer and non-neoplastic brain
lesions, do not accumulate these radioactive tracers.

It was noted that when imaging grade I-II glio-
mas by SPECT with '#’I-L-phenylalanine, false-nega-
tive results are more common. Thus, the sensitivity of
SPECT with iodine-123-labeled amino acids accord-
ing to various studies is 78-90%, and the specificity
reaches 100% [19- 21].

At the end of the last century, the possibility of
using thallium-201 (*'Tl) for the diagnosis of brain
tumors by SPECT was actively studied. Numerous
clinical trials demonstrated the effectiveness of 2°'Tl
SPECT for detecting intracerebral tumors with an ave-
rage sensitivity and specificity of 95% and 87-93%,
respectively. Some authors showed that the degree of
20ITT accumulation in malignant gliomas is significant-
ly higher than in low-grade gliomas and benign brain
tumors, which allows for their differential diagnosis
[22-27]. Tt should be noted that *°'T1 is currently not
used, and large-scale studies on investigating the pos-
sibility of using SPECT with another thallium isotope,
TI1, which favorably differs in low radiation expo-
sure for a patient, have not been carried out in the di-
agnosis of brain tumors.

In recent years, positron emission tomography
(PET) with various radiopharmaceuticals has been the
undisputed leader among nuclear medicine techniques
for the diagnosis of brain tumors [28—31]. The main
radiopharmaceutical for PET is 'F-FDG. The speci-
fied RP has physicochemical characteristics that are
convenient for the diagnostic process, including a rel-
atively long half-life (110 minutes), which makes it
possible to transport it to the nearest PET centers that
are not equipped with cyclotrons.

Already in the first studies on the use of 'F-FDG
PET in imaging of brain tumors, it was demonstra-
ted that an increase in glucose metabolism in a tumor
correlates with the grade of its malignancy and ag-
gressiveness of the course of the disease in general.
Based on the results of various studies, a consolidated
decision was made to consider the degree of glucose
metabolism in the intact gray and white matter of the
brain as a background level and rely on it both in visu-
al assessment of the study results and in calculation of
quantitative parameters of PET [32, 33].

Numerous studies demonstrated the differences
in the levels of ¥F-FDG accumulation in grade I-IV
brain tumors. Thus, the level of ¥F-FDG accumula-
tion in low-grade tumors is more often the same as in
the intact white matter or lower, and the level of accu-
mulation in high-grade tumors is more often equal to
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or higher than that in the gray matter of the brain [34].
This feature makes it difficult to visualize low-grade
brain tumors and interpret the results of the study. It
should also be noted that the specificity of "*F-FDG
PET remains low. For example, the level of SUV__
in primary cerebral lymphoma is significantly higher
than that in glioblastoma [35, 36].

The results of 8F-FDG PET remain ambiguous in
the differential diagnosis of grade III-IV gliomas and
brain metastases, because the SUV__ values in these
formations are often the same. According to many
authors, ""F-FDG PET has significant limitations in
the differentiation of gliomas and various non-neo-
plastic brain lesions, such as brain abscesses, tu-
mor-like demyelination, inflammatory changes caused
by fungal infections, and neurosarcoidosis. All of the
above-mentioned pathological processes, as well as
tumor damage, one way or another, lead to an increase
in glucose metabolism, which complicates interpreta-
tion of the study results [37].

At a certain historical stage, *F-FDG PET of the
brain was of great importance for choosing a site of
tumor tissue for targeted stereotactic biopsy, because
most glial tumors (82%) are characterized by hetero-
geneity. It should be noted that imaging of such tumor
differentiation is absolutely impossible with traditio-
nal methods for diagnostic radiology — CT and MRI,
even with the use of contrast-enhanced techniques and
cutting-edge software algorithms [38—42].

Considering the complexity and multistage nature
of the treatment process in patients with brain tumors,
assessment of treatment effectiveness and timely de-
tection of relapses remain some of the most important
problems in modern neuro-oncology. Studies showed
that the change in the level of ¥F-FDG accumulation
in the brain tumor after radiation therapy or chemora-
diation correlates with the tumor response to therapy,
which means that a decrease in the level of ®F-FDG
metabolism indicates the effectiveness of treatment
[43- 46].

It is known that, due to increased proliferation, tu-
mor cells are characterized by increased metabolism,
including enhanced protein synthesis, for which a suf-
ficient supply of amino acids is required. It should be
noted that amino acids labeled with various isotopes
do not differ in their physicochemical properties from
natural amino acids and are their complete biological
analogs. In neuroimaging, labeled amino acids have
a significant advantage over "*F-FDG, which consists
in an extremely low level of physiological accumula-
tion in intact brain structures, including the cortex and

basal nuclei. Carbon-11-labeled  methionine
("'C-MET) was the first amino acid-based radiophar-
maceutical. Since that time, "C-MET has become the
most commonly used radiopharmaceutical in oncolo-
gy after 8F-FDG [47, 48].

In most cases, '"C-MET PET makes it possible to
visualize brain tumors of various degrees of malig-
nancy (grade -1V according to the classification of
the World Health Organization (WHO)), with a fairly
clear definition of the boundaries of the tumor lesion
and normal brain tissues, as well as to delimit the area
of edema and true tumor infiltration [49]. According
to different authors, the averaged indices of the sen-
sitivity and specificity of ""C-MET PET in imaging
of brain tumors of various grades of malignancy are
89-90% and 94-100%, respectively [50-52].

Some researchers argue that, when using purely
visual assessment of '"C-MET PET without resorting
to quantification, the sensitivity and specificity of the
method in imaging brain tumors are 94% and 56.5%,
respectively. At the same time, the accuracy of the
method with this approach is 84.4%, and the level of
positive predictive value and negative predictive value
is 86.3% and 76.5%, respectively. Determination of
semi-quantitative parameters of !C-MET PET of the
brain in most cases contributes to the differential diag-
nosis between a malignant lesion and benign changes
and allows to determine the grade of malignancy of
glial brain tumors according to the WHO [53-55].

When studying the possibility of using ""C-MET
PET in the differential diagnosis between low-grade
(grade I-II) and high-grade (grade III-1V) gliomas
according to the classification of the WHO, the rese-
archers also focused on the level of "C-MET accu-
mulation in the tumor. It turned out that the degree
of "C-MET accumulation in grade III-IV gliomas is
significantly higher than in low-grade tumors.

Another important aspect in the use of '"C-MET
PET in the diagnosis of brain tumors is the possibility
of using the level of RP accumulation in the tumor
as a prognostic factor for the course of the disease. It
was found that a high level of ""C-MET uptake in the
primary brain tumor before treatment indicates a poor
prognosis of the disease. It should also be noted that a
decrease in the level of ""C-MET uptake in the course
of conservative therapy reliably reflects the effective-
ness of treatment [56—58].

According to literature, ''C-MET PET is effective-
ly used in follow-up of patients with benign brain gli-
omas, and the index of RP accumulation in the tumor
reflects the grade of its malignancy. It is believed that
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when the threshold value of the ""C-MET accumu-
lation index in the tumor is reached, it indicates its
transition to the group of malignant gliomas, which re-
quires a change in patient management strategy from a
passive to an active radical approach [59-62].

Timely detection of recurrent malignant gliomas is
still an important aspect in the treatment of patients
with brain tumors. Most authors claim that ""C-MET
PET is capable of detecting tumor recurrence even
against the background of post-therapeutic changes
with sensitivity of 88% and specificity of 85% [63].

Therefore, '"C-MET PET is widely used today in
the oncological practice at all stages of treatment and
follow-up of patients with brain tumors. This method
is now considered routine and quite effective, and its
availability for the population is constantly growing.

18F-fluoroethyl-L-tyrosine (**F-FET) is another
RP based on labeled amino acids, which has proven
to be effective in diagnosing brain tumors. The in-
dicated RP, as well as '"C-MET, is characterized by
low-intensity background accumulation in unchanged
structures and parts of the brain. In addition, ®F-FET
is less accumulated in macrophages and granulocytes
than ""C-MET, which, in turn, leads to an increase in
the specificity of '"®F-FET PET in detecting brain tu-
mors [64].

The main diagnostic difference in the use of
F-FET PET for imaging of brain masses is the ability
to assess the dynamic characteristics of drug accumu-
lation in the tumor in addition to the usual accumu-
lation indices in the area of interest. The use of data
from a dynamic scanning protocol in *F-FET PET
allows for differential diagnosis between grade I-II
and grade III-1V gliomas and indicates the presence
of tumor relapse, reliably differentiating it from the
zones of radiation necrosis [65, 66].

This is of particular importance in clinical situa-
tions when a patient with suspected grade II glioma
does not show contrast agent accumulation on MRI.
In about 40% of these patients, an anaplastic lesion
is found on a '¥F-FET PET scan. Application of the
kinetic characteristics of the method increases its sen-
sitivity and specificity up to 95% [67]. According to
different authors, the averaged indicators of the sensi-
tivity and specificity for "*F-FET PET in the diagnosis
of brain tumors are 94% and 100%, respectively.

Many authors also suggest focusing on the index of
RP accumulation in the tumor during "*F-FET PET. A
number of studies highlight the role of *F-FET PET
in planning radiation therapy in patients with brain
tumors. The authors argue that the use of F-FET in

planning radiation therapy reduces the error in deter-
mining tumor boundaries and, thereby, increases the
effectiveness of radiation therapy [68—70].

In recent years, the possibility of using a synthetic
analog of the amino acid, L-6- ['"®F] fluoro-3,4-dioxy-
phenylalanine ("*F-DOPA), for the diagnosis of brain
tumors has been studied [71]. Studies have shown that
the sensitivity of *F-DOPA PET in detecting malig-
nant and benign brain tumors is 96%, and the specific-
ity is about 40%. At the same time, the specificity of
the method allows to significantly increase the use of
threshold values of the accumulation index — tumor /
striatum. It has also been shown that 'F-DOPA PET
can be used to differentiate the relapse of malignant
gliomas and radiation necrosis [72].

In addition to amino acids labeled with various iso-
topes that have proven their effectiveness, other syn-
thetic analogs of biological molecules are also used
for imaging of brain tumors. Thus, to assess the pro-
liferative activity of tumor cells, an RP based on thy-
midine, 3-deoxy-3- ['*F] -fluorothymidine (‘*F-FLT),
was proposed. Studies have shown that the degree of
BE-FLT accumulation in the tumor correlates with
the level of Ki-67 expression [73]. '®F-FLT PET can
be used to assess the malignancy grade of gliomas,
predict the course of the disease, and plan radiation
therapy. '"F-FLT PET is of particular importance in
determining the prognosis in patients with malignant
brain gliomas [74]. The main disadvantage of '*F-FLT
is the dependence of its accumulation on the degree of
damage to the blood — brain barrier and the intensity
of blood flow in the tumor.

In addition, there are currently RPs for imaging
brain tumors, the use of which is based on the assess-
ment of tumor cell hypoxia, for example, ['*F] -fluoro-
misonidazole ('** F-FMISO). In studies on a group of
patients with malignant gliomas before surgical and
radiation treatment, the effectiveness of this RP was
shown in determining the exact boundaries of the tu-
mor, as well as in assessing the severity of hypoxia
[75]. The disadvantages of '8F-FMISO include high
background accumulation of the RP, due to which
there is a need for a delayed study, 2—4 hours after
intravenous administration.

Currently, several RPs have been synthesized to
assess the expression level of VEGF receptors. First
of all, these are [*Cu]-DOTA-VEGF (DEE), [¥Zr]
-ranibizumab, as well as [''C]-gefitinib ([!'C]-iressa)
[76, 77]. Preliminary studies showed the effectiveness
of these RPs in the diagnosis of tumors of various
localization, including the brain, as well as in
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assessing the effectiveness of their treatment. Along
with the above-mentioned radioactive tracers, RPs are
currently being developed to assess the state of ad-
hesion receptors of the aVP3integrin class. RPs with
high tropism for aVp3integrins include, in particular,
['8F]-galacto-arginylglycylaspartic acid, *Cu-DO-
TAE {E [c (RGDfK)] 2} 2, as well as a number of ar-
ginylglycylaspartic acid derivatives [78, 79]. Current-
ly, these RPs are at different stages of development
and study, so they have not yet found widespread use
in the clinical practice.

Analyzing the above-presented information,
we can say that PET with various RPs is firmly en-
trenched in the algorithms for diagnosing brain tumors
at all stages of treatment and follow-up of patients
with such lesions. The undisputed leaders among all
RPs used in neuro-oncology today are drugs based
on labeled amino acids. This is confirmed by the rec-
ommendations of the European Association of Neu-
ro-Oncology (EANO) on the clinical use of PET in
brain gliomas at various stages of patient manage-
ment (Figure).
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Figure. EANO General Guidelines for the Clinical Use of PET with Labeled Amino Acids in Brain Gliomas, 2016

Despite high diagnostic effectiveness of PET with
various RPs, the widespread use of this method in our
country is limited due to the high cost of the diagnostic
procedure and the complexity of the cycle of manufac-
turing RPs in cyclotron facilities. From this point of
view, it is of interest to develop new RPs based on tech-
netium-99m, which is widely used in numerous SPECT
centers. For example, the use of glucose-based RPs
labeled with technetium-99m will make it possible to
study the biochemical processes occurring in the body
at the molecular level due to inclusion of glucose deriv-
atives in normal and pathological metabolic processes,

as well as to obtain information in terms of uniqueness
and reliability that is not inferior to PET studies.

A number of studies found that the most pro-
mising glucose derivatives for being labeled with the
“mTc radioactive isotope, which retain the biochemi-
cal properties of glucose itself, are: 1-thio-D-glucose,
5-thio-D-glucose, glucosamine, as well as their salts
or hydrates [80—83]. The available literature describes
the results of the experimental use of various *"Tc-la-
beled glucose derivatives in animal models of a tumor
lesion. At the same time, the authors note high effi-
ciency of such drugs [84, 85].
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Based on global trends in the production of RPs
and our own experience in the development of drugs
for radionuclide diagnosis, a team of authors from
Cancer Research Institute of Tomsk NRMC in close
cooperation with National Research Tomsk Poly-
technic University developed a new drug based on a
technetium-99m-labeled glucose derivative for radio-
nuclide diagnosis of malignant neoplasms — “*™Tc-1-
thio-D-glucose” [86—88]. During phase I clinical tri-
als, both safety and efficacy of ®™Tc-1-thio-D-glucose
for imaging of brain tumors by SPECT was demon-
strated [89].

In neurology, "*F-FDG PET is also quite effective-
ly used to diagnose various pathological changes in
the brain. In recent years, it has been demonstrated
that the sensitivity and specificity of 'F-FDG PET in
the diagnosis of Alzheimer’s disease (AD) reach 94%
and 73%, respectively. The role of ®F-FDG PET in
predicting the development of cognitive impairments
is also great [90]. In this case, an important diagnostic
feature is a decrease in the accumulation of *F-FDG
in the association cortex.

AD is characterized by a decrease in ®F-FDG
metabolism in the cortex of the temporal and parietal
lobes, posterior cingulate gyri, while dementia with
Lewy bodies is characterized by hypometabolism in
the occipital cortex. Huntington’s disease is characte-
rized by changes in glucose metabolism in the lentic-
ular nuclei and the heads of the caudate nuclei. Post-
stroke dementia, which is characterized by multiple
foci of hypometabolism in the cerebral cortex and
cerebellum, also has specific presentation in *F-FDG
PET. An early diagnostic sign of Pick’s disease and
other frontotemporal dementias is a pronounced de-
crease in glucose metabolism in the cortex of the fron-
tal lobes of the brain [91-93].

PET is used quite successfully for the differential
diagnosis of various types of dementia. It is known
that dementia with Lewy bodies is accompanied by
the development of parkinsonism, in contrast to AD.
Therefore, when using 'SF-DOPA (dihydroxyphenyl-
alanine), in most cases it is possible to differentiate
between AD and dementia with Lewy bodies [94].

The possibility of studying the state of the pre-
synaptic dopaminergic system during “F-DOPA
PET allows to diagnose Parkinson’s disease (PD) at
the preclinical stage. The main diagnostic criterion is
a decrease in the metabolic rate of "*F-DOPA in the
striatum. This drug reflects the activity of the enzyme
dopadecarboxylase and the level of dopamine in neu-
rons of the striatum [95]. Some authors argue that

BE-DOPA PET allows not only to detect a decrease
in the number of neurons in the striatonigral system
in PD patients, but also to predict the development of
this disease. This is possible due to the fact that clini-
cal manifestations of PD occur when about 60-70% of
dopaminergic neurons die [96]. 8F-DOPA PET is also
used to assess the effectiveness of PD treatment; in ad-
dition, the level of ®F-DOPA accumulation depends
on the severity of motor impairments, but does not in
any way reflect the severity of cognitive impairments
in such patients.

Currently, the most promising RPs for diagnosing
AD and other neurodegenerative disorders are markers
of B-amyloid peptide (Ap), the increased deposition of
which is the main component in the pathogenesis of
AD. The carbon-11-labeled RP substance B-[!'C] PiB,
proposed by the Pittsburgh scientists, became the first
ApB-selective radioligand for PET imaging of amyloid
deposits in the association cortex. Additionally, it was
shown in clinical trials that patients without dementia
also had accumulation of [!!C] PiB in the association
cortex, which, in turn, further confirmed the predictive
role of [''C] PiB PET in the diagnosis of AD. Cur-
rently, the development of specific RPs for the radio-
nuclide diagnosis of neurodegenerative disorders is
being actively pursued.

It is known that the second generation of PET
markers of AP has been developed — benzofuran,
benzoxazole, imidazobenzothiazole derivatives, etc.
Some compounds have been labeled with *F, which
will simplify their clinical use. Most of the com-
pounds have shown their effectiveness in preclinical
studies and are at the stage of clinical trials. There-
fore, there is still no comprehensive information on
the effectiveness of such compounds in the available
literature.

CONCLUSION

Therefore, analyzing the information presented, it
can be stated that high-tech nuclear medicine tech-
niques have integrated into the development trends in
modern neurology and neuro-oncology. Not a single
clinic dealing with the problems of treating tumors
of the central nervous system or various types of de-
mentia can do without methods of radionuclide diag-
nosis in its clinical practice. It is also important that
the research teams of the Russian scientific schools
of physics, oncology, and nuclear medicine man-
age to keep up with the times in their scientific re-
search and in some areas are ahead of the world-class
leaders.
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Synaptic transmission molecules and their role in the pathogenesis of allergic
rhinitis
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ABSTRACT

Immune cells and molecules, as well as synaptic transmission molecules play a regulatory role in the communication
pathways of the entire body when it is necessary to engage all body resources in the fight against infections or tumor
cells wherever they appear. In potential allergy, the neuroimmune network controls allergen tolerance maintenance
at both local and systemic levels.

The review focuses on different neurotransmitters and our understanding of a balance and imbalance between
the immune system and the nervous system in allergic inflammation, including allergic rhinitis. However, the
pathogenesis of the two endotypes of rhinitis (conventional allergic rhinitis and local allergic rhinitis) and the
impact of the neuroimmune network on it remain unresolved.

Key words: allergic rhinitis, neurotransmitters, neurohormones, neuropeptides, receptors for neuro molecules.

Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The authors state that they received no funding for the study.
For citation: Klimov A.V., Kalyuzhin O.V., Klimov V.V., Naidina O.A. Synaptic transmission molecules and

their role in the pathogenesis of allergic rhinitis. Bulletin of Siberian Medicine. 2021; 20 (4): 143—152. https://doi.
0rg/10.20538/1682-0363-2021-4-143-152.

CHMHanNTUYeCKUe HEMPOMO/IEKY/Ibl U X PO/Ib B MAaTOreHese a/l/iepruyeckoro
puHUTa

Knumos A.B.’, KanioxuH 0.B.2, Knumos B.B.', HangunHa O.A."

! Cubupckuti 2ocydapcmesennviii meouyunckuil yrusepcumem (Cu6l’ MY)
Poccus, 634050, . Tomck, Mockogckuti mpakm, 2

? Iepewiii Mockosckuil meouyunckuii 2ocyoapemeennviil ynusepcumem um. UM, Ceuenosa (Ceuenoscruil ynusepcument)
Poccus, 119991, 2. Mocksa, yn. Tpybeykas, 8/2

PE3IOME

VIMMyHHBIE KJICTKH M MOJICKYJIBI, a Tak)Ke CHHAITHYCCKHE HEHPOMOJIEKYIIBI HTPAIOT PETYISTOPHYIO POJIb B IIy-
TSIX KOMMYHHUKaIUH Ha YPOBHE BCETO OPTaHM3Ma, KOTIa BO3HUKAET HEOOXOAUMOCTh MAaKCUMAJIBHOTO BOBJICUCHUS
pecypcoB UL OTpaskKeHUsI HHPEKINH U TofaBiIeHus omyxosneil. [Ipn moTeHnuaibHON auieprud HeHpouMMyHHasT
CeTh KOHTPOJMPYET MO Iep KaHNe AIUIEPIeHHOH TOJIEPAHTHOCTH M Ha CHCTEMHOM, U Ha JIOKAJIbHOM YPOBHSIX.
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Jlanusblii 0630p Qokycupyercs Ha pacCMOTPEHHH Pa3HBIX HEHPOMOJIEKYIT M HallleM HOHMMaHuH OanaHnca u aucba-
JlaHCAa IMMYHHOH M HEPBHOW CHCTEM IIPU aJUIEPrHUeCKOM BOCIAJICHUH, BKIIIOUas ajuleprudeckuil puHutT. OHaKko
BCE €LIIe 0CTAeTCsl HEPEIICHHBIM BONIPOC O MEXaHMW3Max MaToreHes3a JBYX SHAOTUIIOB PHUHUTA, KIACCHUECKOIo aj-
JIEPrUYecKOro puHKUTA 1 JIOKAJIbHOTO aJUIEPIHYECKOr0 PUHHUTA, M CTEIICHU BIMSHUS Ha HErO HEMPOUMMYHHON CETH.

KutoueBble cjioBa: anjaepruueckuil pUHUT, HEUPOTPAHCMUTTEPHI, HEHPOrOPMOHBI, HEWPOTIENTH IbI, PELIETITOPHI
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INTRODUCTION

Due to a narrow focus of disciplines, biology and
biomedical sciences used to develop in isolation from
each other in the past. In particular, immunology was
isolated from neurobiology. Currently, there is clear
evidence for production and use of immune factors by
the central nervous system and production and use of
neuroendocrine mediators by the immune system. Al-
terations in communication pathways between these
two systems can account for many pathological con-
ditions that used to be considered isolated diseases of
certain organs [1]. The role of neurotransmitters in
the pathogenesis of allergic inflammation, including
different endotypes of allergic rhinitis [2], made this
problem very relevant.

INNERVATION OF TARGET ORGANS
IN ALLERGIC INFLAMMATION

Target organs in allergic inflammation are in-
nervated differently and, consequently, are exposed
to effects of a distinct set of synaptic transmission
molecules [3] (Table). The skin is innervated with
somatosensory neurons with their cell bodies loca-
ted in the trigeminal ganglion and dorsal root gan-
glion, which have central brainstem and spinal cord
projections. The gastrointestinal tract is innervated
with:

(1) extrinsic sensory neurons originating in the
dorsal root ganglia;

(2) vegetative neurons which are divided into para-
sympathetic neurons (vagus nerve), whose cell bodies
reside in the nodose and jugular ganglia and brain-
stem, and sympathetic neurons, whose cell bodies re-
side in the paravertebral ganglia;

(3) self-contained autonomic nervous system
called the enteric nervous system, which consists of
intrinsic primary afferent neurons, interneurons, and
myenteric and submucosal plexuses. The enteric ner-
vous system can accept vegetative signals, regulate
gut microbiota, mucus production, and peristalsis, and
respond to food consumption. This system appears to
maintain allergen tolerance in the intestine.

In contrast to the skin and gastrointestinal tract, in-
nervation of the unified airway is characterized by dis-
tinctive features. These organs are innervated by (1)
somatosensory neurons with their cell bodies located
in the thoracic dorsal root ganglia, and (2) autonomic
nervous system via parasympathetic and sympathetic
fibers. However, the unified airway has no self-con-
tained nervous system [3] that can matter for the de-
velopment of local forms of allergy, such as asthma
[4, 5], local allergic rhinitis (LAR) [6, 7], dual allergic
rhinitis [8, 9], and local allergic conjunctivitis [10].

Neurons of all types produce different neuromol-
ecules (Table), which act on the neurons and target
organs and cells, including cells of the immune sys-
tem [11]. Within the neuroimmune network, cells of
the immune system acquire more functional plastici-
ty. On the other hand, all types of neuronal activi-
ty are modulated by cells of the immune system and
modified depending on receptors expressed on the
target cells [12].

NEUROTRANSMITTERS,
NEUROHORMONES, AND NEUROPEPTIDES

For a neuromolecule to belong to neurotransmit-
ters, it must meet some criteria:
(1) it must be produced by neurons;
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(2) it should be present in the presynaptic mem-
brane of the first neuron and released in amounts suf-
ficient to exert a defined action on the postsynaptic
membrane of the second neuron or target cells in ef-
fector organs;

(3) exogenous administration should mimic the ef-
fect of an endogenously synthesized neurotransmitter;

(4) intrinsic mechanisms must exist to remove neu-
rotransmitters from their site of action [13, 14].

Neurotransmitters are stored in small synaptic ves-
icles, but also found in the blood and target organs.
On the one hand, neurotransmitters influence innate
and adaptive immune responses. On the other hand,
immune cells send signals to the brain through cyto-

kines and are present in the brain to influence neuronal
processes [12]. Some neuromolecules, including do-
pamine, L-glutamate, serotonin, and substance P, are
crucial in the classical neuroimmune network [15].
The neuroimmune network is closely associated with
the hypothalamic-pituitary-adrenal (HPA) axis, va-
gus nerve, sympathetic nervous system, and synapse
from the vagus nerve to the spleen [15]. Depending on
their defined action, all neurotransmitters may be cate-
gorized as excitatory (proimmunogenic), inhibitory
(protolerogenic), and modulatory (immunomodulato-
ry). Destroyed bidirectional communication between
the nervous and immune systems is a prerequisite in
immunopathological disorders [15, 16] (Table).

Table
Types of synaptic transmission molecules
Impact on immune system
Category Characterization of signal transmission in the context of allergic Molecules
inflammation
) . Acetylcholine*
For a short time, they’ve managed to increase . . Y -
. . T . Proimmunogenic, Norepinephrine
Excitatory neuro- the electrical excitability on the postsynaptic . I
. . proinflammatory Dopamine
transmitters membrane due to ion flow that leads to the . . "
S . . (except for norepinephrine) L-glutamate
facilitation of signal transmission . .
Histamine
For a short time, they’ve managed to decrease Serotonin*
. . the electrical excitability on the postsynaptic Protolerogenic aminobutyric acid (GABA
Inhibitory neuro-transmitters . e posisynap iy genic, ¥ ty . *( )
membrane due to ion flow that results in the anti-inflammatory Dopamine
reduction of signal transmission Glycine

Acetylcholine

They spend for a long time in the cerebrospinal Norepinephrine
Modulatory : .. .
. fluid that affects the activity of other neurons, Immunomodulatory Dopamine
neurotransmitters
and target cells L-glutamate
Serotonin
Oxytocin
Neurohormones They act in the whole body Immunomodulatory Vasopressin
Melatonin
Substance P
They are slow-onset long-lasting modulatory Calcitonin gene-related peptide
Neuropeptides synaptic neuro molecules packaged in large Immunomodulatory (CGRP)
granular vesicles Neuromedin U
Vasoactive intestinal peptide
Nitric oxide
Carbon monoxide
Hydrogen sulfide
Atypical neuro-transmitters They are synthesized «on- demand» and re- Lipid mediators
. . Immunomodulatory .
(neurochemicals) leased from the postsynaptic membrane Adenosine
Angiotensin-converting enzyme
(ACE)
Endocannabinoids

* also immunomodulatory effects.

The brain also synthesizes molecules, neurochemi-
cals, neurohormones, and neuropeptides, which act on
various receptors of immune cells but do not meet the
criteria for neurotransmitters [17-20]. So far, only 12

small molecule neurotransmitters and over 100 neu-
ropeptides have been identified [11]. During crosstalk
between the nervous system and the immune system,
most neuromolecules exploit membrane vesicles,
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ligand- and voltage-gated ion channels, transporters
for extracellular transport and entry into cells, as well
as G protein-coupled receptors for signaling [15].

IMPACT OF NEUROMOLECULES ON CELLS
OF THE IMMUNE SYSTEM

In response to environmental allergens (Figure),
nasal epitheliocytes produce alarmins, IL(interleu-
kin)-25, IL-33, and thymic stromal lymphopoietin
(TSLP), which, together with neuromedin U [21], up-
regulate group 2 innate lymphoid cells (ILC2) [22],
dendritic cells (DCs), and type 2 helper T (Th2) cells.
These cytokines are essential regulators of type 2 im-
munity, as they lead to the production of IL-13 and
IL-5.

Allergens that pass through the unified airway epi-
thelial barriers are processed by DCs, which, in turn,

migrate to draining lymph nodes, where they present
allergen-derived peptides on HLA class II molecules
tonaive T cells. The naive T cells can differentiate into
Th2 cells and follicular helper T (Tth) cells. Th2 cells
produce type 2 cytokines, such as IL-4, IL-5, IL-9, and
IL-13 and function as effector cells that drive many
aspects of allergic inflammation. Tth cells produce IL-
21, IL-4, and IL-13, which promote IgE class switch
recombination in B cells, plasma cell maturation, and
allergen-specific IgE production. Allergen-specific
IgE antibodies bind to FceRI molecules on mast cells
and basophils, resulting in their degranulation and al-
lergic inflammation development due to histamine and
other mediators [23, 24]. In theory, proimmunogenic
neuromediators must upregulate allergen tolerance
breakdown, whereas protolerogenic neuromolecules
should inhibit the process.
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Fig. Allergen tolerance breakdown in allergic rhinitis in the context of the role of neuromolecules

Acetylcholine

Acetylcholine is the main neurotransmitter of the
parasympathetic nervous system synthesized in neu-
rons from choline and acetyl-coenzyme A by choline
acetyltransferase. A deficit of acetylcholine in the ce-
rebral cortex and hippocampus progressively leads to
Alzheimer’s disease [25]. Commonly, immune cells,
such as T cells and monocytes, can interact with cho-

linergic nerves associated with lymphatic vessels or
acetylcholine synthesized by immune cells themselves
[13]. Functioning via muscarinic and nicotinic recep-
tors, acetylcholine promotes differentiation of Th2 and
degranulation of mast cells and basophils, but para-
doxically downregulates ILC2 proliferation and up-
regulates T-regulatory (Treg) cells. Acetylcholine can
bind to the muscarinic receptors M1AchR, M2AchR
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and nicotinic receptor a7nAchR on the ciliated epithe-
lial cells, resulting in mucus secretion [3, 12].

On the whole, a decrease in acetylcholine in target
organs leads to reduction of cholinergic modulation
promoting allergic inflammation [26]. Neuromedin U
secretion by cholinergic neurons triggers ILC2 pro-
liferation and expression of Th2 cytokines, including
IL-5 and IL-13 [27]. Solitary chemosensory cells in
the nasal cavity can use cholinergic neurotransmission
to induce the neurogenic inflammation pathway [28].

Norepinephrine

Norepinephrine (noradrenaline) is a sympathe-
tic neurotransmitter of the catecholamine family that
mediates the fight-or-flight response and is produced
in the brain neurons, especially inside the pons, sym-
pathetic ganglia near the spinal cord, and adrenal me-
dulla [13, 24]. Adrenergic receptors are expressed on
immune cells, including T cells, B cells, macrophages,
and natural killer (NK) cells. This neurotransmitter
has a modulatory effect on the immune system. Nor-
epinephrine mainly exerts anti-inflammatory effects
by interacting with the adrenoreceptors expressed on
lymphocytes and macrophages and inhibiting the pro-
duction of TNFa, IL1B, and IFNy and migration of
lymphocytes from the lymph nodes to inflamed tis-
sues. Norepinephrine binds to the 3,-adrenergic recep-
tor on Th2 cells to suppress T cell activation [3]. Addi-
tionally, norepinephrine upregulates the production of
IL-10 [13], limits ILC2-dependent type 2 inflamma-
tion, and counterbalances the effects of neuromedin
U to prevent overactivation of ILC2s [29]. However,
it may lower the activity of Treg cells. Interestingly,
norepinephrine can promote inflammation in the ini-
tial phase of immune responses, whereas it downregu-
lates inflammation in later phases [30].

Dopamine

Dopamine is a critical neurotransmitter of the cate-
cholamine family, associated with emotions, pleasure,
reward system, and gamble. A decrease in dopamine
in the substantia nigra promotes Parkinson’s disease,
whereas its excess in the frontal lobes may result in
schizophrenic episodes [25]. Dopamine is synthesized
in the brain from L-tyrosine by tyrosine hydroxylase.
It was identified in cells of the immune system, such
as Treg cells, macrophages, granulocytes, T cells, and
B cells. It functions via D,~D; receptors promoting
Th2 cell differentiation through D, [15]. D, activa-
tion on DCs upregulates Th2 and Th17 polarization,
whereas signaling via this receptor expressed on Treg
cells slows down the above-mentioned effect.

The communication between dopamine and CD4+
T cells is provided by an age-related mechanism un-
derlying susceptibility to Th2-mediated allergic in-
flammation at an early age [31]. During B cell-medi-
ated responses, the activity of dopamine in the brain
is markedly elevating. However, direct effects of do-
pamine on the immune cells are contradictory, as they
may also be immunosuppressive. Dopamine signaling
through D, is known to suppress lymphocyte function
by inhibiting a set of tyrosine kinases and transcription
factors. Activation of D, and D, on Treg cells reduces
their protolerogenic activity. Moreover, dopamine re-
leased from T cells can enhance intracellular reactive
oxygen species (ROS) production, leading to oxida-
tive stress and apoptosis in peripheral lymphocytes. In
T cell-dependent responses, dopamine simultaneously
displays increased production of TNF and IL-10 by
naive T cells [13, 24].

L-glutamate

L-glutamate is a critical neurotransmitter synthe-
sized from glutamine in the brain by glutaminase and
from a-ketoglutaric acid in the citric acid cycle [15].
L-glutamate influences the ability of learning and
memory functioning through two groups of receptors:
metabotropic (mGluRs) and ionotropic (iGluRs) glu-
tamate receptors. In the brain, this neurotransmitter
can contribute to neurotoxicity in multiple sclerosis
and amyotrophic lateral sclerosis [25]. L-glutamate
prevents apoptosis in activated T cells, facilitates TCR
signaling, and promotes Thl differentiation. Con-
versely, in some situations, L-glutamate can contrib-
ute to immunosuppression and resolution of chronic
inflammation [15].

Serotonin

Serotonin (5-hydroxytryptamine, 5-HT) is a cri-
tical neurotransmitter synthesized from L-tryptophan
in enterochromaffin cells of the gastrointestinal tract,
epithelial neuroendocrine cells, and neurons of the
central nervous system and taken up by platelets, ba-
sophils, and mast cells. On the one hand, serotonin
transmission between neurons in the brain is responsi-
ble for mood, pleasure, sleep, and appetite. Serotonin
may play an essential role in behavioral and psycho-
logical manifestations in depression, anxiety, obses-
sive-compulsive disorder, impulse control disorder,
autism spectrum disorder, and attention deficit hyper-
activity disorders [25].

On the other hand, it predominanly promotes the
immunosuppressive effects and in some cases — im-
munostimulatory effects [32, 33]. Serotonin functions
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through 5-HT1-5-HT7 receptors as a protolerogenic
neurotransmitter inhibiting the production of proin-
flammatory cytokines, such as TNFa and IL-12, and
canceling Th1l and Th17 polarization in immunopa-
thology. Additionally, serotonin inhibits CXCL10
production, maturation of proinflammatory DCs, and
promotes differentiation of tolerogenic DCs and syn-
thesis of IL-10 [34]. During B cell-mediated respons-
es, the activity of serotonin in the brain markedly
decreases. However, only via the 5-HT2B receptor,
serotonin has proimmunogenic effects in the context
of Th1 and Th17 polarization [35].

GABA

Gamma aminobutyric acid (GABA) is a major in-
hibitory neurotransmitter in the central nervous sys-
tem displaying anti-anxiety effects. Loss of GABA in
the brain may be a prerequisite of an epileptic attack
[13]. GABA is produced by glutamic acid decarboxy-
lase from L-glutamate in the brain and spinal cord
neurons and other cells (e.g., epithelial neuroendo-
crine cells) in many organs, including the unified air-
way. There are two main GABA receptors: GABA
and GABA,, which mediate the activity of this neu-
rotransmitter [36-38]. To date, GABAergic mecha-
nisms have been demonstrated in many parts of the
body, including synthesis in epithelial neuroendocrine
cells [12]. In the immune system, GABA exhibits an-
ti-inflammatory and immunosuppressive effects inhib-
iting Th1 and Th17 cells differentiation. However, the
amount of GABA in the brain during inflammation in
the body increases.

Oxytocin

Oxytocin is a neurohormone of the posterior pi-
tuitary mediating stress resilience, well-being, social
interaction, growth, feeling of love, childbirth, and re-
generation [39]. It is synthesized as an inactive precur-
sor protein encoded by the OXT gene, undergoes a se-
ries of enzymes, and is released into the bloodstream.
Oxytocin maintains immune homeostasis, allergen
tolerance, and immune defense, acting via oxytocin
receptors. Moreover, oxytocin downregulates allergic
inflammation, autoimmune processes, and stress-as-
sociated immune disorders [40].

Melatonin

Melatonin, a hormone of the pineal gland (or epi-
physis), has multiple effects. It acts as a biorhythmic
regulator, modulates many of the immune processes
related to stress responses, and regulates the level of
glucose and cholesterol in the blood. Regarding the
immune system, melatonin is exhibits proimmuno-

genic and anti-tumor effects. It has proinflammatory
effect in asthma, leading to bronchoconstriction [41].
However, it disables inflammasome NLRP3 [42] and
limits oxidative stress. _

Substance P

Substance P is a critical neuropeptide of the neu-
roimmune network released from the terminals of
specific somatosensory nerves in the brain, regulating
emotions, as well as in most peripheral regions of the
nervous system. It is synthesized in many immune
cells [13, 15, 43]. Substance P exerts its biological ef-
fect through neurokinin receptors, which are found in
close proximity to cells containing serotonin and nor-
epinephrine. Substance P amplifies Th1- or Th17-me-
diated inflammatory responses, secretion of proin-
flammatory cytokines by T cells and macrophages,
and production of immunoglobulins by plasma cells.
However, CD8+T cells and NK cells show reduced
activity in the presence of substance P [15].

Calcitonin gene-related peptide (CGRP)

Calcitonin gene-related peptide (CGRP) exists in
two isoforms, a and B [13], encoded by separate genes
and synthesized due to alternative splicing. a-CGRP
is released from sensory neurons of the central ner-
vous system, spinal cord, and trigeminal ganglion. In
contrast, f-CGRP is mainly produced by organs of the
immune system, immune cells, and epithelial neuro-
endocrine cells.

CGRP receptors are found throughout the body,
suggesting that this neuropeptide may modulate a
wide range of physiological functions and patholog-
ical reactions, including neurogenic inflammation.
CGRP is responsible for transmission of pain (mi-
graine), decreased appetite, and increased heart rate.
Additionally, CGRP inhibits activation of ILC2 [44]
and differentiation of Th2 [45]. Therefore, CGRP acts
as an anti-inflammatory mediator responsible for pre-
venting tissue damage during allergic and other types
of inflammation.

Neuroimmune regulation in allergic rhinitis

It was shown that allergic rhinitis induced anxi-
ety-like behavior in humans and altered social interac-
tion in rodents, along with the increased expression of
Th2 cells [46]. Interestingly, the immunosuppressive
effect of tryptophan, a precursor to the neurotrans-
mitter serotonin, was demonstrated. Increased serum
tryptophan concentrations were reported in patients
with seasonal rhinitis and found only outside the pol-
len season and not during it. Besides, the association
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of elevated tryptophan concentrations with a poor
response to allergen-specific immunotherapy was
demonstrated [47].

The well-studied GABAergic system exists not
only in the brain but also in airway epithelial cells
playing a protolerogenic role. In experiments, the pro-
tolerogenic neurotransmitter GABA inhibits overpro-
duction of mucus and synthesis of IL-13 in mice with
respiratory allergic reactions induced by ovalbumin
[48]. It is known that the proimmunogenic neurotrans-
mitter L-glutamate is a precursor of GABA. Interes-
tingly, L-glutamate concentration in the nasal mucosa
in patients with allergic rhinitis is significantly higher,
whereas GABA corresponds to the control level [49].

In a pilot study [50], patients with allergic rhini-
tis were exposed to a standardized Trier Social Stress
Test (TSST), followed by allergy skin tests. Stress
responders were estimated based on salivary cortisol
concentrations, anxiety scale, and serum norepineph-
rine and oxytocin levels. The baseline concentrations,
independent of TSST, were significantly higher in al-
lergic individuals. Therefore, it indicates that patients
with allergic rhinitis are less resistant to stress. In
another study, mast cells and macrophages in the mu-
cosa expressed oxytocin receptors against the back-
ground of elevated oxytocin concentrations, which
could indicate the presence of local allergic responses,
linking neuron-mediated emotions and inflammation
[51]. Unfortunately, similar clinical studies in selected
groups with conventional allergic rhinitis and LAR in
humans have not yet been carried out.

CONCLUSION

The accumulation of knowledge about synaptic
transcription molecules led to the concept that neu-
ronal signaling can produce neurogenic inflammation
[52]. It has become clear that neuronal regulation of
immunity plays an essential role in the context of al-
lergic inflammation [3]. Mast cells, which take part
in inflammation, are in close contact with nerves in
the nasal mucosa [53]. Eosinophils, another key innate
effector cell type in allergic reactions, were also found
to be localized close to cholinergic nerves in allergic
rhinitis [54]. Allergic inflammation in the respiratory
tract involves a complex crosstalk between neurons
and immune cells that could play a critical role in me-
diating disease progression. The nervous system could
be a novel and exciting target in this process [3].

Neurons secrete mediators, including neurotrans-
mitters and neuropeptides, which act on their cognate
receptors on cells engaged in inflammation to drive or

regulate immunity. These bidirectional neuroimmune
interactions occur early and significantly influence the
onset and development of allergic inflammation. On
the whole, the molecular mechanisms of neurogenic
inflammation are not completely understood. In the
presence of nasal allergic inflammation, the neuronal
function can also be chronically upregulated depen-
ding on stimulation of nociceptors and neurotrophins,
such as nerve growth factor (NGF) [55].

In the context of allergic inflammation in allergic
rhinitis associated with the neuroimmune network,
we considered the neuromolecules with predominant
proimmunogenic effects (such as acetylcholine, dopa-
mine, L-glutamate, melatonin, and substance P) and
protolerogenic effects (such as serotonin, GABA, nor-
epinephrine, oxytocin, and CGRP). At the local (na-
sal) level, allergen tolerance is mainly associated with
the peculiarities of the innervation and an appropriate
set of neurotransmitters in the nasal cavity [3, 13].
When systemic allergen tolerance maintenance is still
available, but the appropriate neurotransmitter imba-
lance occurs in the nose, the autonomic nervous sys-
tem may be responsible for autonomous allergen tol-
erance breakdown that results in LAR.

We proposed a hypothesis to be tested that the
autonomous allergen tolerance breakdown in the nose
may be caused by an imbalance of proimmunogenic
and protolerogenic neurotransmitters with a lower
concentration of the latter [56]. The neurotransmitter
imbalance paradigm seems to be among possible ex-
planations of the pathogenesis of LAR in individuals
with atopic predisposition, but requires further study
and discussion.
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ABSTRACT

Human papillomavirus (HPV) is a small epithelial, non-enveloped, double-stranded DNA virus that belongs to the
Papillomaviridae family. HPV infection is one of the most common sexually transmitted infections, and certain
types of HPV are known to be carcinogenic to humans. According to the scientific literature, there is reliable
information about the role of highly oncogenic HPV types in the development of cervical, anal, vulvar, vaginal,
penile, and oropharyngeal cancer.

Currently, a relevant and promising research area is the study of the role of HPV infection in prostate cancer (PC)
and bladder cancer (BC), but scientific data on the potential pathogenetic relationship between these phenomena
remain contradictory. An in-depth study of the question how herpes and human papillomavirus affect the origin
of malignant tumors of the prostate and bladder, as well as the course of these diseases, and the prognosis of
their development can become a source of information for development of new approaches to their diagnosis,
prevention, and monitoring of morbidity. This literature review analyzes the results of modern studies on the role
of oncogenic HPV types in the carcinogenesis of PC and BC.
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Posb MH(I)EKIJ,VIM, BbI3BaHHOM BUPyCamMU repneca v nanun/1/1loMmbl 4e€/10BEKa,
B KaHUEeporeHese HPEACTaTEIIbHOﬁ Xe/z1e3bl U MOYE€BOIro ny3bipA

Muxanesa J1.M."?, Kamanos A.A.>*, MapbuH I'.I.4, Kapnos B.K.%, Akonan 3.1.",
OcmanoB O.A. MeuHukosa B.B."?

I Hayuno-uccredosamensckutl uncmumym mopghoaocuu yenogexa (HUUMY) umenu akademura A.11. Asyvina
Poccus, 117418, 2. Mockea, yn. Liopynel, 3

2 F'opoockas knunuveckas donvnuya (I'KB) Ne 31
Poccus, 119415, 2. Mocksa, yn. Jlobauesckoeo, 42

3 Mocxrosckuii 2ocyoapemeennviii ynusepcumem (MI'Y) um. M.B. Jlomonocosea
Poccus, 119991, 2. Mocksa, Jlenuncxue Iopui, 1

* Poccuiickas MeOUYUHCKAasl akademusi HenpepuleHo20 npogheccuonaivbro2o oopasosanus (PMAHIIO)
Poccus, 109240, 2. Mockea, yn. Conanka, 14/3

PE3IOME

Bupyc nammniomsl uenoseka (BITY) — 370 HEOOMBIION STUTENNOTPOIHEIH, 6€3000J104eUHbIH, TBYXIIETTOYCYHBII
JHK-Bupyc, KOTOpbIif OTHOCHUTCA K ceMeiicTBy Papillomaviridae. Madekmnus, Ber3Bannas BITY, sBnsercs oqHO# 13
HanboIee pacIpOCTPaHEHHBIX HHPEKNNH, TepeJaBaeMbIX TTOJIOBBIM ITyTeM. VI3BECTHO, UTO ONpeeTIeHHbIEC THITI
BIIY oTtHOCsATCS K KaHIleporeHam [yl 4yenoBeka. [1o TaHHBIM Hay4qHOH JIUTEpaTyphl, UMEETCS! 10CTOBEpHas WH-
(dopmarus 0 poJid BEICOKOOHKOTEHHBIX TUNIOB BITY B pa3BuTHH paka MIEHKH MaTKH, aHAJILHOTO KaHala, BYJIbBEI,
BJIATraJINIIa, TIOJIOBOTO WIEHA U POTOTIOTKH.

AKTyanbHBIM U TEPCHEKTHBHBIM HAIIPaBJICHUEM MCCIIEJOBAHUS B HACTOSIIEE BPeMsl SIBISIETCS M3yUEHUE POIH
BITU-undexunu B pake npeacrarensHoii sxxenessl (PIDK) u pake moyeBoro my3sips (PMIT). OnHako Hay4HbIE AaH-
HBIE O MOTEHI[HANbHOI MAaTOTeHETUUECKOH CBSI3H MEXKILY STUMHU SBJICHUSIMU OCTAIOTCS IPOTUBOPEUUBBIMU. YTIIy-
GJIeHHOE M3y4YeHHE BOIIPOCa O TOM, KaK BUPYCHI Ireplieca H ManuIoMbl YeI0BEKa BIMSIOT Ha IPOMCXOXKICHUE 3J10-
KaueCTBEHHBIX OITyXO0JIeH MPeACTaTeIbHOM XKeNe3bl U MOUEBOTO My3bIpsl, TCUCHUE JTAaHHBIX 3a00J1€BaHUI U IPOTHO3
UX Pa3BUTHA, MOXET CTaTh HCTOYHUKOM MH(OPMaLUHK JUIs pa3pabOTKH HOBBIX MOAXOJOB K X AUArHOCTHKE, IPO-
(unaKTUKe 1 MOHUTOPUHTY 3a0osieBaeMOCTH. B TaHHOM 0030pe NpoaHaIM3UPOBAHBI PE3YJIbTaThl COBPEMEHHBIX
HcciIeaoBaHuid Mo npobiemMe ydacTusi oHkoreHHbix TrnoB BITY B kanueporenese DK u MIL.

KaroueBbie ci10Ba: BUPYC MANMUIOMbI Y€JIOBEKA, PAK MPEICTATENHHOM JKENE3bl, pAK MOYEBOTO ITy3bIPsi, KaHIIE-
poreHes.

KonpaukTt uHTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢puHAHCHPOBaHUSA. ABTOPHI 3asBJIAIOT 00 OTCYTCTBMU (MHAHCHPOBAHMS IPH NPOBEACHUH HCCIIENO-
BaHUSL.

Jns uutupoBanus: Muxanesa JI.M., Kamanos A.A., Mapsun I'.I'"., Kaprios B.K., Axorsta D.11., Ocmanos O.A.,
[Neunnkosa B.B. Ponb nadekiym, BI3BaHHOI BIPyCaMH repIieca 1 NarUIOMBI 9eI0BEKa, B KaHI[EPOTCHE3¢e MPe-
CTaTeNbHOU KeJe3bl U MOYEBOTO MY3bIps. broiemens cubupckoi meduyunvl. 2021; 20 (4): 153-161. https://doi.
org/10.20538/1682-0363-2021-4-153-161.

The role of herpes and human papillomavirus infection in prostate

INTRODUCTION

The study of the etiological role of infectious
agents (primarily viral) in carcinogenesis of various
tumors is one of the most relevant problems in mo-
dern medicine. Currently, there is reliable informa-
tion about the role of highly oncogenic types of hu-
man papillomavirus (HPV) in the development of

cervical, anal, vulvar, vaginal, penile, and oropha-
ryngeal cancers.

In foreign and Russian literature, there is a grow-
ing number of publications that confirm the influence
of HPV and herpes on the emergence of prostate and
bladder cancer. This fact proves the need for a more
profound and thorough study of the role of these
viruses in the emergence, course, and prognosis of
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these cancer types. This review analyzes the current
research data on this topic.

THE ROLE OF HPV INFECTION IN THE
CARCINOGENESIS OF PROSTATE CANCER

Prostate cancer (PC) is the second most common
cancer and the fifth leading cause of cancer death in
men [1]. According to the World Health Organiza-
tion, 1.2 million new cases and 358.000 deaths were
identified in 2018 [2]. More than 550 thousand new
cases of PC are diagnosed in the world annually.
USA, Canada, and some European countries have
the highest rates of PC incidence, where it ranks first
[3].

According to researchers’ forecasts, in 2030, the
number of PC cases in the world will be 1.7 million
and the morbidity rate will reach about 500.000 [4].
In the Russian Federation, there has been a steady
increase in the incidence of PC. In 2018, 42,518 new
cases of PC were diagnosed, and the standardized in-
cidence rate was 41.45 new cases per 100, 000 popu-
lation. The increase in morbidity from 2008 to 2018
was 87.70%, with an average growth rate of 5.92%
for 2018 [5].

RISK FACTORS

PC is traditionally considered a disease of the
elderly. The disease is quite rare in men under 45
years of age. However, after that age, an increase in
the incidence of PC is observed, with a maximum in
the 65-74 age group [6]. Risk factors also include
genetic predisposition, ethnicity (Black and Hispa-
nic populations), obesity, alcohol consumption, and
high testosterone levels [7].

In addition to these factors, infectious agents are
of great importance in the pathogenesis of PC [8].
According to clinical and epidemiological studies,
infections can lead to chronic inflammation, which
induces an inflammatory microenvironment, pro-
motes malignant cell proliferation, angiogenesis, and
metastasis, disrupts adaptive immune responses, and
alters the response to hormonal and chemotherapeu-
tic agents [9, 10].

HPV infection is one of the most common se-
xually transmitted infections (STIs) worldwide [11].
HPV is a small, epitheliotropic, non-enveloped,
double-stranded DNA virus that belongs to the Pa-
pillomaviridae family. According to numerous ep-
idemiological studies, the International Agency for
Research on Cancer (IARC) identified the types of

HPV that are related to human carcinogens. These
types include HPV 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, and 59 [8]. Highly oncogenic types of HPV
can cause cervical, anal, vulvar, vaginal, penile, and
oropharyngeal cancer [12—15].

In the study of HPV-associated carcinogenesis,
it was found that the most well-known studies are
those on HPV-induced cervical cancer. Epithelial
cells become malignant with prolonged exposure
to oncogenic strains of HPV. Inactivation of tumor
growth suppressors p53 and RB (retinoblastoma
gene) occurs under the influence of the expressed
viral oncogenes E6 and E7. Due to changes in the
normal functions of these suppressor genes, the cell
begins to divide uncontrollably, which leads to tu-
mor formation. Suppression of the antitumor prop-
erties of these proteins depends on the viral activity:
in viruses with high activity, the formed E6—p53 and
E7-rRb complexes remain stable. On the contrary,
infected cells become malignant [16].

HPV infection is one of the causes of intrapros-
tatic inflammation, and there is evidence that chronic
inflammation is involved in the regulation of cellular
events in prostate carcinogenesis [17-20].

In 1990, P.J. McNicol and J.G. Dodd were the
first to identify HPV DNA in the prostate tissue by
polymerase chain reaction (PCR) [21]. Today, more
studies are being conducted to investigate the associ-
ation between HPV infection and PC.

In 2017, G. M. Volgareva et al. conducted a study
of the surgical material from 17 patients with PC for
the presence of the HPV 16 E7 oncogene by PCR.
The microscopic analysis of the surgical material
confirmed PC in 16 of the 17 patients. In all these
cases, except one, acinar adenocarcinoma was de-
tected, and in 1 patient, moderately differentiated
adenocarcinoma was observed. PCR revealed the
presence of HPV 16 E7 DNA in lysates obtained
from 7 specimens of 17 examined patients. The re-
sult was positive in five cases of cancer and two cas-
es of prostatic intraepithelial neoplasia (PIN) [22].

In 2019, G. M. Volgareva et al. analyzed the same
group of patients to detect HPV 18. The E7 onco-
gene was found in the tissues removed from patients
with PC in 2 out of 17 cases. Together with the pre-
viously obtained data, this result suggested that HPV
16 and HPV 18 are the main types of HPV respon-
sible for the development of cervical cancer and are
often present in the prostate glands of patients with
PC[16].
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In 2016, F. Atashafrooz et al. conducted a study
that evaluated the incidence of various types of
HPV in PC and benign prostatic hyperplasia (BPH)
in Kerman province (Iran) using the PCR method.
The aim of the study was to identify the association
of HPV infection with the occurrence of PC. PCR
showed that HPV DNA was detected in 20% of 100
PC samples (n =20), 80% (16 patients) of which had
highly oncogenic HPV types, 40% (8 patients) had
HPV 16 and 18, 30% (6 patients) had HPV 31 and
33, and 10% (2 patients) had HPV 54. The DNA of
highly oncogenic HPV types was found in only 2%
of prostate samples with benign hyperplasia.

This study confirmed the role of highly oncogen-
ic HPV types in prostate diseases in Iranian patients
and the correlation between the presence of HPV
DNA and PC. In particular, HPV 16 and 18 may play
an important role in the development of PC [23].

In the same year, L. Huang et al. examined pros-
tate tissue samples from 75 patients with PC and 73
patients with BPH. The immunohistochemical study
revealed positive staining for HPV 16 and 18 in 16
PC cases (21.3%) and in 7 benign hyperplasia sam-
ples (9.5%) with a statistically significant difference
between the two groups (p = 0.049). PCR combined
with western blotting showed the presence of HPV
16 in 17 (22.6%) cases and HPV 18 (17.8%) in 13
cases, including four positive episodes of HPV 16
and 18 in the PC group.

In the control group of BPH, six samples were
infected with HPV 16 (8.2 %) and three samples —
with HPV 18 (4.1%), while there were no patients
with positive staining for HPV 16 / 18, which is
significantly lower than in the group with PC. Ad-
ditionally, no significant differences were found be-
tween the results of immunohistochemical testing
and PCR in combination with western blotting (p =
0.069). The authors also found that HPV infection of
types 16 and 18 correlated with the clinical stage and
the Gleason score in PC (p <0.05), but not with the
patient’s age, the level of prostate-specific antigen
(PSA), and the presence of metastases in the lymph
nodes (p > 0.05) [24].

In 2017, W.K. Glenn et al. carried out a study in
which HPV was detected by PCR in prostate biopsy
samples of 52 men with BPH who later developed
PC after 1-10 years. HPV screening using the PCR
method was performed among 28 of the 52 samples.
HPV LI genes were detected in 13 patients with
BPH and in 8 patients with PC. HPV E7 genes were

identified in 23 cases (82%) of BPH and in 19 (68%)
cases of PC. The same types of HPV were present in
patients with both BPH and PC, detected later in 9
episodes [25].

HPV 16 was detected in 15% and 3% of cases
of BPH and PC, respectively. HPV 18 was detected
in 26% of prostate samples with BPH and in 16%
cases with PC. High reliability of the sequenced RNA
data for HPV 16 and 18 was identified in 12 (2%) of
the 502 transcriptomes of PC in The Cancer Genome
Atlas (TCGA). The oncoprotein £7 was positive in
23 (82%) of the 28 benign hyperplasia samples and
only in 8 (29%) cases of the 28 PC samples. PSA
expression was more prominent in 26 (50%) of the
52 PC samples compared with BPH samples in the
same patients.

This study confirms that highly oncogenic HPV
types are present in prostate tissues with BPH prior
to the development of HPV-positive PC in the same
patients. In addition, much more pronounced expres-
sion of the oncoprotein £7 in BPH samples indicates
that the oncogenic activity of HPV is an early phe-
nomenon in prostate carcinogenesis [25].

In 2018, O. Medel-Flores et al. conducted a study
aimed at identifying the relationship between the oc-
currence of PC and HPV in the Mexican population.
356 paraffin blocks from unrelated men with PC or
BPH were studied, with the latter serving as a control
group. HPV detection was performed by PCR using
universal primers; viral genotypes were determined
by sequencing or multiplex PCR [26].

The microscopic analysis revealed koilocytes in
the material which was subsequently analyzed by in
situ PCR for the presence of HPV, as well as by the
immunohistochemical method for detecting the ex-
pression of pl6-INK4A. In situ PCR is a modifica-
tion of classical PCR, which has similar sensitivity,
but at the same time allows to visualize infected cells
and assess their relative number. The results showed
that highly oncogenic HPV types were detected in 37
of'the 189 (19.6%) PC samples, compared with 16 of
the 167 (9.6%) BPH samples (p = 0.01).

These findings suggest that highly oncogen-
ic HPV types may contribute to the development
of PC. HPV 52 and 58 were the most common
genotypes (33% and 17%, respectively) found in
the studied population. Koilocytes, representing a
pathognomonic sign of infection, were found in all
in situ PCR HPV-positive samples. The researchers
also observed increased expression of pl6-INK4A
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in HPV-positive samples compared with HPV-neg-
ative samples, indirectly confirming the presence of
the oncoprotein E7.

These results demonstrate that HPV plays an im-
portant role in the development of PC. Detection of
highly oncogenic HPV types amounted to 81.4%
(83% in the BPH group and 79% in the PC group),
and detection of low-risk HPV was four times lower —
only 19% (17% in the BPH group and 21% in the PC
group). The virus genotypes observed in the samples
in order of decreasing prevalence were distributed
as follows: HPV 52 (33.3%), HPV 58 (17.17%),
HPV 11 (12.7%), HPV 18 (10.8%), HPV 16 (7.8%),
HPV 33 (6.9%), HPV 6 (5.9%), and HPV 31
(4.0%) [26].

In 2020, G.I. Russo et al. conducted a meta-analy-
sis of 30 studies examining the relationship between
HPV 16 and 18 and an increase in PSA values in
6,321 individuals. All men with elevated PSA values
(p < 0.01) tested positive for HPV 16. There were
seven studies involving 2,391 patients with elevated
PSA in the blood serum and 4,059 patients in the
control group. All studies investigated the relation-
ship between HPV 18 and an increase in the PSA
value. The results of the studies did not reveal an
increase in the PSA value (p = 0.49) in men with
positive HPV 18. This meta-analysis suggests that
HPV 16 may be a risk factor for an increase in the
PSA value, whereas no similar association was found
for HPV 18 [27].

In 2019, M. Moghoofei et al. analyzed the results
of 24 studies conducted from January 1990 to De-
cember 2016, which included 5,546 patients with
PC, to assess the heterogeneity of the main param-
eters, reflecting the study area, sample type, HPV
DNA source, detection method, publication calen-
dar period, and Gleason score. The odds ratio (OR)
and the corresponding 95% confidence interval (CI)
were calculated to identify the relationship between
the prevalence of HPV and the risk of developing
PC. A significant positive correlation was found be-
tween HPV infection and the risk of developing PC
(OR =1.281).

The HPV16 genotype was more common in pa-
tients with PC, which significantly increased the risk
of developing cancer (OR= 1.60). The risk of de-
veloping PC increased significantly at the age of 65
years and older (OR = 3.564). The results of this me-
ta-analysis support a potential pathogenetic associa-
tion between HPV infection and an increased risk of

developing PC, confirming that HPV infection may
contribute to the risk of developing PC [28].

THE ROLE OF HPV INFECTION IN THE
CARCINOGENESIS OF BLADDER CANCER

Bladder cancer (BC) is the seventh most common
type of cancer in the world. The prevalence of BC is
the highest among men, where it is the fourth most
common cancer type [29]. In the Russian Federation,
the incidence of BC increases every year. In 2018,
13,479 new cases of BC were diagnosed, and the
standardized incidence rate was 13.20 new cases per
100, 000 population. The increase in morbidity from
2008 to 2018 was 28.12%, with an average growth
rate of 2.44 % in 2018 [5].

Histologically, 94% of BC cases are urothelial
carcinomas. The remaining cases include squamous
cell carcinoma (2%), adenocarcinoma (2%), and
mesenchymal and other tumors (2%) [30]. Squa-
mous cell carcinoma and urothelial carcinoma with
squamous cell differentiation are often high-grade
tumors associated with poor prognosis and worse
outcomes after surgery, radiation, and chemothera-
py, compared with urothelial carcinomas [31].

Well-known risk factors for BC are chronic uro-
logic diseases, the presence of co-morbidities that
reduce immune response (COPD, asthma, autoim-
mune thyroiditis, etc.), occupational hazards, ciga-
rette smoking, alcohol consumption, radiation ex-
posure, as well as a family history of cancer. Risk
factors specifically associated with squamous cell
BC encompass chronic bladder irritation caused by
prolonged use of catheters and previous schistoso-
miasis [32]. Recently, HPV has been considered as a
causative agent of squamous cell BC [33]. In this re-
gard, more research has been conducted in this area
lately.

In 2019, B. Javanmard et al. studied HPV DNA
in the tumor tissue and urine at various stages of
BC. The average age of 110 patients was 61.6 £ 10
years, 14 patients were female (12.7%). The authors
believe that the selection of urine samples for HPV
detection is as reliable as the selection of tumor tis-
sue, which can be considered as a prognostic mar-
ker. PCR for the common HPV primer in the bladder
tumor tissue was positive in 3 (9.4%), 22 (38.6%),
and 15 (71.4%) Ta, T1, and T2 stage bladder tumors,
respectively (p < 0.001).

PCR for HPV 16 in the bladder tumor tissue was
positive in 2 (6.3%), 10 (17.5%), and 13 (61.9%)
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cases, and PCR for HPV 18 in the bladder tumor
tissue was positive in 1 (3.1%), 14 (24.6%), and
12 (57.1%) Ta, T1, and T2 stage tumors, respective-
ly (p <0.001, p <0.001). 37 (33.6%) urine samples
were positive for HPV using PCR, and HPV 16, 18
subtypes were positive in 17 (15.5%) and 14 (12.7%)
urine samples, respectively. This study suggests that
HPV infection may be associated with the develop-
ment of late-stage BC [34].

In 2018, K.R. Borgensen et al. conducted a study
in which the relationship between HPV, oncoprotein
pl6INK4a, and squamous cell BC was evaluated.
The patients were divided into three groups based
on the histological evaluation. A study included
100 patients: 50 patients with squamous cell BC,
25 patients with urothelial carcinomas, and 25 pa-
tients with urothelial carcinoma with squamous cell
differentiation. Overall, HPV was found in 12 of
100 (12%) patients and in 9 of 50 (18%) patients
with squamous cell carcinoma.

Overall, overexpression of pl6INK4a was ob-
served in 52/100 (52%) patients. However, con-
comitant HPV and p16INK4a overexpression were
observed in only 4/100 (4%) patients. The study
demonstrated the presence of HPV in one-fifth of
the patients with squamous cell carcinoma, which
may significantly contribute to the carcinogenesis of
squamous cell carcinoma [35].

In 2018, U.K. Mete et al. (India) studied materi-
al from 50 patients with urothelial BC. The control
group included ten people who were hospitalized for
transurethral resection of the prostate for BPH and/
or ureterorenoscopy for urolithiasis. The average
age of patients was 54.1 years. Tissue samples were
analyzed for the presence of HPV 16 and 18 with
PCR. Histological examination of the tumor tissue
was performed to assess the degree of differentiation
of the tumor.

A total of 28 (56%) patients were diagnosed
with low-grade tumors and 22 (44%) patients —
with high-grade tumors. 18 (36%) patients had T2
or higher stage of the disease. All tumor biopsies
and control samples were HPV-negative. The pre-
valence of HPV in the urothelium was very low,
regardless of the stage and degree of the disease,
and, therefore, it is unlikely that HPV is the caus-
ative agent of urothelial BC in the Indian popula-
tion. However, the role of other types of HPV in
the etiology of BC requires clarification and further
research on this topic [36].

The role of herpesviruses in the carcinogenesis
of prostate and bladder cancer

The role of viruses of the Herpesviridae fami-
ly in the etiology of bladder and prostate cancer is
currently being discussed. Herpesviridae is a large
group of big viruses with linear genomic DNA up
to 20 thousand nucleotide pairs in size. With more
than 25 groups, only 6 can reliably cause diseases in
humans: herpes simplex virus I and II, herpesvirus
type 3 (chickenpox virus), herpesvirus type 4 (Ep-
stein-Barr virus), herpesvirus type 5 (Cytomegalo-
virus), and herpesvirus type 6. Data on the carcino-
genic effect of cytomegalovirus infection (CMV),
herpes simplex virus (HSV), and Epstein-Barr virus
(EBV) are increasingly appearing in the literature.

In recent years, more research has been conduc-
ted on the role of various viruses in the carcinogene-
sis of PC. According to the study by T.T. Andabekov
et al. (2010), low-grade PC was observed in patients
with a positive test for CMV (p < 0.05). Moreover,
in this category of patients, the five-year survival
rate after radical prostatectomy without relapse was
lower (38.1%) compared with CMV-negative men
(96.3%) (p < 0.05). The average life expectancy of
deceased patients with CMV who underwent combi-
nation treatment was less than in uninfected patients:
27.71 and 76.6 months, respectively (p < 0.05). The
data of the conducted study show that CMV is an
important risk factor for the relapse of the disease,
which should be taken into account when choosing
surgical treatment for patients with PC [37].

In the study by O.B. Laurent et al. (2015), 54 pa-
tients (44 men and 10 women) with BC and one pa-
tient with urothelial papilloma were examined. The
histological evaluation revealed high-grade urotheli-
al cancer in 72.2% of cases (39 patients), low-grade
cancer in 25.9% (14 patients), and urothelial papil-
loma in 1 case (1.8%). Fifteen patients (27.8%) had
a relapse of the disease. All patients participating
in the study also underwent blood tests for IgG and
IgM antibodies to herpes simplex virus (HSV) type
I and II, CMV, and Epstein—Barr virus (EBV). The
results of the study revealed high titers of anti-CMV
IgG in patients with BC. Moreover, the level of these
antibodies in patients with recurrent tumors, a high
degree of anaplasia, and high grade of the disease
was much higher. There was a statistically signifi-
cant correlation between the presence of CMV DNA
in the tumor and the level of anti-CMV IgG, as well
as the stage of the disease, the level of early EBV
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antibodies, and antibodies to the nuclear antigen of
EBV. In addition, the relationship between the level
of anti-CMV IgG and the stage of the disease, tumor
recurrence, the level of early antibodies to EBV, as
well as a significant change in the level of anti-HSV
I and II IgG was revealed [38].

In 2018, I. V. Kosova et al. examined and ana-
lyzed 100 patients (72 men and 28 women) aged 38
to 90 years with BC. This study was performed us-
ing molecular and genetic and ELISA methods for
diagnosing the presence of viral infections (HSV 1
and II, CMV, EBV, and human papillomavirus). Ad-
ditionally, histological (evaluation of lymphocytic
infiltrate, inflammatory activity, cytopathic chang-
es) and immunohistochemical (CD31, EGFR, Ki67,
p63, p53, CD44, Bcl-2) methods were used.

In the course of this study, a relationship was re-
vealed between the studied viral infection parame-
ters in patients with BC. EGFR expression and the
level of anti-EBV Ig-VCA (p = 0.032), proliferative
activity (p = 0.05), and p53 (p = 0.025) correlated
in patients with the presence of viral DNA in the tu-
mor tissue, and the presence of CMV was associat-
ed with focal hyperplasia (p = 0.012), koilocytosis
(p = 0.028), the presence of leukocytes (p = 0.012)
and eosinophils (p = 0.012). Infection of tumor tis-
sues with highly oncogenic HPV strains affected
proliferative activity (p = 0.05), koilocytosis, and
neoangiogenesis (p = 0.008). Increased proliferative
activity, expression of apoptotic factors, growth fac-
tors, and neoangiogenetic factors in patients with the
presence of viral DNA in the tumor tissue indicates
an unfavorable course of the tumor process [39].

CONCLUSION

An in-depth study of how human herpes and pa-
pillomaviruses affect the origin of malignant tumors
of the prostate and bladder, as well as the course and
prognosis of these diseases, can become a source of
information for the development of new approach-
es to their diagnosis, prevention, and monitoring of
morbidity. In addition, the data obtained can be used
in practical medicine, which can significantly im-
prove the five-year survival rate in patients.

The analysis of available literature has shown the
importance of viral infection testing for herpes and
human papillomaviruses in the male population for
timely treatment. It will definitely become one of the
links in the prevention of prostate and bladder cancer
development.
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Possibilities of conservative treatment of patients with lymphedema
of the extremities (literature review)
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89, Chapaevskaya Str., Samara, 443099, Russian Federation

ABSTRACT

The literature review describes various methods for treating patients with lymphedema of the extremities. Statistics
show an increase in the incidence and disability of patients with this pathology. However, the possibilities of
therapeutic measures in lymphedema are far from perfect.

The analysis of literature data showed that the basis of treatment for lymphedema of the extremities is comprehensive
conservative therapy with the use of pathogenetically grounded physical, mechanical, and medical methods. In
complex schemes of conservative treatment for lymphedema, physiotherapy methods occupy a prominent place.
The most common technique among them is regular combined decongestive therapy. This method is recognized
by leading experts as the main one in treating patients with lower extremity lymphedema. Commitment of patients
to treatment and their social and psychological counseling are of great importance. The choice of the volume and
method of surgical intervention requires a difficult and individual assessment of pathological changes developing
throughout the course of the disease.

Despite certain improvements in treatment methods, lower extremity lymphedema is still an unsolved issue. The
experience of most specialists involved in lymphedema treatment demonstrates a reasonable balance between basic
conservative and surgical treatment methods. Undoubtedly, results of evaluation of these methods will improve the
choice of an optimal technique for treating patients with lymphedema of the extremities.
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MAlMEHTOB C ATOMH MaTojorueit. BMecTte ¢ TeM BO3MOXHOCTH JI€YeOHBIX MEPOTIPHUSITHI TP JTUM(eIeMe OCTaBISIOT
JKEJIATh JIyUlIero.

Anamuz JIMTEPATYPHBIX JaHHBIX II0Kasajl, 4TO OCHOBY JICHCHUS J'II/IM(beZ[eMLI KOHEYHOCTEH COCTaBJISIIOT
KOMILJICKCHBIC KOHCEPBATHUBHBIC MEPOIPUATUA, KOTOPBIC TOJIKHBI 00ecIeunTh IIPUMEHCHUE NATOICHETUYCCKU
000CHOBaHHBIX (1)I/I3I/I‘ICCKI/IX, MCXaHUYCCKHUX WU MCAUKAaMCHTO3HBIX METOHOB. B koMmIuekcHBIX cxemax KOHCEp-
BAaTHUBHOI'O JICUCHUSA J'II/IM(I)aTI/I‘IeCKI/IX OTCKOB 3HAYUTCJIBHOC MECTO 3aHUMAKOT (1)PI3I/IOTepaHeBTI/I‘leCKPIe MCTOBI.
Be}lyHlI/IM Cp€au HUX ABJIACTCA PETyJiApHAsi KOMIUICKCHAs IMPOTHUBOOTCYHAs TEpaIrus. OToT METO/ IMPU3HACTCA
BEAYIIUMHU CliCHHUAIMCTaMH B Ka4€CTBC OCHOBHOI'O B JICUCHUU IMAIUCHTOB C J'IHM(beI[eMOfI. Bonemoe 3HaueHue
HUMCIOT NPUBCPIKECHHOCTh NAUECHTOB K JICUHCHUIO, UX COLIMAJIbHAS U IICUXOJIOr'NYCCKas oAACPIKKa. BI)I60p o0bema
1 METOJa OIICPAaTUBHOT'O BMEIIATCIILCTBA Tpe6yeT OCYHICCTBJICHUA prﬂHOfI, I/IHZ[I/IBI/IZ[yaJII;Hoﬁ OLICHKU ITaTOJIOTH-
YECCKUX I/I3M€H€HI/Iﬁ, Ppa3BUBAIOUIUXCA IIPU 3a00JIeBaHHUU.

Hecmotpst Ha omnpeielIeHHbIE TOCTHKEHHS, Pe3yIbTaThl TAKOTO JICUCHHS JaJICKH JI0 YIOBIETBOPUTEIBHBIX 3HAUE-
HUii. ONBIT OONBIIMHCTBA CIEIMANNCTOB, 3aHUMAIOIIUXCS TUM(PEIEMOH, CBHICTENECTBYET O pa3yMHOM OajaHce
MeXIy 0a30BOi KOHCEPBATUBHOI Tepanmuei u XUpyprudecKUMH criocodamu JedeHns. HecoMHEHHO, pe3yIbTaThl
OIIEHKH 3THX METOJIOB MO3BOJT YIYYIIUTh BHIOOP ONTHMAIBEHOTO METOA JICUCHHS MAUeHTOB C JIUMQeneMoi
KOHEYHOCTEH.

KuroueBble ciioBa: III/IM(iJeI(eMa KOHG‘IHOCTefI, KOHCEPBATUBHOC JICUCHUC, (1)I/I3I/IOTepaHI/I$I.

Kon¢paukt naTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKalel HaCTOsIIEeH CTaTby.

HcTrounuk qmnaﬂcnpona}ma. ABTOpLI 3aSBJISIOT 00 OTCYTCTBHUHU (i)I/IHaHCI/IpoBaHI/ISI Ipru OpOBEACHUU UCCIIE0-
BaHUA.

Jast muTuposanusi: Meienues [1.H., Sposenxo I'.B., Karopkun C.E. Bo3M0XHOCTH KOHCEpBAaTUBHOIO Jieue-
HUS TIAIIMEHTOB ¢ JIMMQeaeMOoil KoHeUHOCTeH (0030p sutepartypsl). broaremens cubupckoi meouyunst. 2021; 20
(4): 162—-170. https://doi.org/10.20538/1682-0363-2021-4-162-170.

INTRODUCTION

The current level of care for patients with lym-
phedema of the extremities is quite high. New meth-
ods of conservative and surgical treatment are being
developed and implemented in clinical practice. At
the same time, observations show that with an obvi-
ous increase in the incidence of lymphedema associ-
ated with cancer, inflammatory diseases, and malfor-
mations, the effectiveness of therapeutic measures is
far from perfect [1, 2]. The peculiarities of the patho-
genesis and clinical course of lymphedema result in
a dubious prognosis and the opinion of some doctors
about the futility of treating patients with lymphede-
ma [3]. Undoubtedly, lymphedema of the extremi-
ties is a chronic disease, but its effective treatment is
a difficult, but quite solvable task [4—7].

The main principles of the treatment strategy are
complexity and phasing. Experience shows better
results when treatment starts early. In treatment of
patients, it necessary to take into account medical,
psychological, and social rehabilitation [8]. Patient’s
commitment to treatment and systematic coopera-

tion between the doctor and the patient are of great
importance. A special role is attributed to the system
of training patients to fight against their disease [9].

Currently, conservative therapeutic measures oc-
cupy a prominent place in the treatment of patients
with lymphedema of the extremities [2, 3, 6, 10].
They should ensure correction of all interrelated
pathogenetic links of this disease and be complex
and step-by-step, including preoperative preparation
and postoperative care [3, 5].

CONSERVATIVE TREATMENT
OF LYMPHEDEMA

Compression therapy. Compression therapy is
one of the basic methods recommended for daily
use in treatment of patients with lymphedema of the
extremities [1, 2, 4]. Using elastic compression gar-
ments leads to an increase in pressure in the intersti-
tial space with increased reabsorption of fluid and
proteins into lymphatic capillaries. A decrease in the
diameter of superficial and deep veins of the limb re-
sults in acceleration of venous blood flow and lymph
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outflow in the supra- and subfascial spaces with a
moderate fibrinolytic effect [4, 6, 7].

When using elastic bandages, short-stretch ban-
dages are recommended, as they create a more pro-
nounced increase in the pressure during motor activ-
ity, contributing to the work of the skeletal muscle
pump and providing a high decongestant effect. The
structure of elastic bandages, which is constantly be-
ing improved, is of great importance. So, one of the
studies shows that using single-layer silicone ban-
dages with stretchability of 35% provides optimal
pressure not only in the horizontal, but also in the
vertical body position and during movements of pa-
tients. This reduces the volume and consistency of
the limb tissues by up to 40% [11].

The use of therapeutic compression garments has
a number of advantages. It is advisable to use flat-
knit compression garments, which creates sufficient
working pressure, has increased strength and wear
resistance, and prevents formation of folds [4, 12].
For stage I lymphedema, class 2 compression is rec-
ommended. Class 3 compression garments are indi-
cated for stage Il lymphedema, class 4 compression
(pressure over 49 mm Hg) is indicated for stage 11—
IV lymphedema with fibredema.

Inelastic compression in lymphedema is more ef-
fective than elastic one, as it improves emptying of
veins and outflow of lymph by creating a stiff shell
around the limb and high working pressure. For
example, the CIRCAID device consists of a series of
nylon strips wrapping a leg and connected together
via a Velcro system, which allows the patient to dose
pressure on the limb. Products are sold ready-made
or are tailor-made to a given size for the entire limb
or for its individual segments [13].

Recently, there have been reports on using special
Kinesio tapes on the limbs in patients with lymph-
edema [14, 15]. According to studies, fan cut taping
can be used as additional treatment for lymphede-
ma in order to reduce edema and pain by stimulat-
ing proprioception, blood flow, and lymph outflow.
However, despite the fact that this technique gives
positive results, its use requires detailed scientific
justification.

Massage. Lymphatic massage or manual lym-
phatic drainage in comprehensive treatment of pa-
tients with lymphedema of the extremities in recent
decades has received universal recognition due to its
practical effectiveness and scientific confirmation of
its usefulness [1—4, 12]. The main effects of manual

lymphatic drainage are to improve the transport func-
tion of the lymphatic system by stimulating lymph-
angions, increasing collateral lymphatic outflow, and
allowing for lymphatic vessel and lymphovenous
anastomoses. The effect of fluid reabsorption, and
most importantly, removal of proteins from the inter-
stitial space, which is essential for reducing fibrotic
changes in soft tissues in lymphedema, is of great
importance [3, 7, 12, 16].

Manual lymphatic drainage is very different from
traditional types of massage techniques. Massage
movements should be slow, eliminating the friction
of the skin. The pressure exerted on the tissues by
the hands is much lower than in other types of mas-
sage (no higher than 3040 mm Hg), since the main
area of influence is the lymphatic network of the skin
and subcutaneous tissue. The sequence of massage
movements is of particular importance. Initial move-
ments are performed in the area of regional lymph
nodes with a gradual movement to the peripheral ar-
eas of the limb. Each movement in a certain zone is
carried out in the proximal direction, based on the
principle that the lymph should move to the area
from where it is displaced [12, 16].

Recently, new, clinically proven and objective
markers have been developed to assess the effec-
tiveness and scientific validity of manual lymphatic
drainage. The data of bioimpedance spectroscopy,
tonometry, and short-wave diathermy determine
with sufficient accuracy movement of fluid on differ-
ent segments of the limb, depending on the applied
massage manipulations.

Course application of professional manual lym-
phatic massage creates a temporary effect, although
with a certain aftereffect. Therefore, patient’s mas-
tering this method for its regular use in complex
self-treatment is of great importance [4]. Reports on
introduction in recent years of devices that allow for
dosed lymph massage are worth noting. Thus, the
Linforoll device consists of a handpiece with a roll-
er attached to the tip and connected to a computer-
ized system that allows for real-time optimization of
pressure exerted by the roller on the main tissues of
the limb and improves results of treatment [17, 18].

Exercise therapy. Various physical exercises
are aimed at activating extralymphatic stimulation
of lymph outflow, since a significant increase in
lymph transport in the limb has been proven during
active and passive muscle movements and respira-
tory gymnastics [2, 3, 6]. In the horizontal body po-
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sition, light-intensity movements in the joints of the
extremities are performed with alternating vertical
walking on the spot, toe lift, and performing ‘swal-
low’ position. Swimming has a significant positive
effect on lymphedema. With severe forms of lymph-
edema, being in a water pool becomes problematic
for patients. In this regard, classes in a dry pool are
essential, which is a tank filled with special plastic
balls. In the dry pool, the patient can perform any
movement, including simulated swimming. Unlike
in a water pool, the patient does not need to remove
the compression bandage [12]. Recently, there have
been reports on the positive effect of dosed Nordic
walking in the comprehensive treatment of patients
with lower extremity lymphedema [19].

A combination of manual lymphatic drainage,
compression bandaging, and physical therapy forms
the basis for combined decongestive therapy. This
method is recognized by leading experts as the main
one in the treatment of patients with lymphedema [2,
3,9, 10, 12].

PHYSIOTHERAPY METHODS

In the complex schemes of conservative treat-
ment for lymphedema, physiotherapy methods occu-
py a prominent place [2, 3, 4, 9].

Intermittent pneumatic compression. The me-
thod of intermittent pneumatic compression (IPC) or
pneumatic massage of the extremities is widely used
[2, 6, 20, 21]. The effect of regional pneumatic com-
pression mainly consists in significant reabsorption
of fluid and, to a lesser extent, proteins from the ede-
ma into the lymphatic bed. There is also a decrease
in hydrostatic pressure and tissue tension. Standard
equipment allows for regular [PC sessions from dis-
tal to proximal parts of the limb in the modes from
30 to 50 mm Hg, lasting 25-30 minutes [9]. Recent-
ly, to increase the efficiency of this method, IPC de-
vices with retrograde velocity signals with constant
pressure parameters of 40 mm Hg have been intro-
duced [22].

The study of tissue fluid pressure during IPC in
patients with stage II-IV lymphedema guided by
electronic manometry and plethysmography was
carried out. It was noted that pressure in the tissue
fluid in IPC reached 40—100 mm Hg, and the volume
of displaced tissue fluid varied from 10 to 30 ml in
proximal parts of the limb during the compression
cycle, and in some cases — up to 100 ml [23, 24].
Studies using fluorescence lymphography showed

that IPC accelerates lymph flow in the superficial
lymph vessels of the extremity with faster and more
efficient flow during relaxation than during compres-
sion.

In the treatment of patients with lymphedema, a
positive effect is provided by a combination of IPC
and manual lymphatic drainage, exercise therapy,
and respiratory gymnastics [2, 3, 7]. One of the ad-
vantages of IPC is a possibility of using this method
by the patient at home adhering to all indications and
contraindications. For this purpose, small-sized and
inexpensive devices have been developed [4, 7].

Laser therapy. Among physiotherapy methods,
laser therapy has become a common method of
treating patients with lymphedema in the outpatient
setting [25]. Under the influence of low-intensity la-
ser radiation, changes occur at all levels of a living
organism. At the subcellular level, a stereochemical
rearrangement of molecules and activation of redox
processes occur. At the cellular level, a change in
the membrane potential and an increase in prolife-
rative activity are observed. At the tissue and organ
levels, blood and lymph circulation are activated.
At the systemic and organizational levels, adaptive
neuro-reflex and neuro-humoral reactions take place
[26, 27]. For treatment with low-intensity laser radi-
ation, helium-neon lasers with a wavelength of 0.63
pm and power of 20 mW and semiconductor infrared
lasers with a wavelength of 0.89 pum, a frequency of
70-100 Hz, and radiation power of 10—11 mW are
used.

Photodynamic therapy is a special method of laser
therapy based on the photochemical reaction of an
injected photosensitizer that selectively accumulates
in cancer or microbial cells and exposure to laser ra-
diation of a certain wave for damaging pathological
formations [25]. In patients with lower extremity
lymphedema, complicated by recurrent erysipelas,
antimicrobial photodynamic therapy has been rec-
ognized. After a course of photodynamic therapy,
histological studies show a significant decrease in
the number of lymphocytes and histiocytes, reduc-
tion of lymphatic lacunation, and, most important-
ly, almost complete elimination of microbial cells.
This contributes not only to relief of exacerbations
of erysipelas, but also to stabilization of the clinical
presentation of lymphedema [25].

Magnetic therapy. Currently, magnetic fields
are widely used as a powerful physiotherapy meth-
od in various pathologies. The therapeutic effect of
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magnetic fields is primarily associated with positive
changes in the morphofunctional state of vessels in
the microcirculatory bed: vasodilation, increased
blood flow and lymph outflow, improved blood rhe-
ology. Clinically, this is manifested through anti-in-
flammatory, trophotropic, antispasmodic, deconges-
tant, and disaggregating effects [25].

With lymphedema of the lower extremities, us-
ing of a constant magnetic field at initial stages of
the disease is the most effective. So, patients subjec-
tively report a decrease in the feeling of heaviness
and pressure sensations in the lower extremities. In
lymphedema, characterized by significant fibrotic
changes in the soft tissues of the limb, the effect of
magnetic therapy is not observed [25]. The obtained
data confirm reasonability of the therapeutic use of
pulsed low-frequency magnetic fields in treatment of
patients with lymphedema [26]. The effectiveness
of the method is due to various synergistic actions
(diamagnetic force acting on a liquid medium, ther-
mal effect and stimulation of transport of macromo-
lecular compounds).

Good results were noted both according to clin-
ical and instrumental studies. In particular, in the
experimental group, the authors observed clinical
improvement compared with the control group, as
evidenced by improved quality of life on the clini-
cal severity scale, as well as results of echographic
studies [26].

Electrophoresis with enzymes and calcium chlo-
ride. Anti-edematous and anti-inflammatory ef-
fects of electrophoresis with these substances are
mainly effective at stages I and II of lymphedema,
which is due to stimulation of human lymphatic
pacemaker and an increase in contractility of lym-
phangions [28, 29]. Disadvantages of the standard
electrophoresis technique are the superficial effect
on tissues, inability to create a drug depot in this
lymphatic region, and rapid elimination of the drug
from the focus.

Ultrasound therapy. Using low-frequency ultra-
sound in combination with thermocontrast absorp-
tion of drugs (hyaluronidase, ronidase) increases
permeability of the skin and reduces density of the
subcutaneous fat due to loose connective tissue and
depolymerization of hyaluronic acid [7]. In addi-
tion, direct and indirect effects of ultrasound lead to
emergence of acoustic flows, cavitation, and variable
sound pressure, which increases the functional ac-
tivity of the cell and ultimately leads to improved

drainage function of lymphatic vessels and increased
lymphatic and venous outflow.

Electrical stimulation of lymphatic vessels. This
method can significantly enhance the drainage func-
tion of lymphatic vessels by normalizing their tone,
restoring and accelerating rhythm of their contractile
activity, and stimulating additional lymph outflow
pathways in order to influence the crucial link in the
pathogenesis of lymphedema — impaired lymphan-
gion function [2, 4, 7, 28, 29]. Developments on the
application of electrical stimulation in treatment of
lymphedema using the Lymphavision stimulator are
of great interest. The device is based on generation
of currents similar to impulses of human nervous
system [7].

Follow-up of patients using anthropometry, rheo-
lymphovasography, and thermal imaging showed
significant reduction of edema at all levels of the
affected limb by an average of 12%, a decrease in
thermal symmetry of healthy and affected limbs by
48.2%, and an increase in the rate of lymphatic out-
flow on the affected side by more than 2 times. There
is successful experience of using the Body Drain de-
vice for treatment of lower extremity lymphedema,
designed to provide a combined effect of electrical
stimulation of lymphatic and venous systems and
vacuum therapy [7].

The effect on lymphatic outflow in the region of
the pathological process is achieved due to electrical
stimulation of smooth muscles in the lymphatic ves-
sels and striated muscles in the extremities. Creation
of negative pressure in projection of main lymph
nodes leads to stimulation of their drainage function
and an increase in the intensity of extravascular fluid
movement.

Ultraviolet blood irradiation. In clinical practice,
ultraviolet blood irradiation (UBI) has a powerful
biostimulating effect on the immune system, tissue
regeneration, and improvement of blood rheolo-
gy. This method is of great importance for patients
with lymphedema of the extremities, complicated
by recurrent erysipelas [4, 7, 25, 28]. The most pro-
nounced effect of using UBI is observed in exac-
erbation of the pathology, and its cycle application
prevents development of relapses of erysipelas. Re-
sults of using UBI show a good immediate result
in 32.6% of patients, satisfactory result in in 59.1%
of patients, and unsatisfactory result in 8.3% of pa-
tients [27, 28].

166 Bulletin of Siberian Medicine. 2021; 20 (4): 162-170



Reviews and lectures

Gravity therapy. The main mechanism of the
therapeutic effect of this method is the action of cen-
trifugal forces of craniocaudal direction, created by
a special artificial gravity unit [30]. Moderate hyper-
gravity (1.5 G) causes an increase in pressure in the
interstitial space and increases lymphatic pumping.
Increased lymph outflow stimulates lymph forma-
tion and activity of preserved lymphangions. Im-
provement of microcirculation under the gravitatio-
nal influence with activation of metabolic process-
es in cells reduces the degree of dystrophic chang-
es and growth of connective tissue. Stimulation of
lymphatic drainage in tissues promotes destruction
and removal of macromolecular substances from the
interstitial space and reduces the degree of fiber re-
arrangement of soft tissues [31]. The rotation speed
of the artificial gravity unit is 29-34 revolutions per
minute, the number of sessions is 10-12, the dura-
tion of each session is 8—10 minutes [31].

Observations indicate that in comprehensive
treatment of patients with lymphedema, the use of
gravity therapy is advisable at the initial stages of the
disease. According to volumetric data obtained at the
end of a treatment cycle, a decrease in the volume
of the limbs on average by 14% is observed mainly
in the distal parts in patients with stage I lymphede-
ma, by 12% — in stage Il lymphedema, and by 8% —
in patients with stage III lymphedema. According to
computed tomography performed in patients after
completion of the comprehensive treatment, there is
a decrease in the thickness of the subcutaneous tis-
sue to an average of 12.7+1.22 mm and a decrease
in its density with the value of 123.46 + 3.03 HU
[30].

Shockwave therapy. A report on using shockwave
therapy is of interest [32]. Electro-pneumatically
generated radial shock waves stimulate metabolism,
accelerate neoangiogenesis, have an anti-inflamma-
tory effect, and increase transfer of interstitial flu-
id. In the course of treatment in patients with lym-
phedema, a decrease in edema density upon palpa-
tion and reduction of limb circumference are iden-
tified. Ultrasound examination records a decrease in
the epifascial thickness of tissues with a decrease
in their hyperechogenicity. It should be noted that
prescription of certain physical factors (pneumatic
compression, shockwave therapy, electrical stimu-
lation) is a contraindication in patients with suspect-
ed acute venous thrombosis and acute erysipelas of
extremities.

DRUG TREATMENT

Possibilities of medical treatment of lower limb
lymphedema are limited. Different groups of drugs
affect individual links in the pathogenesis of the di-
sease and its complications with different, often in-
significant, degrees of effectiveness. Benzopyrones
(coumarin), stimulating the activity of macrophages,
promote removal of proteins from tissues in pro-
tein-rich lymphatic edema [33, 34].

Along with this, benzopyrones increase lymph
outflow and reduce capillary fragility [35, 36]. Fla-
vonoid derivatives (diosmin, hesperidin) affect three
main components of interstitial space drainage di-
sorders in edema: microcirculation and venous and
lymphatic outflow. One of the most effective drugs
according to numerous studies and a large body of
evidence is detralex. Its micronized purified flavo-
noid fraction has certain advantages that increase the
pathophysiological orientation of this drug [4, 5, 7].

Feasibility of systemic enzyme therapy (woben-
zym, phlogenzym) in lymphedema is determined
by its positive effect on blood rheology, reduction
of platelet aggregation, increase in fibrinolysis,
modulation of the activity of monocytes and macro-
phages, and reduction of tissue damage. Clinically,
this is mainly manifested through immunomodulato-
ry, anti-inflammatory, and decongestant effects, im-
provement of reparative processes, and reduction of
thrombotic complications [4, 6, 37].

Additionally, segmental lymphotropic injections
are of particular interest. This method consists in a
sequential, step-by-step lymphostimulating effect at
various levels of the limb in conditions of lymphatic
edema. Administration of drugs with lymphostimu-
lating properties should help restore normal passage
of lymph in the affected limb. A course of segmental
lymphotropic lymphostimulating injections includes
3 injections with an interval of 48 hours. The compo-
sition of injections is the following: lidase 32 units,
lidocaine 100 mg, actovegin 200 mg, tramal 50 mg,
40% glucose solution as a filler and solvent [7].

Recurrent erysipelas often leads to formation of
persistent lymphedema, and severity of edema is al-
ways directly related to the frequency and severity of
recurrent erysipelas. [2, 4]. In case of exacerbations
of erysipelas, various groups of broad-spectrum an-
tibiotics are used in clinical practice. Lymphotropic
and endolymphatic methods of administration of
antibiotics provide a more long-term bactericidal
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concentration of the drug in the lymphatic vessels
and lymph nodes, which reduces the total dose of
the drug and side effects of antibiotic therapy [4,
6, 24, 28]. Implementation of long-term preventive
antibacterial therapy in the outpatient setting using
penicillins (bicillin-1, bicillin-5, retarpen) for 6—
12 months, is of great importance.

The combined use of physiotherapy methods
and drugs is worth noting. Thus, ultratonotherapy
for lymphatic edema in combination with the ap-
plication of chitosan-based gel allows to optimize
non-specific activation of local defense mechanisms
of the body and contributes to strengthening of the
barrier function of the skin. Chitosan promotes ac-
tivation of macrophages and can also be used as an
adjuvant for immunostimulating agents in order to
increase production of antibodies [7].

Long-term experience of leading specialists
shows that patients’ adherence to independent
therapeutic measures recommended by doctors is
an indispensable part of comprehensive conserva-
tive treatment of lymphedema. The therapy includes
skin care, self-massage, wearing compression gar-
ments, physical and breathing exercises, creating an
elevated position of the limb, and, if possible, using
portable pneumatic compression devices. [38—40].
Follow-up of 348 patients with lymphedema showed
that self-treatment is an essential and important
part in management of this group of patients. The
methods are easy to use at home and, therefore,
allow to solve difficulties in availability of specia-
lized, systematic, and frequent care, saves time, and
strengthens patient’s awareness of their own respon-
sibility for participating in results of comprehensive
treatment.

CONCLUSION

Thus, conservative treatment of patients with
lymphedema of the extremities, taking into account
a chronic course of the disease, is indicated for all
types and stages of the disease, should be carried out
constantly, and be comprehensive. Monotherapy for
lymphedema is ineffective. It is advisable to step-by-
step combine several methods for treatment simul-
taneously [2, 3, 7, 38, 41]. In general, the success
of treatment in patients with lymphedema of the ex-
tremities depends on its early diagnosis and, conse-
quently, early use of preventive and therapeutic mea-
sures. These measures, primarily of a conservative
nature, are aimed at reducing the accumulation of

tissue fluid and lymph and preserving and maintai-
ning the function of lymphatic vessels and designed
to slow down the progression of the disease to the
greatest extent, achieve a stable positive effect, and
improve the quality of life of the patient.
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ABSTRACT

Currently, a growing amount of data is emerging on the role of various environmental factors (nutrients, gut
microbiota, etc.) on formation of depression. The impact on these factors can be effective not only in treatment
of major depressive disorder, but also in its early prevention. Therefore, a more detailed study of environmental
factors in depression can lead both to a better understanding of the etiology and pathogenesis of the disorder and to
optimization of approaches to its treatment. The aim of the review was to assess the potential role of a number of
environmental factors associated with nutritional aspects and characteristics of individual microflora, as well as to
review the prospects of a strategy for affecting these factors in treatment and prevention of depression.
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PE3IOME

B Hacrositiiee BpeMsi MOSIBJISIETCS. BCEe OOJIbIIE CBEICHUI O POJIM PA3JINYHBIX YKOJIOTHYECKUX (PaKTOpOB (0COOEH-
HOCTEH nuTaHus, GakTepuaabHON (JIOpHI YeIoBeKa U pod.) B popMupoBaHuu jgenpeccu. BoselicTBue Ha yka-
3aHHbIE (PAKTOPHI MOXKET ObITH A3PHEKTUBHO HE TOJIBKO B JICYEHHH JICTPECCUBHOTO PACCTPOMCTBA, HO U €r0 paHHEH
npodunakruke. Takum 006pa3om, Gosiee MOAPOOHOE U3YUEHUE POJIU IKOJIOTHIECKHX (PAKTOPOB B (POPMHUPOBAHUH
JIETIPECCUN MOXKET CIIOCOOCTBOBATH KAK JIydIlieMy [TOHMMAHHUIO STHOMATOTeHE3a JAHHOTO 3a00JIeBaHMs, TaK U OIl-
TUMH3AIUH TOJIXOJIOB MO OOPHOE C HUM.

Llens 0630pa: ONEHUTH MOTEHIMATBHYIO POJIb B ()OPMHUPOBAHHUH ACTPECCHH Psi/ia SKOJIOTHUECKUX (haKTOPOB, CBSI-
3aHHBIX C HyTPUTUBHBIMH acIIeKTaMH U OCOOEHHOCTSIMH MUKPO(IIOPHI HHINBHAA, & TAKKE IEPCHEKTUBHOCTD CTpa-
TeTUH BO3EHCTBYS Ha IaHHBIE (DAKTOPHI B JICICHUH U MTPO(UIAKTHKE JETTPECCUBHOTO pacCTPOiiCcTBa.

KuroueBrble ciioBa: nenpeccus, HyTPUSHTBI, BATAMUHBI, IIPOOUOTHKH, MHKPOOHOM, KOJIOTHYECKHEe (aKTOPBI.

KondaukT nunTEepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.
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BaHUA.

Jas uuruposanus: Heznanos H.I'., Pykasumnukos I'.B., Kacesros E. /., [anzenxko M.A., Jleonosa JI.B., XKus-
esa T.B., Ma3zo I['.D. Ponb HyTpHEHTOB 1 MPOOMOTUYECKUX TIPETIAPATOB B TEPANU JIeIpecCul. broiemens cubup-

The role of nutrients and probiotics in treatment of depression

cxoui meouyunst. 2021; 20 (4): 171-179. https://doi.org/10.20538/1682-0363-2021-4-171-179.

INTRODUCTION

Depression is a chronic mental disorder with com-
plex etiopathogenesis. Numerous biological and en-
vironmental factors are increasing depression risks.
According to the World Health Organization (WHO),
over 264 million people worldwide suffer from de-
pressive disorders, which is associated with high rates
of disability [1].

However, despite the widespread prevalence, clini-
cal diversity, and numerous negative consequences of
depression, most studies on its treatment and preven-
tion are now focused on neurotransmitter disorders.
As a result, not a single drug has appeared in recent
years with a fundamentally new mechanism of action
and significant superiority in terms of therapeutic effi-
cacy. Moreover, about one third of depressed patients
do not respond to standard therapeutic approaches [2].

The search for and correction of new potential risk
factors for depression are not given due attention, al-
though there is more and more information about the
role of various environmental factors (dietary habits,
human gut microbiota, etc.) in the pathology of this
disease [2]. Changes in various nutrients, biologically
active substances, and individual microflora can affect
synthesis of neurotransmitters, a number of metabolic
pathways, and mood regulation [4, 5]. In this regard,
the regulation of these factors can be effective not
only in the treatment of depressive disorders, but also
in their early prevention. Therefore, a more detailed

study on the role of environmental factors in depres-
sion risks can contribute to both a better understand-
ing of the disease etiopathogenesis and optimization
of strategies to oppose it.

The aim of the review was to assess the potential
role of a number of environmental factors associated
with nutritional aspects and characteristics of indivi-
dual microflora, as well as to review the prospects of
a strategy for affecting these factors in treatment and
prevention of depression.

Rationale for nutrient augmentation of antidepressant
therapy

Nutritional factors, microbiota and mental func-
tions of an individual (including mood regulation) are
in a complex, close relation with one other. Thus, bio-
logically active substances and nutrients are processed
by the gut microbiota and are able to affect regulation
of hormonal, neurotransmitter, and signaling path-
ways of both the gastrointestinal tract (GIT) and the
central nervous system (CNS) [4]. There are literature
data that unhealthy diet in terms of a nutrient content
significantly increased the risk of depression [2]. The
most detailed information in the scientific literature
on these issues is presented about vitamins (folates,
vitamin D) and polyunsaturated fatty acids (PUFAs).

FOLATE USE IN THE TREATMENT OF
DEPRESSION

Folate (vitamin B9) is a collective term for a class
of compounds belonging to the group of water-sol-
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uble vitamins [5]. This class of compounds plays an
important role in one-carbon metabolism (OCM), in-
cluding pathways for the biosynthesis of key amino-
and nucleic acids. Folate deficiency is associated with
a number of cardiovascular problems, neurological
disorders, and diseases of the blood and reproductive
system. Insufficient folate intake is often reported in
populations where the intake of green vegetables and
fresh fruits is reduced. Other foods rich in folates are
legumes, grains, eggs, and liver.

Dietary folate intake is strongly associated with
blood homocysteine levels [6]. In the case of hyperho-
mocysteinemia, folate supplementation corrects this
condition, which has been confirmed by a number of
studies [6]. In studies of patients with cardiovascular
disease (CVD) and high homocysteine levels, folic
acid treatment significantly reduced homocysteine
levels, while the administration of B6 and B12 did not
have a similar effect [7]. Furthermore, patients with
CVD and low folate levels have an increased risk of
depression [8].

Several forms of folate were used in depression
treatment studies. 5-MTHF — 5-methyltetrahydrofo-
late (metafolin, methylfolate) is a biologically active
form of folate. This compound is the closest to the
natural food form of folates, which easily penetrates
into the central nervous system (unlike synthetic folic
acid), does not require preliminary transformation in
the liver with dihydrofolate reductase, and is imme-
diately incorporated into the folate metabolism cycle.
Moreover, its further biochemical metabolism (in
particular, the delivery of methyl groups to the homo-
cysteine — methionine cycle) does not depend on the
genetic polymorphism MTHFR677C> T [5]. In most
of the studies on the effect of folate on mood, it was
5-MTHEF that was studied.

On the other hand, synthetic folic acid is much
more widely studied in obstetrics, and its chemical
stability makes it possible to use this particular form
of folate as food fortification in several countries
(USA, Canada, Brazil, Australia). In this regard, a
huge amount of observational information has been
accumulated on this folate form [5-7]. It was noted
that food fortification with folates decreases the preva-
lence of depressive symptoms in the population. In
men, this is mediated by an increase in plasma folate
levels, while in women, this effect is not observed [5].

The effectiveness of several different forms of fo-
late at different doses and in different categories of
patients has been studied in association with depres-
sion. At the same time, studies with the addition of fo-

late to antidepressant therapy are more numerous and
rigorous in design, in contrast to studies of indepen-
dent folate therapy. In a randomized, placebo-con-
trolled study, the group of women who received the
antidepressant fluoxetine (20 mg) along with folic
acid (500 mcg / day) had 94% of responders, while
the group receiving fluoxetine with placebo had only
61% of responders (p < 0.005). In men in this study,
the difference in the effectiveness between the groups
was less significant, also a less significant decrease
in homocysteine levels was observed compared with
women. This, according to the authors of the study,
indicates the need for large doses of folate in men.
At the same time, to select the optimal doses, further
studies of folate administration in combination with
other antidepressants are required [6].

In another study with the same design (n = 27),
where the dose of folic acid was 10 mg / day, in the
group of patients receiving folate with fluoxetine (20
mg) after 6 weeks of treatment, the average score on
the Hamilton Depression Rating Scale (HDRS) was
significantly lower than in the placebo group receiving
only fluoxetine [7].

L-methylfolate has also shown beneficial effects
as adjuvant therapy in addition to traditional antide-
pressants [6]. In a double-blind, placebo-controlled
study, standard psychotropic therapy in patients with
depression and schizophrenia was successfully sup-
plemented with methylfolate (15 mg) for 6 months. At
the same time, clinical and social recovery was signifi-
cantly accelerated compared with placebo, and, over
time, the differences with the placebo group increased
(n=123) [5].

G.I. Papakostas et al. (2014) showed in a clinical
study that L-methylfolate (15 mg / day), in addition to
therapy in patients (n = 75) initially resistant to antide-
pressants belonging to selective serotonin reuptake in-
hibitors (SSRIs) contributed to overcoming therapeu-
tic resistance. In this regard, the authors conclude that
L-methylfolate at a dose of 15 mg / day can be consi-
dered an effective, safe, AND relatively well-tolerated
agent for overcoming a partial response or a lack of re-
sponse when using SSRIs in patients with depressive
disorders [9]. In the extended 12-month open phase
of this study, there were also positive results (n = 68)
on sustained remission in patients receiving 15 mg of
L-methylfolate a day [9].

Another biologically active form of folate, folinic
acid (leucovorin, unlike folic acid, does not require
conversion by dihydrofolate reductase in the liver),
when additionally prescribed to patients with depres-
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sive disorder who are resistant to SSRIs, has shown
itself as a poorly effective remedy (the level of folate
in patients in this study was initially normal) [2].

Based on a systematic review and meta-analysis
of 3 randomized, controlled studies, it was conclu-
ded that folate may play a potential role as an adjunct
to basic therapy for depression and cannot be used as
stand-alone treatment [5, 6]. At the same time, there
are suggestions that the addition of folate to antide-
pressant therapy may be useful for patients with de-
pression, regardless of their initial folate status, as well
as regardless of the presence / absence of a response
to antidepressant therapy [2]. M. Fava et al. concluded
that folates are effective and safe in some patients with
depressive disorders, but more information is needed
on the dosage and patient populations most suitable
for folate therapy [6].

A number of researchers draw attention to the
need for further long-term research (from 6 months
to a year), because the effect of folate administration
is slow and builds up over several months. Low doses
for a long time are more preferable than high doses for
short or even long term [6]. Large doses of folate can
be dangerous for the nervous system in terms of an-
tagonism with vitamin B12 and its deficiency, as well
as in terms of provoking seizures. Moreover, it was
shown that folic acid at a dose of more than 5 mg / day
can cause agitation, hyperactivity, and insomnia and
provoke hypomanic states in the case of a predisposi-
tion [5—7]. At the same time, there is evidence that un-
metabolized folic acid (when prescribed in exceeded
doses) can inhibit further folate metabolism and lead
to aggravation of OCM disorders [5—7].

THE USE OF VITAMIN D IN THE TREATMENT
OF DEPRESSION

Vitamin D is another important vitamin in the risk
of depression and its therapy. It is obtained from food
in the form of vitamin D2 (vegetables, mushrooms)
and vitamin D3 (meat, fish, eggs) [10]. Despite this,
very few foods are rich in vitamin D. The highest vita-
min D content is found in animal products in the form
of vitamin D3 in oily fish, egg yolks, meat, liver, and
kidneys. Another important environmental factor in
the synthesis of vitamin D by the body is sufficient
ultraviolet (UV) exposure of the skin.

While the role of vitamin D in calcium homeo-
stasis and the maintenance of bone metabolism has
been studied well enough, its effect on the structure
of the central nervous system still raises many ques-
tions. Vitamin D receptors are widely presented in the

brain structures which are responsible for affective
disorders, which suggests the role of vitamin D in the
mechanisms of depression [11-13]. Another impor-
tant aspect was identification of frequent decreases in
vitamin D levels in cases of seasonal affective disor-
der with depressive episodes in winter [13]. However,
in subsequent randomized controlled trials, no unam-
biguous information was obtained on either a natural
decrease in vitamin D in depression, or its effective-
ness in the treatment of depressive disorder.

In the Iranian study, the use of vitamin D (oral vi-
tamin D3 at a dose of 50,000 IU every two weeks) for
8 weeks in 76 patients with postpartum depression and
decreased levels of 25[OH]D (less than 75 nmol /1) led
to improvement of depressive symptoms and norma-
lization of vitamin levels in the blood [14]. Therapy ef-
fectiveness was evaluated in three subgroups: vitamin
D in combination with calcium supplements; vitamin
D in combination with a placebo instead of calcium
supplements; the placebo group alone. The Edinburgh
Depression Scale (EDS) was used to assess the sever-
ity of depression. A decrease in the severity of depres-
sion was noted for both subgroups where vitamin D
was used regardless of calcium augmentation. At the
same time, a large-scale study on the use of vitamin
D3 (400 IU / day) and calcium carbonate (1,000 mg
/ day) among 36,282 postmenopausal women did not
reveal significant reduction of the risk of depression
during therapy [15].

A meta-analysis by U. Gowda et al. did not reveal
any positive changes in depression symptoms when
using vitamin D either as monotherapy or in combina-
tion with antidepressants and other drugs [16].

THE USE OF OMEGA-3 POLYUNSATURATED
FATTY ACIDS IN THE TREATMENT
OF DEPRESSION

For a long time, polyunsaturated fatty acids (PU-
FAs) have been studied primarily in the context of
their use for prevention of cardiovascular diseases.
However, there is a growing amount of data on their
role in mood regulation [17]. There are 4 classes PU-
FAs: o3, 6, ®7, and 9 (this division into classes is
based on the chemical structure — the position of the
first double bond in relation to the carbon of the ter-
minal methyl group) [17]. The most important PUFAs
for the body are ®3 and w6 [17].

The main representative of the w6 class is arachi-
donic acid (AA) [17]. It enters the body with food
(vegetable oils, the largest amount is found in flax-
seed oil) and is partially synthesized by the body,
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which ensures its constant presence in the human
body [17]. Such ®3 PUFAs as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) enter the
body only with food, their main source is fatty marine
fish species [11, 17].

Potential mechanisms are currently being explored
that could determine the antidepressant activity of @3
PUFA. In the last decade, the results of many exper-
imental studies indicated that ®3 PUFAs have a sig-
nificant effect on inflammation, expression of apop-
tosis-related genes, oxidative stress, neurotrophic
functions, and neurotransmitter systems [18]. EPA
plays the most significant role in the anti-inflammato-
ry activity of ®3 PUFA. Clinical studies show that the
use of EPA in comparison with placebo and DHA is
more effective in a group of patients with biochemical
markers of inflammation (elevated C-reactive protein
(CRP)) [18].

Various studies have used fatty acids both as
monotherapy and as an adjunct to standard antidepres-
sant therapy. Different doses (from 1 to 6 g/ day) and
different duration of treatment (from several weeks
to months) were used. Various sources of fatty acids
have been studied: both pure eicosapentaenoic and
docosahexaenoic fatty acids in combination or their
isolated use, also fish oil and fatty acids obtained from
plant seeds. However, dietary information was not an-
alyzed in most studies [11, 17].

The results of studies on the effectiveness of ®3
PUFAs have yielded ambiguous conclusions. At the
initial stage in the research of this problem, very en-
couraging results were obtained. A positive effect was
registered both for ®3 PUFA monotherapy and for
methods of augmenting the antidepressant effect [19].
Furthermore, it was noted that the use of ®3 PUFA
significantly reduced the risk of depression recur-
rence [20]. However, these studies were conducted in
small cohorts without regard to the dose ratio of EPA
and DHA. Subsequently, it was shown that therapeu-
tic efficacy was revealed when using drugs containing
high doses of EPA and low doses of DHA (2-4: 1
ratio or more), while the opposite combination (high
doses of DHA and low doses of EPA) was not thera-
peutically effective in depression [20]. This result was
confirmed by the meta-analysis, which showed that
®3 PUFA preparations containing at least 60% EPA
were effective in the treatment of depression and may
be used for treatment of comorbid somatic symptom
disorders [21].

Studies have been conducted on the use of prepa-
rations containing only EPA. EPA monotherapy at a

dose of 1 g/ day for 8 weeks in patients with depres-
sive disorders did not significantly reduce depressive
symptoms as measured by the HDRS [19]. At the
same time, the use of large doses of the drug (1.2—4 g
per day) was significantly more effective [19]. How-
ever, in this study, EPA was used in conjunction with
an antidepressant. The use of DHA in isolation at a
dose of 2 g/ day for 6 weeks had no significant effect
on depressive symptoms [19].

Currently, on the basis of meta-reviews, it can be
assumed that PUFAs can be considered as an effective
method for augmentation of antidepressants. Drugs
containing both EPA and DHA should be used, be-
cause these compounds are likely to have a synergistic
effect on depressive symptoms. The effect of PUFAs
on the lipid spectrum is of special interest, which is
widely used in patients with depression in cases of
metabolic syndrome associated with antidepressant
therapy, eating disorders, and high consumption of
high-calorie foods containing a large amount of ani-
mal fats [11].

THE USE OF ANTI- AND PROBIOTICS
IN THE TREATMENT OF DEPRESSION

The study of microbiota-modifying therapeu-
tic approaches is associated with obtaining both
experimental and clinical data on the role of the mi-
crobiota — gut — brain axis in depression [22, 23]. This
axis is mediated by bidirectional communication be-
tween the brain and the microbiota, which modulates
immune and endocrine functions [24, 25]. The com-
position of the microbiota is associated with age, envi-
ronmental factors, and dietary habits [22, 25].

In microbiome studies, the microbiota-depleting
effects of antibiotics are used to study the effect of
reduced microbial diversity on behavior [25]. Recent
studies have identified links between frequent anti-
biotic exposure, especially during development, and
many serious diseases, such as autoimmune patho-
logy and mental health problems [26]. However, the
use of antibiotics in experimental studies presents a
number of problems. Antibiotics usually affect the
body and its microbiome (or the transplanted micro-
biota) in three ways: depletion of the resident micro-
biota, subsequent enrichment of the antibiotic-resis-
tant microbiota, and impact on the corresponding host
tissues [27]. The effect of antibiotics on the host tis-
sues is especially important when studying the central
nervous system and behavior, since some antibiotics
themselves can be neuroprotective or neurotoxic [28].
This can be seen as a limitation in behavioral research
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using antibiotics to alter the composition of the mi-
crobiome.

Minocycline is an antibiotic of the tetracycline
class. The pleiotropic activity of this drug, including
anti-inflammatory, antioxidant, anti-apoptotic, an-
ti-glutamatergic and monoaminergic effects, is widely
discussed in the scientific literature [29]. In this re-
gard, interest in the use of minocycline has expanded
significantly, and it is considered as a potential candi-
date for treatment of affective disorders, both bipolar
and unipolar ones. Currently, clinical trials of minocy-
cline as monotherapy are underway [29].

Probiotics have been extensively studied in
non-psychiatric populations and associated with im-
proved gastrointestinal health, reduced inflammation,
and temporary improvements in cognitive perfor-
mance [30]. Diseases of the nervous system are al-
ready being considered a completely new area of pro-
biotics application [26].

Currently, lactobacilli and bifidobacteria in the
center of the probiotic market. They are widely used
for correction and prevention of various pathologi-
cal conditions (bacterial vaginosis, irritable bow-
el syndrome (IBS), diarrhea, obesity, allergies,
urolithiasis).

Probiotics that can affect the severity of mental dis-
orders are currently considered as psychobiotics [31].
The first study to evaluate the therapeutic efficacy of
prebiotics or probiotics for depression was conducted
over a decade ago, but about half of all existing stud-
ies were published in just the past two years, reflec-
ting the rapidly growing interest in this area [32]. Most
of the hypotheses associated with the potential thera-
peutic effect of psychobiotics on affective disorders
are based on experimental animal models, behavioral
tests, and neurophysiological indicators after courses
of probiotics and prebiotics [32], as well as changes in
the level of stress hormones, monoamines, and GABA
receptors in the brain [32, 33].

While research on the use of probiotics for mental
disorders is promising, there are conflicting reports on
their effectiveness as augmenting agents [33]. Nume-
rous studies have examined the effects of probiotics
on mood in both healthy individuals and patients diag-
nosed with depression. Recent meta-analysis of data
mostly confirms the positive effects of certain probi-
otics on mood [33]. Based on the results obtained, it
is suggested that probiotics affect mood only in de-
pressed patients and do not have an antidepressant
effect in healthy individuals. Moreover, the antide-
pressant effects of probiotics are likely to be limited to

young adults and do not appear in those over 65 years
of age [32].

The study on the prospects of probiotic use in de-
pressed patients has several limitations. This is primar-
ily due to different doses and duration of drug admin-
istration, which makes it difficult to compare studies.
A similar problem is research of various species and
strains of bacteria. Probiotics, which are likely to have
an antidepressant effect, mainly belong to the Bifido-
bacterium and Lactobacillus genera. These genera
contain many different species and strains, and their
properties cannot be generalized [34]. For example,
Lactobacillus rhamnosus (strain JB-1) did not affect
mood or anxiety levels in healthy men, while Lactoba-
cillus casei (strain Shirota) demonstrated the ability to
improve mood in healthy volunteers with low baseline
mood scores [35].

Probiotic bacteria can affect the body through var-
ious mechanisms that can be specific for the strain
(e.g., lactic acid bacteria) or widespread among a va-
riety of strains, including normalization of disturbed
microbiota, inhibition of potential pathogens, produc-
tion of beneficial metabolites or enzymes, and immu-
nomodulation [32, 34]. However, the results of clini-
cal studies are not convincing. There is very limited
evidence for the effectiveness of probiotic or prebiot-
ic interventions in altering microbial composition in
mental disorders [36]. Conversely, probiotics led to
changes in the microbial composition, but without af-
fecting mood symptoms [37].

DISCUSSION AND CONSLUSION

Recent treatment strategies for depression consid-
er the use of antidepressants as the first-choice tactic
[11]. Despite market expansion for these drugs with
the emergence of a new generation of antidepressants,
including drugs with multi-receptor activity, there is
no much progress in their efficiency — only 50% of
patients manage to achieve stable remissions [11].
The side effects of antidepressants significantly af-
fect treatment and reduce adherence to therapy [11].
Today, augmentation (enhancing the activity of anti-
depressants with the use of drugs that do not belong
to the group of thymoanaleptics) is the main direction
that is widely studied and used for treatment-resistant
depressive conditions [11]. For this purpose, psycho-
tropic drugs (antipsychotics, lithium salts, anticonvul-
sants) and hormonal drugs are used. However, the use
of this approach increases the number of side effects
due to both side effects of additional drugs and drug
combinations.
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Despite different mechanisms of functioning of
various biologically active compounds, nutrients, and
their interaction with microflora in the body, in most
cases the key question remains, whether it is advi-
sable to use these compounds in all patients or only
in those who initially have their deficiency. Potential
limitations in the therapeutic use of these compounds
indicate difficulties in determining a deficiency of a
particular nutrient in various populations [2, 3]. As a
rule, in the population of developed countries, chan-
ges in such parameters are not clinically visible, which
makes it difficult to diagnose them and determine their
relationship with depression. At the same time, with
regard to probiotics, it is noted that individuals with
different genetic predisposition and variable contacts
with microorganisms can react differently to identical
drugs [4].

The need for further randomized studies to deter-
mine the efficiency, which will consider the difference
in effect by subgroups, sex, presence / absence of defi-
ciency, and other factors, is indicated for folates [5, 6],
vitamin D [10, 12, 14], and fatty acids [17, 19]. For all
these compounds, the study of approaches to therapy
is carried out on a wide population of patients with de-
pressive disorders, therefore, the effectiveness may be
questionable not due to insufficient effect, but due to
the phenomenological and biological heterogeneity of
the samples and the absence of clearly defined control
criteria (laboratory parameters).

Another promising direction in the context of this
strategy is the study of not only individual isolated
nutrients, but also complexes of dietary patterns in ge-
neral [38]. Such an approach can help to establish the
role of the mutual impact of various nutritional com-
ponents on depression, as well as their interaction in
the context of a number of body characteristics (such
as the composition of gut microbiota). Moreover,
modification of the entire diet may be a more effective
and physiological method of preventing depressive
disorder than correcting individual nutrients.

Therefore, even now, the use of nutrients and pro-
biotics can be seen as a paradigm shift in the treat-
ment of treatment resistant depression. At the same
time, it is important to select a specific drug for
augmentation based on laboratory screening, which
makes it possible to apply a personalized approach
to therapy.
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Epicutaneous sensitization. what do we know?
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ABSTRACT

Background. According to the currently existing hypothesis, epicutaneous sensitization is one of the leading
mechanisms in the development of food allergy.

The aim of this review was to analyze immune mechanisms in epicutaneous sensitization and the role of skin
barrier impairment.

We performed a literature search using PubMed, UpToDate, Web of Science, and Scopus databases by the key
words: epicutaneous sensitization, atopic dermatitis, skin barrier impairment, food allergy. Articles were to be in
open access and present the most relevant information on the topic. Studies were selected by the largest sample size
and the highest citation index. Once publications were identified, they were reviewed by all the authors to select
the studies that specifically addressed the theme of the review. A total of 101 publications from 1998-2000 were
included in the study.

This review article discusses the data of experimental studies, sets out modern ideas about the hypothesis of a
double exposure to an allergen, and presents research data proving the clinical significance of epicutaneous sensi-
tization in relation to food allergy. Knowledge about the mechanisms of epicutaneous sensitization development is
necessary to elaborate strategies for prevention of food allergy. One of the modern trends in prevention is the use
of emollients, which are supposed to restore the skin response. However, studies on preventive intake of emollients
do not present a similar viewpoint.

There is not enough evidence for or against the mechanism of epicutaneous sensitization as an indispensable
condition for the formation of food allergies. Further research in this area is required.

Key words: epicutaneous sensitization, skin barrier impairment, food allergy, emollients, atopic dermatitis.
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PE3IOME

CorlacHO CyIIECTBYIONIEH B HACTOAIIES BPeMsI TUIIOTE3€, TPAHCKYTaHHAS CEHCHOMIN3AIMNS SBIIETCS OTHHUM U3
BeyIINX MEXaHH3MOB ()OPMHUPOBAHUS IHIIEBOH AJIIEPTHU.

Iesb: aHAaNN3 IMMYHOJIOTHYECKUX MEXaHU3MOB ()OPMUPOBAHHS TPAHCKYTaHHOM CEHCHOMIM3AIMH U POJIHU AedeK-
Ta KOXHOTO Oapbepa.

st Hanucanust 00630pa GbUT MPOBEJCH MOKMCK MOJHOTEKCTOBBIX ITyONHMKAIM Ha aHTJIMIICKOM 53bIKe B 0aszax
nmauabix PubMed, UpToDate, Web of Science, Scopus 1o KITi04eBbIM CI0BaM: epicutaneous sensitization, atopic
dermatitis, skin barrier defect, food allergy. CtaTbu JOMKHBI OBUIM HAXOAUTHCS B CBOOOJHOM JIOCTYIIE M TIPE-
CTaBISITh HAnOOJIee aKTyalbHYy0 HHPOpMAIHIO 1o Teme. ViccneqoBanust 0TOHPaHCh MO TPUHITKITY HanOOIIbIIeit
BBIOOPKH U MHJIEKCA HUTHPOBaHKs. [locie mepBUYHOro 0TOOpa My OIMKaIHii aBTOPI H3YUYHJIN UX Ha MPEAMET CO-
OTBETCTBHUS HHPOPMAIMK TeMaTHKe UcciaenoBanus. B 0630op BrmoueHa 101 myonukaius 3a nepuoa 19982020 rr.

PaCCMOTpeHLI JIaHHBIC SKCIICPUMECHTAJIbHBIX I/ICCHCIIOB&HI/Iﬁ, HN3JI0KEHBI COBPEMCHHBIC ITPE/ICTABIICHHUS O THIIOTE3€C
I[BOfIHOI‘O BO3JICHCTBUS ajuIepreda, nNpuBCACHblI JTaHHBIC I/ICCHCIIOB&HI/Iﬁ, JOKa3bIBaONUX KIIMHUYCCKYIO 3HA4u-
MOCTb TpaHCKyTaHHOﬁ CeHCI/I6I/IJ'II/I3aIII/II/I B (1)OpMI/Ip0BaHI/II/I MHATIEBOM aJuIepruu. 3HaHUE MEXaHU3MOB pa3BuTHUA
TpaHCKyTaHHOfI CeHCH6HHH3aHHH HeO6XOIII/IMO JUIsL BI)Ipa6OTKI/I CTpaTeI‘I/Iﬁ HpO(i)I/UIaKTI/IKI/I HPIH.ICBOﬁ aJUIepruu.
OnanM n3 NEPCHEKTUBHBIX HaHpaBIICHI/Iﬁ HpO(i)I/IJ'IaKTI/IKI/I MHAIIEBON AJUIEpIruu ABJISICTCSA UCIIOJIb30BAHUEC SMOJIN-
C€HTOB, KOTOPbI€ BOCCTAHABJIMBAIOT KOYKHBIN OTBET, OTHAKO HUCCJICOBaHHs, ITOCBAILICHHBIC HpO(i)I/IHaKTI/I‘{eCKOMy
IIpUEMY SMOJIMEHTOB, B HACTOAIICE BPEMS HE JalOT OAHO3HAYHOI'O OTBETA.

B Hacrosiee BpeMsi HaKOIUICHO HEAOCTATOYHO JaHHBIX HU «3a», HU «IIPOTHUBY» CYIIECTBOBAHUS MEXaHU3Ma TPaH-
CKyTaHHOH CeHCHOMIM3alMy Kak 00sA3aTeIBHOTO YCIOBHA I (POPMHUPOBAHMS MUIIEBOH ayuteprud. TpeOyercs
JajpHeillee IpoBeACHNE HCCIEA0BAaHUH B JaHHOM HaIpPAaBICHHH.

KnroueBble cioBa: TpaHCKyTaHHasl CeHCHOMIHM3AIMS, NeeKT KOXKHOro Oaphepa, MUIIEBast aJUIEPTys, aTONHIe-
CKUI JepMaTHT.

KOHq)JIl/lKT HUHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'lPlK3.IIHeI>i HaCTOS[U.[efI CTaTbu.

Hcrounuk q)ﬂHaHCI/IPOBaHHﬂ. ABTOpI)I 3asIBJIIIOT 00 OTCYTCTBHUU q)HHaHCPIpOBaHI/ISI Ipy MPOBCACHUUN UCCIIEN0-
BaHUA.

Jns untupoBanus: Hosuk ['.A., Xnanosa M.B., JlemunoBa A.C. TpaHckyTanHasi ceHcuOuamn3anus. Bee in Mbl
3naem? Broanemens cubupckou meouyunst. 2021; 20 (4): 180—-192. https://doi.org/10.20538/1682-0363-2021-4-

180-192.

INTRODUCTION

The term “food allergy” refers to a pathological
immune response that develops after a contact with
food (usually a meal) [1, 2]. Currently, several types
of food allergy are distinguished with differences in
their pathophysiological mechanisms (IgE-mediated
and non-IgE-mediated) and clinical manifestations.

Atopic dermatitis (AD) is considered to be one of
the risk factors for the development of food allergy.
About 40% of moderate-to-severe atopic dermatitis
cases in children are accompanied by IgE-mediated
food allergy, which contributes to significant deteri-
oration in the quality of life of patients [3, 4]. Early
onset (less than 3 months of age) and severe course of
AD are associated with an increase in the blood level
of specific IgE to eggs, milk, and peanuts [5]. Food
allergens trigger AD aggravation in 33% of patients
with a severe course of AD, 10-20% of patients with

moderate AD, and 6% of patients with mild AD [6-8].

The dual-allergen exposure hypothesis suggested
by G. Lack et al. (2008) provides a possible explana-
tion for a strong correlation between AD and accom-
panying food allergy. According to this hypothesis,
a sufficient vitamin D level, gut microbiota diversi-
ty, and the natural route of food allergen penetration
through the gastrointestinal tract induce oral tolerance.
Exposure to low doses of food allergens from the en-
vironment (on surfaces, hands, and in dust) through
the impaired skin barrier, vitamin D deficiency, and
decreased gut microbiota diversity lead to the deve-
lopment of sensitization [9].

This review article analyzes in detail the mecha-
nisms of the formation of epicutaneous sensitization
according to available modern research data and con-
siders controversial issues that contradict this hypo-
thesis.
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DATA SOURCES

The authors analyzed studies on epicutaneous sen-
sitization using the PubMed (https://www.ncbi.nlm.
nih.gov/pubmed/) and UpToDate (https://www.up-
todate.com/) databases. The review uses original ar-
ticles published over the period from 1998 to 2020.
Preliminarily, the search in PubMed was conducted
using the following key words: epicutaneous sensiti-
zation, atopic dermatitis, skin barrier defect, food al-
lergy. The search in UpToDate was performed using
the following key words: pathogenesis of food allergy,
atopic dermatitis pathogenesis, clinical manifestations
and diagnosis. The search for studies corresponding to
the listed terms was also carried out among the lists of
references and citations in the selected publications.
420 publications from the PubMed database were
studied. At the stage of publication selection, articles
with the absence of the required data in the abstract
text were excluded. A total of 289 publications were
analyzed. Subsequently, the analysis of full-text pub-
lications was carried out. The criteria for eligibility
were originality of the article, the English language,
publications in journals included in the international
citation system Web of Science (www.webofknowl-
edge.com)/Scopus), compliance of the submitted data
with the subject of the article. The exclusion criterion
was the absence of the required data in the text of the
article. Based on the selection results, this article in-
cludes data from 101 sources.

EXPERIMENTAL MODELS OF FOOD
SENSITIZATION FORMATION

Experimental data now suggest that development
of food allergy is closely related to exposure of an al-
lergen through the skin [10]. First attempts to prove
the possibility of epicutaneous sensitization were
made in experimental models in mice. In the study,
applications of ovalbumin (chicken egg protein) to
damaged skin caused an increase in the specific IgE.
Consequently, when the allergen was administered
orally, the mice developed an anaphylactic reaction
with an increase in histamine and histological changes
in the intestine and lungs [11].

Later, J. Strid et al. (2004) showed that the immune
response caused by epicutaneous exposure to an aller-
gen is directed towards the Th2 pathway. This kind
of reaction was obtained when various types of mice
were exposed to various antigens. [12—16]. In these
studies, microdamage to the skin is a model of skin
barrier impairment, which is observed in patients with

AD. A series of experimental studies showed that pre-
liminary sensitization of mice using the epicutaneous
route of allergen penetration through damaged skin
leads to inhibition of oral tolerance induction [17, 18].

ROLE OF SKIN BARRIER DEFECTS

One of the important links in the pathogenesis of
AD is impairment of the epithelial barrier, which sig-
nificantly increases the risk of developing food aller-
gies and other allergic diseases. The barrier function
of the skin is provided mainly by the stratum cor-
neum, which consists of corneocytes and extracel-
lular matrix. Corneocytes are held together by tight
junctions and corneodesmosomes. Loss of function
of corneodesmosin, a gene encoding components of
corneodesmosomes, in various congenital defects
leads to severe defects in the skin barrier, itching, and

atopy [19].

FILAGGRIN DEFECT

Currently, the defect in the FLG gene encoding fi-
laggrin occupies a prominent place in impairment of
the skin barrier. Filaggrin is a major epidermal pro-
tein which is crucial for the structure and function of
the stratum corneum, which provides a physical barri-
er [20]. Mutations in the filaggrin-encoding gene are
considered some of the most important risk factors for
sensitization and development of a number of allergic
clinical phenotypes, most likely due to exposure to al-
lergens through the skin [21]. Data from a systematic
review and meta-analysis of 24 studies suggest that
the presence of an impairment in the skin barrier is
fundamental in the development of allergic diseases.
Filaggrin defects increase the risk of developing sensi-
tization, atopic eczema, allergic rhinitis, and bronchial
asthma in individuals with eczema [22, 23].

Children with a FLG gene mutation were 2.4 times
more likely to develop a food allergy confirmed by an
oral challenge test. Initially, it was shown that chil-
dren with FLG mutations have higher prevalence of
sensitization to peanuts, increasing the risk of deve-
loping IgE-mediated allergy by more than 5 times [24].

This was also proven in another study in the UK,
which was aimed at investigating the effect of muta-
tions in the /LG gene on the risk of developing food
allergy to peanuts. The amount of peanut antigen in
houses where children of the first year of life lived was
measured. To identify sensitization and confirm food
allergy, skin prick tests and determination of specific
IgE to peanut allergens Ara h 1,23 in the blood serum
by the ImmunoCAP method were used. Oral peanut

182 Bulletin of Siberian Medicine. 2021; 20 (4): 180-192



Reviews and lectures

test at the age of 8 and 11 years and genotyping were
used for six FLG gene mutations. The results of the
study indicate a significant increase in the risk of sen-
sitization and peanut allergy in children with the FLG
mutation compared with children without skin barrier
impairments, confirming the hypothesis of transcuta-
neous sensitization [25].

An association between filaggrin mutation and
food allergy, not only to peanuts, but also to eggs and
milk, as proven by a provocation test, was shown in
the genome-wide association study (GWAS), with a
significant association observed even in the absence
of eczema [26].

Filaggrin gene mutations increase the chances of
developing sensitization not only to food, but also to
inhaled allergens. In the UK, a population-based co-
hort study of 1,051 children was conducted, which
showed a significant increase in the risk of sensitiza-
tion to the major cat allergen Fel d1 among children
with filaggrin mutations compared with children with-
out them. It was also noted that the risk of developing
sensitization to house dust mite with increasing expo-
sure to Der pl (a major allergen of house dust mites)
was consistently higher among children with filaggrin
mutations [27, 28].

Other factors that are crucial in disrupting the skin
barrier include changes in the structure of the lipid
composition of the intracellular matrix, an imbalance
between stratum corneum protease and antiprotease
activity, tight junction dysfunction of the stratum cor-
neum, microbial colonization, and release of proin-
flammatory cytokines.

TRANSEPIDERMAL WATER LOSS

The extracellular matrix of the stratum corneum
consists of multiple lamellar membranes enriched
with ceramides, cholesterol, and free fatty acids.

The study by C. Cole et al. (2014) demonstrated
that changes in the lipid composition of the epidermis
cause impairment of the epidermal barrier regardless
of the presence or absence of the filaggrin gene muta-
tion [29]. A later published meta-analysis revealed that
changes in the lipid layer composition in patients with
AD occur both in skin lesions and on visually healthy
skin [30]. Lipid barrier impairment entails increased
transepidermal water loss (TEWL), which is crucial in
the pathogenesis of food allergy in newborns. It was
discovered that 75% of children suffering from food
allergies had high rates of TEWL in infancy, and even
in the absence of atopic dermatitis, the risk of deve-
loping food allergies was 3.5 times higher [31].

Further studies confirmed these data; it was found
that excessive TEWL in the first week of life is an in-
dependent risk factor for the development of AD and
is associated with higher allergic sensitization.

TIGHT JUNCTION DYSFUNCTION
IN THE STRATUM CORNEUM

Tight junctions are transmembrane protein com-
plexes that provide keratinocyte adhesion, thereby
creating a permeability barrier for the intercellular
space. They regulate paracellular transport of lig-
uids and solutes. This is important because it deter-
mines the nature of ion and protein transport and even
penetration of Langerhans or dendritic cells. Tight
junctions are located directly under the stratum
corneum, forming the so-called second barrier in the
epidermis [32].

In patients with AD, a congenital deficiency of
transmembrane tight junction proteins is observed,
which is especially pronounced in the presence of a
filaggrin gene mutation. A. De Benedetto et al. (2011)
found a decrease in the expression of claudin-1, -4,
-23 in patients with AD with undamaged skin [26]. It
is important to note that a decrease in the expression
of tight junction components was associated with a
significant change in the bioelectric characteristics of
the epidermis in AD (not damaged and not exposed to
the sun) with noticeably lower transepithelial electri-
cal resistance, higher albumin permeability, and asso-
ciated selective ionic permeability. This is also shown
by earlier studies on mice in which the claudin-1 gene
was “turned off””, and in the first 24 hours after birth,
TEWL was observed, which led to their death [33].

An inverse correlation was also noted between
the expression of epidermal claudin-1 and markers
of the Th2 response (eosinophilia, total IgE level).
This suggests that the Th2 response may inhibit the
expression of the key members of the claudin fami-
ly (e.g., claudin-1, -4, -23) or the other way round.
To investigate whether changes in the claudin-1 gene
could be associated with AD and its more severe
course, two populations (African Americans and
Caucasian Americans) were studied. The strongest
association was observed in the African American
population, with changes in the claudin-1 gene be-
ing associated with earlier onset and a more severe
course of AD. Weaker associations were observed
among Caucasian Americans. It is interesting to note
that some defects in the claudin-1 gene are associated
with sensitization to contact allergens in the North
European population [34].
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PROTEASE AND ANTIPROTEASE ACTIVITY
OF THE STRATUM CORNEUM

The skin barrier function can also be impaired in
cases of genetic disorders with an increased level of
chymotrypsin and trypsin enzymes in the stratum cor-
neum. These enzymes cause premature destruction of
corneodesmosomes, which leads to disruption of the
skin barrier [36].

The KLK7 gene encoding chymotrypsin was test-
ed for variations in healthy children and children with
AD. Defects in the KLK7 gene were assessed and
their possible association with dysregulation of chy-
motrypsin in humans, leading to thinning of the skin
barrier. The strongest association was observed in the
subgroup of patients who did not have elevated IgE
levels. This association was not significant in the sub-
group of patients with high serum IgE [37].

When endogenous proteases are produced exces-
sively, premature desquamation of the stratum corne-
um occurs, and a thinned skin barrier is formed. This
facilitates penetration of allergens, which can further
cause AD or its aggravation. External effects, such as
washing with detergents and prolonged use of topical
corticosteroids can further increase the production of
these enzymes in the stratum corneum and impair the
skin barrier function [36]. Normally, the activity of
proteases involved in epidermal desquamation is reg-
ulated by several protease inhibitors co-expressed to
balance the rate of stratum corneum degradation.

Genetic mutations have also been identified in
genes encoding elements of inhibitors of these prote-
ases. For example, mutations in the SPINK5 gene,
which encodes serine protease lymphoepithelial Ka-
zal-type 5 inhibitor, have been associated with Neth-
erton syndrome. Patients with this syndrome have
severe barrier dysfunction, including increased des-
quamation and impaired keratinization. Several stud-
ies showed a link between a defect in the SPINKS
gene and AD [38—41]. In addition, damaged skin cells
can produce endogenous proteases that further impair
the skin barrier. These proteases can be considered
as a product of an inflammatory response, and their
level is proportional to the severity of AD aggra-
vation. Mast cell chymase is a chymotrypsin-like
serine protease that is primarily stored in the secretory
granules of mast cells. In one study, mast cell chy-
mase level was significantly increased in AD patients
in damaged skin compared with intact skin. However,
no significant difference was found in the level of mast
cell chymase between intact skin in AD patients and

healthy individuals, which suggests that increased
mast cell chymase activity may be associated with ac-
tive dermatitis [42].

There is also evidence that mast cell chymase may
be involved in the development of chronic dermatitis
by inducing eosinophilic infiltration [43]. Different
variations in the chymase-encoding gene have been as-
sociated with AD in children, the association being the
strongest in individuals with low total serum IgE [44].

The skin barrier can also be damaged by exoge-
nous proteases from house dust mites and Staphylo-
coccus aureus [45]. House dust mites are a source of
over 30 different proteins that can induce IgE-medi-
ated responses. Some of these proteins are cysteine
and serine proteases. Patch tests have shown that two
proteins with proteolytic activity derived from house
dust mites, Der p 1 and Der p 2, induce skin irritation
or immune activation through direct proteolytic ac-
tivity [46].

ROLE OF STAPHYLOCOCCUS AUREUS
IN THE FORMATION OF EPICUTANEOUS
SENSITIZATION

At present, there is a large body of scientific data
proving the role of St. aureus in the pathogenesis of
AD [47]. Epicutaneous sensitization with staphylo-
coccal enterotoxin induces local inflammation corre-
sponding to eczema in mice and subjects with normal
and atopic skin [48, 49]. Population-based cohort
studies report that colonization of the skin or naso-
pharynx by St. aureus precedes the clinical diagnosis
of eczema in infancy. In addition, patients with ec-
zema are more prone to colonization with St. aureus
than healthy controls, and disease severity is associat-
ed with colonization of the affected skin with St. au-
reus [50].

St. aureus can cause significant impairment of the
skin barrier and thus contribute to the development of
food sensitization through epicutaneous exposure to
the allergen. Moreover, St. aureus causes skin disrup-
tion as a result of exotoxins and protease and lipase
production.

Exposure to the peanut antigen through the skin in
the presence of St. aureus enterotoxin significantly en-
hanced the CD4 + Th2 response in mice, suggesting
that St. aureus contributes to the development of food
allergies. Exposure to St. aureus toxin in mice also
led to an increase in Th2-mediated responses and a
decrease in the regulatory function of T cells, both of
these mechanisms having been described in patients
with food allergies [51, 52]. In a retrospective study
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by A.L. Jones et al., skin cultures from AD patients
aged 0-18 years were analyzed. The data obtained
indicate the presence of an association between colo-
nization of the skin by St. aureus and food allergy to
peanuts, egg white, and cow’s milk in patients with
AD [53]. Later, in the study by O. Tsilochristou et al.
(2019), conducted in the age group of 0—6 years, it
was shown that, regardless of the severity of eczema,
there was an association with sensitization to chicken
eggs and peanuts and a weaker association with cow’s
milk [55].

Thus, various impairments of the skin barrier, in-
cluding colonization by St. aureus lead to immune
dysregulation, ultimately contributing to the develop-
ment of food allergies through local exposure to the
allergen [54].

A question arises, how food allergens penetrate
the skin. A number of studies showed the presence of
food allergens in house dust, not only in the cooking
area, but also in children’s beds [56, 57]. For example,
in Norway, dust samples from 143 houses were found
to have fish allergen in 46%, peanuts in 41%, milk in
39%, and egg allergen in 22% of mattress dust samples
[58]. Food allergens can be found in cosmetics used
for the basic therapy of atopic dermatitis, resulting in
direct contact of food proteins with the affected skin
[16, 59]. An analysis of data from the study involv-
ing 13,971 preschool children showed a significant
association of peanut allergy with skin care products
containing peanut butter [60]. Despite the proven role
of skin barrier impairment in development of epicuta-
neous sensitization, it is not the only component in its
pathogenesis.

ROLE OF IMMUNE MECHANISMS
IN THE DEVELOPMENT OF SENSITIZATION

Epidermal exposure to allergens selectively stimu-
lates the Th2 type reaction, leads to an increase in the
thickness of the epidermis, a rise in the level of anti-
gen-specific IgE in the blood serum, and production of
cytokines, and may contribute to the development of
an allergic reaction upon subsequent exposure to the
allergen through the gastrointestinal tract, where mast
cells accumulate, as evidenced by an increase in the
serum level of mast cell protease-1 (MCP-1) [61-63].

The immune response in food allergy includes two
phases (Figure). The first phase begins with absorption
of antigens by dendritic cells and their transport to the
lymph nodes, where the antigen is presented to naive
CD4+ T cells. In the lymph nodes, in the presence of
interleukin (IL)-4 and cytokines, T cells differentiate

into allergen-specific CD4 + T cells, producing high
levels of cytokines (IL-4, IL-13) that, in turn, facilitate
the production of B cell isotypes — specific IgE mem-
ory cells [64].

Due to the facilitated antigen presentation, a very
low concentration of allergen can stimulate the forma-
tion of a complex between specific IgE, the allergen,
and the low-affinity IgE receptor on the surface of an-
tigen-presenting B cells (CD23+ cells). This complex
then further stimulates Th2 cell proliferation, leading
to further B cell isotype switching and increased IgE
production [65, 66].

As B cells mature, they differentiate into plasma
cells and produce large amounts of allergen-specific
IgE antibodies (sIgE) that bind to high-affinity FceRI
receptors on the surface of mast cells and basophils.
During this phase, a memory pool of allergen specific
B cells and allergen specific CD4+ Th2 cells is gene-
rated. Recently, it has been suggested that a subset of
Th2 cells (Th2A cells) play an important role in the
immune response to allergy. Congenital group 2 in-
nate lymphoid cells (ILC2), which are found on the
surface of the lungs, intestines, and skin, serve as key
regulators and effectors of immunity and promote
tissue repair. They are also found in human skin le-
sions in AD and are activated by IL-33. ILC2 secrete
proallergic cytokines, including IL-5 and IL-13. IL-5
triggers recruitment of eosinophils. IL-13 promotes
recruitment of inflammatory cells, alters skin microbi-
ome, and reduces the epidermal barrier.

The effector phase follows the sensitization phase
and is triggered when a person encounters a previ-
ously sensitizing allergen. This causes cross-linking
of the FceRI-bound receptor with sIgE on sensitized
mast cells and basophils, resulting in the release of
preformed and de novo inflammatory mediators.
These processes lead to an immediate phase of an al-
lergic reaction and, subsequently, to a late phase of an
allergic reaction through activation of allergen-speci-
fic Th2 memory cells [64].

Activated Th2 cells produce, among other cyto-
kines, IL-4, IL-5, IL-13. Recent evidence suggests
that IL-13 is a key cytokine that stimulates peripheral
inflammation in AD, while IL-4 has a more central
effect [13, 67]. The primary importance of IL-4 in the
development of both sensitization and IgE-mediated
food allergy is confirmed by the absence of IgE pro-
duction in the presence of anti-IL4 antibodies [69].
Eosinophils and basophils are the predominant 1L-4
competent cells that accumulate in the skin in re-
sponse to transepidermal penetration of food allergens
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[70]. Cytokines support allergen-specific IgE levels,
eosinophilia, mucus production, and recruitment of

inflammatory cells in the inflamed tissues, leading to
tissue damage.
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ROLE OF THYMIC STROMAL
LYMPHOPOETIN IN THE FORMATION
OF EPICUTANEOUS SENSITIZATION

Thymic stromal lymphopoetin (TSLP) is one of
the most important cytokines involved in epicutane-
ous sensitization [68]. This cytokine is elevated in the
stratum corneum in patients with AD and correlates
with the severity of the disease [71].

TSLP-deficient mice were protected from the
development of allergic inflammation of the
skin, respiratory tract, and food allergy after expo-
sure to the antigen. These experimental data prove
the importance of this cytokine in allergic sensitiza-

tion [72—75]. The proinflammatory cytokines TNFa
and IL-1a, produced in response to skin damage,
induce the secretion of TSLP from human keratino-
cytes.

TSLP expression correlates with maturation of
Langerhans cells, regulation of the TSLP receptor on
these cells, and their migration to lymph nodes, where
they promote the differentiation of naive Th cells into
Th2 cells [76]. TSLP induces the migration of Th2
targeted antigen-presenting cells to the mesenteric
lymph nodes, thereby promoting the development of
allergic reactions in the intestine. These data indicate
the association of TSLP with early stages of epicuta-
neous sensitization [77].
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ROLE OF IL-33 IN THE FORMATION
OF EPICUTANEOUS SENSITIZATION

Research data also indicate the possible key role
of IL-33 in the development of epicutaneous sensiti-
zation [45, 78]. IL-33 is a part of the IL-1 cytokine
family. It is expressed in epithelial barrier tissues and
lymphoid organs and is crucial in the initiation of al-
lergic inflammation after exposure to an allergen [79].

The level of IL-33 was elevated in the affected
skin and serum of patients with AD, as well as in ex-
perimental models in mice after epicutaneous sensi-
tization with ovalbumin [80, 81]. IL-33 promotes in-
creased secretion of IL-5 and IL-13 by polarized Th2
lymphocytes and is associated with increased serum
IgE levels and eosinophilia [82]. A study investiga-
ting the role of IL-33 in epicutaneous sensitization in
food allergy showed that IL-33 is required to induce
IgE-dependent anaphylaxis. IL-33-deficient mice and
mice treated with a soluble IL-33 antagonist were pro-
tected from oral allergen-induced anaphylaxis [83].

C. Galand et al. (2016) in their work demonstra-
ted that mechanical damage to the skin caused by the
removal of the adhesive tape in mice epicutaneously
sensitized with ovalbumin induced local and systemic
release of IL-33, which led to an increase in IgE-medi-
ated degranulation of mast cells and oral allergen-in-
duced anaphylaxis [84]. Blockade of ST2 (IL-33
receptor) by anti-ST2 monoclonal antibodies led to
inhibition of the anaphylactic reaction and suppres-
sion of the production of antigen-specific IgE and in-
flammatory mediators [85]. The existing data suggest
that IL-33 plays a key role in epicutaneous sensitiza-
tion. Neutralization of IL-33 is currently considered
a promising strategy for the treatment of food allergy
and AD [86, 87]. IL-24 involved in the suppression
of filaggrin production in keratinocytes performs an
important function in the development of AD [88].

MECHANISM OF FOOD TOLERANCE
FORMATION

Several factors, including allergen properties,
dose, entry route, genetic factors, and age, contribute
to the development of food tolerance or sensitization
[89]. In the context of discussing sensitization to food,
the entry route of the allergen is the most important,
Initial exposure to the food allergen by the extraintes-
tinal route is more likely to lead to sensitization. If the
skin barrier is not impaired and the immune system
is not primed through the skin, the tolerance mecha-
nisms are triggered [9].

Experimental models show that tolerance is medi-
ated by various mechanisms, such as anergy and dele-
tion of lymphocytes, as well as suppression of sensi-
tization by T regulatory cells [90]. Regulatory T cells
are thought to induce tolerance by secreting suppres-
sive cytokines, IL-10, and transforming growth factor
(TGF) B (Figure).

The age of exposure is also crucial in the induction
of oral allergen tolerance. In the experimental study,
feeding newborn mice with albumin led to priming of
humoral and cell-mediated responses, while in adults
this caused tolerance [91]. Developing tolerance is
important in preventing the development of food aller-
gies [92, 93]. Interestingly, countries that have peanut
snacks for children have relatively low rates of peanut
allergy [94]. It was shown that early introduction of
milk, eggs, and peanuts reduces the risk of developing
food allergies [95, 96]. Based on the data obtained in
2014, the EAACI consensus was adopted stating that
introduction of products during the window of toler-
ance (the interval between 4-7 months of a child’s
life) is recommended for all children, regardless of the
presence of an atopic predisposition [97].

PREVENTIVE EFFECT OF EMOLLIENTS
ON THE FORMATION OF FOOD ALLERGY

According to the available data, a defect in the
skin barrier along with immune dysregulation are the
leading mechanisms in the formation of epicutaneous
sensitization. Various strategies are currently being
developed to reduce the risk of formation of AD and
food allergy. One of the relevant areas of development
is preventive use of emollients in children who have
a history of atopy. The idea of using emollients in the
context of food sensitization is that, by protecting the
skin barrier, they should prevent penetration of the al-
lergen and, as a result, development of sensitization.
However, currently, there are many unresolved issues
and controversial points regarding the effectiveness of
their use.

The study by H. Kenta et al. (2014) showed that the
use of emollients in children in the first 32 weeks of
life prevented the development of AD in 32% of cas-
es in comparison with the control group [98]. Similar
data were also published in 2014, according to which,
in children with a high risk of AD, the preventive ef-
fect of emollients is independent of the presence of a
filaggrin gene defect [99].

At the same time, the study by R.C. Joanne et al.
(2020) provided no confirmation of the preventive ef-
fect of emollients. The multicenter, randomized study
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involved 1,394 children, of whom 693 individuals
received emollients (Diprobase cream or Doublebase
gel), and 701 children were in the control group. At 2
years of age, eczema was present in 139 (23%) of 598
infants in the emollient group and in 150 (25%) of 612
infants in the control group [100].

Additionally, in the work by E. Dissanayake et al.
(2019), which studied the use of emollients in children
who were not at high risk of developing AD, no effect
from the prophylactic use of emollients was observed
[101]. One of the possible reasons for such differences
may be the sample of the study population, which was
an ordinary-risk group for the development of AD,
while in other studies the high-risk group was exam-
ined. At the same time, regardless of the obtained ef-
fect from the use of emollients to prevent AD, the au-
thors of the works in which the end point of the study
was not only AD but also food sensitization agree that
emollients do not affect the prevention of food sensi-
tization.

Thus, the aforementioned work by H. Kenta et al.
did not find a statistically significant effect on allergic
sensitization based on the level of IgE to egg white.
However, the level of sensitization was significantly
higher in infants with AD [98]. Moreover, no rela-
tionship was found between the use of emollients and
the development of food allergies; the difference with
the control group was only 2% in the work of E. Dis-
sanayake et al. [101]. There are currently insufficient
data to draw definitive conclusions for or against this
method of preventing food allergy. It should be noted
that the effectiveness of the preventive use of emol-
lients must be assessed based on the composition of
the specific agent used, therefore further research is
required.

CONCLUSION

A large body of data has been accumulated on
the possible existence of epicutaneous sensitization,
in which priming of immune cells occurs, and, sub-
sequently, food allergy develops. Along with expe-
rimental studies confirming the role of epicutaneous
sensitization, clinical data were obtained confirming
this route of exposure, which opens up ways for pos-
sible prevention of food allergies, in particular, early
introduction of food allergens, neutralization of IL-33,
and preventive use of emollients.

It is assumed that emollients that create a protec-
tive film in the case of congenital defects of the skin
barrier should prevent penetration of the allergen and,
consequently, development of sensitization. However,

studies on the preventive effect of emollients have
conflicting results: some studies confirm their effec-
tiveness, while others do not. Therefore, additional
studies are required on the role, place, and mecha-
nisms of the formation of epicutaneous sensitization
in patients with food allergies.
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ABSTRACT

Aim. To consider application of convolutional neural networks for processing medical images in various fields of
cardiology and cardiac surgery using publications from 2016 to 2019 as an example.

Materials and methods. In the study, we used the following scientific databases: PubMed Central, ArXiv,
ResearchGate. The cited publications were grouped by the area of interest (heart, aorta, carotid arteries).

Results. The general principle of work of the technology under consideration was described, the results were
shown, and the main areas of application of this technology in the studies under consideration were described.
For most of the studies, sample sizes were given. The author’s view on the development of convolutional neural
networks in medicine was presented and some limiting factors for their distribution were listed.

Conclusion. A brief overview shows possible areas of application of convolutional neural networks in the fields of
cardiology and cardiac surgery. Without denying the existing problems, this type of artificial neural networks may
help many doctors and researchers in the future.
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PE3IOME

PaccMmoTpeHs! 00:1acTH MPUMEHEHUsI CBEPTOYHBIX HEHPOHHBIX ceTell U1 00pabOTKI MEIUIIMTHCKIX N300pasKeHUH
B Pa3NMYHBIX cepax KapAUOJIOTHH H KapJHOXUPYPrud Ha mpuMepe myonukanuii ¢ 2016 mo 2019 1.

B manHOi1 paboTe ucnonp3oBaInch caeayomuye 6a3pl HayyHbix crateil: PubMed Central, ArXiv, ResearchGate.
[IpuBenenHbIe PabOTH CTPYKTYPHUPOBAIUCH IO 00JIACTH HHTEpeca (Cepale, aopTa, COHHBIE apTepUH).

Onucan 061].[1/[ﬁ TMpUHOUIT pa6OTI>I paCCManHBaeMOﬁ TCXHOJIOTWHU, IMOKa3aHbl PE3YJIbTaTbl U PACCMOTPECHBI
OCHOBHBIE 00J1aCTH NPUMCHEHUA I[aHHOﬁ TEXHOJIOTUH B aHAJIU3UPYEMBIX paGOTax. )1.]'[51 OOJIBIIMHCTBA TMPUBEACHHBIX
HCCJ’IG}IOB&HHﬁ MPUBEACHBI 00BbEMBI BLI60pOK, aBTOPCKOE€ BUACHHUE PA3BUTHA CBEPTOUYHBIX HeﬁpOHHHX cerel B
MEIUIMHE U NEPEUNCITICHBI HEKOTOPLIE OTrpaHUYHBAONINE (baKTOpI:I I UX pacripoCTpaHCHUS.

IMoka3zaHbl BO3MOKHBIE c(hepbl IPUMEHEHHS CBEPTOYHBIX HEHPOHHBIX ceTell B 00JIaCTH KapAHOJIOTHH M KapJIHo-
xupyprun. He oTpunast cymecTByromue npoOieMsl, TaKOH THII HCKYCCTBEHHBIX HEHPOHHBIX ceTed B Oyymem
MOJKET CTaTh BEPHBIM IIOMOILIHUKOM JJIsl IIMPOKOro CIEKTpa Bpadel U UCCIe0BaTEeICH.

KiroueBble ciioBa: ceeprounbsle HeliponHsle cetd, CNN, FFR, xapauosorus, narosorus cepiedHo-COCYAUCTON
CUCTEMBI, CTCHO3, JCTEKIIMSL.

KonpaukT nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKAIMEH TaHHOW CTAaThH.

Hcrounnk ¢unancupoBanmusi. PaGora BbIONHEHAa MNpPU  NOJJEPKKE KOMIUICKCHOW — HPOrpaMMBI
¢bynnameHTanbpHbIX Hay4yHbIX HccnenoBanuii CO PAH B pamkax dynaamenrtanboii tembl HUU KITICC3 Ne 0419-
2021-001 «Pa3paboTka HOBBIX (hapMaKOJOTHUYCCKHUX MMOIXOM0B K IKCIICPUMEHTAILHON TEPAITUH aTePOCKIepo3a
¥ KOMIUIEKCHBIX LU(POBBIX PELICHUII HAa OCHOBE HMCKYCCTBEHHOTO HHTEIJICKTa /Il aBTOMAaTU3MPOBAHHOU
JTMarHOCTHKH TaTOJIOTUI CUCTEMBI KPOBOOOPAIIIEHHS ¥ ONIPE/ICIICHHs PHCKa JICTAILHOTO UCX0/1a» IPH (PMHAHCOBOIA
nojsepxke MUHUCTEpCTBa HayKU U BbIcuiero oopasosanus Poccuiickoit denepanuu B paMKkax HallMOHAIBHOTO
npoekrta «Hayka u yHUBepCUTETBI».

Jas nuruposanusi: Onumenko I1.C., Knpiraukos K 1O., OBuapenko E.A. MckyccTBeHHBIE HEHPOHHBIE CETH B
KapIUOJIOTUH: aHaJIU3 TpadUUeCcKuX JaHHBIX. broatemens cubupckou meouyunsl. 2021; 20 (4): 193-204. https:/
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INTRODUCTION

When examining a patient with cardiovascular
diseases, a physician receives textual and numerical
information (for example, medical history and blood
test results), as well as graphic data (the results of com-
puted tomography (CT), magnetic resonance imaging
(MRI), echocardiography, scintigraphy, and X-ray),
which require long-term analysis and assessment [1,
2]. It takes a highly qualified expert up to 20 minutes
to analyze MRI scans of a patient at two time points
of the cardiac cycle — the end-diastole and end-sys-
tole [3]. It is a tedious and time-consuming process,
that could lead to a diagnostic error [4]. However, in
addition to the qualitative description, there is another
important aspect of the quantitative assessment of im-
ages — linear and volumetric measurements for diag-
nosis, prognosis, treatment monitoring, and research
purposes.

With the development of deep learning methods,
such as neural networks, which have been used for

image segmentation [5], object detection [6], and clin-
ical decision support systems [7, 8], and with their in-
creased availability [9, 10], it became possible to apply
these methods in medical imaging [11-13]. In general,
neural networks differ significantly from algorithmic
approaches, which has been the main reason for their
widespread use and implementation in the field of
medicine. They have the ability to independently es-
tablish a relationship between input and output values
via unsupervised training, which results in successful
extraction of implicit or multifactorial relationships
from data and better image interpretation [14].
Moreover, growth in computing performance, pri-
marily due to graphics processing unit (GPU) com-
puting [15], and availability of open-source neural
networks make them accessible to many researchers
[16]. Taking into account these factors, as well as
the existence of large databases (for example, Ima-
geNet [17], Cardiac CTA [18], ACDC [19]), the task
of developing tools for reducing the contribution of
the “human” factor to the analysis of medical images
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remains relevant. In the period from 2008 to 2018,
the number of publications dedicated to the machine
learning approaches in medical image analysis in-
creased by 8 times [20]. This paper presents several
previous publications on the use of neural networks
for medical image processing in various fields of car-
diology and cardiac surgery in the period from 2016
to 2019.

THE CONCEPT OF A CONVOLUTIONAL
NEURAL NETWORK

The history of neural networks began with the
primitive feed-forward artificial neural networks
(ANN) (usually known as the perceptron [21]),
which were the first and simplest types of ANN. Fur-
ther development of architectures led to the forma-
tion of deep learning ANN, which are characterized
by complex topology and larger number of intercon-
nected neurons, compared with perceptrons. These
ANN imitate human cognition, making an associa-
tion based on previous experience with the help of
training, during which the probability of accurate
object classification increases [22-24]. To date,
convolution neural network (CNN) is considered to
be the most effective ANN for image recognition.
The main feature of this architecture is a convolu-
tional layer. This layer (or set of layers) processes the
input image (ANN extracts desired features) and then
passes it to subsequent processing, similar to other
ANN [25].

Given that CNNs are a type of ANN, they exhibit
two main features — a need for training and the abili-
ty to switch [1]. To train the ANN, it is necessary to
present it with a large number of labelled training data,
where experts pre-select the features — similar to train-
ing of humans [24]. Therefore, the most important
factor affecting the CNN is the quality of input data,
primarily accurate segmentation. Another important
aspect at the stage of developing CNN architecture is
the structure and volume of data: a small sample or in-
sufficient heterogeneity will lead to a large percentage
of errors as a result, i.e. to a decrease in the quality of
object recognition [1].

The ability of CNN to switch implies the
ability to work with similar data. It is possible
to conduct pre-training on data from open sources,
and then fine-tune it for the target task [26, 27]. Both
features make CNN a promising and accessible tool
for medical image analysis, and a number of multi-
disciplinary teams have been conducting research in
this field.

MEDICAL IMAGE PROCESSING USING CNN

Heart

Segmentation and quantitative assessment of car-
diac and myocardial parameters are important in car-
diology for assessing the severity of the initial state
of the disease (dilatation, hypertrophy, contractile
disorders, anatomical changes, etc.) and monitoring
the results of treatment (remodeling, changes in the
size of chambers). Despite the achieved progress in
this area, this task is still challenging due to wide
subject-to-subject anatomical variation. The main re-
search directions in this area are image segmentation
and classification.

For example, L. Yu et al. (2016) used CNN for fe-
tal left ventricular (LV) segmentation in echocardio-
graphic sequences [28]. Fetal echocardiography is the
primary modality for evaluating prenatal cardiac func-
tion due to its low cost, harmless nature, and quick
acquisition. A quantitative analysis of fetal echocar-
diographic images provides important fetal cardiac
function parameters for early diagnosis of heart dis-
eases.

The author proposes a dynamic CNN, the training
of which includes 2 steps: pre-training and fine-tu-
ning. Pre-training was carried out using images, where
the neural network divided each pixel into two catego-
ries: a pixel in the region of interest and out of it. The
training set consisted of 200,000 samples that were
chosen randomly in 10 manually delineated sequenc-
es. The validation set consisted of 8,000 samples. It
is worth noting that only the first frame of each echo-
cardiographic sequence was segmented manually,
which simplified the work of the experts. Thus, the
dynamic CNN was fine-tuned by deep tuning to adapt
to the first frame and by shallow tuning to fix the latest
frame, adapting to the individual features. As a result,
the segmentation accuracy was 94.5%. Further work
is aimed at carrying out a quantitative analysis of fetal
LV functions based on the results obtained using the
proposed segmentation method. An example of the re-
sults obtained is shown in Fig. la.

W. Xue et al. (2018) [29] proposed an architec-
ture for a deep multitask relationship learning net-
work (DMTRL) which incorporates CNN for cardiac
image representation and two parallel recurrent neural
networks (RNN) for temporal dynamic modeling of
cardiac sequences. The proposed network quantifies
three types of LV parameters (the cavity inside the
myocardium, regional wall thicknesses, and a cardi-
ac cycle phase). The authors collected MRI images of
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145 individuals (average age was 58.9 years), with 20
frames for each cardiac cycle. Compared with the pre-
vious study [30], this ANN demonstrated higher prog-
nosis accuracy with an absolute error of 1.7-10.3%
for the studied LV parameters.

J.D. Dormer et al. [31] presented a CNN-based
heart chamber segmentation method for 3D CT with
5 classes: left ventricle, right ventricle, left atrium,
right atrium, and background. Chest CT images were
acquired for 11 patients with the total number of slic-
es ranging from 78 to 154 for each patient, providing
a large amount of data. The images were processed
into pixel patches of five classes, 2 500 patches from
each class for each patient were chosen for CNN
training and validation. The results were validated by
calculating the overall accuracy of the classification
for each segmented region, with the accuracy defined
as the number of correctly labeled patches from the
total number of patches for the testing dataset. As a
result, the accuracy in segmentation of the heart and
the overall accuracy were 85.6 = 6.1% and 87.2 +

3.3%, respectively. It is worth noting that 11 unique
cases resulted in such high accuracy of the network,
despite insufficient heterogeneity of data. Neverthe-
less, this approach seems appropriate only for rare
diseases, especially using augmentation of the data-
set size due to rotation and scaling without substan-
tial changes [25].

L. Tan et al. (2018) [32] developed a fully auto-
mated algorithm for LV segmentation in cardiac MRI.
The study utilized the data of 200 subjects with cor-
onary artery disease and regional wall motion abnor-
malities and 1,140 subjects with a combination of nor-
mal and abnormal cardiac functions. The combined
training data and the manually labeled data were split
85:15 by the subject for training and cross-validation,
respectively (i.e. 26, 069 and 9, 860 unique images).
The developed algorithm demonstrated the median
Jaccard similarity coefficient of 0.77 + 0.11. The re-
sult of the input data processing is shown in Fig. 1.
Contrary to [31], this work has a large sample of input
images for both training and validation.

Fig. 1. The segmentation results: a — of successive echocardiographic images shown in [28]; b — of endo- and epicardium slicing
from the apex to the base obtained using CNN [32]

Aorta

Aorta segmentation can be used for reconstructing
its geometry, such as 3D models for further numeri-
cal analysis and preoperative planning, as well as for
detecting pathological changes. Neural networks in
this area can be used for assessment and selection of
appropriate prostheses for transcatheter aortic valve
replacement (TAVR) procedures.

Attempting to solve the problem of aortic segmen-
tation, D. Wang et al. (2018) [33] developed a novel

method for CT-MR aortic aneurysm image segmenta-
tion. The standard approach to training the CNN incor-
porates CT and MR images separately. However, this
approach is time-consuming and inefficient due com-
putational cost of training the ANN. The novelty of the
proposed CNN is fusion of the parts of the model that
work with CT and MR images. Such network can un-
dergo end-to-end (complete) training using unlabeled
CT and MR images in a shorter time period, since trai-
ning occurs on two types of input data simultaneously.
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Moreover, the fusion model allows for shared repre-
sentation of CT and MR images showing similar parts
of the aorta for all image modalities (Fig. 2a). Proces-
sing images, the CNN segments them into five differ-
ent classes, namely, aortic wall, its lumen, thrombus,
calcium deposits, and irrelevant parts as background.
The validation accuracy of the fusion models is 98.5%,
which is 1.2% more than that of other models.

Another study in this area was conducted by
P.M. Grafty et al. (2019) [34] (Fig. 2b), who used
the fully automated Mask R-CNN algorithm [35] for
segmentation of aortic calcification. The segmen-
tation algorithm was applied to 9,914 non-contrast
CT scans of 9,032 asymptomatic adults, who were
screened for conditions not related to cardiovascular
diseases [36].

Fig. 2. A: The result of CT (left pair) and MR image (right pair) segmentation into 5 classes [33]: red — lumen of the aortic channel;

green — aortic wall; purple — thrombus; blue — calcium; black — background (a). Segmentation of aortic calcification using Mask

R-CNN automated algorithm: input image (left); the result of the segmentation (right) presented in [34]; L1 and L4 lines mark the
area of algorithm application (b)

The images were used to estimate the abdominal
volume and the number of calcifications and assess
the Agatston score (showing the extent of coronary
artery calcification) [37]. Statistical processing of
the results showed that the mean values for the Agat-
ston score were higher in men (924.2 + 2,066.2 vs.
564.2 £ 1,484.2, p < 0.001), the calcium mass was
222.2 £ 526.0 mg vs. 144.5 + 405.4 mg (p < 0.001),
and the abdominal volume — 699.4 + 1,552.4 ml vs.
426.9 £ 1,115.5 ml (p < 0.001). The mean score in-
creased with age by 10% per year for the entire cohort.
Compared with women, men (age 40-60 years) had
higher calcium scores (91.2% vs. 75.1%, p < 0.001)
and significantly higher mean Agatston score (age 50—
80, p < 0.001). Thus, in combination with statistical
methods, CNN allows researchers to quickly obtain
large amounts of quantitative data and measurements
and process them with standard methods of medical

statistics, making this combination a necessary tool
for scientific research. The authors noted, that this
study is only the first step towards creating a clinical
tool for detecting calcifications in the aortic wall.

CORONARY ARTERIES

Diseases of the coronary arteries (CA) may result
in critical conditions [38, 39], primarily coronary ar-
tery disease, which is the most common cause of death
worldwide. CNN has the potential to become a valu-
able tool for locating and determining the degree of
pathological changes in the arteries, especially in mul-
tivessel diseases.

X-ray coronary angiography is a primary imaging
technique for diagnosing coronary diseases, consis-
ting of consecutive projection images. E. Nasr-Es-
fahani et al. (2016) [40] used convolutional ANN to
find and extract CA in X-ray coronary angiography
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images. However, low quality resolution and image
noise complicated processing of such images. Initial-
ly, an input angiogram was preprocessed to enhance
its contrast. Afterwards, the image was evaluated
using patches of pixels, and the network determined
the CA and background regions and extracted them.
A set of 1,040,000 patches was used for deep CNN
learning, which were obtained from 44 X-ray angi-
ography images. The large sample allowed for high
accuracy of CA and background region identifica-
tion — 93.5% and specificity of 97%. Fig. 3 shows
the ANN work, compared with manually annotated
images.

It is impossible to assess the coronary bed from
images using one projection angle. A 3D model pro-
vides more information, so research in this area would
be promising. Hence, J.M. Wolterink et al. (2019)
[41] proposed a method for coronary artery centerline
extraction in cardiac CT angiography using a CNN-
based orientation classifier (Fig. 4). Starting from a
single seed point placed manually or automatically
anywhere in the coronary artery, a tracker follows the
vessel centerline in two directions using the predic-
tions of the CNN. Tracking is terminated when no di-
rection can be identified with high certainty. The CNN
is trained using manually annotated centerlines in test
images.

Evaluation was performed using a test set con-
sisting of 24 coronary CT angiography (CCTA) test
images in which 96 centerlines were extracted. The
extracted centerlines had an average overlap of 93.7%
with manually annotated reference centerlines. This
study was a part of the Rotterdam Coronary Artery
Evaluation Framework, which allows for the evalu-
ation of algorithms for coronary artery centerline ex-
traction.

Intravascular optical coherence tomography
(OCT) is an optical imaging modality commonly
used in the assessment of coronary artery diseases
during percutaneous coronary intervention (PCI).
Y.L. Yong et al (2017) [42] proposed a linear-regres-
sion CNN to automatically perform vascular lumen
segmentation in OCT. The study used the total of 64
pullbacks acquired from 28 patients (25% / 75% male
/ female, the average age 59.71 (+ 9.61) years) using
Dragonfly™ Duo Imaging Catheter. These pullbacks
were randomly split into a training and a test set in
the ratio of 7:3. Benchmarking the results against the
gold standard for manual segmentation, the proposed
algorithm demonstrated the average CA wall location
accuracy of 22 microns and the Dice coefficient and
Jaccard similarity coefficient of 0.985 and 0.970, re-
spectively. The mean absolute error in luminal area
estimation was 1.38%.

Fig. 3. Results of the ANN work: blue — manual annotation, red — automatic segmentation [40]
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Fig. 4. Fully automatic centerline extraction: @ — input images (upper row) and segmentation by the ANN (lower row); b — blue
spheres indicate the starting points of the algorithm predicting the most likely direction and radius of the artery [41]

Assessment of the fractional flow reserve (FFR)
[45] is a special form of CNN application in the field
of medical image processing. After detecting regions
of blocked CA during angiography, an interventional
cardiologist, following the guidelines, makes a deci-
sion on FFR application based on the percentage of lu-
men diameter reduction. However, such intervention
may be excessive in some cases, since stenosis could
be hemodynamically insignificant, despite the occlu-
sion. Therefore, there is a tendency for defining FFR
as a functional parameter of CA stenosis. The FFR is
defined as a distal / proximal pressure ratio in the ste-
nosed segment [46].

These parameters are measured during invasive
coronary angiography. To reduce the number of in-
vasive procedures, M. Zreik et al. (2018) [47] presen-
ted a method for automatic identification of patients
with functionally significant coronary artery stenoses,
employing deep learning analysis of the LV myocar-
dium at rest using CCTA. The automatic analysis of
the LV myocardium was used to assess the FFR in
the study. The analysis incorporated manual annota-
tions of the LV myocardium (Fig. 3) and traditionally
measured FFR parameters (n = 156) with the values
of 0.79 + 0.10. The neural network was tasked with

.

classifying patients into those with functionally signif-
icant stenosis (FFR < 0.78) and those without it (FFR
> 0.78). Quantitative evaluation of the segmentation
performed on the 20 test scans resulted in a Dice coef-
ficient of 91.4 +2.1% [43, 44]. However, the sensiti-
vity was 0.60—0.80 with the corresponding specificity
of 0.77-0.59, depending on the CNN settings. These
results cannot be properly transferred into clinical
practice as a classification model, although the net-
work helps noninvasively estimate FFR. The subse-
quent work of this team following the same princi-
ple did not demonstrate a significant increase in the
quality of classification despite changing the FFR
cut-off values for functionally significant stenosis
(FFR <£0.8) and adjusting the input data (n = 136) [48].

L. Itu et al. [49] proposed an efficient method for
determining FFR in 2016. Researches trained CNN di-
rectly on CT scans of the CAs, i.e. associated geomet-
ric features with hemodynamic significance. The input
data were multislice computed tomography (MSCT)
scans of 87 patients with 125 stenosed regions. The
researchers manually annotated arteries, reconstruct-
ed 3D models of the coronary vascular bed, and per-
formed numerical modeling of the fluid dynamics, as-
sessing the pressure gradient.
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The model was validated, and the diagnostic ac-
curacy for the detection of functionally significant
CAD was shown to be 75-85%. Then, 12,000 coro-
nary geometries were generated to artificially increase
the sample, so the model could assess the FFR. These
data were used to train CNN. Thus, the researchers in-
creased the training set from 87 to 12,000 objects (by
138 times). The results of the proposed neural network
were 99.7% consistent with the results of the numeri-
cal analysis (R =0.9998, p < 0.001). The trained CNN
was tested using input clinical MSCT data (n = 87)
with the resulting sensitivity of 81.6% and specificity
of 83.9%. This result is largely due to the imperfec-
tion of the computational fluid dynamics algorithms.
Nevertheless, this study seems to be the most prom-
ising, since FFR estimation is based primarily on the
CA anatomy. Perhaps, by combining two studies de-
scribed above, a synergistic effect could be achieved
by incorporating both LV and CA geometry analysis
to improve FFR estimation. It should be noted that the
method proposed in [41], allowing for the reconstruc-
tion of 3D representation of CA, can be combined with
the method in [49], which can lead to a breakthrough
in the field of noninvasive FFR estimation.

Detection of surgical devices

For TAVR procedures, the task of detecting cath-
eters remains urgent, as it could assist in determining
the optimal implant positioning.

The authors (2017) in [50] attempted to detect
guidewires using datasets comprised of X-ray images.
Overall, 22 image sequences were used in the study.
The testing task of the region proposal network was
divided into three steps. At the first step, 256 region
proposals of guide-wires were generated from a test
image as input data. At the second step, all the propos-
als were classified by the region, the region propos-
al was considered as the target, if its corresponding
score was larger than the threshold value. Finally, the
detected proposals with the highest score were selec-
ted. Following this algorithm, a total of 5, 092 imag-
es were obtained from the 22 original X-ray images.
Then, researches divided 22 sequences into two sets,
one — for training (19 sequences) and the rest — for
testing (3 sequences). The detection accuracy reached
89.2%. The detection results are shown in Fig. 5, a.

In 2019, H. Yang et al. [51] developed a method
for catheter segmentation in 3D ultrasound images
(Fig. 5, b) intending to use it during minimally inva-
sive interventions. Since it was a pilot study, four data
sets from four porcine hearts were used as the study

samples. The whole algorithm was divided into three
steps: 1) extracting the discriminating features from
each voxel; 2) classifying voxels into catheter-like and
non-catheter voxels using the CNN; 3) employing cu-
bic spline interpolation to identify the catheter in the
images. The proposed method can localize the cathe-
ter with the mean error of 2.1 mm while scanning the
images for 10 seconds. With the increase in the com-
puting power and optimization of the algorithm, this
method would be able to instantly process datasets.

In the same year, a team of researchers led by
H. Lee [52] used CNN to track and detect a periph-
erally inserted central catheter (PICC) and its tip. A
total of 600 DICOM images from 600 different pa-
tients containing the keyword “PICC” were used in
the study. The authors randomly selected 50 cas-
es from the entire cohort to be used as a validation
dataset and 150 cases to be used as a test dataset. The
remaining cases were utilized to train fully convolu-
tional networks (FCN) [53]. The neural networks de-
veloped by this team obtained absolute distances from
ground truth with the mean of 3.10 mm, a standard
deviation of 2.03 mm, and a root mean square error
of 3.71 mm per 150 test cases. Despite the fact that all
the images have a different angle and image noise, the
CNN is able to accurately segment PICC line, ECG
sensors, various objects (any additional structures),
and threads (Fig. 5, ¢).

PROMISING DIRECTIONS FOR CNN

ANN have proved useful in the field of graphic
data analysis: from medical image segmentation to as-
sessing and predicting the development of pathologies
in experimental and pilot studies. With the increasing
availability of high-performance systems, ANN could
find application in the form of commercial products,
but this would require solving a number of problems
related to clinical data and interaction between ANN
and infrastructures.

Besides training, ANN requires a sufficient number
of heterogenic data. The existing databases of annota-
ted MSCT, CT, and MR images used for CNN
training are limited. They usually include 100-300
images [19], while training often requires 1,000—
10,000 samples. Various methods of artificial data
generation and augmentation used in the studies have
their own limitations and, due to their nature, con-
tribute to the accuracy of CNN performance. Hence,
collecting, standardizing, and annotating medical data
can result in a promising project, especially concern-
ing the development of multicenter databases.
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Fig. 5. Results of CNN performance in detecting medical devices: a — when detecting a catheter in the CA; the tip of the catheter is
marked with a square [50]; b — successful segmentation (left) and its original image (right) [51]; ¢ — when segmenting PICC (red),
ECG sensors (green), and various objects (dark cyan) [52]

Another feature is heterogeneity of the neural net-
work architectures. Research teams have been using
their own models of ANN, never combining them
with other CNNs for a cumulative effect. The different
networks mentioned in this review could have been
fused into a comprehensive system of neural network
analysis to increase accuracy of the results. Howe-
ver, in practice this rarely happens. Perhaps, it is due
to incompatibility of input data or neural network
architecture. The prospect of combining multidirec-
tional approaches for medical image segmentation or
disease prediction, i.e., development of an integrated
approach to neural network performance, can signifi-
cantly increase the sensitivity and specificity of the
results.

Finally, despite the development of computing
hardware and image processing, many performance
problems persist. The main calculations, such as se-
lection of weight coefficients at the CNN training
stage, happen on the graphic core of high-perfor-
mance video cards (GPU). Compared with training
on the central processing unit, GPU accomplishes the
task much faster. However, a real-time image analysis
(detection, segmentation) is usually carried out on less
sophisticated machinery. The development of cloud
computing in combination with CNN optimization
algorithms should significantly simplify practical im-
plementation of such systems by reducing the require-
ments to the PC computing power.

CONCLUSION

Over the past few years, ANN has been incorpo-
rated in many areas of our lives — from entertainment
(applications for photo processing in smartphones,
etc.) to engineering design systems (for example, gen-
erative technologies). The wide spread of machine
learning methods in everyday life occurred due to
the growth of computing power, both in stationary
and in wearable devices. Medical field is no excep-
tion — ANN have proven effective in a wide range of
tasks, including graphic data processing. Despite the
advances in this field, the development of ANN has
been slow for a number of reasons, several of which
are described above. In this brief review, the possi-
ble applications of CNN in the field of cardiology and
cardiac surgery have been shown. Although there is
room for improvements, the network could become a
reliable assistant for practitioners and researchers in
the future.

Data availability presents the main problem to
the implementation of CNN in healthcare. Thus, the
question remains open, whether it would be possible
to collect enough annotated data to train the ANN. Re-
cent studies have shown that the more data there is,
the better the results will be. However, it is not known
how the big data can be used.

The above-mentioned studies have demonstrat-
ed that deep learning methods assist in the research
process, but due to the uniqueness of the used data,
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researchers must search for other complex methods
that would allow efficient analysis of clinical data. It
can be concluded that the prospects of ANN applica-
tion in healthcare have no limitations.
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A clinical case of secondary hypertension in a young woman with coarctation
of the aorta

Manukyan M.A., Falkovskaya A.Yu., Mordovin V.F., Saushkin V.V., Ryabova T.R.

Cardiology Research Institute, Tomsk National Research Medical Center (NRMC), Russian Academy of Sciences
111a, Kievskaya Str., Tomsk, 634012, Russian Federation

ABSTRACT

The article presents a case of diagnosis and treatment of coarctation of the aorta in a 20-year-old woman, who
previously received follow-up care with the diagnosis of hypertension. This case demonstrates the importance of
qualitative examination of young patients with hypertension, including tonometry in the lower extremities and
transthoracic echocardiography. The peculiarities of this clinical case encompass a rarer, isolated type of coarctation
of the aorta and high physical fitness of the patient, which reduced doctors’ alertness regarding this anomaly. After
surgical correction, a significant decrease in the blood pressure was achieved; however, such patients need long-
term follow-up in order to detect complications, such as aneurysms, restenosis, or residual stenosis.
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KavHuyeckuin cayyait cuMnTomaTUyeCcKom apTepma/sibHOM rMnepTOHUM
Yy MO/104,0M1 KEHLLUHbI C KOAapKTaLuen aopThl
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PE3IOME

[IpencraBnen cioy4ail JUAarHOCTUKM M JIEYEHHMs KOAPKTAIlMM AopThl Y XKEHIIMHBI B Bo3pacte 20 jer, paHee
HaOmoJaBLIelicss ¢ IuarHo3oM «aprepuanbHas runeptoHus» (Al). IlpuBeneHHbIM KIMHHUYECKHH NpHMeEp
JIEMOHCTPUPYET BXXHOCTh KAYECTBEHHOT'0 00CIIEIOBAHNS MOJIOIBIX 00JIBHBIX ¢ AT, BKIIIOUAIOIEr0 TOHOMETPHUIO Ha
HIDKHUX KOHEUHOCTSIX U TPAHCTOpaKaJIbHYIO 9XoKapanorpaduio. OCoOEHHOCTSIMH JaHHOTO KIMHUYECKOTO CITydast
SIBISIIOTCSL OOJiee PEeKUiA, N30JIMPOBAHHBIA THIT KOAPKTAI[MH aOPThI M BBICOKash (U3MUYECKas TPSHUPOBAHHOCTH
HAallMeHTKH, YTO CHMXKAJO HACTOPOXKEHHOCTh Bpadel B OTHOIIEHMM 3Toi aHoMmanuu. [locie Xupyprudeckoi
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KOPPEKIHUHU MOPOKa HOCTUTHYTO CYLIECCTBEHHOC CHMXXCHHE apTEpUAIbBHOTO AaBJICHUS, OAHAKO B aaaneﬁLueM
TaKHUE MAMCHTBl HYXXAAOTCA B IJIMTCJIbBHOM Ha6,]'l}OJleHPIl/I C ICJIBIO BO3MOXXHOT'O BBISIBJICHUA TaKUX OCJTO)I(HeHPIﬁ,
KaK aHEBPU3MBI, PECTECHO3bI U PE3UAYAJIbHBIE CTEHO3bI.

KnrodeBble c10Ba: KoapKTanust aOPTHI, BTOPUYHAS apTepHaIbHas TUIIEPTEH3HsI, 3a001€BaHUST A0PTHI.

KOHq).]'IPIKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq).IH/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6III/IKaHI/IeI71 HACTOSIIEH CTaThH.

Hcrounuk ¢puHAHCHPOBAHHUA. ABTOPHI 3asBIISIOT 00 OTCYTCTBHM (DMHAHCHPOBAHUS IPH NMPOBEICHHN HUCCIENO0-
BaHMSI.

Jns uutupoBanusi: ManyksH M.A., @anskoBckas A.1O., Mopnoeun B.®., Caymkun B.B., Ps6osa T.P. Knn-
HUYECKUH CITyyall CHMITOMAaTHIECKOH apTepHAIbHON IMIIEPTOHUH Yy MOJIOAOH KEHITHHBI C KOAPKTAIHEH aopThI.
bronnemens cubupcroii meduyunst. 2021; 20 (4): 205-210. https://doi.org/10.20538/1682-0363-2021-4-205-210.

A clinical case of secondary hypertension in a young woman with

INTRODUCTION

Coarctation of the aorta (CoA) is a relatively rare
anomaly, accounting for 5-8% of all congenital heart
defects. Its prevalence is 2.5—4 cases per 10,000 in-
fants, with predominance in males (2:1 ratio) [1]. De-
spite the traditional division into preductal (infantile
type) and postductal (adult type) depending on the
location with respect to the arterial duct, congen-
ital CoA is essentially periductal, and the age of its
manifestation depends on the degree of aortic steno-
sis and the association with other defects [2]. There
is currently no consensus on the etiopathogenesis of
CoA; the most common theories are the abnormal ge-
netic mutation theory [3], the flow theory (A. Rudolf,
1972), and the loop theory (J. Skoda, 1855). It should
be recognized that in most cases (up to 83%), CoA
is combined with various congenital anomalies, most
commonly bicuspid aortic valve (up to 60%) and he-
reditary diseases, such as Turner syndrome and other
anomalies [3]. In the past, CoA was regarded as a lo-
cal anatomical narrowing, but is now considered to be
a diffuse aortopathy [4].

The hemodynamic essence of CoA involves re-
duced blood supply to the lower body. At this time,
renal hypoperfusion activates the renin — angiotensin
— aldosterone system, which leads to persistent arterial
hypertension (AH) of the upper body, development of
left ventricular (LV) hypertrophy, pre- and post-ste-
notic aortic dilatation, and formation of collateral
circulation due to anastomosed intercostal, internal
mammary, and scapular arteries [5].

Proximal hypertension increases the risk of aneu-
rysms in the cerebral arteries [6] and thoracic aorta,
as well as early coronary artery disease. Depending
on the degree of aortic constriction and compensato-
ry capacity, the clinical presentation can range from

critically severe heart failure in infants to asymptom-
atic hypertension in adults [7]. The main manifesta-
tions of CoA are upper-limb systolic hypertension
and lower-limb hypotension, with the arterial pressure
(AP) gradient between the upper and lower extremi-
ties > 20 mmHg. In the natural course of the disease,
the average life expectancy of patients, according to
M. Campbell, is about 34 years, and the leading caus-
es of death according to 304 autopsies were conges-
tive heart failure (25.5%), aortic rupture (21%), bacte-
rial endocarditis (18%), and intracranial hemorrhage
(11.5%) [8]. In the meantime, surgical correction of
the defect can dramatically change the fate of patients
[9-11].

As CoA is mostly well diagnosed in childhood,
it is one of the rare causes of arterial hypertension
in adults, in whom its distinguishing feature is re-
sistance to pharmacotherapy. Transthoracic echo-
cardiography verifies the diagnosis of CoA, while
computed tomography (CT) or magnetic resonance
imaging (MRI) are useful tools in selecting an indi-
vidual therapy, detecting complications, and mana-
ging the defect.

CLINICAL CASE

Patient R., 20 years old, born in 1999, was ad-
mitted to the Department of Arterial Hypertension
of the Cardiology Research Institute, Tomsk NRMC
on April 13, 2020 with the following complaints: 1)
stable elevation of AP up to 160—170 /80-90 mmHg,
with episodes of elevation up to 220 / 120 mmHg,
accompanied by intense headache in the occipital re-
gion, dizziness, and generalized weakness; 2) short-
ness of breath, discomfort in the left side of the chest
during rapid walking up to 300 m; 3) leg weakness
during prolonged walking.
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It is known from anamnesis that the patient has been
actively involved in sports since childhood (basket-
ball, biathlon), and her first elevation of AP to 160 /
100 mmHg was recorded at the age of 16 years (2015)
during a physical examination. Due to her good health,
the patient had not consulted a doctor until 2018 and
had not taken any antihypertensive medications. In Jan-
uary 2018, leg weakness, headache, and dizziness ap-
peared for the first time with a rise in AP to 220/ 120
mmHg. During the examination at the local district hos-
pital, renovascular and endocrine hypertension were ex-
cluded and angiotensin-converting enzyme inhibitors,
beta-blockers, and diuretics were prescribed to correct
the AP. The patient was referred to the Cardiology Re-
search Institute (Tomsk NRMC) for further examination
and treatment in April 2020 due to failure to achieve the
target AP values. In addition, it is known that the patient
was the second child in the family, mother’s pregnan-
cy had no special features. Her menstruation had been
regular since the age of 14. She denies the presence of
chronic diseases, bad habits, aggravated heredity for
cardiovascular diseases and malformations.

Upon physical examination: satisfactory gener-
al condition, clear consciousness, regular physique.

Body mass index — 27.1 kg / m?. The left border of
the relative cardiac dullness is along the midclavicu-
lar line. Heart sounds are clear and rhythmic, second
heart sound has accentuation over the aorta, heart rate
is 76 beats per minute. A coarse systolic murmur at
the Botkin — Erb’s point, is noted passing to the ves-
sels of the neck. Blood pressure in the arms: left — 203
/ 115 mmHg, right — 206 / 115 mmHg; blood pressure
in the legs: right and left — 140 / 90 mmHg. Other or-
gans and systems had no clinically significant abnor-
malities. No significant abnormalities were detected
according to the laboratory tests. ECG revealed Cor-
nell voltage criteria for LV hypertrophy (R inalLV + S
in V3 =26 mm). According to transthoracic echocar-
diography, ejection fraction was 67%, heart chambers
were of normal size, concentric LV hypertrophy was
observed (LV myocardial mass 204 g, LV myocardial
mass index 114 g/m”2), valves were without evident
structural changes, aortic regurgitation up to grade I
was noted, the remaining systems function normally.
Systolic pressure in the right ventricle was normal. No
interchamber shunts were detected. CoA with a gradi-
ent of 80 / 32 mmHg was documented at the transition
of the arch to the descending aorta (Fig. 1, 2).

Fig. 1. Patient R., 20 years old: transthoracic echocardiography.
Suprasternal position along the long axis: ¢ — B-mode;
b — color Doppler; white arrow indicates the site of stenosis

MSCT aortography findings on Fig. 3 and Fig. 4
confirmed CT signs of aortic coarctation in the typical
location, as well as collateral blood flow through the
dilated intercostal and mammary arteries.

On the basis of the comprehensive clinical and
instrumental examination, a diagnosis of congenital
heart disease was made with aortic coarctation at the
transition of the arch to the descending aorta, gradient
80/32 mmHg. Symptomatic arterial hypertension was

Fig. 2. Patient R., 20 years old: suprasternal position along the
long axis. Continuous-wave Doppler; the arrow shows stenotic
flow at the site of stenosis

detected. Left ventricular hypertrophy, risk group 4.
One week after admission to the hospital, surgical re-
pair of aortic coarctation was performed, the arch and
descending aorta were repaired with 20 mm Gore-Tex
20 suture, the aortopulmonary window was dissected.
The postoperative period was without complications,
the patient was discharged 10 days after the interven-
tion with the recommendations of continuous admin-
istration of metoprolol 100 mg twice a day, torasemide
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5 mg /day. The entire hospital stay, including surgery, was discontinued due to a dramatic drop in AP. Taken
took 17 days. In 3 months after discharge from hospi- into account tachycardia, a beta-blocker was preferred
tal, AP stabilized at 130 / 80 mmHg, and torasemide for further treatment.

Fig. 3. Patient R., 20 years old: 3D reconstructions of the aorta in the anterior left oblique projection (@) and in the posterior right
oblique projection (b). The blue arrow shows coarctation of the aorta; dilated tortuous intercostal arteries (white arrows) depart from
the descending aorta; dilated mammary arteries depart from the subclavian arteries (yellow arrows).

Fig. 4. Patient R., 20 years old: 3D reconstruction (left) and curvilinear reconstruction of the thoracic aorta with coarctation of the

aorta. Severe narrowing of the aorta is identified distal to the origin of the left subclavian artery. Stenosis of the lumen is 70%. Post-

stenotic dilatation of the aorta is detected distal to the narrowing. The root and ascending thoracic aorta are dilated. The left vertebral
artery branches off the aortic arch and its orifice is proximal to the left subclavian artery
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CONCLUSION

A rarer, isolated type of aortic coarctation, asymp-
tomatic course of the anomaly till the age of 16, and
high physical fitness of the patient were the peculia-
rities of this clinical case, which disoriented prima-
ry care physicians during the examination, including
that after manifestations of AH. Nevertheless, given
the characteristic complaints and auscultation find-
ings, tonometry on the lower extremities would have
greatly facilitated the diagnosis. Referral of the patient
to transthoracic echocardiography with obligatory in-
spection of the aorta from suprasternal access using
Doppler color flow mapping and continuous-wave
Doppler, as well as assessment of the abdominal blood
flow would allow for timely diagnosis of this type of
pathology.

It seems quite prominent that in this case, the di-
agnosis and correction of the defect in a specialized
heart center took less than 3 weeks. However, despite
a successful intervention, patients with aortic coarc-
tation require long-term follow-up to monitor blood
pressure, exclude the development of late aneurysms
due to prolonged exposure of the vascular wall to in-
creased hemodynamic pressure, and identify possible
long-term postoperative complications.
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The effect of antipsychotic-induced extrapyramidal disorders on patient’s
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ABSTRACT

Extrapyramidal disorders are common adverse events in antipsychotic therapy. However, their diagnosis is difficult
due to broad differential diagnosis, and often their specific clinical variant is not recognized, and timely intervention
is not performed, which leads to severe patient suffering. This affects the quality of life of patients with schizophrenia
and leads to their refusal to receive therapy, which aggravates the course of the disease. The article presents a
clinical case of a 33-year-old patient at a psychiatric hospital with schizophrenia combined with such rare severe
extrapyramidal disorders as antipsychotic-induced tardive dyskinesia and tardive dystonia.

The diagnosis was carried out in accordance with the criteria of the International Classification of Diseases,
Tenth Revision (ICD-10). The intensity of clinical manifestations was assessed using the Positive and Negative
Syndrome Scale (PANSS), the Abnormal Involuntary Movement Scale (AIMS), and the Barnes Akathisia Rating
Scale (BARS). Compliance was assessed using the Method for Measuring Medication Adherence in Psychiatry.
Detailed differential diagnosis of tardive dyskinesia and tardive dystonia with akathisia and Huntington’s disease
was presented. Substantiated treatment strategy and positive clinical dynamics with increased compliance were
described.

Key words: tardive dyskinesia, tardive dystonia, schizophrenia, compliance, akathisia.
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PE3IOME

9KCTpaHI/IpaMI/I,Z[HI)IC HapymeHUs ABJISIOTCA 4aCTbhIMH HEXKEIATCIIbHBIMU SIBJICHUSAMUA TEPAINUU aHTUIICUXOTUKAMU.
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NMPpUEMOM aHTUIICUXOTUKOB.

JlmarHocTuka poBOAMIIACE B COOTBETCTBHHU C KPUTEPHSIMU MexTyHapoaHOH Kiiaccudukanuy 6one3Hel necaro-
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Ikans onenku akatusun bapaca (BARS). [IpoBeneHa oneHka KoMIUTagHCca ¢ MOMOIIBI0 MeTo1a MpOrHO3UpOBa-
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INTRODUCTION

Patient noncomliance with therapy is a common
problem in the treatment of schizophrenia, leading
to relapses, readmissions, and aggravating long-
term events [1, 2]. Treatment noncompliance is one
of the reasons for transferring patients to therapy
with long-acting antipsychotics, which are mostly
conventional neuroleptics [3]. The average rate of

noncompliance among patients with schizophrenia
is 47% [4]. 32 % of patients discontinue seeing a
psychiatrist upon discharge from hospital; and 31%
of patients who continue regular sessions with a psy-
chiatrist in the outpatient setting are found to have
noncompliance or complete refusal of therapy [5].
Within the first 18 months of treatment, 5% of
patients discontinue it completely [6]. About 250
factors affecting compliance have been identified
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[7]. A key factor is multiple adverse effects of anti-
psychotics [8], which cause about half of patients to
refuse from antipsychotic therapy [9]. Tardive dyski-
nesia, dystonia, and akathisia occupy a special place
among specific motor side effects of antipsychotics.
They aggravate the course of schizophrenia, cause
treatment failure, and worsen the quality of life [10].

Tardive dyskinesia is a persistent movement
disorder that occurs 1-2 years [11] after taking anti-
psychotics. It represents chaotic movements of dif-
ferent parts of the body. The specifics of the move-
ments and the part of the body vary and may change
over time. The first symptoms of tardive dyskine-
sia usually include repetitive, uncontrolled, chaotic
movements of lips, tongue, and facial mimic mus-
cles. Movements of the extremities, head, neck, and
soma, difficult swallowing, and forced body postures
may also be present [12]. The quality of life of pa-
tients with tardive dyskinesia is reduced by 12.3%
relative to patients without it [13], and the pres-
ence of tardive dyskinesia complicates treatment of
schizophrenia and increases the financial burden on
the patient’s family [14].

Tardive dystonia is an extrapyramidal disorder,
one of the most disabling variants of tardive dyski-
nesia. It occurs several years after the start of anti-
psychotic therapy and persists after its withdrawal.
In less than 20% of cases, it occurs within the first
year of treatment [15]. Tardive dystonia begins in
the muscles of face or neck. Generalization of dys-
tonia to the extremities and trunk is observed in a
small number of cases. The most frequent form of
tardive dystonia is oromandibular dystonia. All of
this affects patients’ quality of life and leads to refus-
al of therapy, aggravates the course of the underlying
disease, and requires increasing doses of antipsy-
chotics: a pathological circle is formed [15].

One of the types of tardive akathisia is persistent
akathisia, which develops 3 months after withdrawal
of antipsychotic therapy or when a second neurolep-
tic drug is added to the treatment [16]. Motor rest-
lessness with predominant localization in the lower
extremities (repetitive movements such as crossing
and uncrossing the legs, and constant shifting from
one foot to the other, walking along a single line)
is typical of akathisia and is defined as its objective
component. The subjective component is represent-
ed in the form of an imperative need for movement,
restlessness, and tension. The emergence of tardive
akathisia, especially when its severity increases,

can be mistakenly interpreted as aggravation of the
mental state, and can be the reason for the formation
of suicidal tendencies [16]. Timely diagnosis and
correction of adverse motor events of antipsychotic
therapy are necessary to improve the quality of life,
increase compliance, and form long-term remission
[17].

The aim of the study was to diagnose and de-
scribe the effect of combined antipsychotic-induced
extrapyramidal disorders, such as tardive dyskinesia
and tardive dystonia, on patient’s compliance with
schizophrenia.

We used clinical-psychopathological and clini-
cal-catamnestic methods with the analysis of medi-
cal records of the patient undergoing inpatient treat-
ment at the Department of Endogenous Disorders of
Mental Health Research Institute clinics. The patient
was examined and treated according to the nation-
al clinical guidelines [18]. Schizophrenia was diag-
nosed according to ICD-10 criteria [19]. The seve-
rity of pathopsychological symptoms was assessed
according to the Positive and Negative Syndrome
Scale (PANSS) [20]. The severity of pathological
involuntary movements was assessed according to
the Abnormal Involuntary Movement Scale (AIMS)
[21]. The Barnes Akathisia Rating Scale (BARS)
was used to diagnose akathisia [22]. Compliance
was assessed using the Method for Measuring Medi-
cation Adherence in Psychiatry [23].

CLINICAL CASE

Patient A., 33 years old, was admitted to the hos-
pital in January 2020 for managing adverse effects of
antipsychotic therapy.

Anamnesis. The patient was born following nor-
mal pregnancy and delivery and was not behind his
peers in his early development. Since preschool age,
the patient had not been socially active and could not
adapt in a group of peers. He was often ridiculed and
physically bullied at school, then he was transferred
to homeschooling. Since the age of 13, he could
hardly comprehend tasks and could understand sim-
ple instructions only after several repetitions. He
could not talk for days, looking at geographical at-
las for a long time, freezing over one page. He was
first examined by a psychiatrist following teachers’
recommendations, but was not subjected to full exa-
mination and treatment.

At the age of 15, he began to have fear of men
and refused to go out unaccompanied. On the eve
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of the school year, he made numerous razor cuts
on his forearm and neck. He never sought medical
care. At the age of 16, he barely completed grade
11, after which he refused to continue his education.
Patient’s behavior changed, he stiffened while sit-
ting on a chair in one position, could walk quickly
around the room from time to time, raised his legs
high, squeezed his hands in front of him with effort,
strained his neck and moved his lower jaw forward,
and was moody. With suicidal intentions, he took a
blister pack of zopiclone, after which he was taken to
the Accident and Emergency Unit. Having returned
home, he learned of his brother’s death; he did not
react emotionally, went outside, and ran around the
house in silence; he had not thought of his brother
since.

He took the recommended haloperidol for 1
month on an outpatient basis, then stopped taking
it. He was angry and tense; he declared to his par-
ents that he had no future. At the age of 17, he was
first hospitalized to Mental Health Research Insti-
tute clinics. His mental state was characterized by
behavioral disorders against a background of the flat
effect, alogia, and hypobulia. He took zuclopenthixol
25 mg/day, clozapine 237.5 mg/day, carbamazepine
800 mg/day, and trihexyphenidyl 10 mg/day. In the
outpatient setting, he was irregularly treated with zu-
clopenthixol 5 mg/day. Nevertheless, he graduated
from a law college.

He did not work in his specialization, he was a
mine laborer for about 1 year, constantly complain-
ing of fatigue. At the age of 26, the patient was hos-
pitalized to a psychiatric hospital for medical and
social assessment. He was diagnosed with paranoid
schizophrenia with a continuous course; the second
disability group was registered. As of the moment
of admission, visual hallucinations were present. Af-
ter discharge, he irregularly took the recommended
risperidone 6 mg/day for 3 years and lived in paren-
tal care. About 2 years ago, he completely withdrew
the treatment, his condition worsened again: he be-
came restless, wrung his hands, his statements were
stereotypical.

One year before the current hospitalization, the
patient began to complain of many thoughts in his
head, stereotypically repeating the same phrases. He
was repeatedly hospitalized in the clinics of Mental
Health Research Institute. His mental condition was
characterized by the presence of psychic automatism,
expressed by schizophrenia-specific disorders in all

spheres of mental activity. However, he refused of
therapy on the first day, as the doctor suggested a
physical examination. He was discharged with a rec-
ommendation to take risperidone 6 mg/day.

While taking risperidone, the patient complained
of stiffness in the lower jaw. After 3 months of tak-
ing it, involuntary movements in the lower half of
the face and mouth appeared for the first time, oc-
curring spontaneously or provoked by a speech act.
The patient’s speech became indistinct. His mother
noticed improvement in speech in the morning af-
ter a night sleep. Fearing further deterioration of the
patient’s condition, his mother reduced the dose of
the antipsychotic by half. The patient was prescribed
biperiden 2 mg/day by the district psychiatrist. In-
voluntary movements did not decrease. The patient’s
mother discontinued all medications and initiated a
consultation with a neurologist at Scientific Center
of Neurology, where amantadine 200 mg was pre-
scribed. It did not have the expected therapeutic ef-
fect: involuntary movements increased. The mental
state of the patient aggravated, he became more with-
drawn, looked gloomy, refused to leave the house
due to a fear of being hit on the head, and kept silent
while staring out of the window. He would stand up
for no reason, shift from one foot to the other, and
the involuntary movements of the mouth persisted.
Accompanied by his mother, he was admitted to
the Department of Endogenous Disorders of Mental
Health Research Institute.

Mental status. The patient looked tidy and neat
due to constant care of his mother, who changed his
clothes and washed him. The patient was tense and
seemed withdrawn and not interested in talking to
the doctor. The facial expression was hypomimic.
Motor skills were slow, movements lacked plasticity
and were robotic in nature. During the conversation,
he sometimes swayed his trunk back and forth rhyth-
mically. Gestures were absent. Targeted contact was
difficult to establish. Speech was indistinct due to in-
voluntary movements in the mouth area, which were
provoked by the speech act. To facilitate articulation,
the patient touched his lower jaw, sometimes quickly
pulled out his tongue, involuntary eye movements in
the form of excessive blinking and eyebrow frown
were also noted. He answered questions monosylla-
bically and stereotypically: “yes”, “no”, “maybe”.

According to information received from his
mother, the patient lost 9 kg due to poor appetite,
became moody, did not sleep well, feared a hit on
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his head, and spent a long time in one pose. He com-
plained of a lot of thoughts in his head; episodically
saw pictures and cartoon characters before his eyes;
experienced fragmentary sensations of imposing,
other people’s thoughts. Mood was low. He did not
actively express suicidal thoughts and intentions and
did not exhibit any suicidal tendencies in his behav-
ior. In the ward, he stayed in his bed or walked back
and forth across the ward, raising his legs high, stop-
ping and shifting from one foot to the other.

Data of laboratory tests and examinations by
somatic specialists. According to electroenceph-
alography, focal changes, stable interhemispheric
asymmetry, epileptiform activity, or paroxysmal
activity were not found. According to the magnetic
resonance imaging, focal or diffuse changes were not
found. The therapist’s conclusion: chronic cholecys-
titis, remission stage. Examination by a neurologist:
involuntary opening of the mouth, curvature of the
lips and cheeks, forced smile during a conversation;
squeezing the eyes or frowning the eyebrows, run-
ning the hands across the clothes, stroking the hair,
shifting the feet periodically while sitting on a chair.
Conclusion: combined manifestation of oromandib-
ular dystonia and tardive dyskinesia.

Psychometric examination data: upon admission,
according to PANSS, the total score was 113; total
AIMS score was 20; according to BARS, no akathi-
sia was found; compliance score was 29.

Differential diagnosis and substantiation of the
diagnosis. Involuntary forced movements [24] had
a chronic nature; they appeared against the back-
ground of the therapy with the antipsychotic and per-
sisted after its withdrawal. There were no other caus-
es for the condition (it was not a secondary disease
of the underlying disease), there was no hereditary
burden of dementia in Huntington’s disease. Motor
acts had a typical localization with involvement of
the facial muscles in the form of clenching of the
jaws and forced smile, observed during the speech
act, sometimes with the use of corrective gestures
(touching the jaw).

The patient had stereotyped repetitive tongue
movements and expressive movements in the form
of excessive blinking and motor acts involving the
lower extremities (shifting from one foot to the
other, walking back and forth, imitating walking
while standing still, jactation). Progression of these
manifestations is closely associated with receiv-
ing antipsychotic therapy for more than 3 months,

and the movements persist even after withdrawal
of the drug. There are no organic causes of the dis-
orders [25].

Despite the presence of restless movements of the
lower extremities, resembling the objective compo-
nent of akathisia, the key factor is a lack of the sub-
jective component, namely feelings of inner restless-
ness, tension, an imperative need for movement, and
fatigue associated with it [26]. Irregular antipsychot-
ic therapy, violation of the dosage regime and the
frequency of intake, and an increase in the negative
symptom complex act as both predisposing factors
and aggravating factors for the condition. Progres-
sion of negative disorders, among other things, is a
consequence of low compliance.

In this case, there is a combined presence of ad-
verse antipsychotic-induced movement disorders:
tardive dyskinesia and tardive oromandibular dys-
tonia. There is hereditary burden of schizophrenia
on the father’s side. The patient’s schizoid features
became more pronounced in adolescence, apathy
and absence of purposefulness in learning increased
with the emergence of depressive experiences and
subsequent suicide attempt, development of hal-
lucinations and delusions, and mental automatism
with microcatatonic symptoms. Further, in addition
to hallucinations and delusions, progression of de-
creased energy potential and social withdrawal with
the formation of an emotional-volitional defect were
observed.

Definitive clinical diagnosis: paranoid schizo-
phrenia, a continuous course. Combined manifesta-
tion of adverse antipsychotic-induced motor disor-
ders: tardive dyskinesia and tardive oromandibular
dystonia.

Treatment strategy. According to the modern un-
derstanding [27], intake of aripiprazole is less like-
ly to cause tardive dyskinesia compared with other
antipsychotics. A daily dose of aripiprazole of 7.5
mg was the drug of choice in this clinical case. The
patient was also prescribed a cycle of sessions with
a speech — language pathologist and recommended
a course of physiotherapy in order to restore speech
skills. The patient refused of physiotherapy, as any
touching caused him bodily discomfort and mental
suffering.

Changes in the condition. Following the ses-
sions with a speech — language pathologist, patient’s
speech became more distinct, involuntary move-
ments in the oral cavity were provoked only by a
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speech act. Upon discharge, the overall PANSS score
decreased to 95, the overall AIMS score —to 12, and
the Medicaid Compliance Scale score increased to
37. Therefore, positive changes with a decrease in
the psychopathological symptoms and pathological
involuntary movements and an increase in adherence
to the therapy were observed.

CONCLUSION

The clinical case presented a situation in which
untimely detection and inadequate attempts to cor-
rect antipsychotic-induced tardive dyskinesia and
tardive dystonia resulted in a treatment failure, up to
withdrawal. Prolonged interruptions in maintenance
therapy led to mental deterioration and rehospital-
izations, worsened the patient’s quality of life, and
placed a burden on the family. Diagnosis and cor-
rection of combined tardive dyskinesia and tardive
dystonia by individual selection of antipsychotics al-
lowed to reduce the severity of their manifestations,
increase compliance, and improve the patient’s men-
tal state.
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Work of a stroke team: experience of transferring ischemic stroke patients
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ABSTRACT

Modern high-technology methods for ischemic stroke treatment (systemic thrombolysis, mechanical thrombectomy,
thrombaspiration, stenting of cerebral arteries) can improve the rehabilitation potential and survival of patients.
Important tasks here are selection for reperfusion and its performance on the greatest possible number of peracute
patients. Mechanical thrombectomy combined with systemic thrombolysis is the most effective reperfusion strategy
in the therapeutic window, but the availability of endovascular methods is limited to highly specialized centres. One
way to solve this problem is to organize effective logistics with stroke patients, which will provide high-tech care for
patients living far from large treatment centers due to regulated interaction between institutions at different levels.

The aim of the study was to improve emergency interaction related to transfer of peracute stroke patients from
primary vascular units and district hospitals of the Krasnoyarsk region to Krasnoyarsk Regional Vascular Center
for thrombectomy.

Key words: ischemic stroke, stroke team, logistics of patients with stroke, mechanical thrombectomy, thrombolysis.
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PE3IOME

CoBpeMeHHBIE BBICOKOTEXHOIOTHYHBIE METOIbBI JICUCHHUS] HIIEMHIECKOTO HHCYNIbTa (CHCTEMHBIN TpOMOOIH3HC,
MeXaHH4YecKasi TPOMOIKCTPAKIKs, TPOMOACTIHPAIINs, CTEHTHPOBaHKE [epeOpaIbHBIX COCYIO0B) TO3BOISIOT YIIyd-
IIMTh PeaOMIMTAIIMOHHBIN MOTEHIHAN U BEDKHBAEMOCTh TTAIUEHTOB. BaxkHOi 3amaueii sBiseTcsa oT00p M IpoBe-
JIeHHe penepy3uu B OCTpelIeM rnepruo/ie HanboIbIeMy KOTHIeCTBY OONBHBIX. TPOMOIKCTpaKIHs B COUETAHUT
C CHCTEMHBIM TPOMOOJIM3UCOM sIBIIsieTcsl Hanboiee S GeKTHBHON cTparerueil pernepdy3un B TeparneBTHYECKOM
OKHE, OIHAKO JOCTYITHOCTh SHAOBACKYIAPHBIX METOIOB OTPaHMYEHA BBHICOKOCTICIINAIM3UPOBAHHBIMH IIEHTPAMH.
OnHNUM U3 IMyTel pelIeHus ITOH 3a4adn SABIIeTcs opraHn3anus 3Gp(EeKTHBHOM JIOTHCTUKH MAIEHTOB C OCTPHIM
HapymeHneM Mo3roBoro kposoodpamenus (OHMK), 4To mo3BoJHT 0Ka3bIBaTh BEICOKOTEXHOIOTHIHYIO TOMOIIH
MaUeHTaM, TPOXHUBAIONINM Ha YAAICHHHU OT KPYIHBIX JIe4eOHBIX IIEHTPOB, OIarofapsi OTPeryIHpOBaHHOMY B3a-
HUMOJICHCTBHIO MEXAY yUIPEKACHUSIMA Pa3HOTO YPOBHSL.

Llens mccnenoBaHus: COBEPUICHCTBOBAHUE SKCTPEHHOTO B3aUMOJEHCTBHS 1O BOIPOCAM IHepeBOJa MAIEHTOB B
ocTpeiiIieM Mepruoie MIEMUIECKOT0 HHCYNIbTA U3 MIEPBUYHBIX COCYANUCTBIX OTACICHUH 1 MEXKPalHOHHBIX OOIBHUIL
Kpacnosipckoro kpast B PernonanbHelit cocyaucTsiit neHTp r. KpacHosipcka s npoBeJeHHs TPOMOIKCTPaKIUH.

KiroueBble cjioBa: nieMuyeckuii HHCYIbT, Stroke team, moructuka nmanueHtoB ¢ OHMK, TpomO3kceTpakius,
TPOMOOITHU3HC.

KoHpanKT nHTepecoB. ABTOPHI ACKIApUPYIOT OTCYTCTBHE SBHBIX M MOTEHIHAIbHBIX KOH(IUKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOJIMKaUel HaCTOsIIEeH CTaTbH.

Hcrounnk ¢puHaHCHPOBaHHUS. ABTODHI 3asBISIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS IPHU IPOBEICHUH HCCIIE0-
BaHMSI.

Jass nurupoBanusi: [usxun ILI., Hcaesa H.B., Kysnenos B.IO., Ilporononos A.B., Kopuarun E.E.,
Josobim H.1O., JIuteuntok H.B. PaGora Stroke team: onbIT nepeBoia MaMeHTOB ¢ UIIEMUYCCKAM HHCYJILTOM Ha
TPOMOIKCTPAKIHIO M3 MEKPaHOHHBIX OOJILHUI] B PernonanbHelil cocyanctsiit nentp r. Kpacnosipcka. broaremens

cubupcroii meouyunsl. 2021; 20 (4): 218-224. https://doi.org/10.20538/1682-0363-2021-4-218-224.

INTRODUCTION

Hyperacute ischemic stroke treatment with imple-
mentation of high-tech methods into clinical practice
sets new goals in healthcare management and patient
routing. An important issue is to improve the avail-
ability of a full range of medical services, combining
methods of therapeutic (systemic thrombolysis) and
surgical (mechanical thrombectomy, thrombaspira-
tion, stenting of cerebral vessels) reperfusion for the
largest number of patients [1-5]. In Krasnoyarsk, en-
dovascular methods for ischemic stroke are success-
fully applied at the premises of three largest clinics:
Krasnoyarsk Regional Clinical Hospital (chief phy-
sician — Egor E. Korchagin), Karpovich Krasnoyarsk
Regional Clinical Emergency Hospital (chief physi-
cian — Sergey V. Grebennikov), and Krasnoyarsk Re-
gional Hospital No. 20 (chief physician — Vladimir A.
Fokin).

At the same time, healthcare institutions in re-
mote areas of the Krasnoyarsk region have limita-

tions in relation to the use of such methods, and
making them available for patients from remote
areas is relevant. The solution to this problem may
be to improve the logistics for ischemic stroke
patients and their emergency transportation to
healthcare institutions with necessary resources for
high-tech medical care [6, 7].

RESULTS

Currently, the Regional Vascular Disease Center
(RVDC) of Krasnoyarsk Regional Clinical Hospital
(KRCH) (the head of the RVDC is A.V. Protopopov,
Dr. Sci. (Med.), Professor), interacts and cooperates
on a round-the-clock basis with primary vascular de-
partments (PVDs) and interdistrict hospitals located
within a 100 km radius from the Krasnoyarsk Regio-
nal Clinical Hospital: Clinical Hospital No. 51 of the
Federal Medical Biological Agency of the Russian
Federation (62.4 km) and Divnogorsk Interdistrict
Hospital (45 km) (Fig. 1).
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Fig. 1. The current system of interaction between the

Krasnoyarsk Regional Vascular Disease Center and other

treatment facilities in the region in selecting ischemic stroke
patients for emergency thrombectomy

The problem of organizing emergency interaction
between medical and prevention institutions in Kras-
noyarsk and the Krasnoyarsk region is solved with
various tools. Along with the traditional method of
inter-hospital interaction using telephone communi-
cation, modern technologies have been introduced in
the Krasnoyarsk region. Telemedicine consultations
are performed through the RCH Center of X-ray Con-
sultations with the possibility to upload neuro-visu-
alization images (multi-slice computed tomography
(MSCT), magnetic resonance imaging (MRI)) to the
unified database for their immediate evaluation by
radiologists of the center from any remote station.
Another important tool for assessing the patient’s con-
dition and determining further management strategy is
the neuromonitoring program [8], with which a con-
sulting neurologist can establish a two-way communi-
cation with doctors of all hospitals in the Krasnoyarsk
region, receiving full information on the patient with

the ability to make timely decisions on treatment cor-
rection or transfer the patient to the RVDC. Taking
into consideration wide capabilities of telemedicine, it
is now possible to apply high-tech methods of treating
hyperacute ischemic stroke in patients living outside
the city of Krasnoyarsk.

In 2019, 10 patients with stroke received treatment
in the Neurology Department of RVDC after transfer
from PVDs with subsequent endovascular surgery
(mechanical thrombectomy, stenting of cerebral ves-
sels).

CLINICAL CASE 1

Patient B, 63 years old. Transferred from PVD of
Zheleznogorsk Clinical Hospital No. 51 of FMBA of
the Russian Federation with the clinical presentation
of right-sided hemiparesis, motor aphasia; the patient
was alert (Modified Rankin scale score: 3, NIHSS:
5). On the emergence of symptoms, the patient was
admitted to a local PVD with a suspected stroke. A
standard neurological examination involving scaling,
laboratory data evaluation, as well as native brain
MSCT was performed. The diagnosis of ischemic
stroke was confirmed. Taking into consideration
admission within the therapeutic window and lack
of contraindications, systemic thrombolytic therapy
(TLT) was immediately started in the MSCT room
in the PVD [9-11]. According to MSCT angiography
of cerebral and brachiocephalic vessels, symptomatic
thrombosis was revealed: a left-sided occlusion of the
internal carotid artery (ICA).

The Regional Clinical Hospital has developed a
standard regulating the selection of patients admitted
with the diagnosis of stroke for transfer to the RVDC
for mechanical reperfusion [3]. The prerequisites are
admission within the therapeutic window, the con-
sciousness level of over 9 according to the Glasgow
Coma Scale, ASPECTS scale score of no less than 6
(MSCT of the brain), the Modified Rankin Scale score
for the degree of disability before stroke of no more
than 2. Patient B. met all the listed criteria.

Considering the presence of symptomatic ICA oc-
clusion, required transportation time (approximately
one hour), and the evacuable state of the patient (the
level of consciousness no lower than obtundation,
unassisted breathing, stable hemodynamics), the neu-
rologist at the PVD informed the neurologist at the
RVDC by phone about the anamnesis data, neuro-
logical status, and MSCT results, indicating the time
of TLT onset. The neurologist and radiologist at the
RVDC assessed the MSCT scans of the patient’s brain
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and cerebral vessels, which were presented to the Cen-
ter of X-ray Consultions.

This clinical examination complied with all the
conditions for a possible thrombectomy [12—15], and
a decision was made to urgently transfer the patient to
the RVDC. Meanwhile, the RCH neurologist informed
the interventional radiologist and the anesthesiology
team about the forthcoming arrival of the patient who
was a candidate for thrombectomy. The endovascular
surgeon began preparing the X-ray-equipped opera-
ting room for emergency intervention.

The patient was delivered to the Krasnoyarsk
RVDC by the ambulance team. In the admission unit
at the RCH, the patient was examined at runtime by
the attending neurologist, MSCT of the brain was per-
formed (the ASPECTS score of 8) to exclude major
irreversible ischemia and intracranial hemorrhage

(Fig. 2).

Fig. 2. Computed tomography of the brain of patient B., 63
years old, after thrombolysis before thrombectomy

Since the therapeutic window period was about to
end, cerebral perfusion MSCT was performed in order
to assess the core — penumbra area ratio. The core was
within 1/3 of the left middle cerebral artery (MCA)
circulation.

Indications for emergency thrombectomy were
evaluated in the admission unit by a multidisciplinary
team including a neurologist, an interventional radio-
logist, and a radiologist. All parameters met the cri-
teria for thrombectomy. The patient was admitted to
the X-ray-equipped operating room, where selective

cerebral angiography was performed to resolve the
issue of further treatment strategy. Mechanical throm-
bectomy was carried out on the left ICA circulation,
and the blood flow was restored according to grade 3
of the mTICI scale. According to the data of MSCT
of the brain at runtime, a small ischemic area formed
in the left temporoparietal zone after 24 hours without
decrement in the neurological status (Fig. 3).

Fig. 3. Computed tomography of the brain of patient B., 63
years old, after thrombectomy of the internal carotid artery on
the left

The patient received standard baseline and neu-
rometabolic therapy and underwent early rehabilita-
tion. Positive changes in the patient’s condition were
observed, hemiparesis regressed, moderate speech
disorders persisted, manifested through efferent mo-
tor and dynamic aphasia. The motor component of the
speech improved (Modified Rankin Scale: 2, NIHSS:
1). The patient was discharged in a satisfactory condi-
tion for follow-up rehabilitation of speech disorders.

The choice of stroke treatment methods and orga-
nization of transportation should be made as quickly
as possible. The feature of the following clinical case
is that a stroke patient was transported twice between
healthcare institutions before admission to the RVDC.
In the meantime, the patient was delivered within the
therapeutic window.

CLINICAL CASE 2

Patient R., 57 years old, was urgently taken to
the Divnogorsk Interdistrict Hospital due to acute
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development of focal neurologic deficit with suspect-
ed stroke. Considering the absence of CT equipment
in the interdistrict hospital, according to the routing,
the patient was initially transferred to the private
healthcare institution “Clinical hospital “RZD-Medi-
cine”, Krasnoyarsk, where MSCT of brain structures
and MSCT angiography of cerebral arteries were per-
formed, M1 segment occlusion of the left MCA was
diagnosed, and systemic thrombolysis was initiated
(Fig. 4). Taking into account the duration of the the-
rapeutic window, the patient was transported for the
next stage to the RVDC. Upn admission, the patient
was fully alert, with focal neurologic deficit in the
form of right-sided hemiparesis, hemihypesthesia, and
motor aphasia. Modified Rankin Scale score was 4,
NIHSS score was 13.

Fig. 4. Computed tomography of patient R., 57 years old, after
TLT, before the start of thrombectomy

Atthe RVDC, thrombectomy was performed on the
M1 segment of the left MCA with full perfusion resto-
ration, the mTICI scale score was 3. A small ischemic
area in the left MCA circulation was revealed using
dynamic MSCT of the brain (Fig. 5). During the in-
patient treatment, the patient’s condition showed pos-
itive changes: muscle strength and sensitivity in the
right limbs were restored, overall mental activity and
physical performance increased. Voluntary attention
and memory enhanced, self-service ability improved.
Upon discharge, speech disorders corresponded to dy-
namic aphasia in the form of systemic perseverations.

Fig. 5. Computed tomography of the brain of patient R., 57

years old, after thrombectomy of the M1 segment of the left

middle cerebral artery. Formation of a small ischemic area
without neurological status deterioration

Upon discharge, the score on the Modified
Rankin Scale was, on NIHSS — 1. The patient was
referred to follow-up treatment: stage 3 of speech
rehabilitation.

This article presents clinical cases of a small sam-
ple of patients to show the possibility of increasing
the availability of endovascular methods for treating
hyperacute ischemic stroke patients who live outside
large cities with specialized vascular centers.

The analysis of time intervals in 10 clinical cases
of patients from the initial ischemic stroke symptoms
in the area of residence to thrombectomy at the Kras-
noyarsk RVDC in 2019 showed that the duration of
each period largely depended on the promptness of
the stroke team actions. The key elements of medical
aid provision at each stage are as follows: reaction to
the call for an ambulance team, stroke diagnosis at the
PVD where the patient was initially transported to and
where the decision to transfer the patient to the RCH
was made, and promptness of actions of the RVDC
team. It was determined that the average time be-
tween the stroke onset and admission to the RCH was
245 [198.25; 257.25] minutes, while thrombolysis
started after 155 [140; 180] minutes, beginning at the
PVD and continuing in the ambulance during trans-
portation to the RCH. The time between entering the
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hospital and starting the operation was 37.5 [28.25;
47.5] minutes. Thrombectomy was initiated after an
average of 247 minutes [237.5; 293.5] from the first

155 245

stroke symptoms. Recanalization had been completed
by 388 [300.5; 408.25] minutes from the stroke onset

(Fig. 6).

Start of

Recanali-
zation

255 274 igs

Fig. 6. Time values of working with hyperacute ischemic stroke patients (n = 10) transferred from interdistrict hospitals of the region
to the Regional Vascular Disease Center for emergency thrombectomy (Me [p,; p.,.])

It is obvious that each region may develop its own
system of emergency logistics for stroke patients
taking into account its territorial and administrative
peculiarities. In the Krasnoyarsk region, a system
of interaction between interdistrict hospitals, PVDs,
and the RVDC allows to make timely decisions on
transfer of patients for thrombectomy, which increas-
es availability of high-quality care for hyperacute
ischemic stroke patients. Coordinated teamwork of
specialists from healthcare institutions at different
levels allows to start thrombectomy within the thera-
peutic window. Therefore, mechanical thrombectomy
in all patients was started within 4.5 hours, and suc-
cessful recanalization was performed within 6.5 hours
from the stroke onset. There were no lethal cases in
the group of patients observed after thrombectomy.
Good recovery of the neurologic deficit was observed
in all the patients.

CONCLUSION

Maximum efficacy of treatment for hyperacute
ischemic stroke patients requires:

— a well-developed system for interaction between
emergency room specialists, neurologists, radiolo-
gists, and intervention radiologists within healthcare
institutions providing high-tech medical care for isch-
emic stroke patients;

— improving the quality of interaction between
the RVDC and healthcare institutions at primary and
secondary levels by introducing modern technology,

such as continuous X-ray consultation and neuro-
monitoring;

— well-managed work of the ambulance and its in-
teraction with PVDs and the RVDC.

Therefore, well-coordinated teamwork of stroke
team specialists at different levels of care for hyper-
acute ischemic stroke patients contributes to an in-
crease in the availability of high-tech methods for
treating patients who live outside the regional center,
which makes it possible to preserve the maximum
possible amount of nervous tissue, reduce mortali-
ty, increase the rehabilitation potential, and improve
functional outcomes.
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B n3parenbcree «Springer» roToBUTCA K Me4yaTyl pyKonncb HOBOW KHATY
ALLERGEN TOLERANCE npo¢eccopa Cnbupckoro rocyfapcTBeHHOTO MeauLHCKOTo

yHuBepcuTeTa Bnagumupa Knnmosa

Co3aaHue KHUrK U NoAnucaHne KoHTpakTa 6biin MHULMAPOBaHbl U3aaTenbcTBOM «Springers»
(Weeliyapua). B cBA3MA C ycnellHbIM NPOABVKEHUEM W BbICOKMM MeX AyHapogHbIM PENTUHIOM MepBON KHUK
3aBegyoluero kadegpoi UMMyHonorum u annepronorin Cu6lr'MY npodeccopa B.B. Knumosa «From Basic to
Clinical Immunology» (2019), BKkntoueHHOM B KaTanor bubnunotekn KoHrpecca CLUA 1 KaTanor 32 nyylmx KHUr
Mo UMMYHOOTMIA 1 annepronorum nocnegHnx 35 net peituHrosoro areHtctea «BookAuthority (CNN/Forbes

Inc)» (CLUA).

HoBas pykonuch HanucaHa aBTOpPOM AIOCPOYHO, YTO MOMy4yuno
ofobpeHVe 0AHOIO U3 pefaKkTopoB UspaTenbcTBa «Springer»,
KOTOPbIN OTMETWN NpodeccnoHanu3m U NYHKTYanbHOCTb
npodgeccopa B.B. Knumoea 1 focToMHOE NpeacTaBneHne UM cBoero
yHVBEpCHTETa U CBOEI CTpaHbl B MexgyHapogHoM
HayuHo-obpazoBaTensHom cooblyecTee. MpoekT ycrelHo npoluen
BHelliHee peLieH3npoBaHue.

Pykonwcb coctomT w3 10 rmas, HanncaHa Ha 379 cTpaHnuax,
BKMoUaeT 67 a_Topckux pucyHkor, 20 ayguo, 11 eugeo. Crnincok
NUTeparypbl COCTaBNAET 955 HaMMeHOBaHWA CTaTel U KHUT
nocnefHwx net. Hanncada B nHTepelice KNMHNYECKON
annepronoruu, $pyHAamMeHTanbHoM UMMYHOIOTUA
Hempobuonorumn.

[lnA cTyOeHToB Ha NnocneaunyioMHoOM YpoBHe obyyeHns,
HayuHBIX paboTHUKOB, Bpauell U BCceX MHTepecyLXCa AaHHbIMA
HanpaeneHUAMA B MeANKo-BUONOrnMyecknx HayKkax.

Copep»aHune kHurn “Allergen Tolerance”;

1. Antigens and Allergens

2. Immune Tolerance at a Glance

3. Immune-Derived Maintenance of Allergen Tolerance
4. Role of the Neuroimmune Network in Allergic Inflammation
5. Conventional Atopic Diseases

6. Local Atopic Disorders in the Unified Airway

7. Food Allergies and Oral Tolerance

8. Allergen-Specific Immunotherapy (AIT)

9. Allergen Tolerance in the Genitourinary Tract
10.Allergies in COVID-19 and Post-CQOVID Syndrome

OpUeHTUPOBOUHEII CPOK BbIXOfa KHUTU B CBET —BecHa-neTto 2022 r.

Fr_om Basic to
(linical Immunology

Viadimir V. Klimov
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