HAYYHO-NPAKTUYECKUIA HYPHA

.
BIONNETEHb CUBMPCKOW MEQULIHDI
BULLETIN OF SIBERIAN MEDICINE

resr -|-=
-._I_--l_--

————

Tom 21
Ne 4. 2022




PSRN 1R O8ES

BIOAAETEHB CHBMPCKOM MEAMIIMHBI
BULLETIN OF SIBERIAN MEDICINE

Hb CMBMPCKOM MEAULIHMHbI
IN OF SIBERIAN MEDICINE

{PCKOVI MEAMLIMHBI

HAFEHO-TIPAKTHIECKHA KYPHAA 2. ZG] 2

20 JIET XXYPHANY «BIONNETEHb CUBUPCKOWU MEAULUHDI»



BULLETIN OF SIBERIAN MEDICINE

Peer-reviewed scientific-practical journal

Issued quarterly

Volume 21, No. 4, 2022

ISSN 1682-0363 (print)
ISSN 1819-3684 (online)

FOUNDER AND PUBLISHER:
Siberian State Medical University, Ministry of
Healthcare of the Russian Federation

Registered by the Ministry of Mass Media
and Communications of the Russian Federation
Certificate of registration
No. 77-7366 of 26.03.2001

The journal “Bulletin of Siberian Medicine”
is included in the list of peer-reviewed scientific journals
and publications issued in the Russian Federation,
which should publish main scientific results
of doctoral and Candidate of Sciences
theses

Bulletin of Siberian Medicine is indexed in:
Scopus
Web of Science (WoS (ESCI))
Science Index
RSCI
Ulrich’s International Periodicals Directory
Cyberleninka
DOAS

Editorial Board Office:

107, Lenina Av., Tomsk, 634050, Russian Federation
Telephone: +7-(382-2)-51-41-53.
http://bulletin.tomsk.ru
E-mail: bulletin.tomsk@mail.ru

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

Editors: E.E. Stepanova, Yu.P. Gotfrid
Translators: M.E. Orlova, K.Yu.Skvortsova
Electronic makeup, cover design
L.D. Krivtsova

Printed in Litburo LLC,
4, Koroleva Str., Tomsk, 634055, Russian Federation

Signed to print on 30.12.2022
Format 60 x 84/8. Offset print.
Coated paper. Times font.
P.s. 26,75. C.p.s. 26,0.
500 copies. Order No. 921.

The price — free.
Date of publication 30.12.2022.

Pass-through copyright.
Advertising providers are liable for the truthfulness
of information in advertising materials.

© Siberian State Medical University, 2022

EDITOR-IN-CHIEF
0.1. Urazova, Corresponding Member of RAS (Tomsk)

DEPUTY EDITORS-IN-CHIEF:
L.M. Ogorodova, Corresponding Member of RAS (Tomsk)

SCIENCE EDITOR
V.V. Kalyuzhin, Professor (Tomsk)

EDITORIAL BOARD:

V.M. Alifirova, Professor (Tomsk)

L.I. Aftanas, Academician of RAS (Novosibirsk)

A.A. Baranov, Academician of RAS (Moscow)

A.1. Vengerovsky, Professor (Tomsk)

Ye.G. Grigoriyev, Corresponding Member of RAS (Irkutsk)
A.M. Dygai, Academician of RAS (Tomsk)

M.V. Zav’yalova, Professor (Tomsk)

L.V. Kapilevich, Professor (Tomsk)

S.1. Karas, Professor (Tomsk)

R.S. Karpov, Academician of RAS (Tomsk)

V.I. Kiselyov, Corresponding Member of RAS (Barnaul)
S.V. Logvinov, Professor (Tomsk)

A.D. Makatsaria, Corresponding Member of RAS (Moscow)
L.S. Namazova-Baranova, Academician of RAS (Moscow)
S.A. Nekrylov, Professor (Tomsk)

V.P. Puzyryov, Academician of RAS (Tomsk)

V.I. Starodubov, Academician of RAS (Moscow)

Ye.A. Stepovaya, Professor (Tomsk)

A.T. Teplyakov, Professor (Tomsk)

V.A. Tkachuk, Academician of RAS (Moscow)
| V.A. Trufakin, Academician of RAS (Novosibirsk)|

O.S. Fedorova, Professor (Tomsk)

1.A. Khlusov, Professor (Tomsk)

Ye.L. Choinzonov, Academician of RAS (Tomsk)

A.G. Chuchalin, Academician of RAS (Moscow)

A.V. Shabrov, Academician of RAS (St.-Petersburg)
V.A. Shkurupiy, Academician of RAS (Novosibirsk)
M.S. Yusubov, Professor (Tomsk)

A. Antsaklis, Professor (Greece)

F. Chervenak, Professor (USA)

C. Dadak, Professor (Austria)

Y. Dekhtyar, Professor (Latvia)

M. Epple, Professor (Germany)

D. Gailani, Professor (USA)

P. Odermatt (Switzerland)

J. Odland (Norway)

M. Poyurovsky, Professor (Israel)

V. Zhdankin, Professor (USA)




BIONMTNETEHb CUBUPCKOW MEOULUHDI

Hayyno-npaktudeckuil xypHan
Beixoznurt 4 pasa B rog

Tom 21, N2 4, 2022

ISSN 1682-0363 (print)
ISSN 1819-3684 (online)

YYPEAUTE/Ib U UBAATE/1b:

OI'BOY BO «Cubupckuii rocynapcTBeHHbIN
MEIUIMHCKHHA YHUBEpcuTe™ MuH3ipasa Poccun

AKypnan ocrosan B 2001 roxy
3aperucrpupoBan B Munucrepcrse PO
TI0 JIeNaM NevaTH, TeJaepaioBeIaHus
U CPEZICTB MacCOBBIX KOMMYHHKAIIHIT
CaugnerenbctBo peructpanuu [
Ne 77-7366 ot 26.03.2001 .

XKypuain Bxoaut B I[lepeueHs Begymux
PEleH3UPYEMBIX HAYUHBIX JKYPHAJIOB 1 U3/IaHHH,
BBIITyCKaeMbIX B PO, B KOTOPBIX JOKHBI OBITH
OITyOJIMKOBAaHBI OCHOBHBIE HAyYHBIE PE3YJIBTAThI
JIccepTaluil Ha COMCKaHUE YUeHOH CTeNeH!
JIOKTOpa M KaHUaTa HayK

Wunexcamnus:

Scopus
Web of Science (WoS (ESCI))
PUHII (Science Index)
RSCI
Ulrich’s International Periodicals Directory

Cyberleninka

DOAS

Penakius:

634050, . Tomck, nip. Jlenuna, 107.
Ten.: (382-2)-51-41-53.
http://bulletin.tomsk.ru

E-mail: bulletin.tomsk@mail.ru

OpuruHai-Maker:
UznarensctBo CubI'MY.

634050, . Tomck, MockoBCKH# TpakT, 2.
Penakropsr: E.E. Crenanosa, 1O.I1. Tordpun
[lepesoa: M.E. Opnoga, [Ix. [Tanamma
DJIeKTPOHHAs BEPCTKA, TH3alH 00I0KKH
JI.J1. KpuBuoBa

Orneuarano B OO0 «JIut6ropoy,
634055, 1. Tomck, yi. Koponéa, 4.

IMoamucano B neuars 30.12.2022 1.
dopmar 60 x 84/8. Tleuars odceTHas.
Bymara menoBannas. ['apautypa «Timesy.
Ileu. 1. 26,75. Yeu. neu. 1. 26,0.
Tupax 500 sk3. 3aka3 921.

Ilena — cBoOOHAS.
Jlara Beixoma B cet 30.12.2022.

ITpu nepeneyarke cchlIKa Ha
«bromnereHp cHOMPCKOIT MENHIMHBD) 00513aTeNIbHA.

OTBETCTBEHHOCTH 32 JOCTOBEPHOCTDH I/[H(bOpMaLII/IH,
coaep)Kameﬁcs{ B PEKIIAMHBIX MaT€puaiax, HECYT pEKIaMOIaTEIN.

© Cubupckuit rocyIapcTBEHHBII MEINIMHCKHIT YHUBEpcHTeT, 2022

r/IABHbIY PEAAKTOP
O.U. Ypazosa, uren-koppecnonoenm PAH (Tomck)

3AMECTHUTE/Ib TI/IABHOIO PEAAKTOPA:
JI.M. OropopnoBa, unen-koppecnonoenm PAH (Tomck)

HAYYHbIN PEAAKTOP
B.B. Kamoxus, npogheccop, 0-p meo. nayx (Tomck)

PEAKO//IETUA:

B.M. Anuduposa, npogheccop, 0-p meo. nayk (Tomck)
JLU. Adranac, akademux PAH (Hosocubupck)

A.A. bapanos, akademux PAH (Mockea)

A.W. Benreposckuit, npogheccop, 0-p med. nayx (Tomck)
E.I". Tpuropses, unen-koppecnonoenm PAH (MUprkymck)
A M. [lpirait, akaoemux PAH (Tomck)

M.B. 3aBbsiioBa, npogheccop, 0-p meo. nayk (Tomck)
JL.B. Kanuseuu, npogpeccop, 0-p meo. nayk (Tomck)
C.W. Kapacs, npogheccop, 0-p med. nayx (Tomck)

P.C. Kapnos, akademux PAH (Tomck)

B.U. Kucenes, uren-koppecnonoenm PAH (baprayn)
C.B. JlorBunoB, npogheccop, 0-p meo. nayx (Tomck)
AJ1. Makauapwusi, unen-koppecnonoenm PAH (Mockea)
JI.C. HamazoBa-bapanosa, akademux PAH (Mockea)
C.A. Hekpsbuios, npodeccop, d-p ucm. nayk (Tomck)
B.IL. [Ty3sipeB, akademux PAH (Tomck)

B.U. Crapony6oB, akaoemux PAH (Mockea)

E.A. CrenioBast, npocgpeccop, 0-p meo. nayx (Tomck)
A.T. TerunsikoB, npogpeccop, 0-p meo. Hayk (Tomck)
B.A. Txauyk, akademux PAH (Mockea)

[B.A. Tpydaknu, axademux PAH (Hosocubupck) |
0.C. ®enoposa, npogheccop, 0-p meo. nayx (Tomck)
U.A. Xnycos, npogeccop, 0-p meo. nayk (Tomck)
E.JI. Yottazonos, akademux PAH (Tomck)

A.T. Uyvanun, akademux PAH (Mockea)

A.B. IllabpoB, akademux PAH (Canxkm-Ilemepbype)
B.A. Ulkypynuit, akademux PAH (Hosocubupck)
M.C. Ocy6o0B, npogpeccop, 0-p xum. nayx (Tomck)

A. Antsaklis, npogheccop (I peyus)

F. Chervenak, npogpeccop (CILIA)

C. Dadak, npogpeccop (ABctpusi)

Y. Dekhtyar, npogheccop (JlarBusi)

M. Epple, npogheccop (I'epmanus)

D. Gailani, npogeccop (CILIA)

P. Odermatt (Illsetiyapus)

J. Odland (Hopeeeus)

M. Poyurovsky, npogeccop (M3panib)

V. Zhdankin, npogpeccop (CILIA)




COAEPKAHUE

CONTENTS )

OPUTMHA/IbHBIE CTATbU

bpacuna O.11., Tawupesa J1.A., Yepros B.H., leee C.M.,

Tonmaues B.M.
Bo03MOXKHOCTH MPOTHO3UpOBaHMs cTatyca peuentopa HER2/
neu B TIEPBUYHOIN OMyXONH Y OOJNBHBIX PAaKOM MOJIOYHOM Kele-
36l C NMPHUMEHEHHWEM TAapTreTHOTO PAIMOHYKIHWAHOTO Tperapara
«™Tc-DARPinG3»

bpamuwxo K.A., Jloceunosa JI.A., Heanog B.B., Kuproea A.M.,

Vghanoees A.A., Byiiko E.E., 3uma A.Il., Pabyesuu E.C.,

Kysneyosa M.B., benoycos M.B., Ilepmunosa U.B., 3vikosa M.B.
O11eHKa BIUSHUSA KETIe30COAepKaIuX cyOCTaHIMI HAa OCHOBE I'y-
MMHOBBIX BEIIIECTB Ha FeMaTOJOTHYECKHE ITOKa3aTe/I Ha MOICIN
OCTpOM MOCTreMOPpParnyeckon U aTMMEHTApHON aHEMUU

Boosun B.M., [llaxmamoe U.U., Momom A.I1.
CpaBHUTENBHBIM aHAIHU3 NPEAPACHIOI0KEHHOCTH K TpoMO00Opa-
30BaHUIO TIPU MIPUMEHEHUH U3BECTHBIX CUCTEMHBIX I'€MOCTaTHYC-
CKHUX CPEACTB U (PUOPUH-MOHOMEpA B IKCIICPHMEHTE

Boponxoea O.B., bupynuna FO.1', Heanos B.B., byiiko E.E.,

Ecumosa HU.E., I'pucopvesa A.B., Ocuxos U.A.,

Yepuviuos H.A., Momnoxoea E.A.
OCOOEHHOCTH LIUTOrPAMMBI M IIUTOKHHOBOTO MTPOQHUIIS HKUJAKOCTH
OpPOHXO0AIILBEOJISIPHOTO JIaBaXka IMPU IKCIIEPUMEHTAIbHOM MeTa-
0OJINUECKOM CHHJIPOME

Tonuaposa A.C., Konecnukog E.H., Ecopos I'1O.,

Maxcumos A.1O., [llesuenko A.H., Henomnswas E.M.,

T'sanoun J/1.10., Kypbanosa JI.3., Xooaroea /I.B., Kum C.O.,

Kavimarxyu O.1O., Cuescrko A.B.
Pa3paboTka 1 XapaKkTeprCTHKa KCEHOTPAHCIUIAaHTATOB, MOJTyYeH-
HBIX OT MAI[HEHTOB C KOJIOPEKTAIBHBIM PAKOM, JUISl TECTHPOBAHUS
HOBBIX (h)apMaKOJOTHUECKUX CyOCTaHIIU

I'paxosa E.B., Konveséa K.B., [llunos C.H., bepe3uxoea E.H.,

Ilonosa A.A., Heynokoesa M.H., Pamywmnsx E.T.,

Kanroorcun B.B., Tennsaxoe A.T.
dapMaKkoreHeTHKa B JICYCHUH aHTPALMKIMH-WHIYIHPOBAHHOM
KapMOTOKCUYHOCTH Yy JKCHIIUH O3 COIMYTCTBYIOIIUX Cepled-
HO-COCYJUCTBIX 3a00JIeBaHUI

Ivaxosa M.E., Cepebpsinas H.b., Kuproxuna J1./].,

Ocemeonsesa J1.C., Aononckuii I1.K.
MorekysipHbIe MEXaHU3MbI BOCIIANICHHSI B MATOreHE3¢ HapyIe-
HUI1 BHEIITHETO JBIXaHUs Y OOJIBHBIX TYOCPKYIC30M JICTKUX

ORIGINAL ARTICLES

Bragina O.D., Tashireva L.A., Chernov V.., Deyev S.M.,
Tolmachev V.M.
Possibilities of predicting the HER2 / neu status
in a primary tumor in breast cancer patients using
9mTc-DARPinG3

Bratishko K.A., Logvinova L.A., Ivanov V.V., Zhirkova A.M.,
Ufandeew A.A., Buyko E.E., Zima A.P,, Rabcevich E.S.,
Kuznecova M.V, Belousov M.V., Perminova L.V., Zykova M.V.
Assessment of the effect of iron-rich humic substances
on hematological parameters in the model of acute
posthemorrhagic and iron deficiency anemia

Vdovin V.M., Shakhmatov I.1., Momot A.P.
Comparative study of predisposition to thrombosis with
administration of known systemic hemostatic agents and
fibrin monomer in the experiment

Voronkova O.V, Birulina J.G., Ivanov V.V., Buyko E.E.,

Esimova LE., Grigorieva A.V., Osikhov I.A.,

Chernyshov N.A., Motlokhova E.A.
Features of the cytogram and cytokine profile of
bronchoalveolar lavage fluid in experimental metabolic
syndrome

Goncharova A.S., Kolesnikov E.N., Egorov G.Yu.,
Maksimov A.Yu., Shevchenko A.N., Nepomnyashchaya E.M.,
Gvaldin D.Yu., Kurbanova L.Z., Khodakova D.V,, Kit S.O.,
Kaymakchi O.Yu., Snezhko A.V.
Development and characterization of patient-derived
xenograft models of colorectal cancer for testing new
pharmacological substances

Grakova E.V., Kopeva K. V., Shilov S.N., Berezikova E.N.,
Popova A.A., Neupokoeva M.N., Ratushnyak E. T,
Kalyuzhin V.V., Teplyakov A.T.
Pharmacogenetics in treatment of anthracycline-induced
cardiotoxicity in women without prior cardiovascular
diseases

Dyakova M. Ye., Serebryanaya N.B., Kiryukhina L.D.,
Esmedlyaeva D.S., Yablonskiy PK.
Molecular mechanisms of inflammation in the
pathogenesis of respiratory disorders in patients with
pulmonary tuberculosis

BionneteHb cMbupckon megmuuHbl. 2022; 21 (4): 3-5 3



CopepxaHue

Usanosa E.A., /[3roman A.H., J[{eopruyenko M.B.
MecTHasi OHOCOBMECTUMOCTh U OMOXUMHUYECKHE MapKephl [IUTO-
JIM3a TeNaToIUTOB TPH MOJAKOKHONH WMIUIAHTALMH MOIHIAKTH/I-
HBIX MaTpHI]

Usanosa B.B., Munvmo U.B., Cepebpsaxosa O.H., Cyxooono H.B.
BriusiHEE TPeXIeBPEMEHHOT0 POXKACHHS KpPbIC Ha mpoudepa-
LU0 ¥ THIEPIUIAa3UI0 KapAHOMHOIIUTOB

Hcybakosa J].C., Jlumessaxos H.B., Heimoan O.C., Ycosea T.B.,
Lvinnenxosa M.IO., Munvmo U.B., Taxayoe P.M.
IMouck monuMopQHBIX BapUAHTOB KAHAUIATHBIX T€HOB WH/MBH-
JyaJIbHOU palouyBCTBUTEIEHOCTH

Konvesa K.B., Mouyna A.B., Manvyesa A.H., I paxosa E.B.,
Hlunynun B.B., I'vcakosa A.M., 3aéadosckuii K.B.
CeppedHas HEIOCTATOYHOCTb C COXpaHEHHOU (pakiyeil BHIOpo-
ca: poJib MUKPOBACKYJISIPHOU JUCHYHKIHH

Jlozsunoe C.B., Mycmaguna JI.P., Kypbamos b.K.,

Hapuviocnas H.B., Bapakyma E.IO., [lomanos A.B.
BiusiHre BHICOKOYTJIEBOIHOM BBICOKOXKUPOBOM JAMETHI HA CETUAT-
KY MOJIOJIBIX ¥ CTAPBIX KPbIC

Huxumuna M.A., Anugpuposa B.M., bpaeuna E.IO.,

babywxuna H.II., T'omboesa /I.E., Hazapenxo M.C.
CpenoBble U reHeTHYeckne (hakToOpsI prcKa 60JIe3HN
[Tapkuucona

Carmun B.B., Ilepesepmos T.A., Mypaoan I’ A., I'voxosa E.C.,
Onosa A.C., Kymsaxos B.A., Jlviukosckas E.B., Yexuwesa T.H.,
Cemuues E.B., Manunoscrkas H.A., Meoseoesa H.H.,
Maxapenxo T.A., Carmuna A.b.

D dekTsl MmIa3MeHHON KUCIOTHI HA TKAHU MaTKU KPBIC i1 Vitro

Cmaxunésa E.M., Kawumanosa E.B., [lononckas A.B.,

Cmprokosa E.B., IlIpamxo B.C., Caooscxuii E.B., Kypeysoe A.B.,

Mypawoe U.C., Yepussckuii A.M., Pacuno FO.H.
W3zydenne acconnanuii 0€IKOB B KPOBH C HAINYHUEM HECTaOMIIb-
HBIX aT€POCKIEPOTHUECKUX OJIAIIEK B KOPOHAPHBIX apTEPHIX Me-
TOZOM KOJTMIECTBEHHON MPOTCOMHUKI

Tumogpeesa T.M., Kobanasa XK./[., Caghaposa A.D.,

Kabenvo M.D.D., Tueau JK.I'
[IporHocTryeckoe 3HaUSHNE IEPUIIPOLIETYPHOI THHAMUKH Ppak-
LUK BBIOPOCA JIEBOTO JKEITyI0UYKa Y MAIMEHTOB C TIEPBBIM HH(pAp-
KTOM MHOKap/ia ¥ YpeCKOXHBIM KOPOHAPHBIM BMEUIATEIbCTBOM

Ivanova E.A., Dzyuman A.N., Dvornichenko M.V.
Local biocompatibility and biochemical profile
of hepatic cytolysis in subcutaneous implantation
of polylactide matrices

Ivanova V.V., Milto 1.V., Serebryakova O.N., Sukhodolo I.V.
Effect of preterm birth in rats on proliferation and
hyperplasia of cardiomyocytes

Isubakova D.S., Litviakov N.V., Tsymbal O.S., Usova TV,
Tsyplenkova M.Yu., Milto I.V., Takhauov R.M.
Search for polymorphic variants of candidate genes
contributing to individual radiosensitivity

Kopeva K.V., Mochula A.V., Maltseva A.N., Grakova E.V.,
Shipulin V.V., Gusakova A.M., Zavadovsky K. V.
Heart failure with preserved ejection fraction: the role
of microvascular dysfunction

Logvinov S.V., Mustafina L.R., Kurbatov B.K.,

Naryzhnaya N.V., Varakuta E.Yu., Potapov A.V.
Effects of a high-fat, high-carbohydrate diet on the retina
of young and old rats

Nikitina M. A., Alifirova V.M., Bragina E.Yu.,

Babushkina N.P, Gomboeva D.E., Nazarenko M.S.
Environmental and genetic risk factors for Parkinson’s
disease

Salmin V.V, Perevertov T.A., Muradyan G.A., Gudkova E.S.,
Epova A.S., Kutyakov V.A., Lychkovskaya E.V., Chekisheva TN.,
Semichev E.V., Malinovskaya N.A., Medvedeva N.N.,
Makarenko T.A., Salmina A.B.

Effects of plasma acid on rat uterine tissue in vitro

Stakhneva E.M., Kashtanova E.V., Polonskaya Ya.V,,
Striukova E.V., Shramko V.S., Sadovski E.V., Kurguzov A.V.,
Murashov 1.S., Chernyavskii A.M., Ragino Yu.l.
Study of associations of blood proteins with
development of unstable atherosclerotic plaques in
coronary arteries by quantitative proteomics

Timofeeva T.M., Kobalava Zh.D., Safarova A.F,
Cabello M .FE., Tigay Zh.G.
Prognostic value of short-term trajectories of left
ventricular ejection fraction in patients with first
myocardial infarction and percutaneous coronary
intervention

4 bionneteHb cMbUpckor megnuuHbl. 2022; 21 (4): 3-5



CopepxaHue

Yypuna E.I', [lonosa A.B., Ypasosa O.H., [lamviwesa M.P,
Konobosnuxosa FO.B., Yymaxoea C.I1.
Dkcmnpeccus ckaBeHkep-penentopos CD163, CD204 u CD206
Ha Makpodarax y 60JIbHBIX TYOEpKyJIe30M JIETKUX

OB30Pbl U IEKLNUU

banabanosa A.A., Kypaswcos A.11., 3aéadosckas B /.
VYnberpasBykosas nuarnoctuka COVID-19-acconmmnpoBaHHBIX
THEBMOHMI

Kapnaywruna M.A., Ceupuoos @.C., Kopuaeun B.U.,
Canamauxuna C.A., Bacunvesa U.C., Jlumeunosea M.M.,
Bayux-T'opoodeyxaa M.B.
I'enernyeckue GakTOPbI PUCKA TSHKEIOTO TEUCHHS THEBMOHHH:
cucTeMaTnueckuit 0630p

Hepwuna A.I', Hesckas K.B., Mopo3zog K.P., Jlumeéaxoe H.B.
Mertozpl ouenku BiausHust MUKpoPHK Ha rensl cTBonoBoit mia-
CTUYHOCTH

Topsoun I'B., 3axeamos A.H., [lapwuna A.1O.
[NaroreneTnueckne acreKThl B3AMMOCBSI3H XPOHUUECKOTO TeHe-
paIM30BaHHOrO MAPOJOHTUTA U TICOPHATHIECKOTO apTpHUTa

Yacoeckux H.IO., Yuocuk E.E.
BuonH(bopManoHHbIH aHaTH3 OHONOTHYECKUX MTyTEH MPH UIlle-
MHUYCCKOU 00JIe3HH cep/ilia U 00sie3HH AJibLrelimepa

C/NIYYAM U3 KIMHUYECKOWM MPAKTUKU

Temenesa A.B., UYepnasckas I'M., becnanosa U /1.,
Cropoxooosa T.B., Kowasyesa FO.HU., Paouonos /{.H.,
Kanoocuna E.B., Pomanos JI.C., Paouonosa E.B.,
Yemiworcanuna E.A., Cmenanos U.A.,
Kapmanosa A.B., T'onybsimuukoea E.B.
Kinauyeckue 0COOSHHOCTH TeUEHHSI MyKOBHCIIHA03a Ha (OHE
OEpPEeMEHHOCTH U POJIOB

IOBU/IEN

K 70-neruto co aust poxxaenus akagemuka PAH Esrenus JIxama-
LpIpeHoBUYa YoHH30HOBA

Vmennoii ykazarens 21-ro Toma

Bulletin of Siberian Medicine. 2022; 21 (4): 3-5

Churina E.G., Popova A.V., Urazova O.1L, Patysheva M.R.,
Kolobovnikova Ju.V., Chumakova S.P.
Expression of scavenger receptors CD163, CD204, and
CD206 on macrophages in patients with pulmonary
tuberculosis

REVIEWS AND LECTURES

Balabanova A.A., Kurazhov A.P, Zavadovskaya V.D.
Lung ultrasound in the diagnosis of COVID-19-
associated pneumonia

Karnaushkina M.A., Sviridov P.S., Korchagin VI,
Salamaikina S.A., Vasilyeva LS., Litvinova M.M.,
Vatsik-Gorodetskaya M.V.
Genetic factors contributing to a severe course of
pneumonia: a systematic review

Pershina A.G., Nevskaya K.V., Morozov K.R., Litviakov N.V.
Methods for assessing the effect of microRNA on
stemness genes

Poryadin G.V., Zakhvatov A.N., Parshina A.Yu.
Pathogenetic aspects of the development of psoriatic
arthritis in people with generalized chronic periodontitis

Chasovskikh N.Y., Chizhik E.E.
Bioinformatic analysis of biological pathways
in coronary heart disease and Alzheimer’s disease

CLINICAL CASES

Teteneva A.V., Chernyavskaya G.M., Bespalova 1.D.,
Skorokhodova TV., Koshchavtseva Yu.l., Radionov D.I.,
Kalyuzhina E.V., Romanov D.S., Radionova E.V,
Ustyuzhanina E.A., Varfolomeeva I.A., Stepanov I.A.,
Karmanova A.V., Golubyatnikova E.V.
Clinical features of the course of cystic fibrosis during
pregnancy and childbirth

JUBILEES

On the 70" birthday of Evgeny L. Choinzonov,
the Academician of the Russian Academy of Sciences

Authors Index of the 21" Volume



ORIGINAL ARTICLES

YK 618.19-006.6-021.3:577.171.6]-037:615.849
https://doi.org/10.20538/1682-0363-2022-4-6-12

Possibilities of predicting the HER2 / neu status in a primary tumor
in breast cancer patients using **"Tc-DARPinG3

Bragina O.D."? Tashireva L.A.', Chernov V.l."?, Deyev S.M.>3, Tolmachev V.M.>*

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

? National Research Tomsk Polytechnic University
30, Lenina Av., 634050, Tomsk, Russian Federation

3 Shemyakin — Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences
16/10, Miklukho-Maklaya Str., 117997, Moscow, Russian Federation

*Uppsala University
7, Dag Hammarskjolds vig, Segerstedthuset, 75236, Uppsala, Sweden

ABSTRACT

Aim. To determine informative prognostic criteria for assessing the HER2 / neu status in primary breast cancer
using *“"Tc-DARPinG3.

Materials and methods. The study included 10 patients with breast cancer (T, N, ,M,) before systemic therapy,
who underwent a radionuclide study using *"Tc-DARPinG3 at a dose of 3,000 pg. Five patients were characterized
by HER2 / neu overexpression in primary breast cancer, whereas 5 patients were HER2-negative. For all patients,
morphological and immunohistochemical studies and fluorescence in situ hybridization (FISH) of the primary tu-
mor nodule were carried out. Single-photon emission computed tomography (SPECT) of the chest was performed
for all patients 4 hours after the injection of *"Tc-DARPinG3.

Results. The total activity of *"Tc-DARPinG3 was 522.4 + 341.8 MBq. The comparative analysis showed that
higher uptake of the labeled protein in HER2-positive breast cancer was significant (p = 0.0159, Mann — Whitney
U test). The analysis of the ratios showed significant differences in the tumor-to-background ratios in patients with
HER2-positive breast cancer (p < 0.0159, Mann — Whitney U test). Based on the logistic regression analysis, a
mathematical model was developed to predict the status of HER2 / neu in primary breast cancer patients (specificity
and sensitivity 100%; p = 0.0004) using *"Tc-DARPinG3 at a dose of 3,000 mcg 4 hours after the injection of the
radiopharmaceutical.

Conclusion. The results of the study allow to consider the tumor-to-background ratio 4 hours after the injection of
PmTc-DARPInG3 as an additional prognostic parameter for determining the HER2 / neu status in primary breast
cancer.

Keywords: breast cancer, radionuclide diagnosis, alternative scaffolds, DARPinG3, HER2 / neu
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PE3IOME

Hens. Onpenennts HHPOPMATHBHBIE IIPOTHOCTHYECKNE KpPUTEpUH JuIst olfeHkH ctaryca HER2/neu B nepBuuHOM
OIyXOJIH Y OOJIBHBIX pakoM Moso4HOit xkene3bl (PMIK) ¢ npumenennem paguodapmipenapara «*"Tc-DARP-
inG3».

Matepuanel u Meroabl. B pa6oty Bkmouenst 10 6ompaprx PMIXK (T, N M), KOTOpBIM 110 Ha4aua CHCTEM-
HOTO JICUSHHUS BBIMONHIOCh PAIHOHYKIHIHOE HCCIeq0BaHue ¢ npuMeHenneM mpemapata «”"Tc-DARPIinG3»
B JIO3UPOBKE OCHOBHOTO BemiecTBa 3 000 MKT: y MATH MalMeHTOB ObLTa BBIsSBIEHa rumnepakcnpeccuss HER2/neu
B TIEPBUYHOIl OITyXOJI MOJIOYHOM >KelNe3bl, y MATH — HeT. Bo Bcex cirydasx mpoBOAMINCE MOP(OIOTHIECKOe U
MMMYHOTHCTOXUMHIYECKoe rccienoBanns U FISH-anann3 TkaHM OCHOBHOTO OIyXo0JeBoro y3ina. Yepes 4 4 mocine
BBEJICHNS IIpeTiapaTa BceM OOJIFHBIM BBINOTHSIACH OAHO(GOTOHHASI KOMITBIOTEpHAst TOMOTrpadust OpraHoB rpyJHON
KIIETKH.

Pesyabrarel. Cymmaprast akTuBHOCTH mpemnapata «”"Tc-DARPinG3» cocrasuina 5224 + 341,8 Mbk. Ilpu
CPaBHHUTEILHOM aHAJIN3€ CTATUCTHYECKU 3HAYMMBbIM SBIISUIOCH 00JIee BBICOKOE HAKOIIGHHE MEYEHHOTO IPOTEHHA
B HER2-mo3utuBHBIX omyxonsx MojouHoi xene3sl (p = 0,0159, U-xkpurepuit Manna — YuTHuH). AHamu3
COOTHOILICHHH MPOJEMOHCTPUPOBAJ 3HAYMMBbIE Pa3iIMYUsl MOKa3aTeNs OIyXoib/(hoH y OONBHBIX B MOATPYIIE C
HER2-1o3uTHBHBIMH OIyXO0JIIMH MOJIOUHOM kenessl (p < 0,0159, U-kpurepuit Manua — Yutuu). Ha ocHoBanuu
HPOBEJEHHOTO UCCIIEIOBAHUS C IPHMEHEHHEM METO/A JIOTUCTHYECKOH perpeccuu pazpaboTaHa MaTeMaTH4ecKast
MoJieNb Ui Iporuo3upoBanus cratyca HER2/neu B nepBuunoii onmyxonu y 6onbHeIx PMIK (cneunpuyuHoCTs U
qyBcTBUTeNbHOCTE 100%; p = 0,0004) npu ncnons3oBanuu npenapara «”"Tc-DARPinG3» B gozuposke 3 000 Mkr
yepes 4 4 rnocje BBEACHUS.

3akia0yenne. Pe3ynbTaThl JAHHOTO HCCIIEIOBAHMUS MO3BOJISIIOT PacCMaTPHUBATh ITOKa3aTeNlb OIyXOJb/(oH dyepes3
4 v nocne BBenenus npemnapara «°"Tc-DARPinG3» B kadecTBe JOMOJHHUTEIBHOIO MEPCIIEKTUBHOTO MapamMeTpa
qutst onpezenenus craryca HER2/neu B mepBuuHoit onmyxonu y 6oabpHbIX PMK.

KitroueBble cj10Ba: pak MOJIOYHOM KeJe3bl, PAJHOHYKIIH/IHAS IMATHOCTHKA, AbTEPHATUBHBIC KApKAaCHbIC OCJIKH,
DARPinG3, HER2/neu
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KoHduuKT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M IOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThU.

Hcrounuk ¢unancupoBanusi. PaGora BhmonHeHa B paMkax IpaHTa MUHHCTEPCTBA HAayKH M BBICIIETO
obpa3oBanus 1o TeMe «Pa3paboTka TapreTHHIX MOJEKYJ Ha OCHOBE KapKacHBIX OENKOB JUISl THArHOCTHKU H
Teparnuy 3JI0Ka4yeCTBEHHBIX HOBOOOPA30BaHMUI: TepaHOCTHUECKUH oaxo» (cornanrenue Ne 075-15-2022-1103).

CooTBeTcTBHE NPUHIMIIAM dTHKH. Bce manueHTs! moanucam HHOOPMHPOBAHHOE COTJIACHE HA yYacTHE B HC-
cinenoBanuu. VccnenoBanue onoopeHo onostndeckum komurerom HUU onkonorun Tomckoro HUMII.

Jna uutupoBanus: bparuna O.[]., Tamupesa JI.A., YUepnos B.U., [lees C.M., Tonmaue B.M. Bozmoxuoctu
NIPOrHO3MpOBaHKs cTatyca perentopa HER2/neu B mepBu4HOit omyxonn y GOJIBHBIX paKOM MOJIOYHOI JKeJe3bl ¢
MPUMEHEHHEM TapreTHOTO PaJHOHYKIHIHOTO npenapata «*"Tc-DARPInG3». Broiemens cubupcrkoi meouyunbl.
2022;21(4):6—12. https://doi.org/10.20538/1682-0363-2022-4-6-12.

INTRODUCTION

HER2-positive breast cancer (BC) is diagnosed in
more than 20% of BC cases. This cancer subtype is
characterized by an unfavourable prognosis and a high
risk of distant metastasis. High expression of HER2
/ neu is a predictor of tumor sensitivity to specific
(targeted) therapy, which requires strict selection of
BC patients [1, 2].

Immunohistochemistry (IHC) and fluorescence in
situ hybridization (FISH), currently used in clinical
practice, do not have optimal characteristics for
determining the HER2 / neu status. In particular, they
do not allow for a simultaneous study of the state of a
primary tumor and regional and distant metastasis, as
well as for determination of molecular characteristics
of detected tumor growth areas. This fact is of
particular importance in terms of heterogeneity
of HER2 / neu expression in primary tumors and
metastatic sites, which can occur in 6-48% of cases.
Harvesting material for a morphological examination
in this case is not always technically possible or may
result in serious complications [3, 4].

One of the modern directions in determining the
HER?2 / neu status is targeted radionuclide diagnosis
using alternative scaffolds [5-7]. DARPinG3
molecules, which are ankyrin repeat proteins, belong
to scaffolds [8, 9]. Results of phase I clinical trials of
9mTc-DARPinG3 in BC patients revealed the absence
of complaints and toxic effects on the patient’s body
throughout the entire follow-up and higher uptake
of the compound in HER2-positive BC. Besides, the
optimal dose of the protein (3,000 pg) and the optimal
time interval for the study after administration of the
radiopharmaceutical (4 hours) were determined [10].

To continue the study in the subgroup of patients
who received DARPinG3 at a dose of 3,000 pg,

we conducted an additional analysis to identify
prognostic criteria and the cut-off value for the tumor-
to-background ratio for *™Tc-DARPInG3 to assess
the HER2 / neu status in primary BC.

The aim of the study was to determine informative
prognostic criteria for assessing the HER2 / neu status
in primary BC patients using 99mTc-DARPinG3.

MATERIALS AND METHODS

The clinical trial was registered on ClinicalTrials.
gov (Identifier: NCT04277338) and approved by the
Bioethics Committee at Cancer Research Institute of
Tomsk NRMC (Protocol No. of ). The study included
10 BC patients (T1-3N0-1MO) who underwent
a radionuclide study using *™Tc-DARPinG3 at
a dose of 3,000 pg 4 hours after the injection of
the radiopharmaceutical: 5 patients had HER2
overexpression, while 5 patients were HER2-negative.

All patients underwent a standard morphological
examination and IHC of breast tumors; verification
of axillary lymph node metastasis was carried out by
cytology. IHC was performed according to a standard
procedure; Dako oncoprotein c-erbB-2 antibodies
were used. The expression of HER2 / neu was
assessed according to the American Society of Clinical
Oncology (ASCO) guidelines adopted in 2018 [1].

9mTc-DARPInG3 was prepared in sterile conditions
atthe Department of Radionuclide Diagnosis of Cancer
Research Institute, Tomsk NRMC using the “CRS
Isolink™ kit (Center for Radiopharmaceutical Science,
Paul Scherrer Institute, Villigen, Switzerland).
Purification of the radiopharmaceutical was performed
using NAP-5 columns (GE Healthcare, Sweden).
After the purification, **Tc-DARPInG3 was diluted
to 10 ml with a sterile 0.9% sodium chloride solution,
filtered, and slowly injected to the patient [9].
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Single-photon emission computed tomography
(SPECT) of the chest was conducted in the supine
position 4 hours after the injection. SPECT acquisition
included 32 projections. The data were evaluated using
the E. Soft software package (Siemens, Germany) with
determination of the radiopharmaceutical uptake in
the primary breast tumor, the same area in the opposite
breast, and the area projected at the latissimus dorsi
and liver by outlining the region of interest (ROI)
on axial slices with the best visualization (v = 3.53
cm?®). Tumor-to-background ratio (TBR), tumor-to-
latissimus dorsi ratio, and tumor-to-liver ratio were
calculated.

Statistical processing of the results was carried
out using the STATISTICA 10.0 software package
and Prism 9 (GraphPad, USA). The normality of
distribution of variables was checked using the
Shapiro — Wilk test. Taking into account non-normal
distribution of the studied quantitative variables, the
nonparametric Mann — Whitney test was used to
assess the significance of differences for independent
samples. The results were presented as the median and
the interquartile range Me [Q ~Q,]. The prognostic
value of the studied parameters was assessed using
the ROC analysis. The logistic regression analysis
was used to assess the risk. The differences were
considered statistically significant at p < 0.05.

RESULTS

The activity of *™Tc-DARPinG3  before
administration to the patient was 522.4 + 341.8 MBq.
The comparative analysis of *"Tc-DARPinG3 uptake
revealed that higher uptake of the radiopharmaceutical
in primary breast tumors with HER2 / neu
overexpression (p = 0.0159, Mann — Whitney U test)
was significant (Table 1, Fig. 1).

Table 1

Comparative analysis of “"Tc-DARPinG3 uptake in breast
cancer patients 4 hours after the injection, Me [0 —0,]

% HER2-negative breast | HER2- positive breast
"Tc-DARP-
. tumors (total number of | tumors (total number of
inG3 uptake . .
impulses) impulses)
835.0 8,184.0
Tumor (654.5-2,534.0) (5,174.0-13,453.0)
p=0.0159
450.0 (81.0-1,206.0 413.5 (391.5-566.0
Background ( > p): (1.9048 ( )
Latissimus 183.0 (58.0-790.5) | 390.5 (298.8-588.0)
dorsi muscle p=0.7302
1,060.0 4,481.0
Liver (690.5-6,421.0) (2,300.0-5,126.0)
p=0.2857

Analysis of the *"Tc-DARPinG3 uptake ratio
demonstrated significant differences in the tumor-to-
background ratio in patients with HER2-positive BC
(» <0.0159, Mann — Whitney U test) (Table 2, Fig. 2).

Table 2

Tumor-to-background ratio, tumor-to-latissimus dorsi ratio, and
tumor-to-liver ratio in breast cancer patients 4 hours after the
*"Te-DARPInG3 injection, Me [Q, O]

Parameter HER2-negative HER2- positive
breast tumors breast tumors
Tumor-to-background 2.4 (1.8-8.0) 15.3 (12.6-32.0)
ratio »=0.0159
Tumor-to latissimus 4.5(3.2-12.8) | 22.5(9.4-45.1)
dorsi ratio p =0.0635
. . 08(0.4-1.1) | 23(1.0-5.6)
Tumor-to-liver ratio
p=0.0635

Additionally, to determine the prognostic value of
the tumor-to-background ratio in assessing the HER2
/ neu status in the primary tumor, we constructed ROC
curves following the ROC analysis. The area under
the curve (AUC) was 1.000 (95% confidence interval
(CT) 1.000-1.000), p < 0.0143. The cut-off value was
10.39, sensitivity was 100.0%, and specificity was
100.0% (Fig. 3).

The logistic regression analysis revealed that
the tumor-to-background ratio of more than 10.39 4
hours after the injection of *"Tc-DARPiInG3 at a dose
of 3,000 ug was a prognostic factor for the positive
HER?2 / neu status in primary BC patients (Chi-square
=12.36, p =0.0004). The sensitivity and specificity of
the model were 100%.

CONCLUSION

Determining the HER2 / neu status is an essential
component for the prescription of optimal systemic
therapy for BC patients. Unfortunately, despite a
big number of currently used diagnostic techniques,
they cannot simultaneously analyze the spread of the
tumor in the patient’s body and assess the molecular
characteristics of the detected metastatic sites. Rapid
development of targeted radionuclide imaging
methods and addressing the potential of this research
method at international scientific and clinical sites
have significantly expanded the understanding of the
role of this technique in the diagnosis of patients with
BC and confirmed its potential.

In particular, the first clinically tested scaffold
(a novel group of synthetic proteins with optimal
properties for delivering a radionuclide to a tumor
cell) was the affibody molecule. Radiolabeled '''In-
ABY-025 and ®Ga-ABY-025 demonstrated its
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effectiveness in SPECT / CT and PET for diagnosing
metastatic BC with HER2/neu overexpression [11,
12]. A phase I clinical radionuclide study on alternative
scaffolds in the diagnosis of HER2-positive BC was
performed at Tomsk Polytechnic University and
Tomsk NRMC using the synthetic ADAPT6 molecule
labeled with technetium-99m (*"Tc-ADAPT6) [13,
14]. The results demonstrated good tolerability of
9mTc-ADAPT6 and its high diagnostic efficiency in
determining the HER2 / neu status in BC [15].

The present work is a continuation of the study
using another alternative scaffold — the DARPinG3
molecule labeled with technetium-99m (*™Tc-
DARPinG3) with tropism to HER2 / neu. The results
obtained during the recently completed phase I
clinical trials also demonstrated good tolerability of
mTc-DARPInG and its potential use for visualization
of tumor sites in the breast, axillary lymph nodes, and
visceral organs. This fragment of the study allowed
to identify the most informative parameters for
determining the HER2 / neu status in BC.

In particular, the tumor-to-background ratio in
the mathematical model allows to predict the status
of HER2 / neu in primary BC patients with high
sensitivity and specificity (100 and 100%, respectively,
p = 0.0004). Besides, it allows to consider the tumor-
to-background ratio 4 hours after the injection of
the radiopharmaceutical as an additional prognostic
criterion for determining the HER2 / neu status in this
group of patients.
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ABSTRACT

Aim. To assess the effect of iron-rich humic substances on hematological parameters in acute post-hemorrhagic
and iron deficiency anemia.

Materials and methods. Materials for the study were samples of iron-rich active pharmaceutical ingredients based
on humic substances (Fe(IIT) hydroxide complexes with humic substances and polymaltose): HA-Fe’*, HA-PM-
Fe’*, FA-Fe¥, and FA-PM-Fe’**. The anti-anemic activity of the substances was studied on 53 female Wistar rats of
the conventional rat line in the model of acute posthemorrhagic and iron deficiency anemia. Anti-anemic activity
was assessed by the hemoglobin level, erythrocyte count, hematocrit, and serum iron level.

Results. The studied substances HA-Fe* and FA-Fe*" are the most effective in correcting the consequences of both
experimental acute posthemorrhagic anemia and iron deficiency anemia. Their effect is comparable to that of the
positive control drug Ferrum Lek.

Conclusion. Fe(III) hydroxide complexes stabilized by humic and fulvic acids exhibit anti-anemic activity.

Keywords: acute posthemorrhagic anemia, iron deficiency anemia, humic substances, ligands, Fe(IlI) hydroxide
complexes
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OueHKa BNUAHNA XenesocoaepKalmx cy6craHLMin Ha OCHOBe 'YMUHOBbIX
BelyecTB Ha remaToNiornyeckne noKasarenm Ha moaenn ocTpon
nocrremopparn4yeckonm v aJimMMeHTapHoOn aHeMumn

BbpaTtunwko K.A.", JloreuHoBa J1.A.", UBaHoB B.B.', XKupkosa A.M.?, YpaHpeeB A.A.',
Bbynko E.E.", 3uma A.I.", Pa6bueBuny E.C." 3, KysHeyoBa M.B.', Benoycos M.B.’,
Mepmunosa U.B.?, 3bikoBa M.B.'

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

2 Mockoeckuti 2ocyoapcmeennviil yuusepcumem (MIY) um. M.B. Jlomonocosa
Poccus, 119991, o. Mockea, Jlenunckue 2opwi, 1

3 Hayuonanvnulil ucciredosamenvekuil Tomexuil 2ocyoapemeennviii ynusepcumem (HH TI'Y)
Poccus, 634050, 2. Tomcxk, np. Jlenuna, 36

PE3IOME

Ileb. OLEHUTH CTENEHb BIUSHUS XKeNe30CoAepiKaIluX cyOCTaHIMI Ha OCHOBE TYMHUHOBBIX BEILECTB HA TeMaTo-
JIOTHMYECKHE TT0Ka3aTeIM IPU OCTPOI TOCTreMOpparuueckoi 1 alMMEHTapHOH aHeMHUH.

Marepuasbl 1 MeToabl. OOpa3Ibl JKeIe30CoIepIKalINX aKTUBHEIX (papMaleBTHUECKUX CyOCTaHIMI Ha OCHOBE
TYMUHOBBIX BemiecTB (komruiekcsl ruppokcnia Fe(Ill) ¢ rymMuHOBBIMEU BemecTBamMu ¥ noimmainbrozaToM): I'K-
Fe’*, TK-TIM-Fe*", ®K-Fe** u ®K-TIM-Fe**. TIpoTuBoanemuyeckasi akTHBHOCTh CyOCTaHIMI HCCIe0BaHa Ha 53
caMKax KpbIC IMHUY BucTap KOHBEHIIMOHAIBHON KaTErOpHH Ha MOJIEJIU OCTPOH OCTreMOpparuyeckoil U aluMeH-
TapHOi aHemuH. [IpoTrBOaHEMHYeCKast aKTHBHOCTB OLICHEHA IO TI0Ka3aTelsIM: YPOBEHb IeMOIIOOHHA, Co/lepika-
HUE YPUTPOLUTOB, FEMATOKPUT U YPOBEHb CHIBOPOTOYHOIO XKeJIe3a.

Pesyabrarel. Mccnenyemsie BemectBa ['K-Fe*' u O®K-Fe'* smisiorcst Hanbosnee 3p(heKTUBHBIMU B KOPPEKIIUH
TIOCIIC/ICTBUH KaK HKCIIEPUMEHTAILHON OCTPOi ITOCTreMOpparnieckoi aHeMuH, Tak U aTMMEHTapHOU aHeMuH. Vx
3¢ deKT conocTaBuM ¢ IMpernapaToM MOJI0KUTEIFHOT0 KOHTpoust «Deppym Jlex».

3akimouenne. Kommiekcs! ruapokcuaa Fe(Ill), crabunn3upoBaHHbIe TYMHUHOBBIME KHCJIOTAMHU M (QyITBBOKHCIIO-
TaMH, MPOSBIISIOT aHTHAHEMUYECKYIO aKTHBHOCTb.

KuaroueBble ci10Ba: ocTpasi MOCTreMOpparnieckas aHeMHusl, yxKene30/1eUIIMTHAST aHEMHUs1, TYMHUHOBBIE BEIECTBa,
JIUTaHIBI, KOMIUTEKCH ruapokcuna Fe(11D)

KOH(‘I).]'IP[KT HHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IGI71 HaCTOHIJ.[efI CTaTbU.

Hcrounux ¢puHancupoBanus. Pabora BhINMONHEHA NPH (UHAHCOBOI MOJIEPIKKE IOCYIapCTBEHHOTO 3a/IaHUs
Munuctepcersa 3apaBooxpanerust PO (Ne 056-00071-22-02).

CooTBeTCTBHE NPUHIMIIAM 3THKH. DKCIEPUMEHTBI Ha JKUBOTHBIX COOTBETCTBYIOT 3THYECKUM HOPMaM U MPUH-
unaM OGMOMEIMIIMHCKUX UCCIIeA0BaHUN U 0100peHs! aTnyeckuM komuteToM Cubl’ MY (mpotokon Ne 8461/1 ot
05.11.2020).

Jns uurupoBanusi: bparumko K.A., JlorsunoBa JI.A., Banos B.B., XXupkosa A.M., YdanneeB A.A., byii-
ko E.E., 3uma A.Il., Pabuesnu E.C., Ky3znenosa M.B., benoycos M.B., IlepmunoBa 1.B., 3pikoBa M.B. Onen-
Ka BIIMSHHS JKEIe30COAEpKAMNX CyOCTaHIIMH Ha OCHOBE I'yMHHOBBIX BEIIECTB Ha T€MaTOIOTHYECKHE IMOKa3a-
TEJIM HAa MOJENH OCTPOW MOCTIEMOPpPAruueckoll W aluMEHTAapHOW aHeMUU. broiemens cubupckol mMeouyuHs.
2022;21(4):13-19. https://doi.org/10.20538/1682-0363-2022-4-13-19.
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INTRODUCTION

High biological value of iron and significance of
this transition metal and its compounds are proven
by high abundance of iron in nature in general and in
living beings in particular (as it is a cofactor of more
than 70 metalloenzymes and porphyrins), electron-
donating and electron-withdrawing properties of
its ions, and its participation in complex metabolic
pathways  (hematopoiesis, glycolysis, cellular
respiration, detoxification, etc.) [1-3]. Functional
iron deficiency (mainly, in the composition of
hemoglobin) and decreased iron in macrophages
and hepatocytes contribute to the emergence of iron
deficiency anemia (IDA), which is diagnosed in
almost every tenth person in the world, according to
WHO [4-7].

The clinical significance of IDA is associated not
only with the pandemic prevalence, but also with
the adverse effect of IDA on the most vulnerable
to this disease age groups, including children,
women of reproductive age, pregnant women, and
the elderly [3—15]. They have a history of growth
retardation, hydrops, premature and complicated
births, inflammatory processes, decreased physical
activity and disability, cognitive impairment, mental
impairment, etc. [6, 7, 10].

Long-term oral iron therapy is one of the
fundamental principles of sideropenia therapy,
set forth by L.I. Idelson back in the 1980s [3] and
described in the Russian “Clinical guidelines for
Iron Deficiency Anemia Management 2020”7 [3].
Moreover, patients should not discontinue to take
drugs when the hemoglobin level and the erythrocyte
count are restored. Instead, they should continue
taking medications in the adjusted dose until the
iron level is restored, which should last for at least
6 months.

Currently, the pharmaceutical market has more
than 30 monocomponent and combined drugs of
ferrous (mainly sulfate) and trivalent iron (hydroxide
polymaltose complex) and about 70 multivitamin
drugs [3]. Due to various chemical structure, iron
preparations can differ significantly in terms of
bioavailability. Absorption of iron(Il) (in the form of
sulfate and fumarate) occurs along a concentration
gradient in the intestinal region (passive diffusion)
and exceeds the rate of adsorption of iron(IIl), which
ultimately can increase the level of serum Fe?* and
cause intensification of oxidative processes (oxidative
stress in the gastrointestinal tract is observed in more
than 20 % of patients) [3, 6, 8, 10].

Moreover, adverse drug reactions take place, such
as erythema, a metallic taste in the mouth (as severe
as ulceration of the mucous membrane), darkening of
tooth enamel and gums, dyspepsia (nausea, vomiting,
diarrhea, constipation, etc.), and epigastric pain [3, 10].
Low digestibility of trivalent iron ions is associated
with their ability to hydrolyze in the gastrointestinal
tract with the formation of a precipitate. The iron(III)-
hydroxide polymaltose complex (the active ingredient
of such drugs as Ferrumlek, Maltofer, Ferinject)
is a promising molecule among the compounds of
iron(Ill), as it overcomes the enterocyte membrane
barrier by means of active transport, therefore, the risk
of siderosis development is reduced [6]. Moreover,
it is redox — inert and does not interact with food
components and other drugs [4]. Its only drawback is
that patients may develop allergic reactions, which can
be as severe as anaphylactic shock [3, 8]. Therefore,
there is an urgent need to search for new promising
ligands for iron(IIl) ions used for prevention and
therapy in manifest iron deficiency, which include
humic substances (HS) [16-23].

HS are refractory polydisperse copolymers, which
are carriers of a large number of functional groups,
including carboxyl, phenolic, quinoid, amide, ester,
ether, etc. [16]. Polyfunctionality, developed inner
surface, and, consequently, high reactivity (the ability
to participate in ionic, redox reactions, van der Waals
interactions, etc.) determined the affinity of HS to
cells of various organs and systems, and their natural
origin ensured safety, the absence of toxic effects in
large concentrations, and a mild effect on metabolic
processes at the cellular, organ, and organ system
levels. Due to all this, HS are used as hepatoprotectors,
anti-inflammatory and immunomodulatory agents
[17], antihypoxants, antioxidants [18, 19], and
detoxification and anti-allergic agents [20].

This class of natural biomolecules is now actively
studied in a wide range of research areas because
of the ability of HS to act as polydentate ligands
due to electron-donating groups and slow down the
migration of toxic metals in natural biological media.
At the same time, a number of studies established a
strong correlation between metal toxicity and the
capacity of HS to bind metal ions [21, 22]. HS can
act not only as effective chelate sorbents [23], but
also as carriers of biogenic metals (namely, iron) in
an easily accessible complex form, which, along with
the absence of enzymatic systems in the body that
metabolize them, contributes to a longer therapeutic
effect.
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In this regard, the aim of this study was to assess
the effect of iron-containing active pharmaceutical
ingredients (API) based on complexes of iron(IIl)
hydroxide with HS on hematological parameters in the
model of acute posthemorrhagic and iron deficiency
anemia.

MATERIALS AND METHODS

In the experiment, samples of iron-containing API
based on HS (complexes of iron(IIl) hydroxide with HS
and polymaltose) were synthesized in the Laboratory of
Natural Humic Systems of the Department of Medical
Chemistry and Fine Organic Synthesis, Faculty of
Chemistry, Lomonosov Moscow State University:
HA-Fe** (with potassium humate), HA-PM-Fe** (with
potassium humate and polymaltose (1 : 1)), FA-Fe**
(with fulvic acid), and FA-PM-Fe** (with fulvic acid
and polymaltose (1 : 1)). The first stage of the study
involved screening of the anti-anemic properties
of the substances in order to find the most effective
candidate drugs to treat acute posthemorrhagic anemia
(APHA) and was performed on 30 female Wistar rats
of the conventional rat line (weighing 270-310 g).
The animals were kept, cared for, and treated in
accordance with the recommendations of international
ethics committees. The protocol of experiments
carried out in this study complied with the ethical
standards and principles of biomedical research and
was approved by the Ethics Committee at Siberian
State Medical University (Protocol No. 8461/1 of
05.11.2020).

At the first stage, the animals were randomly
divided into 6 experimental groups; in each group,
APHA was caused by blood loss (the sample volume
of the collected biofluid was 1.5 % of body weight)
[24]. Interspecies dose conversion was performed to
calculate the dose of iron to be administered [25]. The
animals of group 1 (control, n =5) were intragastrically
injected with 1 £ 0.1 ml of purified water for 5 days
after acute blood loss. The animals of group 2 were
intragastrically injected with the reference listed drug
Ferrum Lek® syrup (Slovenia) at a dose of 17 mg / kg
of elemental iron (n = 5 positive control, control-3).
The animals of groups 3, 4, 5, and 6 (n = 5) were
intragastrically injected with iron-containing APIs
based on HS (HA-Fe**, HA-PM-Fe*", FA-Fe*", FA-
PM-Fe*', respectively) at a dose of 17 mg / kg of
elemental iron for 5 days. Blood from the caudal
vein of the animals of all groups was taken on day
6, euthanasia by CO, asphyxiation then followed.
Next, hematological tests of the collected biological

material were performed to assess hemoglobin level
(HGB), g/ 1; erythrocyte count (RBC), *10*/ pl, and
hematocrit (HCT), %. Spectrophotometry was used to
determine the content of serum iron (reagents “Vector-
Best” (Novosibirsk), spectrophotometer SF-2000
(Russia)).

Atthe second stage, we studied the effect of the most
effective preparations based on HS, identified during
the first stage of the experiment, on the course of IDA.
A total of 23 female Wistar rats of the conventional rat
line weighing 216-256 g were used in the experiment.
During 4.5 months, part of the animals (5 animals)
had unlimited access to complete feed with a normal
iron content (76.8 png / g), and 18 female rats received
ad libitum diet with a low iron content (28.2 pg / g).
After 4.5 months, the main hematological parameters
were measured in all animals (see above). After that,
five animals were intragastrically injected with 1 £0.1
ml of purified water for 14 days. The other 18 animals
with developed anemia were divided into three groups
(n = 6), and in the next 2 weeks of the experiment,
they continued to receive a low-iron diet while getting
daily intragastric injections of the reference listed drug
Ferrum Lek® syrup (Slovenia), HA-Fe*, and FA-
Fe*', respectively. The iron content in Ferrum Lek®,
HA-Fe*', and FA-Fe*" was 17 mg / kg of elemental
iron. After that, blood was taken from the caudal vein
(followed by CO, asphyxiation), and morphological
and biochemical parameters were measured (see
above).

Statistica 8.0 (StatSoft Inc.) was used for the
statistical data analysis. Methods of non-parametric
statistics were used in the study: namely, the Friedman
and Kruskal — Wallis tests. For each sample, we
calculated the mean value X and the error of the mean
SE. Differences between observations / groups were
considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

Following the data analysis, it was found that acute
blood loss in rats of the control group led to a drop
in the studied hematological parameters. At the same
time, these parameters did not reach the corresponding
baseline values when purified water was used further
on in the experiment. In the group of the positive
control (after APHA, the reference listed drug Ferrum
Lek® was used), a significant increase in hemoglobin,
hematocrit, and RBC levels was observed compared
with animals in the control group, but the parameters
also did not reach the baseline level (p < 0.05)
(Table 1).
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Table 1
Hematological parameters after 5 days of the experiment, X + SE
Before a course of medication (control-1) After a course of medication
Group HGB, HCT, RBC, Fe, HGB, HCT, RBC, Fe,
g/l % x103/mel | pmol/1 g/l % x103/mel | pmol/1
Water, n =5 (control-2) 176.9+2.0 | 45.1+0.8 | 8.1+0.1 61.7+2.2 | 1494+2.1"| 432405 | 74+0.1" |473+ 1.7
Ferrum Lek®, n =5 (control-3) | 189.4+53 | 46.6+1.8 | 85+04 | 640+89 | 1584+6.9" | 458+2.1 7.6+03 [444 £29
HA-Fe*',n=>5 178.8+3.9 [47.0+23 | 84+04 | 744+64 |1584+7.1"| 45.8+2.1 7.6+04 |[51.6+5.8"
HA-PM-Fe’", n=35 191.1+133|43.6+1.6 | 78+0.3 | 563+70 |146.0+2.9"| 42.6+0.8 | 7.1+0.3 | 38.8+73
FA-Fe*', n=5 182.1+6.1 [439+35| 79+0.6 | 60.6+2.2 |1453+84" | 42623 | 72+0.6 | 48.0+7.1
FA-PM-Fe’, n=>5 172.1+£3.0 | 43.5+28 | 79+04 | 587+£39 |143.6+6.8"| 41419 | 7.1+04 |51.1+44

The differences were statistically significant,
p < 0.05: " with control-1 (the Friedman test); # with
control-2 (the Kruskal — Wallis test); * with control-3
(the Kruskal — Wallis test).

Some hematological parameters in the rats were
normalized after intragastric administration of the
studied API at a dose of 17 mg / kg / day for 5 days
after modeling APHA. It should be noted that during
intragastric course administration, the studied
substances HA-Fe** and FA-Fe’* demonstrated
greater efficiency in correcting the consequences of
experimental APHA in comparison with samples of
iron-containing APIs HA-PM-Fe** and FA-PM-Fe*,
as the former resulted in a more significant increase
in the levels of hematological parameters under
study than the latter. At the same time, all the studied
samples of iron-containing APIs based on HS had the
same effect as the positive control drug Ferrum Lek®,
which led to effective normalization of hematological
parameters in the laboratory animals. No significant

differences were found between the efficiency of the
studied substances and the reference listed drug.

Following daily intragastric administration of
HA-Fe*" and FA-Fe’', as well as the reference listed
drug Ferrum Lek® for 14 days at a dose of 17 mg / kg
of elemental iron, serum iron concentrations
returned to the baseline values (p < 0.05) (Table 2).
It should be noted that the course administration of
HA-Fe*'increased the serum iron concentration in
comparison with Ferrum Lek®, which was observed
as a consistent trend (p > 0.05) (Table 2). However,
administration of the studied substances and the
reference listed drug for 14 days did not allow to
bring hemoglobin and hematocrit levels to the control
values (p <0.05) (Table 2). It should also be noted that
course administration of Ferrum Lek®, HA-Fe**, and
FA-Fe** at a dose of 17 mg / kg / day for 14 days did
not affect the body weight of rats and the absolute and
relative weights of the liver and spleen in the model of
IDA (p > 0.05).

Table 2
Hematological parameters after 14 days of the experiment, X + SE
Gro After modeling anemia After a course of medication
u
P HGB, g /1 HCT, % | RBC,x10% mcl | Fe, pmol HGB, g/1 HCT, % | RBC,x10°/ mcl | Fe, pmol
Water, n =5 198.8+32 | 59.6+0.9 10.3+£0.2 645+1.6 | 197.8+45 | 595+1.7 9.7+0.3 673+1.1
Ferrum Lek®, n =6 170.6 £6.7 | 51.1+£2.2 10.0+0.4 254+5.8 | 169.6 +£3.2% | 50.3 +0.9% 9.5+0.3 60.6 + 8.0
HA-Fe’*',n=6 180.8+5.7 | 53.6+1.7 10.0+0.4 34.1+3.7 | 1720+ 1.9% | 51.3 0.6 9.4+0.1 75.0£6.7"
FA-Fe*,n=6 164.8+11.7 | 50.1+3.3 10.2+£0.5 204+5.5 | 166.0+1.7% | 49.7+0.7* 93+0.2 62.3+7.9

The differences are statistically significant, p < 0.05: " with the group “After modeling anemia” (the Friedman test); * with the group “Water” (the
Kruskal —Wallis test); " with the group “Ferrum Lek” (the Kruskal — Wallis test).

CONCLUSION

It was found that daily intragastric administration
of the studied APIs after modeling APHA contributed
to partial normalization of hematological parameters.
Among the four samples studied, the most pronounced
increase in hemoglobin concentration, erythrocytosis,
and serum iron was observed in two iron-containing

samples of APIs, namely, HA-Fe*" and FA-Fe*". Atthe
same time, the effect of all samples of iron-containing
APIs based on HS was similar to the positive control
drug Ferrum Lek®. No significant differences were
found between the efficiency of the studied substances,
as well as the reference listed drug.

The anti-anemic activity of iron(Ill) hydroxide
complexes stabilized by humic and fulvic acids was
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shown on the model of chronic IDA. At the same
time, both APIs (HA-Fe*', whose matrix is 100%
potassium humate, and FA-Fe**, whose matrix is
100 % fulvic acids) exhibit comparable activity. The
results obtained confirmed the prospects of using HS

as

10

11.

12.

18

ligands in order to obtain APIs to normalize IDA.
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Comparative study of predisposition to thrombosis with administration
of known systemic hemostatic agents and fibrin monomer in the experiment

Vdovin V.M.', Shakhmatov I.I.", Momot A.P." 2
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2 Altai Branch of the National Research Center for Hematology
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ABSTRACT

Aim. To compare predisposition to thrombosis caused by administration of known systemic hemostatic agents and
fibrin monomer under the conditions of normal coagulation versus drug-induced hypocoagulation in the experiment.

Materials and methods. The prothrombotic effect of intravenous (IV) administration of various systemic
hemostatic agents was compared in a series of in vivo experiments. These agents included fibrin monomer
(FM) (0.25 mg / kg), prothrombin complex concentrate (PCC) (40 IU / kg) or recombinant factor VIla (rFVIIa)
(270 mcg / kg). The studies were conducted under the conditions of hypocoagulation induced by the administration
of warfarin (per os at a dose of 0.4-0.5 mg / kg / day for 14 days) or dabigatran etexilate (per os at a single dose of
15-20 mg / kg). Hemostatic system parameters were evaluated using thromboelastometry and calibrated automated
thrombography.

Results. It was found that PCC reversed anticoagulant effects and led to an overcompensated increase in the density
characteristics of the blood clot along with an excessive increase in thrombin generation in the groups of animals
with warfarin-induced coagulopathy. The use of PCC and rFVIla in the groups of animals with dabigatran-induced
hypocoagulation also resulted in an increase in blood thrombogenic properties. In the administration of PCC, it
was manifested though an increased D-dimer level and in administration of rFVIla — through an increase in the
clot density characteristics. At the same time, replacement of these hemostatic agents with FM did not affect the
hemostatic system parameters.

Conclusion. FM at a dose of 0.25 mg / kg, as opposed to PCC and rFVIla, is safer in terms of the risk of thrombosis.

Keywords: thrombosis, hypocoagulation, prothrombin complex concentrate, Eptacog alfa (activated), fibrin
monomer, warfarin, dabigatran etexilate

Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

Source of financing. The study was supported by the grant of the Russian Foundation for Basic Research (No. 18-
415-220001), Technology Standard LLC, and ASMU.

Conformity with the principles of ethics. The study was approved by the local Ethics Committee at Altai State
Medical University (Protocol No. 12 of 12.11.2015).

For citation: Vdovin V.M., Shakhmatov I.I., Momot A.P. Comparative study of predisposition to thrombosis with
administration of known systemic hemostatic agents and fibrin monomer in the experiment. Bulletin of Siberian
Medicine. 2022;21(4):20-28. https://doi.org/10.20538/1682-0363-2022-4-20-28.

P4 Vdovin Vyacheslav M., erytrab@gmail.com

20 BionneTteHb cMbupckon MmegrumHbl. 2022; 21 (4): 20-28



Original articles

CpaBHUTeNbHDbIN aHANN3 NpeapPacnoIoKeHHOCTN

K TPOM6006pa3oBaHMIO NPy NPUMEHEHNN N3BECTHbIX
CUCTEeMHbIX FreMoCTaTu4YeCcKnX cpeacTs u pubpnH-moHomepa
B DKCNepumeHTe

BpoBuH B.M.’, Llaxmatos U.W.", MomoT A.I."2

! Anmatickuil 2ocydapcmeennviii meouyunckuil ynusepcumem (AI'MY)
Poccus, 656038, 2. bapnayn, np. Jlenuna, 40

? Hayuonanvnulil Meouyunckuil uccredosamenvcxuti yenmp (HMHIL]) eemamonocuu (Armaiickuii ¢punuarn)
Poccus, 656045, 2. bapnayn, ya. JIanudesckoeo, 1/2

PE3IOME

Hens. IIpoBecTr cpaBHUTEIBHYIO OLCHKY IPEAPACIONOKEHHOCTH K TPOMO00OPa30BaHNIO, 00YCIOBICHHYIO IPH-
MEHEHHEM HM3BECTHBIX CHCTEMHBIX T€MOCTATHIECKUX CPEJICTB M (pUOPHH-MOHOMEpPA B YCIOBHUSIX HOPMOKOATYJIS-
MY 1 Ha oHe (apMaKoIOTHIECKH HHAYIINPOBAHHON THITOKOATYIISIINN B SKCIIEPUMEHTE.

MaTtepuajbl 1 MeTOAbl. B cepusx SKCHEPUMEHTOB 7 Vivo COTOCTABILUIM MPOTPOMOOTHYECKHI 3(dEeKT BHY-
TPUBEHHOT'O BBEJICHHS PA3JIMYHBIX CHCTEMHBIX TeMOCTATHYECKHX MPEernaparoB. B nx ymcie UCHoib30Banuch Gu-
6pun-monomep (OM) (0,25 mr/kr), koHIEHTpAT GakTopoB nporpomoOunoBoro komiuiekca (KOITK) (40 ME/kr)
nu pekombuHauTHbIH (axrop VIla (rFVIla) (270 mxr/kr). VccnenoBanus npoBOIHINCH Ha (POHE THIIOKOATYJIsI-
1M, 00yCIoBIeHHOI puemMoM BapdapuHa (per os B go3e 0,4-0,5 mr/kr/cyT Ha npotspkenun 14 cyT) win 1adu-
ratpana Tekcuiara (per os B pa3oBoit 1o3e 15-20 mr/kr). OueHrBaIi MOKa3aTelld CHCTEMbI TeMOCTa3a, BKITI0Yast
MIPOBEICHHE TPOMOO03TACTOMETPHHU U KaTUOPOBaHHOH TpoMOorpadum.

Pe3yabTaThl. YCTaHOBIICHO, YTO B IPYIIAX )KUBOTHBIX C MHAYLIMPOBaHHOH BapdapuHoM koaryionatueit KOIIK
peBepcrpoBai d3PQEKTH aHTUKOArYJISHTa, HO MPUBOAMI K CBEPXKOMIICHCHPOBAHHOMY YCHJICHHIO TZIOTHOCTHBIX
XapaKTePHUCTHK CI'yCTKa KPOBH Hapsy ¢ N30BITOYHBIM yCHIICHHEM reHepanny Tpomouna. Menonezoanne KOIIK
u rFVIla B rpynmnax >KMBOTHBIX C THIIOKOAryJsLUel, BEI3BAHHOW IPUEMOM Aa0uraTpaHa, TakkKe NPUBOAMIO K
HapacTaHUIO TPOMOOTEHHBIX CBOUCTB KPOBH. DTO WUIIOCTPUPOBAIOCH B cilyuyasx ucrnosb3oBaHus KOIIK ysenu-
yeHueM ypoBHs D-aumepa, a npuMeHeHus rFVIla — ycuneHneM IIIOTHOCTHBIX XapaKTepUCTHUK CrycTka. B To ke
BpeMs 3aMEHa JIJaHHbIX reMocTaTukoB Ha @M He oTpakanach Ha OKa3aTeIsIX CUCTEMbI TeMOCTa3a.

3aximouenne. ®M B noze 0,25 mr/kr B cpaBHeHun ¢ KOIIK u rFVIla 6onee 6e3omaceH ¢ mo3unuu prucka BOSHUK-
HOBEHUSI BHYTPHUCOCYIUCTOTO TPOMOOOOpa30BaHMUSL.

Kiawouessble ci1oBa: TpoMO000pa3oBaHue, THITOKOATYJISAINS, KOHIIEHTPAT (GaKTOPOB MPOTPOMOHMHOBOTO KOMILIEK-
ca, MTaKor anb(a (aKTUBUPOBaHHEII), puOpUH-MOHOMED, Bap(apHH, TadburaTpaHa TEKCHUIIAT

Kon@paukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEH CTAaThH.

Hcrounux ¢punancupoBanms. ViccienoBanue BBIIOIHEHO 3a c4eT cpeAcTB rpanta POOU (Ne 18-415-220001),
npu punancoBoit nmoaaep:xkke OO0 «Texunonorus-CtaHaapT» U ANTalCKOrO TOCYIAPCTBEHHOTO MEIHIIMHCKOTO
YHUBEPCUTETA.

CooTBeTCTBHE NPHHIMIAM ITHKH. ViccieoBaHue 0J00peHO JOKAIbHBIM ATHYECKMM KOMHUTETOM AJITaiickoro
rOCyIapCTBEHHOTO MEANIIMHCKOT0 yHUBepcuTeTa (mpotokon Ne 12 ot 12.11.2015).

Jns untupoBanus: Baosua B.M., lllaxmatoB N.1., Momot A.I1. CpaBHATENBHBIN aHATH3 TPEAPACTIONOKEHHO-
CTH K TpoMO00Opa30BaHHIO TIPH MPUMEHEHHN M3BECTHBIX CHCTEMHBIX T€MOCTaTHYECKHX CPEACTB U (puOpmH-MO-
HOMeEpa B IKCIEPUMEHTe. brotemens cubupcrou meouyunsl. 2022;21(4):20-28. https://doi.org/10.20538/1682-
0363-2022-4-20-28.
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Comparative study of predisposition to thrombosis with administration of known

INTRODUCTION

Currently, a whole range of systemic hemostatic
agents with a known mechanism of action is available
in clinical practice [1]. These include antiplatelet
agents, fibrinogen, as well as cryoprecipitate
enriched with fibrinogen, prothrombin complex
concentrate (PCC), factors VIII and X, eptacog alfa
(activated) also known as recombinant factor VIla
(rFVIla), anti-inhibitor coagulant complex (FEIBA),
tranexamic acid, etc. The mentioned hemostatic
agents are in demand in practical medicine for
prevention of bleeding disorder or management of
bleeding in injuries and major surgeries, including
thromboprophylaxis. It is noted that their use in
general leads to a shift in the hemostatic balance
toward increased blood coagulation, which provides
a hemostatic effect [2].

Safety of drugs and their effectiveness are priority
conditions for the selection of certain drugs that
affect the hemostatic system. It is known that the use
of some systemic hemostatic agents at recommended
doses is associated with the risk of developing
venous or arterial thrombosis, as they may lead to an
excessive hemostatic potential.

Previously, we conducted original studies that
showed the presence of independent hemostatic
activity of exogenous fibrin monomer (FM) in the
experimental model of liver injury [3]. Similar
results were obtained using the same model with
drug-induced hypocoagulation [4, 5]. According to
the results of the above studies, FM was as efficient as
both rFVIla and PCC. These publications emphasized
the comparison of the listed drugs with FM in terms of
their effectiveness, while safety issues (in terms of the
risk of thrombosis) were not analyzed and discussed.
Obviously, this serious aspect should be considered
in an additional analysis, which involves assessing
the odds for the so-called thrombotic preparedness,
characterized by corresponding changes in the
hemostatic system [6].

In this regard, the aim of this study was to
conduct a comparative assessment of predisposition
to thrombosis due to the use of known systemic
hemostatic agents and FM under the conditions
of normal coagulation and drug-induced hypo-
coagulation in the experiment.

MATERIALS AND METHODS

The data were collected from 94 healthy male
Chinchilla rabbits weighing 3.0-4.5 kg, kept in

standard vivarium conditions. The animals were
divided into 7 groups by block randomization.
Animal experiments were carried out in accordance
with the European Convention and Directives for
the Protection of Vertebrate Animals Used in the
Experiment 86/609/EEC, as well as the Declaration
of Helsinki and the “Rules for Conducting Work
with the Use of Experimental Animals”. The study
was approved by the local Ethics Committee at
Altai State Medical University (Protocol No. 12 of
12.11.2015).

At the beginning of the experiment, animals in
groups 1 (n=13),2 (n=14), and 3 (n = 16) received
warfarin dissolved in water (Nycomed, Denmark)
per os at a dose of 0.4-0.5 mg / kg / day for 14 days
until international normalized ratio (INR) values
of 2.0 and above were reached. After this period,
blood was collected from the marginal ear vein of
the animals (by the free flow technique) to study the
hemostatic system. Then, these animals received a
placebo administered intravenously ata dose of 0.5 ml
(3.75 M wurea solution corresponding to its
concentrationinthe FMsolution), PCC (Prothromplex
600, Baxter, Italy) at a dose of 40 IU / kg, or FM at
a dose of 0.25 mg / kg, respectively. The FM-based
agent was obtained using the original technology [7].
One hour after the intravenous administration of a
placebo or a systemic hemostatic agent, blood was
sampled again.

At the beginning of the experiment, the animals
in groups 4 (n = 10), 5 (n = 14), 6 (n = 14), and
7 (n = 13) received dabigatran etexilate dissolved in
water (Pradaxa®, Boehringer Ingelheim, Germany)
per os at a dose of 15-20 mg / kg. To achieve a
sufficient anticoagulant effect, the dose of the drug
for the animals was determined taking into account
the correction factor for dose conversion between
animals and humans [8] and the recommendations
specified in the medication guide (Pradaxa®,
registration certificate No. LSR-007065/09). After
two hours, blood was taken from these animals to
study hemostasis, and then a placebo was injected
intravenously at a dose of 0.5 ml, PCC (Protromplex
600, Baxter, Italy) was administered at a dose of
40 IU / kg, rFVIla (NovoSeven, Novo Nordisk A/C,
Denmark) was administered at a dose of 270 mcg / kg
or FM was administered at a dose of 0.25 mg / kg,
respectively. The doses for PCC and rFVIla were
determined according to the current guidelines
[9—11]. One hour after the intravenous administration
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of a placebo or a hemostatic agent, blood was taken
again.

Blood from all animals in the study was placed in
plastic tubes with EDTA potassium salt to determine
platelet count and with 0.11 M (3.8%) sodium citrate
solution (the ratio of blood and stabilizer was 9:1)
to identify other parameters. Platelet-poor plasma in
all samples was obtained according to the generally
accepted method. In venous blood samples, the
platelet count was assessed on the automatic
hematology analyzer Drew-3 (Drew Scientific Inc.,
UK — USA). In the blood plasma, the international
normalized ratio (INR), the echitoxic time (ET)
of coagulation, and fibrinogen concentration
according to the Clauss assay were determined on
the Thrombostat 2 coagulometer (Behnk Electronik,
Germany) using reagents from Technology-Standard
Ltd. (Russia). D-dimer level was determined using
the NycoCard Reader II (Axis-Shield PoC AS,
Norway) and NycoCard® D-Dimer test systems
(Axis-Shield PoC AS, Norway).

Thromboelastometry of the blood stabilized with
citrate was performed on the ROTEM® Gamma
thromboelastometer (Pentapharm GmbH, Germany)
with the star-TEM reagent in the NATEM assay.
The following parameters were determined: CT —
coagulation time; CFT — clot formation time; o
angle — clot amplitude; MCF — the maximum clot
firmness; A10 — clot amplitude after 10 minutes. To
assess thrombin generation, the calibrated automated
thrombography according to N.S. Hemker (2003)
was used on the Fluoroskan Ascent FL microplate
fluorometer (ThermoFisher SCIENTIFIC, Finland)
with Thrombinoscope™ 3.0.0.26 software and
reagent kits from Thrombinoscope® (Netherlands)
(PPP-Reagent, Thrombin Calibrator, FluCa-Kit)
with tissue factor at a concentration of 5.0 pM. The
following parameters were taken into account: lag
time — initiation of thrombin generation; ETP —
endogenous thrombin potential; peak thrombin — peak
thrombin concentration; ttPeak — time to reach peak
thrombin concentration; V — the rate of thrombin
generation [12].

The distribution of characteristics in the samples
was evaluated using the Shapiro — Wilk test.
Depending on the distribution of the characteristics,
Student’s ¢-test, Mann — Whitney U-test, or Wilcoxon
W-test were used. The differences were considered
statistically significant at p < 0.05. The results were
processed using the MedCalc software version

17.9.7 (license BUS556-P12YT-BBS55-YAH5M-
UBES1). The data were presented as the median and
the interquartile range (Me [Q,,+0..]).

RESULTS

When systemic hemostatic drugs including PCC
(group 2) and FM (group 3) were used in the groups
of animals with warfarin-induced coagulopathy
(verified in group 1 —placebo), the achieved effects in
the hemostatic system differed (Table 1). In particular,
the administration of PCC led to the normalization
of INR and a statistically significant decrease in
the platelet count in the peripheral blood. It was
accompanied by an overcompensated increase in the
density characteristics of the blood clot (according
to the thromboelastometry data, for MCF (+21%,
»<0.005) and A10 (+49%, p <0.006)) in comparison
with placebo [13] and excessive thrombin
generation (according to the calibrated automated
thrombography data, for ETP, peak thrombin and
thrombin generation V) (Table 1). It should be
noted that in the group of warfarinized animals who
received FM (group 3), despite a sharp decrease in
blood loss (by 9.1 times compared with placebo — in
group 1) [5], high INR and a hypocoagulation shift
according to calibrated automated thrombography
were not corrected toward normal physiological
values.

In the following groups of animals, in which
dabigatran was used for direct thrombin inhibition,
the hemostatic system parameters also differed after
the administration of PCC, rFVIla, and FM: in groups
5, 6,and 7, respectively (Table 2). The administration
of PCC or rFVIla to animals receiving dabigatran
etexilate led to an increase in D-dimer by 2.8 and 8.0
times, respectively, which was not specific for the
experimental group that received FM. In addition,
the use of PCC in groups 5 and 2 was accompanied
by a statistically significant decrease in the platelet
count in peripheral blood (by 17.0 and 6.1%,
respectively), which was not characteristic of the
FM effects. According to the data obtained in group
6, where rFVIla was used as a systemic hemostatic
agent, a shift to hypercoagulability was seen in such
thromboelastometry parameters as CT, MCF, CFT
and A10, which was not noted in animals receiving
FM (group 7). According to several parameters, the
density characteristics of the clot (a angle (+28.2%,
p < 0.001), CFT (—44.7%, p < 0.001) and A10
(+30.2%, p < 0.019)) exceeded those in the placebo
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group [13]. As it was shown earlier, the use of FM
reduced blood loss by 2.9 times compared with
group 4, while the administration of PCC and rFVIla
did not affect blood loss [14].

DISCUSSION

Researchers around the world published findings
indicating the risk of thrombotic complications in
patients receiving rFVIIa or PCC for prevention
or relief of overt bleeding. A number of foreign
researchers expressed their concern regarding this
issue. So, in the study by A. Girolami et al., cases
of arterial and venous thrombosis with unspecified
localization were observed in patients with several
bleeding disorders (deficiency of FVII and FXI,
dysfibrinogenemia, von  Willebrand disease,
Glanzmann thrombasthenia) when they received
rFVIIa [15]. Cases of thrombosis after the use
of rFVIla in cardiac surgical patients were also
described in the literature [16, 17]. The review by M.
Levi et al. is of particular interest, as it presented the
results of safety analysis of rFVIla in 35 randomized
trials involving 4,468 patients. It was shown that
thromboembolic events were documented in 9.0%
of patients included in the study; these events took
place mainly in the arterial bed [18].

Many authors also associated the use of PCC with
various types of intravascular coagulation. S.G. Yates
and R. Sarode noted that the risk of thromboembolic
complications (TEC) after the PCC administration
in the treatment of bleeding associated with coumarin
intake remained an important clinical problem
[19]. A number of authors described various
thrombotic events associated with PCC, namely,
superficial thrombophlebitis, deep vein thrombosis,
pulmonary embolism, arterial and cavitary
thrombosis, and  disseminated intravascular
coagulation (DIC) [20-24]. At the same time,

the risk of thrombosis increases in patients with
cardiovascular diseases and the elderly, as well as in
the combined use of rFVIla and PCC [25].

Previously published studies showed that the
administration of exogenous FM was accompanied
by an increase in D-dimer, a marker of coagulation
and fibrinolysis, by 7.0 and 8.0 times in groups of
animals receiving this agent at doses of 2.5 and
5.0 mg / kg [3]. This was accompanied by an
increase in the density characteristics of the blood
clot (based on thromboelastometry findings) [13] and
consumption of platelets with a 1.5-fold decrease in
their number in the peripheral blood (with FM at a
dose of 5.0 mg / kg) [3]. At the same time, the use of
FM at a dose of 0.25 mg / kg did not lead to changes
characteristic of a shift to hypercoagulability [3, 13].
It should be noted that, according to the calibrated
automated thrombography data, the intensity of
thrombin generation did not increase, regardless of
the used FM dose [13].

In these studies, both rFVIIa and PCC recipients
showed a trend toward intravascular thrombosis.
When using rFVIla, thromboelastometry detected an
increase in the density of the blood clot (for a angle,
CT, CFT, MCF, and A10) and an 8-fold increase in
D-dimer compared with the baseline value before
the administration of this agent (p < 0.005). The use
of PCC was also accompanied by a rise in D-dimer
by 2.8 times compared with the baseline value
(»p < 0.003), an overcompensated increase in the
density of the blood clot (based on MCF and A10
parameters of thromboelastometry), as well as
excessive thrombin generation (in terms of ETP, peak
thrombin, and V). At the same time, the replacement
of the above systemic hemostatic agents with FM
did not lead to intravascular coagulation, according
to the methods used to assess the hemostastic
system.

Table 1

The results of the hemostatic system evaluation in the experimental animals with administration of warfarin, Me (Q,.+0..)

Group 1 (placebo) Group 2 (PCC) Group 3 (FM 0.25 mg / kg)
Parameters before placebo after placebo ad- | before FM adminis- | after PCC adminis- before FM after PCC
administration 1w ministration by tration tration ) administration 0 administration b
399.0
Platelet count, 555.0 : 4721%)0 0 4250 [334.0:454.5] 509.0 : 4084373521 .
x10°/1 [471.0+591.0] P [392.8+531.3] Dy, = 0.049 [417.8+578.0] A
Py, — 0.382 A—6.1% Doy = 0.328
R 1.1[1.0+1.2] B
INR, 2.4 [2.0+4.0] 2.5[2.2+4.6] 2.1[1.7+62] .= 0.002 2.0 [1.6+3.6] 201152291
ratio Doy, = 0.650 AN 47.6% Doy = 0.063
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Table 1 (continued)

Group 1 (placebo) Group 2 (PCC) Group 3 (FM 0.25 mg / kg)
Parameters before placebo after placebo ad- | before FM adminis- | after PCC adminis- before FM after PCC
administration (n ministration (b tration P tration P administration . administration )
o . 3.0 [2.6+4.4] . 2.9 [2.5+3.6] » 3.0 [2.5+3.3]
Fibrinogen, g /1| 2.8 [2.6+4.3] P = 0814 3.3[2.8+4.1] Py 20260 3.1[2.7+3.5] pu L= 0.065
. 150.0 100.0 200.0
D-dimer. 150.0 100.0 200.0
’ » [100.0+200.0] - [100.0+200.0] N [150.0+400.0]
ng / ml [100.0+200.0] b= 0351 [100.0+100.0] P, 2= 0.180 [100.0+250.0] Py = 0.075
Thromboelastometry
494.0
2,095.0 1,559.5
2,122.5 e 1,573.5 [355.0+626.0] 1,459.0 .
CT, sec [1,328.3+2,464.8] [1’052'0:' %352%0] [948.3+2,394.0] P =0.002 [783.5+2,198.8] [734‘0':16921;'8]
Praw =% A -3.2 times 3a3b T
- . 37.0 [32.8+55.3]
o angle, n.r. in 9 cases n.r. in 7 cases 480 [.39'5 #52.0] 68.0 [59.0+71.0] 39:5 [.30’3 +60.8] n.r. in 4 cases
degrees n.r. in 8 cases n.r. in 6 cases B
Dy = 0.767
4525 367.0
CFT, sec n.r. in 10 cases n.r. in 8 cases 336.0 [307'5+794'5] 166.0 [110.0+181.0] [218.5+522.5] [187.’O+404'8]
n.r. in 8 cases . n.r. in 6 cases
n.r. in 8 cases
Dio=0.735
. . 225[9.0-49.5] | [0O0L670:760] | 5 g 1y5g.5057 | A40[32.0749.5]
MCF, mm n.r. in § cases n.r. in 7 cases . p,. »=0.008 . n.r. in 4 cases
n.r. in 4 cases 22 n.r. in 6 cases
A 3.1 times Dy 5 = 0.139
. . 8.5 [4.0-34.5] 64.0155.0°68.00 | ;) 511g8-3807 | 320[27.0741.0]
A10, mm n.r. in 9 cases n.r. in 8 cases . P, ,=0.007 . n.r.in 5 cases
n.r. in 4 cases 22 " n.r. in 6 cases
A 7.5 times Dsa s, = 0-260
Calibrated automated thrombography
. 3.5 [2.7+4.5] 4.4[3.4+5.6] 5.0 [4.3+5.3] 1.7 [1.5:2.0] , 6.0[5.9+6.3]
Lagtime, min . n.r. in 3 cases . . 4.5 [4.5+5.3] n.r. in 2 cases
n.r. in 2 cases - n.r. in 6 cases Doy oy A 2.9 times =
Doy = 0.592 202 Dy zp = 0.593
103.0 149.3
150.2 i 97.8 582.0 ~
ETP, nmol x [92.3+183.9] [60.9+158.8] [68.2+104.9] [444.9+806.4] 1317 [111.3+189.6]
min . n.r. in 3 cases . . [81.3+145.2] n.r. in 2 cases
n.r. in 2 cases - n.r. in 6 cases Dy o A 16.0 times -
Doy = 0.109 202 Dsp g = 0.514
12.5[7.5+21.8] .
Peak thrombin, | 28.2 [18.9+56.2] n.r. in 3 cases 10.9 [7.3+14.8] 65.4 [41.3+74.5] . 133 [.10'9 ~21.9]
. - h . 10.5[10.3+13.6] n.r. in 2 cases
nmol n.r. in 2 cases Doy = 0.041 n.r. in 6 cases D,y o, A 6.0 times = 0285
A 2.3 times Prasp =%
5 9.2 [8.3+10.5] B 10.8 [10.3+11.1]
tPeak, min 6.5[4.7+7.2] N in 3 cases 9-5[7.9+9.9] 9.5[8.8:9.6] | 10.5[102:11.0] | nur. in 2 cases
n.r. in 2 cases n.r. in 6 cases
Py = 0.108 Py sy = 0.922
. 9.4[7.1+25.9] 34 .[2'0+6'5] 2.4[1.6+4.7] 7.8 [6.4+11.8] . 28 .[2'3+5'2]
V, nmol / min 01 in 2 cases n.r. in 3 cases 1 in 6 cases A 433 times 2.3[1.6+3.0] n.r. in 2 cases
- Prys = 0.085 * Poacap 875 Pay oy =0.592

Note: in tables 1 and 2: PCC — prothrombin complex concentrate, FM — fibrin monomer, p — statistical significance of the differences in the
compared parameters, A is the difference between the values, n.r. — not registered.
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CONCLUSION

The presented data revealed prothrombotic effects
of the above hemostatic agents, namely, PCC and
rFVIIa. The latter were tested in two experimental
models  with  drug-induced hypocoagulation
associated with warfarin or dabigatran. The effects
were manifested through overcompensated changes
in hemostatic system parameters (compared with
intact animals), including an increase in D-dimer
and a shift toward hypercoagulability according to
thromboelastometry.

It should be noted that FM at a dose of
0.25 mg/ kg resulted in significant reduction of blood
loss without the above-described thrombogenic
effects in the blood, which distinguished it from the
known hemostatic agents. Therefore, we suppose
that FM is safer in terms of adverse events, such as
spontaneous thrombosis in the bloodstream.
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Features of the cytogram and cytokine profile of bronchoalveolar lavage
fluid in experimental metabolic syndrome
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Osikhov I.A., Chernyshov N.A., Motlokhova E.A.

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

ABSTRACT

The aim of the study was to identify the features of the cellular composition and cytokine profile of bronchoalveolar
lavage fluid in rats in a model of diet-induced metabolic syndrome.

Materials and methods. In an experiment on animals (rats), a model of metabolic syndrome (MS) induced by a
high-fat and high-carbohydrate diet was reproduced. To assess the viability of the reproduced model, biochemical
and morphometric methods were used, such as measurement of body weight, specific gravity of liver and visceral
fat, and blood pressure, determination of glucose concentration in the blood (including a glucose tolerance test), as
well as determination of blood lipid parameters. To assess the intensity of the inflammatory response in the blood,
the concentration of total protein, the total number of leukocytes, and the levels of immunocytokines (interleukin
(IL)-6, IL-10, tumor necrosis factor (TNF)a, monocyte chemoattractant protein (MCP)-1) were determined. Open
bronchoalveolar lavage was performed on the isolated heart — lung complex. The concentration of protein, immu-
nocytokines (IL-6, IL-10, TNFo, MCP-1), the total number of leukocytes, and the ratio of their morphological types
were determined in the bronchoalveolar lavage fluid (BALF).

Results. In animals with MS, an increase in the total number of leukocytes in the blood due to granulocytes and a
rise in the concentration of protein, TNFa, and IL-10 were revealed compared with the parameters in the controls.
BALF analysis revealed an increase in the concentration of protein, the total number of leukocytes, and the absolute
number of alveolar macrophages, neutrophil granulocytes, and lymphocytes. The levels of IL-6 and MCP-1 were
more than 1.5 times higher.

Conclusion. Changes in the qualitative and quantitative parameters of BALF are inflammatory in nature and are
formed during a systemic inflammatory response accompanying metabolic disorders in modeling MS in rats in the
experiment.

Keywords: metabolic syndrome, bronchoalveolar lavage fluid, inflammation
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Oco6eHHOCTU LTOrpaMMbl VI LUTOKUHOBOIO NPOodUA XUAKOCTA
6pOoHX0aNbBeONIAPHOrO flaBa)ka Npu SKCNeprIMeHTaIbHOM
MeTabonnyeckom cuHgpome

BopoHnkosa O.B., Bupynuna 10.l'., UBaHoB B.B., bynko E.E., EcumoBa WU.E.,
FpuropbeBa A.B., Ocuxos U.A., YepHbiwos H.A., MoTtnoxosa E.A.

Cubupckuii cocyoapcmeennwiil meouyurckuil (Cubl’ MY)
Poccus, 634050, 2. Tomck, Mockosckuu mpaxm, 2

PE3IOME

Heab. BeisiBUTS 0COOCHHOCTH KJIETOYHOTO COCTaBa M MUTOKMHOBOTO MPOQUIIS *KUAKOCTH OPOHX0AIBBEOISIPHOTO
JaBaXka y KPBIC B MOJIETH TUET-WHIYIIMPOBAHHOTO METa00NINIECKOTO CHHIPOMA.

Marepuajbl H MeToJbl. B 5KcniepuMeHTe Ha )KHUBOTHBIX (KpbICaX) BOCIIPOM3BEACHA MOJIEIb META0O0INYECKOTO
curapoma (MC), HHAYIHPOBAHHOTO BBICOKOKUPOBON M BHICOKOYTJIEBOIHOM TUETOM. J{JIs1 OLIEHKU COCTOSTENIBHO-
CTHU BOCIIPOU3BEICHHOIN MOJIEIN UCIIONB30BAHBI ONOXUMHUYECKHE U MOP(HOMETPUUECKHE METOIbI: N3MEPEHHUE Mac-
CBI TeJIa, yJeNbHOW MACcChl IEYEHN U BUCLEPAIBLHOTO )KUPaA, U3MEPEHHE apTePHAIbHOTO JABIICHUSL, ONPE/IECICHUE
coJiep KaHusl B KPOBH IUIFOKO3BI (B TOM 4HCIIe B Itoko3oTonepanTHoM tecte (I'TT)), onpeneneHue napameTpos Ju-
MHUIHOTO CIEKTPa KpoBH. JIJ1s OLlEHKH HHTEHCUBHOCTU BOCTIAJIMTENBHOIO OTBETA B KPOBH OIPEJIEIIIN KOHLIEHTPa-
1Ho o01ero Gernka, o0IIee KOIUYeCTBO JEHKOMTOB U KOHI[EHTPALUIO HMMYHOIIMTOKIHOB (MHTepielikuna (IL)
-6, IL-10, dakTopa Hekpo3a omyxoiu ansda (TNFa), MmonomurapHoro xemorokcudeckoro ¢paxropa-1 (MCP-1)).
OTKpBITBIM CIIOCOOOM Ha H30JIMPOBAHHOM KOMIUIEKCE «CEepJIIIe—IeTKHe» BBINOJIHSAIN OPOHXOAIBBEOISPHBIN JTa-
BaxK. B OponxoanbBeonapHoit sxuakoctu (BAJDK) onpenensiin kKoHIeHTpanuio 6enka, IMMYHOIMTOKUHOB (IL-6,
IL-10, TNFa, MCP-1), ob1iee KOTHYEeCTBO JICHKOIMTOB U COOTHOILCHUE MX OTACNBHBIX MOP(OIOrHUecKuX Gopm.

Pe3yasTatsl. ¥V jxuBoTHBIX ¢ MC BBISBICHO MOBBIICHHE B KPOBH OOIIET0 KOJMYECTBA JICHKOIIMTOB 3a CUET rpa-
HYJIOIUTApPHOTO KOMIIOHEHTa, yBeINYeHHe KOoHIeHTpanuu Oenka u ruToknHoB TNFo u IL-10 mo cpaBHeHuio ¢
COOTBETCTBYIOIUMH I1apaMeTpaMHU y KpbIC KOHTPOJIbHOH rpynisl. B pesynbrare ananuza BAJDK BbisABIEHO OBBI-
HIEHHE KOHIIEHTpAIK OeJIKa, 00IIero KOJIMYecTBa JISHKOUTOB, ADCOIIOTHOTO YHCIIa AlTbBEOJSIPHBIX MaKpodaros,
HEUTPO(DUIBHBIX TPAHYJIONUTOB U JIMM(OIUTOB; Oojee 4eM B 1,5 pasa npessiena konnenTpanus [L-6 1 MCP-1.

3akuiouenue. V3MeHEHUsI Ka4eCTBEHHBIX M KOJIMYECTBEHHBIX mapamerpoB BAJDK HocsT BocmanuTenbHBINA Xa-
paxTep 1 GOpPMUPYIOTCS Ha (POHE CUCTEMHOTO BOCTIAIUTENILHOTO OTBETA, COMPOBOXKIAOIIETO HAPYIICHHEe 00OMEHA
BEIIECTB Ipu MoaeupoBaHud MC y KpbIC B OKCIIEPUMEHTE.

KiioueBble c10Ba: MeTabOIMUYCCKHUI CHUHIPOM, 6p0onam>Be0J1$[pHa${ KHUJAKOCTb, BOCITAJICHUC

KonpaukT nHTEpecoB. ABTOPHI rapaHTHPYIOT OTCYTCTBHE MOTEHIMAIBHBIX U SIBHBIX KOH(JIHKTOB HHTEPECOB,
CBA3aHHBIX C MyOJIMKaIMel TaHHOW CTaThH.

Hcrounuk punancuposanus. ViccienoBanue BBITOIHEHO 3a cueT rpaHTa Poccuiickoro HaydHoro ¢onma Ne 22-
25-20039, https://rscf.ru/project/22-25-20039, u cpencts Aamunuctpaiyu ToMcKoit 001acTH.

CooTBeTCTBHE NPHHIMIIAM ITHKH. VccnenoBaHue 0100pEHO JOKAIBHBIM STHYECKHMM KomuteroM Cubl' MY
(mpotoxkou Ne 8201 ot 27.03.2020).

Ja nuruposanusi: Boponkosa O.B., bupymuna 10.I'., sanos B.B., byiiko E.E., Ecumosa WU.E., I'puropse-
Ba A.B., Ocuxos U.A., Uepnsimos H.A., Motnoxosa E.A. OcoGeHHOCTH IIUTOTpaMMBI M ITATOKHHOBOTO TIPOQHIIS
KHUAKOCTH OPOHXO0AIBBEOSIPHOTO JaBaKa PH SKCIEPHMEHTAIBHOM MeTab0INIEeCKOM CHHApOME. broanemens cu-
oupckoil meouyunsl. 2022;21(4):29-36. https://doi.org/10.20538/1682-0363-2022-4-29-36.

Features of the cytogram and cytokine profile of bronchoalveolar lavage fluid

INTRODUCTION

A cluster of metabolic conditions united under
the term metabolic syndrome (MS) accelerate the
development and progression of a number of diseases,
including cardiovascular and cerebrovascular
diseases, type 2 diabetes mellitus, kidney and biliary

tract diseases, and some types of cancer [1-3]. In
the clinical medicine with wide-spread comorbidity,
one of the discussed issues is the effect of the MS
components on the state of the respiratory system. In
some clinical studies, MS has been identified as an
independent risk factor for impaired lung function and
aggravation of respiratory symptoms in multifactorial
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diseases, such as bronchial asthma and chronic
obstructive pulmonary disease.

It has been established that the most significant
MS  components contributing to respiratory
pathology are abdominal obesity, hyperglycemia,
and hyperinsulinemia [4-6]. Early mechanisms of
the damaging effect of the MS components on the
bronchopulmonary system remain the least studied.
To some extent, this is due to the fact that most studies
are clinical in nature. Since the cardiorespiratory
system has broad adaptive capabilities, patients with
pronounced manifestations of respiratory failure
against the background of MS are in the focus of
attention of doctors. In this regard, it is advisable
to study the complex mechanisms of the effect
of metabolic disorders on the morphological and
functional state of the bronchopulmonary system in
an experiment using animal models.

Collecting and studying bronchoalveolar lavage
fluid (BALF) are reliable methods for studying
the cytological, immunological, biochemical, and
microbiological characteristics of the bronchoalveolar
parts of the respiratory system. The study of BALF
not only provides significant assistance in diagnosing
and determining the activity of the pathological
process, but also allows for a deeper understanding
of the pathogenetic patterns of lung damage in the
underlying or concomitant pathology [7, §].

The aim of the study was to reveal the features of
the cellular composition and cytokine profile of BALF
in rats in a model of diet-induced MS.

MATERIALS AND METHODS

The experiment was performed on 33 outbred male
Wistar rats (average weight 280.5 + 36.1 g) aged 6
weeks at the beginning of the study, which were
divided into control (15 animals) and experimental
(18 animals) groups. The animals were kept in the
conditions of a vivarium. The studies were carried out
in compliance with the principles of humanity set out
in the directives of the European Community (86/609/
EEC) and the Declaration of Helsinki.

A model of diet-induced MS was reproduced
in the animals of the experimental group. The rats
were fed with a high-fat and high-carbohydrate diet
containing standard feed (66%) with the addition of
animal fat (17%), fructose (17%), and cholesterol
(0.25%); drinking water was replaced with a 20%
fructose solution (total calorie content of the daily diet
was 440 kcal / 100 g). The rats of the control group
received a standard diet (Delta Feeds, BioPro, Russian

Federation, total calorie content 300 kcal / 100 g,
proteins 24%, fats 6%, carbohydrates 44%) with free
access to food and water.

To assess the viability of the reproduced MS
model, body weight and blood pressure were
measured in the animals at the beginning and at the
end of the experiment (Systola, Neurobotics, Russian
Federation). In the last week of the experiment, a
glucose tolerance test (GTT) was performed: fasted
rats (fasting for 12 hours) were intragastrically
injected with a glucose solution at a dose of 2 g / kg
(D-glucose, Sigma-Aldrich, USA). After 0, 15, 30,
60, 90, and 120 min, the blood glucose concentration
was determined by the enzymatic colorimetric method
using a reagent kit (Chronolab, Spain). 12 weeks after
the start of the experiment, the animals were euthanized
by CO2 asphyxia. Blood was taken from the heart
of the animals to assess hematological parameters
(vacutainer K2EDTA tubes) and obtain blood serum
(vacutainer serum clot activator tubes). Hematological
parameters were assessed on the automatic
hematology analyzer (BC-2800 Vet, Mindray, China).
Biochemical parameters were determined in the blood
serum, including lipid indices (on the Architect c4000
Automatic Biochemistry Analyzer, Abbot, USA).
The levels of immunocytokines (interleukin (IL)-
6, 1L-10, tumor necrosis factor (TNF)a, monocyte
chemoattractant protein (MCP)-1) were measured by
the enzyme-linked immunosorbent assay (ELISA)
(Bender MedSystems kits, GmbH, Austria). The liver
and visceral adipose tissues (mesenteric, epididymal,
and retroperitoneal adipose tissue) were isolated by
dissection and weighed on the analytical balance, and
their specific gravity was calculated.

Open bronchoalveolar lavage was performed on
the isolated heart — lung complex. Cold saline was
used as a lung lavage fluid [9]. Both lungs were
washed 2-3 times with a truncated syringe inserted
via the trachea. The initial volume of the lavage fluid
for a single injection was 3 ml, the return volume was
at least 2 ml. In the BALF, the protein concentration
was determined spectrophotometrically by the BCA
assay (BCA Protein Assay Kit, Sigma-Aldrich),
and cytokines IL-6, IL-10, TNFa, and MCP-1 were
measured by ELISA (Bender MedSystems GmbH
kits, Austria).

BALF cytology was performed to identify the
total number of leukocytes and the ratio of their
morphological types. For this purpose, BALF was
centrifuged, and cell pellet sections were placed on a
glass slide, fixed in formaldehyde vapor, and stained
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using the Romanowsky — Giemsa stain. Cellular
elements were counted per 200 cells using microscopy
with immersion oil objective.

Statistical analysis was performed using the SPSS
Statistics 23 software. Normally distributed data
(Shapiro — Wilk test) were presented as the mean
and the standard deviation (M £ SD). Non-normally
distributed data were presented as the median and the
interquartile range Me (Q,;Q. /). Differences between
the samples were analyzed using the Student’s #-test
or the Mann — Whitney U test. The differences were
considered statistically significant at p < 0.05.

RESULTS

The impact of a high-fat and high-carbohydrate
diet on the animals of the experimental group led to
statistically significant changes in the physiological
and biochemical parameters compared with the
controls: an increase in the body weight, an increase
in the specific gravity of the liver and visceral adipose
tissue, a rise in the blood pressure, an increase in
the concentration of total protein and glucose in the
blood (Table 1). Changes in the blood lipid indices
were characterized by an increase in the concentration
of triacylglycerols, total cholesterol, low-density
lipoprotein cholesterol (LDL-C), and very-low-density
lipoprotein cholesterol (VLDL-C). The concentration
of high-density lipoprotein cholesterol (HDL-C) was
lower than that in the controls, which was manifested
through the atherogenic coefficient, which was more
than 1.5 times (p = 0.02) higher than in the control
group (Table 1).

Table 1

The effect of a high-fat and high-carbohydrate diet on the
physiological and biochemical parameters of rats, M £ SD

Parameter Control group Model of MS
(n=15) (n=18)

Body weight, g 433.3+39.4 | 489.1 +47.9; p=0.01
Systolic blood pressure, | 130 4,95 | 1451487 p=0.01
mm Hg
Diastolic blood pressure, 865493 |101.4%12.2: p=0.028
mm Hg
Fasting blood glucose, 47405 6.6%0.4: p<0.001
mmol /1
Total protein, g /1 52.7+34 66.7 £ 3.8; p=0.004
Total cholesterol, mmol / 1 1.7+0.2 2.3+0.3; p=0.001
HDL-C, mmol /1 0.6+0.1 0.4+0.1; p=0.003
LDL-C, mmol /1 09+0.2 1.4+04;p=0.02
VLDL-C, mmol /1 0.3+0.1 0.5+0.1; p=0.03
Triacylglycerols, mmol / 1 0.7+0.2 1.7+ 0.5; p=0.001
Atherogenic coefficient 25+03 3.8+0.7; p=0.02
Specific gravity of the 22402 | 43+06;p<0.001
adipose tissue, g

Table 1 (continued)

Parameter Control group Model of MS
(n=15) (n=18)
peciic gravity ofthe 3.1+04 4.2+0.5; p<0.001
liver, g

Note: here and in Tables 2—4: p is the level of statistical significance
of the differences compared with the parameters in the control group.

In the animals with MS, GTT revealed a
decrease in glucose tolerance. An increase in the
area under the “glucose concentration — time”
curve by 1.3 times was recorded on the graph
showing changes in the blood glucose levels
compared with values in intact animals (AUC
o.1n0)- In the control group, the area under the curve
(AUC) was 752.2 = 50.4 mmol / 1 X 120 min, in
the experimental group — 940.9 £ 55.8 mmol / I x
120 min (p = 0.001) (Figure).
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Figure. Changes in the concentration of glucose in the blood of

rats (a) and the area under the “glucose concentration — time”

curve (AUC, ,)) (b) in the glucose tolerance test: solid line —
control group, dotted line — experimental group.

*p < 0.05 compared with the control group
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The analysis of hematological parameters revealed
an increase in the total number of leukocytes in the
blood of the experimental group animals by 1.4 times
compared with the values in the control group. The
quantitative analysis of the leukocyte differential
revealed a statistically significant increase in the
absolute and relative number of granulocytes per unit
volume of blood (Table 2).

According to the results of the biochemical analysis,
the protein concentration in the BALF in the animals of
the experimental group was 1.08 (£0.30) g / 1, which,
on average, was 1.5 times higher (p = 0.037) than the
corresponding value in the intact animals (Table 3).

The qualitative and quantitative analysis of the BALF
cytogram revealed an increase in the total number of
leukocytes per unit volume of fluid, compared with
the control values, due to an increase in the absolute
number of all types of leukocytes in the BALF —
alveolar macrophages, neutrophil granulocytes, and
lymphocytes (Table 3).

The study of the concentration of cytokines in the
blood serum of the experimental animals revealed
higher levels of IL-10 and TNFa compared with the
control values. The concentration of IL-6 and MCP-1
in the BALF significantly exceeded the control values
(Table 4).

Table 2
Total number of leukocytes and hemogram parameters in the experimental animals, Me (Q,.; 0..)
Parameter Control group (n = 15) Model of MS (n = 18)
Total number of leukocytes, x10°/1 9.9 (9.4;10.9) 13.7 (11.4; 15.0); p = 0.001
28.2(25.9;31.3) 33.2(31.5;34.2); p=10.001
- diati o ot el Granulocytes 2.5(1.7; 3.6) 3.9 (3.2; 4.4); p = 0.003
1 quatitrative composition ot 6es 65.3 (64.2; 67.6) 64.2 (62.7; 66.2); p=0.343
(in the numerator — in %, in the denominator — Lymphocytes 7.6 (5.9: 8.3) 7.1 (64 8.5): p= 0.84
in absolute numbers, x10°/1) e SRCEL RIS A
Monocvtes 3.4(3.0;3.6) 3.5(3.1;4.0); p=0.1
Y 0.4 (0.2;0.4) 0.5(0.3;0.4) p=0.166
Table 3
Protein concentration, M + SD, the total number of leukocytes, and the parameters of the BALF cytogram in the experimental animals,
Me (0, 0,)
Control group Model of MS
Parameter (n=15) (n=18)
. 1.08 (+0.30)
Total protein, g /1 0.74 (£0.20) p=0.037
0.80 (0.65; 1.55)
9 . El
Total number of leukocytes, x10°/1 0.55 (0.30; 0.84) »=0047
51.50 (33.88; 55.25)
42.60 (38.50; 53.00) p=0.677
Alveolar macrophages 0.23 (0.13; 0.39) 0.66 (0.51; 0.87)
p=0.0007
o .. 45.25 (36.50; 55.50)
Quantltatlve COInpO?lthIl F)fcel]s ' ' 47.00 (41.60; 55.50) p=0.589
(in the numerator — in %, in the denominator — | Neutrophil granulocytes
) ) 0.27 (0.14; 0.36) 0.58 (0.02; 0.09)
in absolute numbers, x10°/ 1) _
p=0.035
7.00 (2.38; 9.88)
5.50 (1.75;7.75) p=0.146
Lymphocytes 0.02 (0.01; 0.04) 0.05 (0.02; 0.09)
p=0.039
Table 4

Concentration of cytokines, pg / ml, in the blood serum and BALF of the experimental animals, Me (Q,; Q..

Blood serum BALF
Parameter
Control group (n = 15) Model of MS (n = 18) Control group (n = 15) Model of MS (n = 18)
IL-6 5.5(2.3;6.3) 7.8(4.7;14.1); p=0.152 53(4.7;9.2) 9.7 (9.4;15.7); p = 0.007
IL-10 11.8 (6.0; 23.8) 43.3 (21.9; 54.7); p=0.029 59.9 (37.4; 74.5) 66.1 (38.4; 85.9); p=0.351
TNFa 2.6 (2.6;5.2) 10.8 (6.4; 11.7); p=0.035 40.1 (20.6; 46.2) 39.6 (31;5; 42.5); p = 0.863
MCP-1 158.6 (91.7; 454.6) 155.7 (111.7; 407.3); p = 0.423 166.7 (131.5; 352.5) 284.3 (184.0; 498.1); p = 0.045
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DISCUSSION

Reproduction of genetic or diet- and drug-induced
models of MS in experiments on animals makes it
possible to study changes in homeostatic parameters
and analyze the effect of emerging metabolic
disorders on various organs and systems. Diet-induced
combined in vivo models of MS with a high content of
fat and carbohydrates in the diet are more similar to
the unbalanced human diet, are most consistent with
alimentary obesity, and are adequate in terms of the
mechanisms of development of MS and associated
comorbidity [10—-12].

The model reproduced in our experiment reflected
the main biometric and biochemical changes typical of
MS. The rats receiving a 12-week high-fat and high-
carbohydrate diet had an increase in the body weight
due to the accumulation of visceral adipose tissue
and hepatomegaly. Besides, arterial hypertension
with an increase in both systolic and diastolic blood
pressure was noted in the animals with MS (Table
1). Blood biochemistry revealed changes indicating
carbohydrate and lipid metabolism disorders, such as
fasting hyperglycemia, low glucose tolerance, as well
as dyslipoproteinemia with an increase in the blood
level of triacylglycerols and atherogenic fractions of
lipoproteins (LDL-C, VLDL-C) and a decrease in the
concentration of high-density lipoproteins.

A number of studies have confirmed that factors
of the immune system are actively involved in the
pathogenesis of digestive diseases [13, 14]. An
important role in the pathogenesis of MS is attributed
to sterile inflammation in the adipose tissue, which
is induced by macro- and micronutrients, as well as
metabolic products formed in the visceral adipose tissue
with its excessive accumulation [15]. Such metabolic
inflammation often does not have pronounced clinical
manifestations, but is accompanied by local stromal
vascular and functional changes in the adipose tissue —
adipocyte hypertrophy, infiltration by immune
cells, fibrosis of the extracellular matrix, impaired
microcirculation, and changes in the secretory
phenotype of cellular elements [ 14]. However, in some
cases, laboratory tests reveal an increase in the level of
nonspecific inflammatory markers in the blood, such
as C-reactive protein, fibrinogen, procalcitonin, etc.,
which correlates with the severity of inflammation in
the adipose tissue [16].

As a result of our experiment, we revealed an
increase in the total number of leukocytes due to
granulocytes, as well as an increase in the protein
concentration in the blood serum of the animals with

induced MS compared with the intact animals (Tables
1, 2). At the same time, we registered an increase
in the levels of TNFa and IL-10 in the blood serum
(Table 4). The identified changes are common signs
of an inflammatory response that develops against
the background of diet-induced metabolic disorders
[17-19].

Factors of systemic inflammation associated
with MS and obesity contribute to the development
of pathology in various organs and systems, which
is confirmed by a large number of experimental
and clinical studies [2, 20]. One of the informative
methods for detecting biological markers of most
lung diseases is the study of BALF (cytological,
biochemical, immunological), which gives accurate
information about the direction and severity of
protective, adaptive, and pathological reactions in the
lungs and allows to study the systemic mechanisms
for maintaining structural and functional homeostasis
in the bronchopulmonary system [7, 8].

Following the analysis of the BALF cytogram, we
found an increase in the total number of leukocytes,
as well as their individual morphological types (the
absolute number of alveolar macrophages, neutrophil
granulocytes, and lymphocytes) in the animal models
of MS compared with the control values (Table 3).
In normal conditions, macrophages represent the
majority of phagocytes in the lower respiratory tract
[21]. During inflammation, the proportion of alveolar
macrophages increases both due to proliferation of
tissue-resident cells (to a larger extent) and due to
recruitment of macrophages of monocytic origin from
peripheral blood (to a lesser extent) [22]. Monocytes
infiltrating tissues find themselves in a specific
microenvironment and develop into macrophages with
altered functions, often exacerbating inflammatory
responses [23]. It is assumed that it is monocytes
recruited from the blood, and not proliferating tissue-
resident alveolar macrophages, that are the precursors
of MIl-polarized macrophages in the lungs. The
latter are distinguished by pronounced cytotoxic
and antimicrobial activity, secrete a large number of
reactive oxygenspecies, nitrogen, and proinflammatory
cytokines, and contribute to alteration and progression
of inflammation in the bronchial mucosa [24].

The analysis of the BALF cytokine profile
revealed a more than 1.5-fold increase in the
concentration of IL-6 and MCP-1 in the animals
with MS compared with the controls (Table 4).
It is known that the monocyte chemotactic factor
is predominantly secreted by macrophages and
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monocytes, dendritic cells, and lung fibroblasts and
increases the chemotactic activity of monocytes, but
not neutrophils [25]. IL-6 is a pleiotropic cytokine
with both pro- and anti-inflammatory properties due
to implementation of different types of signaling
[26]. In chronic obstructive pulmonary disease, 1L-6
is crucial for attracting neutrophils to the site of
inflammation, as it leads to synthesis of the necessary
chemokines by endothelial cells as a result of trans-
signaling. At the same time, neutrophils attracted to
the focus of inflammation are some of the sources of
soluble IL-6 receptor (sIL-6R), which is necessary for
initiating trans-signaling in relation to the structural
cellular elements of the lungs (fibroblasts, epithelial
cells, endothelial cells, and smooth muscle cells) [27,
28]. In turn, excessive proinflammatory activity of
the cellular components in the pulmonary interstitial
matrix can lead to an increase in the permeability of
the alveolar — capillary barrier, which is confirmed by
the increase in the protein concentration in the BALF
in the group of animals with MS (Table 3).

CONCLUSION

Experimental diet-induced MS is accompanied
by the development of a systemic inflammatory
response, laboratory signs of which are neutrophilic
leukocytosis in the blood and an increase in the serum
concentration of protein, TNFa, and IL-10. Organ-
specific changes that characterize the negative impact
of MS factors on the state of the bronchopulmonary
system in the experimental animals are qualitative
and quantitative changes in the composition of BALF,
such as an increase in the protein concentration, an
increase in the content of cellular elements (alveolar
macrophages, neutrophil granulocytes, lymphocytes),
and a rise in the concentration of proinflammatory
cytokines IL -6 and MCP-1. Since these changes are
inflammatory in nature, it seems relevant to evaluate
structural, morphological, and functional changes
in the bronchoalveolar system in laboratory animals
that occur against the background of MS and assess
their intensity in conjunction with systemic and local
inflammation factors.
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Development and characterization of patient-derived xenograft models
of colorectal cancer for testing new pharmacological substances
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ABSTRACT

The aim of the study was to create a patient-derived xenograft (PDX) model of human colorectal cancer and to
determine its histologic and molecular characteristics, such as the status of KRAS, NRAS, and BRAF genes and the
presence of microsatellite instability.

Materials and methods. First generation xenograft models in vivo were created using tumors from patients with
colorectal cancer (n = 4) and immunodeficient Balb/c Nude mice (n = 20); second, third, and fourth generation
models were created in the same mouse line (n =3 for each generation). A caliper was used to measure subcutaneous
xenografts; their size was calculated by the ellipsoid formula. Cryopreservation involved immersing the samples
in a freezing medium (80% RPMI 1640, 10% fetal bovine serum, 10% dimethyl sulfoxide (DMSO)) and storing
them at —80 °C. The histologic analysis was performed according to the standard technique (preparation of paraffin
blocks and staining of microsections with hematoxylin and eosin). Mutations in the KRAS, NRAS, and BRAF genes
were determined by direct Sanger sequencing; microsatellite instability was determined by the fragment analysis at
five loci: Bat-25, Bat-26, NR21, NR24, and NR27.

Results. Stable, transplantable xenografts of colorectal cancer were obtained from two out of four patients. The
average waiting time from the implantation to the growth of the first generation xenograft was 28 days. The latency
phase after cryopreservation was comparable to that at the creation of the first generation PDX model. The model
reproduced the histotype, grade and mutational status of the KRAS, NRAS, and BRAF genes, as well as microsatellite
instability of the donor tumor.

Conclusion. The developed model of human colorectal cancer was characterized in terms of growth dynamics,
cryopreservation tolerance, and histologic and molecular genetic parameters.
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Pa3paboTka n xapakrepucrtmka KCeHOTPaHCNIaHTaTOB, NOJTYYeHHbIX
OT NALMEHTOB C KOJIOPEKTa/IbHbIM PaKOM, AJIA TeCTUPOBaHMNA HOBbIX
dapmakonornyecknx cyocraHuymmn

FNoHuyaposa A.C., KonecHukos E.H., Eropos I'.10., Makcumos A.1O., LLleBuyeHko A.H.,
Henomusawas E.M., F'BanguH [.10., Kyp6aHosa J1.3., XogakoBa [1.B., Kut C.0,,
Kanmakum O.10., CHexxko A.B.

Hayuonanvhoiii meouyunckuii ucciedosamenvexuil yeump (HMHUL]) onxonocuu
Poccus, 344037, o. Pocmog-na-/{ony, yn. 14-s Jlunus, 63

PE3IOME

Heaw. Co3nanne MO/EIN KCCHOTPAHCIUIAHTATA, MOJYYSHHOI0 OT MalMeHTa ¢ KoJopekTatbHbM pakoM (KPP), u
oIpeJiesIeHUE €€ I’UCTOI0INYECKUX U MOJICKYJIIPHBIX XapaKTePUCTUK, TAKMX Kak cTaTyc reHoB KRAS, NRAS BRAF
1 HAIMYHE MUKPOCATEIIUTHOW HECTaOUIIbHOCTH.

Martepuajabl U MeTOAbL. /I CO3MaHMS TIEPBOTO IOKOJEHMS MOJENIH i1 Vivo HWCIONB30BATH OIYXOIH OT
nanuenToB ¢ KPP (n = 4) u ummyHomeduutHbIx Memreit muann Balb/c Nude (n = 20), s co3maHust BTopo-
TO, TPETHETO U YETBEPTOTO ITOKOJICHUS — MBIIIEH 3TOH ke JMHNH (n = 3 I KaXXIOro IokoseHus ). Vzmepenus
TIOJKO’KHBIX KCEHOTPAHCIUIAHTATOB BBITOJIHSIIN TAHTSHIIMPKYJIEM, UX pa3Mepsl BEMIHCIsuH 1o gopmyie [lpexa
Jutst amunconaa. KprokoHcepBanuio BEIMONHSIIN IyTeM MOTPY)KEHHST 00pasIoB B MHUKC JUIsi KPHOKOHCEPBAIIUI
(80% RPMI 1640, 10% ¢erambHOi ObIubeii CHIBOPOTKH, 10% mumermincymbdokcnaa) u xpanenus ux Ha —80 °C.
I'mcronormueckoe MCCieI0BaHNE BBITIOJIHSUIN COTJIACHO CTAHAAPTHOM MeToanKe (IPUrOTOBJIECHNE MapaMHOBBIX
OJIOKOB M OKpAIIMBaHHE MUKPOCPE30B '€éMATOKCHIMHOM M 303MHOM). Myranuu B reHax KRAS, NRAS n BRAF
OIIPEEISIIN METOJOM IIPSIMOTO CeKBEHHpOBaHUS 10 CHHrepy, MHKPOCATEUIUTHYIO HECTAOMIFHOCTh — METOIOM
(parMeHTapHOTO aHaJM3a MO TSTH JIoKycaM: Bat-25, Bat-26, NR21, NR24, NR27.

Pe3yabTaThl. CTabunbsHbIE EpeBUBaeMble KceHOTpaHcIIaHTaThl KPP momyuens! oT AByX ManueHToOB U3 YEThIPEX.
Cpennee BpeMsl OKHIAHUS MEXKAYy MMIUIAHTAIMEH W POCTOM TPAHCIUIAHTATa MEPBOTO MOKOJIEHHUS COCTABUIIO
28 cyr. JlatentHas (aza mociie KpHOKOHCEpBaUUU OblIa COMOCTaBMMA C JIATEHTHOW (ha30i MpM CO3AaHUM IIEp-
BOTO TOKOJIEHUs TMaIrMeHTonono0Hoi monenu. [lokazaHo, 4To B MOJENM BOCHPOU3BEJECHBI THCTOTHUII, CTETICHb
TG PepeHINPOBKH U MYTallMOHHBIN cTaTyc reHOB KRAS, NRAS, BRAF u MUKpOCaTTEIUTHAs HECTAaOMIBHOCTh
JIOHOPCKOM OITyXOJIH.

3aximoyenne. Co3nannas mojenb KPP yenoBeka oxapakrepu3oBaHa ¢ y4eTOM JMHAMUKHU POCTA, CIIOCOOHOCTH
HEePEHOCHTh KPHOKOHCEPBALIMIO, THCTONIOTHYECKUX U MOJICKYJISIPHO-T€HETHUECKUX ITapaMeTpOB.

KiroueBble c10Ba: KCCHOTPAHCIUIAHTAT, KOJIOPEKTAIBHBIN pak, Mozenu in vivo, PDX mozens, Balb/c Nude

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThH.

Hcroynuk ¢puHaHCHPOBAHUSA. ABTOPBI 3asIBISIOT 00 OTCYTCTBUH (DMHAHCHUPOBAHMUSL.

CooTBeTcTBHE NMPUHIMIAM 3THKHU. Bce ManueHThl moamucand WHPOPMUPOBAHHOE COTJIACHE HAa yd4acTHE B
nccnenoBanuu. VccnenoBanue 0g00peHO JOKAIbHBIM 3THYeCKHM KoMuTeTroM HUMII oHKOMOTHH.

[ nurupoBanusi: 'onuaposa A.C., Konecuukos E.H., Eropos I'.1O., MakcumoB A.1O., llleBuenko A.H., He-
nomusmas E.M., I'sanaun [1.1O., Kypbanosa JI1.3., Xonaxosa /[.B., Kut C.O., Kaiimakun O.1O., Cuexko A.B.
Pa3paboTka 1 XapaKTeprCTHKa KCeHOTPAHCIUIAHTATOB, MTOJYYEHHBIX OT MAIIUEHTOB C KOJIOPEKTAILHBIM PAKOM, JUTs
TECTUPOBAHUS HOBBIX (hapMaKOJIOTHUECKUX CyOCTaHUui. Broaemens cubupckoti meduyunsl. 2022;21(4):37-43.
https://doi.org/10.20538/1682-0363-2022-4-37-43.

INTRODUCTION can be reduced by its early detection and an optimal
treatment regimen in management of patients with

Colorectal cancer (CRC) is one the most common advanced disease.
cancers worldwide. It is characterized by high The treatment strategy for CRC depends on the
lethality at advanced stages [1]. Mortality from CRC stage and site of the tumor, as well as on its molecular
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characteristics [2]. To date, treatment of patients
with CRC involves surgical resection combined with
standard adjuvant chemotherapy, and neoadjuvant
radiochemotherapy is recommended for patients with
locally advanced rectal cancer [2, 3]. A combination
of chemotherapy with new targeted drugs, such as
epidermal growth factor receptor (EGFR) inhibitors,
and immunotherapy improves the median survival
of patients [4]. Patients with wild-type KRAS genes
in tumors have been found to respond favorably
to targeted therapies, including anti-EGFR or anti-
VEGFR drugs, while patients with high microsatellite
instability in tumors (MSI-high tumors) benefit more
from immunotherapy [5].

Despite advances in CRC treatment, the search
for new anticancer drugs continues around the
world. Early stages of development of potentially
useful pharmacological substances involve the
use of cancer cell line panels as a tool to study the
biological mechanisms of action and test the activity
of new compounds in vitro. However, cell lines fail to
reproduce heterogeneity of human tumors both in vitro
and in vivo. On the contrary, patient-derived xenograft
(PDX) models better reflect the existing molecular
heterogeneity of human cancers and, therefore, are
considered more suitable for drug efficacy studies [6].

The use of PDX models as a platform for
assessing therapeutic responses in preclinical studies
requires standardization of these models, which is
especially important for assessments at the molecular
level [7].

Therefore, the aim of this study was to create
a PDX model of human CRC and to determine its
molecular characteristics, such as the status of KRAS,
NRAS, BRAF, and MSI genes.

MATERIALS AND METHODS

The study included immunodeficient Balb/c Nude
mice (29 female mice aged 5-6 weeks) obtained from
the SPF-vivarium of the Institute of Cytology and
Genetics, SB of RAS (Novosibirsk). The animals
were kept in the SPF vivarium at the National Medical
Research Center for Oncology. The animals were
housed in the IVC system (Tecniplast, Italy) in a
room with controlled climate parameters (temperature
21-26 °C, air humidity 50-60%). The animals had
free access to food and water which were exposed to
autoclave sterilization. All manipulations involving
animals were performed in compliance with the
Guidelines for the Use of Laboratory Animals.

Subcutaneous PDX models of human CRC were
created using tumor samples obtained during surgery
from patients receiving treatment at the Department of
Abdominal Cancer No.1, National Medical Research
Center for Oncology, from February to April 2020.
All patients signed an informed consent to the use of
biological material.

Subcutaneous PDX models were obtained by
implanting a fragment of the donor tumor with a
size of 3 x 3 x 3 mm under the skin of the right thigh
in recipient animals (n = 5 for a sample obtained
from one patient). Mice of the same line were used
for the second, third, and fourth generation models
(n = 3 for each generation). Implantation was
performed under injectable anesthesia with Xyla
(20 mg / kg) and Zoletil-100 (50 mg / kg). The animals
were euthanized by cervical dislocation.

Subcutaneous xenografts were measured by a
caliper (Griff, Russia), and their size was calculated
by the ellipsoid formula: V'=a x b x ¢ x n/ 6, where
V' is the tumor volume (mm3), and a, b, and ¢ are
measurements of the ellipsoid in three planes (mm).

Isolated tumor nodules were divided into 3 x
3 x 3 mm fragments, placed in a freezing medium
(80% RPMI 1640, 10% fetal bovine serum, 10%
dimethyl sulfoxide (DMSQ)), and then stored in the
freezer at —80 °C. Frozen samples were thawed in a
37 °C water bath. Then the samples were placed in
a container with the RPMI 1640 medium. After the
thawing, the tumor fragments were implanted.

The fragments of donor tumors and xenografts were
fixed in 10% formalin for 24 h and then embedded in
paraffin. Then the histologic analysis was performed
according to the standard technique: paraffin blocks
were prepared, and the microsections were stained
with hematoxylin and eosin.

Genomic DNA was isolated from PDX using the
QIAamp DNA Mini Kit (Qiagen, Germany) and the
QIAcube Connect automated nucleic acid purification
system (Qiagen, Germany). Mutations in exons 2, 3,
and 4 in the KRAS and NRAS genes and BRAF V600
mutations were identified by direct Sanger sequencing
(AB3500 Genetic Analyzer, Life Technologies,
USA). Microsatellite instability was determined by
the fragment analysis (AB3500 Genetic Analyzer,
Life Technologies, USA) at five loci: Bat-25, Bat-26,
NR21, NR24, and NR27.

RESULTS

Tumor samples for the PDX model of human CRC
were obtained from four patients during surgery for
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colon tumors (sigmoid / transverse colon resection).
Freshly resected tumor fragments from each patient
were transported from the operating unit to the SPF
vivarium in a sterile container with the RPMI 1640
medium and implanted into immunodeficient Balb/c

Nude mice (n =5 for a sample taken from one patient)
within an hour.

Table 1 presents the characteristics of patients and
the corresponding assessment of xenotransplantation
results.

Table 1
Clinical characteristics of patients and assessment of the results of tumor xenotransplantation into immunodeficient Balb/c Nude mice
Procedure . . TNM . Implantation Latency phase
number Sampling method Tumor site stage Histology results duration. days
PDX-1 Surgical resection | Transverse colon | T, N, M, Moderately dlﬂerentlated 2/5 25 (20-30)
wle adenocarcinoma
PDX-2 Surgical resection | Sigmoid colon | T,N M/ Moderately dlﬁerentlated 3/5 31 (24-45)
adenocarcinoma
PDX-3 Surgical resection | Sigmoid colon T,NM, Moderately dlﬁerentlated 0/5 —
adenocarcinoma
PDX-4 Surgical resection | Sigmoid colon | T,N M/ Moderately dlﬂerentlated 0/5 —
adenocarcinoma

Stable, transplantable PDX models of CRC were
obtained from two out of four patients. The average
waiting time from the implantation to the growth of
the first generation PDX (P1) was 28 days (the range
0f20—45 days). Engraftment and growth rate of freshly
implanted tumor fragments varied (Fig. 1).
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> /"’
8
g 1 000
= /
500 / _//
0 I T T T T T T T T T T T T 1
1 18 22 2529 32 36 39 43 46 50 53
Day after tumor implantation
Mouse 1 Mouse 2
Fig. 1. Growth dynamics of the first generation PDX-1 model
(P

If xenotransplantation did not result in the growth
of subcutaneous tumor nodules within 60 days, the
procedure was regarded as unsatisfactory, and the
corresponding observations (PDX-3 and PDX-4)
were stopped. Two successfully implanted PDX
models (PDX-1 and PDX-2) were serially passaged to
generate second (P2, n = 3) and third generation (P3,
n =3) models.

To assess the effect of cryopreservation on
engraftment and growth rate, subcutaneous tumor
nodules of the third generation PDX-1 were isolated,
fragmented, cryopreserved according to the standard
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procedure, and stored at —80 °C. After recovery
of PDX-1 from cryopreservation, two of the three
samples showed linear growth forming the fourth
generation (P4) (Fig. 2).

1 000

800 f

600 /
400 / /

200 =

Tumor V, mm?

0

1 13 16 20 24 34 37 39 43 50 57

Day after tumor implantation

Mouse 1

Mouse 2 e Mouse 3

Fig. 2. Growth dynamics of PDX-1 thawed after
cryopreservation, fourth generation (P4)

The latency phase of the fourth generation PDX-
1 (P4) after cryopreservation was slightly longer than
that of the first generation (P1).

The histologic characteristics of the primary tumor
were preserved during serial passage, and they were
reproduced in the fourth generation PDX-1 after
cryopreservation. The preparations were described
as moderately differentiated adenocarcinoma (G2).
The tumor showed necrotic foci with pronounced
infiltrative growth and areas with high mitotic activity.
Slight lymphocytic infiltration was determined in the
preparations obtained from the donor tumor material

(Fig. 3).
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Fig. 3. Histologic samples of the patient tumor and corresponding PDX models: @ — patient tumor; b — first generation PDX model;
¢ — fourth generation PDX model (after cryopreservation). Staining with hematoxylin and eosin, X400

Molecular and genetic tests showed no mutations
in exons 2, 3, and 4 in the KRAS and NRAS genes and
no BRAF V600 mutations. Microsatellite stability was
also determined both in the sample of the donor tumor
material and in the corresponding third (P3) and fourth
generation (P4) PDX models.

DISCUSSION

In this study, we performed four subcutaneous
implantations of tumor fragments from patients
with CRC into immunodeficient Balb/c Nude mice,
resulting in two stable, transplantable PDX-derived
cell lines, which complied with earlier published
engraftment-characterizing  parameters [7, 8]
Successful engraftment of tumor fragments in a
PDX model is not universal for all types of tumors;
however, according to the literature, PDX models of
human CRC have relatively high engraftment rates
ranging from 50 to 70% [7-9].

A. Katsiampoura et al. (2017) demonstrated that
surgically obtained samples had higher engraftment
rates compared with biopsy samples, about 70 and
35%, respectively [8]. In this regard, we chose a
surgical tumor sampling method to create PDX
models. In addition, a small size of biopsy samples
complicates the choice of the implantation site and
creation of a series of xenografts with simultaneous
sample duplication for biobanking [10, 11]. The growth
dynamics of PDX models after cryopreservation
(P4) showed that the duration of a latency phase was
generally comparable to that during the creation of the
first generation PDX model (P1).

We demonstrated the ability of PDX to reproduce
the morphological features of the disease, namely
the histotype and grade of the tumor. In addition, the
study of sequentially created generations P1, P2, P3,
and P4 allowed to conclude that PDX passaging did

Bulletin of Siberian Medicine. 2022; 21 (4): 37-43

not significantly affect the ability to reproduce the
histological subtype, at least at early stages of PDX
creation, which is consistent with the literature data
[7]. Some researchers demonstrated in larger-scale
studies that differentiation of donor tumor cells did
not affect the establishment of the PDX cell line [8].

PDX models can reproduce both morphological
characteristics of tumors and molecular and genetic
heterogeneity which is a fundamental feature of the
human disease [12]. We noted in this study that wild-
type KRAS, NRAS, and BRAF genes were preserved
in serial passaging, and microsatellite stability was
established in samples of the third generation PDX
model (P3), which complied with the molecular and
genetic characteristics of the donor tumor. This makes
the resulting model suitable for testing both new
pharmacological substances with a cytotoxic effect
and monoclonal antibody drugs.

Other studies have found that clinically significant
genetic mutations (KRAS, BRAF, and PIK3CA) do
not affect the development of a PDX model, but the
authors believe that three genes are not enough to
fully reproduce the diversity of CRC biology. On
the contrary, M. Cybulska et al. (2018) in a large-
scale study on the stratification of PDX models of
human CRC investigated transcriptomic and mutation
profiles of primary tumors and xenografts derived
from them using a panel of 409 cancer-associated
genes. The differences were found in both genetic
and transcriptomic profiles of donor tumors and PDX
models, which might result from subclonal evolution
at an early stage of PDX model development or
technical errors. In this regard, the authors concluded
that standardization of the PDX model requires
taking into account more stable parameters, such as
the presence of targets and a response to standard
anticancer therapy [7].
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Development and characterization of patient-derived xenograft models

CONCLUSION

To overcome certain shortcomings associated with
drug testing on traditional tumor models, we attempted
to develop and standardize PDX models of human
CRC to reproduce a wide range of biological and
clinical properties of human tumors. One of the PDX
models obtained during the study was characterized
in terms of growth dynamics, cryopreservation
tolerance, histologic parameters, and molecular and
genetic criteria for choosing a treatment strategy.
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ABSTRACT

Aim. To evaluate the role of polymorphisms in adrenoceptor beta 1 (ADRBI) (Arg389Gly, rs1801253) and angio-
tensin-converting enzyme (ACE) (I/D, rs4343) genes in assessing the effectiveness of -blocker (carvedilol) and
ACE inhibitor (enalapril) therapy in women with anthracycline-induced cardiotoxicity (AIC) without prior cardio-
vascular diseases (CVD) during 12-month follow-up.

Materials and methods. A total of 82 women (average age 45.0 (42.0; 50.0) years) with AIC and without prior CVD
were included in the study. Echocardiography was performed and serum levels of NT-proBNP were determined at
baseline and at 12 months after the enrollment. Gene polymorphisms in ADRBI and ACE genes were evaluated by
polymerase chain reaction at baseline.

Results. Carriers of the G/G genotype in the ADRB1 gene and G/G genotype in the ACE (I/D, rs4343) gene showed
a significant increase in left ventricular ejection fraction (LVEF), a decrease in the size of the left ventricle (LV)
and left atrium (LA), and a fall in the NT-proBNP level. Carriers of other genotypes had further progression of AIC
which was manifested through a decrease in LVEF and an increase in the size of LV and LA.

Conclusion. Evaluation of gene polymorphisms in ADRBI (Arg389Gly, rs1801253) and ACE (I/D, rs4343) genes
may be recommended before treatment initiation for AIC in women without prior CVD to determine who will
benefit from carvedilol and enalapril therapy, as well as to identify a priority group of patients for personalized
intensification and optimization of treatment for decreasing development of adverse cardiovascular events.

Keywords: anthracycline-induced cardiotoxicity, heart failure, gene polymorphisms, -blocker, angiotensin-con-
verting enzyme inhibitor
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QapmakoreHeTuKa B Ie4EHVN aHTPaALMKANH-UHAYLNPOBaHHON
KapAVNOTOKCUYHOCTM Y XKeHLMH 6e3 conyTCTBYIOLWNX CepAEeUYHO-

cocyauncTbix 3aboneBaHuin

FpakoBa E.B.', KonbeBa K.B.", LLinnos C.H.?, bepe3ukoBa E.H.2, MonoBa A.A.%,
HeynokoeBa M.H.?, PatywHsak E.T.%, KanioxxuH B.B.?, Tennakos A.T."

! Hayuno-uccreoosamenvckuii uncmumym (HHUH) kapouonozuu, TomcKkuil HAYUOHAIbHBIIL UCCIE08AMENbCKUTL

meduyunckuu yeump (HHUMIL]) Poccutickou akademuu HayK
Poccus, 634012, e. Tomck, yn. Kuesckas, 111a

2 Hosocubupckuii 20cydapcemeentslii meouyunckuil ynueepcumem (HI'MY)
Poccus, 630091, . Hosocubupck, Kpacnwiti npocnexkm, 52

3 Cubupckuii 2ocyoapemeseniviil meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

Heas. Onpenenuts pons monmumopduzMoB renoB Bl-agpenopenentopa (ADRBI) (Arg389Gly, rs1801253) u an-
ruoTeH3uHNpeBpamaromero Gepmenta (AIID) (I/D, rs4343) B ouenke 3h(eKTHBHOCTH Tepanuu P-OJ10KaTOpoM
(xapBeaminonom) u HHrHONTOpoM AIID (3HaNManpUIIOM) y KEHIIMH C aHTPAIUKIHMH-HHAYIHPOBAHHON KapJHOTOK-
cuaHOCThIO (AWK) 1 6e3 comyTCTBYIOMHNX ceplIedHO-COCYAUCThIX 3a0oeBanuii (CC3) B TeueHue 12-MecsigHOTO

nepuoaa HaOmoJeHuS.

Marepuaibl 1 MeTO/IbI. B ricciieoBanme BKIIOYEHBI 82 jKeHIITUHBI B Bo3pacte 45,0 (42,0; 50,0) et ¢ AUK u 6e3
CC3 B anamHe3se. Oxokapauorpaduio u onpenenenue yposHs NT-proBNP B cbIBOpOTKe KPOBH BBIIOIHSITH HCXO/I-
HO ¥ uepe3 12 Mec mociie BKIIoYeHus B uccieaoBanue. OueHky nonumopdusmos reHoB ADRBI n ACE npoBoauin

C IMMOMOIIBIO nonnmepam—toﬁ LIETTHOM pCaKuu UCXOAHO.

PesyabTartel. Y Hocureneit renotuna G/G rena ADRBI u renoruna G/G rena ACE (I/D, rs4343) nuarHoctupo-
BaHO 3HAYMTENILHOE yBeIM4YeHHe (Gpakuuu BeIOpoca jeBoro xenaynouka (OB JIXK), ymensmenue pazmepos JIK
u sieBoro npexacepaus (JIIT), a Takxe camkenne ypoBHeid NT-proBNP. V Hocurene apyrux reHOTHIOB HaOIIro-
Janock ganbHeiee nporpeccuposanue AWK, uto nposiBisuiocs cHuxkerueM @B JDK u yBenuueHneM pazmepos

JDK u JIIT.

3akmouenne. Ouenka momumopduzmos reHoB ADRBI (Arg389Gly, rs1801253) u ACE (I/D, rs4343) moxeT ObITh
pexoMeHoBaHa 0 Hadana jedeHust AWK y sxennma 6e3 CC3 B aHaMHe3e, 9TOOBI ONPEeNUTh, Kakue OOIbHBIE
OyIyT MMeTh NMPEHMYILECTBA OT TEParuy KapBEAMWIOIOM M DHAJAIPHIOM, & TaKKe BBIACIUTH MPUOPUTETHYIO
rpyniy GOJIbHBIX JUIS HEPCOHUPUIMPOBAHHON HHTEHCH(HKAIINK i ONTUMH3ALIMH JICUCHUS C LENIbI0 YMEHBIICHUS

Pa3BUTHS HEOIATONPUATHBIX CEPJICIHO-COCYAUCTBIX COOBITHIA.

KuroueBrbie ciioBa: AHTPAUKIMH-UHAYIHUPOBaHHAsA KapAUOTOKCUIHOCTDb, CE€pACHYHAas HEAOCTAaTOYHOCTb, IOJIN-

MOpP(}HU3MEI T€HOB, B-aJpeH00IOKAaTOpP, HHIHONTOP aHTHOTEH3WHITPEBPAIAIONIero (hepMeHTa

Konpaukt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()JINKTOB HHTEPECOB,

CBSI3aHHBIX C MyOJUKAIMEH HACTOSIIICH CTAThH.

HUcTounuk (lJI/IHaHCI/IPOBaHPIﬂ. d)sz[aMeHTanLHoe Hay4YHOC HCCJIICN0BaHUE ((I/I3y‘leHI/I€ MEXaHU3MOB CTPYKTYp-
HOIro nu q)yHKIII/IOHaJ'IBHOFO peMoaCInpOBaHrs MHUOKap/Jia Ipru pasHbIX q)eHOTI/IHaX XpOHH‘lCCKOfI cepuequﬁ HEI0-

CTaTOYHOCTH MIIEMUYCCKON M HeumeMuaeckoi stuonorumy Ne 122020300045-5.

CooTBeTcTBHE NPHHIIUNIAM 3THKHU. Bee manuenTs! moanucany HHGOPMUPOBAHHOE COTIIACHE HA yJacTHE B HCCIIe-
noBanun. VccnenoBanne 0100peHo oKanbHbIM dTHYeckuM komutetoM HUU xapanonorun Tomckoro HUMLI,

Jia nuruposanus: I'pakoBa E.B., Konsesa K.B., Illunos C.H., bepe3uxosa E.H., [Tlonosa A.A., Heynokoe-
Ba M.H., Parymmnsax E.T., Kamoxun B.B., TerusikoB A.T. @apmakoreHeTuka B JICUCHUN aHTPALUKIMH-UHIY PO~
BAaHHON KapJHOTOKCHYHOCTH Y >KSHIINH 03 COIYTCTBYIOIINX Cep/IedHO-COCYANCTHIX 3aboieBanuil. boinemens

cubupcroil meouyunol. 2022;21(4):44-53. https://doi.org/10.20538/1682-0363-2022-4-44-53.
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Pharmacogenetics in treatment of anthracycline-induced cardiotoxicity

INTRODUCTION

Anthracyclines are an important component
of many chemotherapy regimens, but their use is
associated with an increased risk of developing
cardiotoxicity and heart failure (HF) [1]. As a result of
the growing number of cancer survivors, the incidence
of anthracycline-induced cardiotoxicity (AIC) is
also increasing. However, neither optimal primary
preventive strategies nor AIC-specific therapies have
been developed for these patients [2]. Subclinical
myocardial cell injury induced by anthracyclines is
followed by asymptomatic left-sided heart failure
and symptomatic HF, which can lead to irreversible
cardiomyopathy. Although early AIC that develops
in the first 12 months is often reversible, the late one
involves a number of injuries that result in irreversible
changes [3].

Treatment for patients with AIC currently includes
standard therapies for congestive heart failure (HF)
with ACE inhibitors, beta-blockers, and loop diuretics
[4]. Enalapril and carvedilol are some of the main drugs
for AIC treatment that appear effective in reducing
the rates of left ventricular systolic dysfunction and
preventing left ventricular ejection fraction (LVEF)
decline in patients with AIC [2, 5, 6]. However, not
all patients respond to therapy with these drugs. There
are responders that have an increase in LVEF after
the onset of congestive HF and non-responders that
have no increase or even a decrease in LVEF despite
receiving optimal drug therapy [7]. Genetic factors
may be crucial in a patient’s response to treatment and
may help identify a subset of HP patients with AIC
who might benefit from personalized intensification
and optimization of treatment in order to reduce the
development of adverse cardiovascular events [8].

Therefore, the aim of the study was to evaluate
the role of polymorphisms in betal-adrenoceptor
(ADRBI) (Arg389Gly, rs1801253) and angiotensin-
converting enzyme (ACE) (I/D, rs4343) genes in
assessing the effectiveness of B-blocker (carvedilol)
and ACE inhibitor (enalapril) therapy in women
with anthracycline-induced cardiotoxicity (AIC) and
without concomitant cardiovascular diseases (CVD)
during a 12-month follow-up period.

MATERIALS AND METHODS

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the local
Ethics Committee at Cardiology Research Institute,
Tomsk National Research Medical Center. All

patients signed an informed consent to participate in
the study.

The study was prospective, observational, and
single-center. A total of 82 women with AIC which
developed 12 months after chemotherapy were enrolled
in the study from February 2019 to February 2020.

Inclusion criteria were the following: 1) women
with breast cancer who did not have a history of
cardiovascular diseases and who developed AIC;
2) cancer treatment they received was either a
combination of doxorubicin and cyclophosphamide
(AC regimen), or a combination of doxorubicin,
cyclophosphamide, and docetaxel (TAC regimen);
3) NT-proBNP levels > 125 pg / ml; 4) breast cancer
remission.

Criteria for the development of AIC included
reduction of LVEF by > 10 points from the baseline
value or LVEF value of less than 55% with symptoms
of HF and NT-proBNP levels > 125 pg / ml 12 months
after chemotherapy.

Exclusion criteria were the following: 1) type
1 and 2 diabetes mellitus; 2) coronary heart
disease; 3) hypertension; 4) valve defects and prior
cardiomyopathies of any etiology; 5) HF with an
alternative cause of manifestation (severe lung
diseases, primary pulmonary hypertension, anemia,
body mass index > 50 kg / m?); 6) previous treatment
with any cardiovascular drugs, including ACE
inhibitors and B-blockers; 7) concomitant severe
renal or hepatic failure, or multiple organ dysfunction
syndrome; 8) indications of poor drug tolerance; 9)
chronic alcoholism or mental disorders; 10) ovarian
pathology or hormonal imbalance.

Blood samples were obtained by venipuncture and
adequate serum samples after centrifugation were
stored at —24 °C with one freeze — thaw cycle. The
serum levels of NT-proBNP were determined using
an enzyme-linked immunosorbent assay (Biomedica
Immunoassays, Austria).

Buccal epithelium was taken to determine gene
polymorphisms. DNA was isolated from buccal
epithelial cells using phenol - chloroform extraction.
Genotyping of the ADRBI gene (polymorphism
Arg389Gly, rs1801253) and I/D of the ACE gene (I/D,
rs4343) was carried out by the real-time polymerase
chain reaction.

The Hardy — Weinberg equilibrium was used to
monitor genotyping results, testing was conducted
using an online program on the website of the Institute
of Human Genetics (http://ihg2.helmholtz-muenchen.
de/cgi-bin/hw/hwal.pl).
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All patients received B-blocker (carvedilol) and
ACE inhibitor (enalapril) therapies as AIC treatment.
Drugs were titrated to the maximum tolerated dose.
Given the fact that study participants were women
without a history of cardiovascular diseases, the
average up-titrated dose of carvedilol was 50 (25; 50)
mg / day and that of enalapril was 10 (10; 20) mg / day.

An unfavorable course of AIC was defined
as new or aggravating symptoms / signs of HF,
reduction of LVEF by more than 5% 12 months after
treatment initiation, or an increase in New York Heart
Association (NYHA) class by 1 or more functional
classes. Patients who did not meet these criteria had a
favorable course of AIC.

Statistical processing of the results was carried out
using Statistica 10.0 R software package version 2.
Data were presented as the median and the interquartile
range Me (Q,,; O.,). To test statistical hypotheses, the
Mann — Whitney test was used to analyze quantitative
variables when comparing two groups. In the analysis
of qualitative characteristics, the contingency tables
were analyzed using the Pearson’s y2 test. If there
were cells with an expected frequency of less than 5,
then the two-sided Fisher’s exact test or the Yates’s
correction was applied (for 2 x 2 tables). Odds ratios
(OR) for gene polymorphisms were determined using
logistic regression models. All p values were two-
tailed. The differences were considered statistically
significant at p value of 0.05 or less. Power calculation
for the gene polymorphism test was 72.6%.

RESULTS

Initially, we examined a total of 303 women
aged 45.0 (42.0; 50.0) years with breast cancer and
without cardiovascular diseases and cardiovascular
risk factors (LVEF of 67.0 (62; 70) %), who received
chemotherapy. The cumulative dose of doxorubicin
was 300-360 mg / m*. 12 months after chemotherapy,
82 patients developed symptoms of HF (NYHA FC
I0III) and had reduction of LVEF by 25.2%: from
65.5 (61; 70) to 49 (47; 52) %. These patients were
included in the study, and for the treatment of AIC,
they were prescribed carvedilol and enalapril at the
maximum tolerated doses.

All patients were examined after 12 months of
treatment and were divided into two groups: group 1
(n =31) included patients with an unfavorable course
of AIC, group 2 (n = 51) consisted of patients with a
favorable course of the disease. Baseline demographic
and clinical characteristics did not differ between
the groups (Table 1). Baseline echocardiography

parameters were also the same in both groups.
However, 12 months after treatment initiation, in
group 1, LVEF significantly (p < 0.001) decreased by
10.0% from 50 (47; 53) to 45 (44; 49) %; end-systolic
diameter (ESD) increased by 3.0% (p = 0.037), end-
diastolic diameter (EDD) rose by 4.0% (p = 0.001),
left atrial (LA) size increased by 3.2% (p = 0.001),
and 6-minute walk test (6 MWT) distance decreased
(p = 0.046) by 5.4%. In group 2, LVEF significantly
(» = 0.005) increased by 6% from 49 (46; 51) to
52 (47; 55) %,; the levels of NT-proBNP decreased
by 22.5% (p < 0.001), and 6MWT distance increased
(p=0.011) by 11.6% (Table 2).

The presence of the C/G genotype in ADRBI
rs1801253 (odds ratio (OR) =2.01; p = 0.004) and the
A/A genotype in ACE 1s4343 (OR =4.21; p = 0.003)
was associated with further reduction of LVEF and
progression of HF symptoms despite the therapy. The
G/G genotype in the ADRBI rs1801253 gene (OR =
0.55; p < 0.001) and the G/G genotype in the ACE
rs4343 gene (OR = 0.65; p = 0.001) were significantly
associated with the improvement in HF symptoms and
an increase in LVEF by 6%. Thus, patients with these
genotypes may benefit from B-blocker (carvedilol) and
ACE inhibitor (enalapril) therapy for AIC (Table 3).

No differences in echocardiography parameters and
NT-proBNP levels were found at baseline and after 12
months of follow-up depending on NYHA functional
class. The dynamics of the echocardiography
parameters, NT-proBNP levels, and 6MWT distance
during the follow-up were analyzed depending on
polymorphisms in ADRBI (Arg389Gly, rs1801253)
and ACE (I/D, rs4343) genes (Table 4). Women with
the G/G genotype in the ADRBI gene (Arg389Gly,
rs1801253) had the absolute benefit from carvedilol
and enalapril therapies. In these patients, LVEF
significantly (p < 0.001) increased by 10.7% from
50 (48; 51) to 56 (53; 57) %, ESD and EDD
decreased by 5.8 (»p < 0.001) and 6.0% (p < 0.001),
respectively; LA size decreased by 9.7% (p < 0.001),
6MWT distance increased (p = 0.008) by 4.7%, and
NT-proBNP decreased by 34.8% (p < 0.001). In
carriers of the C/C and C/G genotypes, HF progressed
further, which was manifested through a decrease in
LVEF and an increase in LV and LA dimensions.

Women with the G/G genotype in the ACE (I/D,
rs4343) gene benefited from carvedilol and enalapril
therapies as well. In these patients, LVEF significantly
(» = 0.002) increased by 7% from 50.5 (47; 51) to 54
(50;57) %, ESD and EDD decreased by 5.3 (p=0.007)
and 3.0% (p = 0.038), respectively; LA size decreased
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by 3.3% (p = 0.012), and NT-proBNP decreased by to decrease by 20% (p = 0.052). Echocardiography
20.4% (p = 0.007). In carriers of the A/A genotype, parameters in patients with the A/G genotype in the
HF progressed further, which was manifested ACE (1/D, rs4343) gene did not change, but NT-
through a decrease in LVEF and an increase in LV proBNP levels significantly decreased by 19.6%
dimensions, however, NT-proBNP levels tended (» <0.001).

Table 1
Clinical and demographic characteristics of patients at the time of inclusion in the study
Parameters Group 1, n =31 Group 2, n =51 p

Age, years, Me (O ,5; O,) 50 (47; 52) 48 (45; 50) 0.066
Body mass index, kg / m?*, Me (Q,; 0..) 23.7(21.3;26.2) 24.3 (21; 26.3) 0.601
Heart rate, bpm, Me (O ,; O ) 75 (68; 83) 75 (69; 81) 0.825
Systolic blood pressure, mm Hg, Me (Q,; O.) 115 (1105 120) 115 (1105 120) 0.744
Diastolic blood pressure, mm Hg, Me (Q,; O..) 70 (70; 80) 75 (70; 80) 0.012
NYHA Class

Class I, n (%) 16 (51.6) 26 (50.9) 0.987
Class IL, n (%) 13 (41.9) 20 (39.1) 0.675
Class 111, n (%) 2(6.5) 5(9.8) 0.423
Smoking, n (%) 5(16.1) 8 (15.7) 0.143
COPD, n (%) 4(12.9) 7 (13.7) 0.981
Childbearing potential, n (%) 10 (32.2) 18 (35.3) 0.877
Menopause, 1 (%) 21 (67.8) 33 (64.7) 0.191
GFR, ml/ min / m* Me (0 .; Q..) 89 (78; 96) 88 (76; 98) 0.876
Six-minute walk test distance, m, Me (O,; O.) 426 (349, 482) 426 (359; 472) 0.601
Total cholesterol, mg / dl, Me (O,; O ,) 93.6 (83.7; 102.6) 94.5 (84.6; 102.6) 0.882
LDL, mg/dl, Me (Q,5; Q) 43.2 (39.6; 50.4) 43.2 (39.6; 50.5) 0.475
HDL, mg/dl, Me (Q,.; Q) 41.44 (36.0;42.2) 39.6 (36.0; 43.2) 0.323
Glucose, mmol /1, Me (Q,; O ) 5.3(4.2;6.1) 5.4 (4.1;6.0) 0.541
Hemoglobin, g /1, Me (Q,; O,) 109.5 (100; 117) 109.5 (99; 117,5) 0.798
NT-proBNP, pmol / ml, Me (Q,.; O..) 353.9(265.4;412.5) 317 (253; 372.9) 0.163
Note: GFR — glomerular filtration rate (CKD-EPI); HDL — high density lipoproteins; LDL — low density lipoproteins.

Table 2
Dynamics of echocardiography parameters, NT-proBNP levels, and 6-minute walk test distance
during the follow-up period Me (Q,; O..)
12 months aft@r chemotherapy 12 months after carvedilol and
Before chemotherapy (before carvedilol and enalapril . S
e enalapril treatment initiation
Parameters p treatment initiation ) P p
Group 1, Group 2, Group 1, Group 2, Group 1, Group 2,
n=31 n=>51 n=31 n=>51 n=31 n=>51

LVEF, % 67 (63; 70) 65 (60; 69) | 0.119 50 (47; 53) 49 (46;51) | 0.117 | 45 (44; 49) 52 (47; 55)* <0.001
LA, mm 28 (26; 31) 28 (25.5;31) 31(29; 33) 31(28;32) | 0.064 | 32(30; 34)" 29 (27; 30)" <0.001

EDD, mm | 41(39;44) | 42(40;44) |0396| 48(45;51) 50 (46;51) | 0.252 | 50 (48; 52)" 48 (47;50) | 0.005
ESD, mm 30(27;32) | 29(27;30) |0.336| 37(34;39) 36(32;38) | 0.191 | 38(37;39) 35(32;37) | <0.001

NT-proBNP, 527 51.1 3539 317 3145 245.6
pg/ml (45.9; 60.8) 45:61.9) | %770 | (265.4:4125) | (253;372.9) | ¥16% | (250.3:357.8) | (211.9: 2768y | <0001
gli\fa‘t’:’czm 576 (552; 592) | 575 (560; 589) | 0.924 | 426 (349; 482) | 426 (359; 472) | 0.149 | 403 (341; 436)" | 482 (375; 476) | 0.008

Note: here and in Table 4: 6-MWT — 6-minute walk test; LVEF — left ventricular ejection fraction; LA — left atrium; EDD — end-diastolic diameter;
ESD — end-systolic diameter; NT-proBNP — N-terminal pro-B-type natriuretic peptide; # — statistically significant differences in comparison with
the baseline levels.
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Table 3
The frequency of genotypes, n, %, and odds ratio
Gene Genotype | Group 1, n=31 Group 2, n =151 OR | 95% confidence interval (CI) %2 p

y 1 (Are389Gl C/C 10 (32.3) 11 (21.6) 0.98 0.87-1.12 1.16 0.282
rs?g(ﬁ 2§3)rg 9Gly, /G 21 (67.7) 18 (35.3) 201 191227 813 | 0.004
G/G 0(0.0) 22 (43.1) 0.55 0.18-1.11 18.27 <0.001
CE A/A 16 (51.5) 10 (19.6) 421 2.89-11.54 9.12 0.003
(D, rs4343) A/G 14 (45.3) 24 (47.1) 0.98 0.9-1.13 0.04 0.867
G/G 1(3.2) 17 (33.3) 0.65 0.38-1.43 10.20 0.001

Table 4

Dynamics of echocardiography parameters, NT-proBNP levels, and 6-minute walk test distance during the follow-up period
depending on gene polymorphisms in ADRBI (Arg389Gly, rs1801253) and ACE (I/D, rs4343) genes, Me (0Q,.; 0..)

12 months after chemotherapy 12 months after carvedilol and enalapril treatment
Parameters (before carvedilol and enalapril treatment initiation) » initiation »
ADRBI (Arg389Gly, rs1801253) ADRBI (Arg389Gly, rs1801253)
C/C,n=21 C/G,n=39 G/G, n=22 C/C,n=21 C/G,n =39 G/G,n=22
LVEF, % 49 (47, 51) 49 (46; 53) 50 (48; 51) 0.859 48 (45; 49)* 46 (44; 49)* 56 (53;57)* | <0.001
LA, mm 30 (29; 33) 31(28;33) 31(29;32) 0.431 31 (30; 33) 31 (29; 33) 28 (27;30)* | <0.001
EDD, mm 49 (45; 50) 48 (46; 52) 50 (48; 51) 0.377 49 (48; 51)" 48 (46; 52)" 47 (46; 48)" <0.001
ESD, mm 35(33;38) 37(33; 39) 34 (32;37) 0.335 37 (35; 38)" 37 (36; 39)" 32(31;34)* | <0.001
NT-proBNP, 324.8 318.9 327.5 0.976 311.7 276.8 213.55 <0001
pg/ml (285.7;394.7) | (259.7;381.8) | (260.1; 387.5) (248.9;350.9) | (242.8; 337.8)" | (195.3; 256.7)"
g;i\t?lz, m 426 (359; 445) | 433 (348;488) | 423 (364;467) | 0.667 (35(;‘;0:18)‘* 430 (345;476) | 444 (402; 476)" | 0.038
ACE (I/D, rs4343) ACE (1D, rs4343)
A/A, n=26 A/G,n=38 | G/G,n=18 P ["A/An=26 | A/G,n=38 | G/G.n=18 r

LVEF, % 52 (47; 53) 48.5(46;51) | 50.5(47;51) | 0.052 | 48 (45; 50" 47 (45; 51) 54 (50;57)" | 0.002
LA, mm 29 (27; 32) 31(29; 33) 30(29;32) | 0.125 | 32(29;33) 32(29; 33) 29 (27;30)" | 0.031
EDD, mm 49.5 (45; 50) 48 (46; 50) 50 (49; 52) 0.192 50 (48; 52)* 48 (47, 50) 48.5 (47;50)* | 0.116
ESD, mm 35.5(33;37) 36 (33; 39) 38(34;40) | 0237 | 37(35;38) 36 (33; 38) 36(32;37) | 0341
NT-proBNP, 359.5 3211 314.1 0,678 287.6 258 249.9 0.035
pg/ml (265.4;421.5) | (259.7;,387.5) | (279.6;372.9) (245.6;350.9) | (214.7;314.5)* | (195.3;267.8)*
6-MWT 433.5 413.5
distance, m 397(335450) | (35g.agy) | 426(G78:473) | 0252 |397(335:432) | 0", | 449 (421:487) | 0.015
DISCUSSION Oxidative stress as the main mechanism for

AIC largely develops due to doxorubicin-induced
free radical formation through mitochondrial redox
cycling of doxorubicin in cardiomyocytes, which
ultimately leads to LV dysfunction and in the most
severe cases — to irreversible congestive HF [4]. The
clinical implications of this cardiotoxicity become
more important with the increasing use of cardiotoxic
drugs [9] and the growing number of cancer survivors,
which leads to an increase in the incidence of AIC
[3]. However, the optimal strategy for preventing
and managing AIC requires further research. Various
groups of drugs for AIC treatment and prevention
are currently being investigated. ACE inhibitors
and B-blockers slow down the progression of LV
dysfunction in HF, but their effectiveness in AIC
treatment is still controversial.

Bulletin of Siberian Medicine. 2022; 21 (4): 44-53

the development and progression of AIC may also
contribute to contractile LV dysfunction, cardiac
remodeling, lethal arrhythmias, and sudden cardiac
death. Several medications are known to have
antioxidant effects, including some ACE inhibitors
and [-blockers. Carvedilol is a non-selective
B-blocker with antioxidant properties [10]. The results
obtained in several studies indicate that carvedilol has
a protective effect for primary prevention of AIC [2]
and may inhibit its development even at low doses
[11]. However, the CECCY (Carvedilol Effect in
Preventing Chemotherapy Induced Cardiotoxicity)
trial randomized 200 patients with breast cancer, who
were to receive anthracyclines (doxorubicin 240 mg
/ m?), to receive either carvedilol therapy or placebo
for primary prevention. At 6 months, no difference
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was found (carvedilol cohort = 14.5% vs. placebo =
13.5%; p = 1.0) in the frequency of AIC between the
groups [12].

M. Guglin et al. studied 468 women with HER2-
positive breast cancer receiving trastuzumab. The
women were randomized to receive treatment with
lisinopril, carvedilol, or placebo. No significant
difference was found in the primary endpoint of AIC
development (32% in the placebo group, 29% in the
carvedilol group, and 30% in the lisinopril group)
[13].

ACE inhibitors, such as enalapril, are another
group of drugs with an antioxidant effect considered
for AIC treatment and prevention. It was found that in
patients with increased risk of AIC, defined by elevated
troponin [ values, early treatment with enalapril could
prevent the development and progression of late
cardiotoxicity [14]. In another study that investigated
enalapril and candesartan against placebo, enalapril
appeared to decrease the LV end-systolic wall stress,
although it did not improve the maximum cardiac
index according to exercise echocardiography [15].

D. Cardinale et al. showed that patients who
were randomized to receive enalapril for primary
prevention had lower incidence of cardiac events
compared with the control group (p < 0.001) [16].
The randomized OVERCOME (Prevention of Left
Ventricular Dysfunction with Enalapril and Carvedilol
in Patients Submitted to Intensive Chemotherapy
for the Treatment of Malignant Hemopathies) trial
showed that combination therapy prevented LVEF
reduction compared with the control group at 6 months
(» = 0.035), but there was no difference in serious
adverse events between the groups [17].

Based on all of the above, enalapril and carvedilol
are among the main drugs for AIC treatment that
appear effective in reducing the incidence rates of
left ventricular systolic dysfunction and preventing
reduction of LVEF in patients with AIC [2, 5].
However, not all patients respond to therapy with
these drugs. There are responders that have an
increase in LVEF after therapy initiation and non-
responders in whom LVEF does not increase, but
sometimes even decreases, despite optimal drug
therapy [6]. Authors point out several reasons why
some patients may not respond to therapy. Firstly, it
may depend on the irreversibility of damage in AIC.
Early type I toxicity is often reversible, late type II
toxicity involves an injury cascade that leads to almost
irreversible changes [3]. Since most studies include
patients with early AIC, the benefits of carvedilol and

enalapril for patients with type II AIC have not been
established yet [12—14, 17]. Secondly, genetic factors
may be crucial in a patient’s response to treatment
and may help identify a subset of HP patients
with AIC who might benefit from personalized
intensification and optimization of treatment in order
to reduce the development of adverse cardiovascular
events [7, 18].

This study assessed the impact of genetic factors
(polymorphisms in the ADRBI gene (Arg389Gly,
rs1801253) and ACE gene (I/D, rs4343)) on the
effectiveness of B-blocker (carvedilol) and ACE
inhibitor (enalapril) therapy in women with AIC
and without prior cardiovascular diseases during
a 12-month follow-up period. Beta-1 adrenergic
receptors (AR) play a pivotal role in the regulation
of the cardiovascular system. Changes in expression
or properties of the beta-1 adrenoceptors may
have phenotypic consequences affecting their
cardiovascular or metabolic function or may contribute
to the pathophysiology of disorders like hypertension,
congestive HF, asthma or obesity [19]. Thus, assessing
the beta-1 adrenoceptor genotype, may help predict
responsiveness to f-blocker treatment in patients with
ischemic HF: patients homozygous for the Arg389
beta-1-AR polymorphism should be good responders
while patients homozygous for the Gly389 beta-1-AR
polymorphism should be poor responders or non-
responders [20, 21].

L.M. Baudhuin et al. showed that carriers of the
G/G genotype should receive an increased dose of the
drug to achieve a therapeutic effect in HF treatment
[22]. Another study found no relationship between
the genotypes of the Arg389Gly polymorphism in
the ADRBI gene and the effectiveness of carvedilol
therapy in 183 HF patients with ischemic or non-
ischemic cardiomyopathy, and LVEF <35% [23]. The
C/C genotype is associated with a significantly greater
increase in LVEF during carvedilol therapy in patients
with HF of non-ischemic etiology compared with
the C/G or G/G genotypes in the ADRBI gene [24].
These differences in the pharmacogenetic efficacy of
carvedilol in assessing the Arg389Gly polymorphism
in the ADRBI gene in different studies indicate the
need for further research. A combined assessment
with the CYP2D6 polymorphism, which affects the
pharmacokinetic effects of the drug [25] and the
dosage regimen of the drug, is also promising, even
though R. Shihmanter et al. revealed that variations
in the CYP2D6 genotype were not associated with a
change in the carvedilol dose in HF patients [26].
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In this study, we evaluated the impact of the
Arg389Gly polymorphism in the ADRBI gene on
the pharmacodynamic effects of carvedilol. Thus,
women with the G/G genotype in the ADRBI gene
(Arg389Gly, rs1801253) had the absolute benefit from
carvedilol and enalapril therapies. In these patients,
LVEF significantly (p < 0.001) increased by 10.7%;
ESD and EDD decreased by 5.8 (p < 0.001) and
6.0% (p < 0.001), respectively; LA size decreased by
9.7% (p < 0.001), 6BMWT distance increased by 4.7%
(»p = 0.008), and NT-proBNP levels decreased by
34.8% (p < 0.001). In patients with the C/C and
C/G genotypes, HF progressed further, which was
manifested through a decrease in LVEF and an
increase in LV and LA dimensions. However, we
found that patients with a further decrease in LVEF
and progression of HF were rarely carriers of the G/G
genotype, which does not contradict the literature
data, according to which the G/G genotype is rare and
may even be absent in the general population [27].
Therefore, there is a need for further observations
regarding this genotype in patients with AIC.

In the general population, the ACE gene was
found to be associated with cardiovascular diseases
and multiple cardiovascular risk factors, although
some studies did not reveal such associations [28].
Polymorphisms in the ACE gene are associated with
a response to ACE inhibitor therapy, but researchers
have not reached consensus as to which allele has a
more pronounced effect. In this study, we established
for the first time that women with the G/G genotype
in the ACE gene (I/D, rs4343) benefited from
carvedilol and enalapril therapies. In these patients,
LVEF significantly (p = 0.002) increased by 7%,
ESD and EDD decreased by 5.3 (p = 0.007) and 3.0%
(p» = 0.038), respectively; LA size decreased by 3.3%
(» = 0.012), and NT-proBNP levels decreased by
20.4% (p = 0.007). Carriers of the A/A genotype had
further progression of HF which manifested through a
decrease in LVEF and an increase in LV dimensions,
but NT-proBNP levels tended to decrease by 20%
(p = 0.052). Echocardiography parameters in carriers
of the A/G genotype in the ACE gene (I/D, rs4343)
did not change, but NT-proBNP levels significantly
decreased by 19.6% (p < 0.001), which was probably
due to concomitant B-blocker therapy.

It should be noted that our data do not suggest
that B -blocker and ACE inhibitor therapy should be
withheld only when genetic analysis is not favorable.
However, evaluating these genes may help identify a
subset of HP patients with AIC and LV dysfunction

who might benefit from personalized intensification
and optimization of treatment in order to reduce the
development of adverse cardiovascular events.

CONCLUSION

Our data suggest that evaluation of ADRBI
(Arg389Gly, rs1801253) and ACE gene (I/D, rs4343)
polymorphisms may be recommended prior to the
initiation of AIC treatment in women without known
history of CVDs to determine patients with AIC and
left ventricular dysfunction who will benefit from
intensification and optimization of treatment to reduce
the development of adverse cardiovascular events.
Carriers of the G/G genotypes in the ADRBI and ACE
genes (I/D, rs4343) benefited from carvedilol and
enalapril therapy.

RESEARCH LIMITATIONS

The main limitations of the study included the
small sample of patients, short-term follow-up, and
the absence of hard endpoints. Further studies are
required to clarify the role of the ADRB1 (Arg389Gly,
rs1801253) and ACE genes (I/D, rs4343) in assessing
the effectiveness of beta-adrenoceptor (carvedilol) and
ACE inhibitor (enalapril) therapy in women with AIC.
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Molecular mechanisms of inflammation in the pathogenesis of respiratory
disorders in patients with pulmonary tuberculosis
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ABSTRACT

Aim. To assess external respiration (ER) and its relationship with the activity of enzymes involved in purine
metabolism in patients with acute and chronic forms of pulmonary tuberculosis (TB).

Materials and methods. In patients with acute and chronic TB, we assessed the activity of adenosine deaminase
(ADA)-1, 2 in the blood serum (¢ADA), mononuclear cells, and neutrophils, the concentration of ecto-5’-
nucleotidase (eNT5E) in the blood serum, the level of CD26 (dipeptidyl peptidase-4, DPPIV) in the blood serum
and mononuclear cells, production of reactive oxygen intermediates (ROI) and reactive nitrogen intermediates
(RNI) in mononuclear cells and neutrophils, as well as parameters of ER.

Results. Patients with TB were found to have an increase in the concentration of eNTSE and eADA-2 activity in
the blood serum, stimulated production of ROI in neutrophils, a decrease in the concentration of DPPIV (CD26)
in mononuclear cells, and a fall in the production of RNI in mononuclear cells and neutrophils. In patients with
chronic TB, a decrease in the activity of ADA-1 in mononuclear cells and a fall in the concentration of DPPIV
(CD26) in the blood serum were noted. In patients with acute TB, a decrease in the activity of eADA-1 in the blood
serum and ADA-1 in neutrophils, reduced production of ROI in mononuclear cells, and an increase in spontaneous
production of ROI in neutrophils were revealed. Correlations were found between the parameters of ER and the
concentration of eNT5E in the blood serum, spontaneous production of ROI in mononuclear cells and production
of RNI in neutrophils in chronic TB, as well as between eADA-2 in the blood serum, ADA-1 in neutrophils, DPPIV
(CD26) activity in mononuclear cells, and ROI and RNI production in mononuclear cells and neutrophils.

Conclusion. The data obtained make it possible to associate regulation of external respiration with parameters of
purine metabolism, in particular with the concentration and activity of enzymes responsible for generation and
metabolism of adenosine, that determine its level outside cells and inside mononuclear cells and neutrophils, with
expression of cofactor molecules, as well as with the duration of activation of cells in innate immunity, neutrophils,
and monocytes/ macrophages, determined largely by the potential of adenosine regulation.
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PE3IOME

Hens. OueHnTs (QYHKIMIO BHEIIHETO ABIXAHUS U €€ CBSI3b C aKTUBHOCTHIO BOCHAJIEHHS U aKTHBHOCTBHIO (hepMeH-
TOB ITyPHHOBOTO MeTaboIM3Ma y OONBHBIX OCTPOit 1 XxpoHmdeckoit Gopmoii Tybepkyesa nerkux (TJI).

Marepuajbl U MeToabl. Y 601bHBIX ocTpoit (ODTII) u xporndeckoit popmoii TJI (XDTJI) oueHnBamN aKTHUB-
HOCTh aneHo3umHnezamuHassl (ADA-1, 2) B ceiBopoTke kpoBu (eADA), MOHOHYKIIeapaX W HEHTpoduiIax, KOH-
LEeHTpauuio 3KTo-5'-Hykneotuaassl (eNTSE) B ceiBopoTke kposu, CD26 (munentuaunmnentuaassi-4, DPPIV) B
CBIBOPOTKE KPOBH M MOHOHYKJIEapax, MPOAYKIHIO aKTUBHBIX (hopM kucinopoaa (ADK) u azora (ADA) B MOHOHY-
KJeapax 1 HeuTpodmiax, GpyHKuio BHemHero apixanus (PBJ).

Pe3yabTaThl. Y 6oabHbIx TJI BesiBIeHO: yBennuenue koHueHTpauu eNTSE u aktuBHocTH eADA-2 B CHIBOPOTKE
KpOBH, CTUMYJHpoBaHHOH npoaykunn ADK weiirpodunamu; cHwkenne koHuenTpaun DPPIV (CD26) B MoHo-
HyKJeapax, npoaykunun APA monoHykneapamu u HeiiTtpodunamu; npu XDPTJT camkenne akrusHoctd ADA-1 B
MOHOHYKJIeapax U koHueHTpauun DPPIV (CD26) B ceiBopoTke kpoBu; npu ODTJI cHmkenune aktuBHocTH eADA-
1 B ceiBopoTKe KpoBU, ADA-1 B HeliTpoduinax, npoaykiun ADK MOHOHYK/I€apaMu U YBEINYCHUE CIIOHTAHHOI
npoxykunn ADK ueitrpopunamu. Boissiens! koppensunn Mexy napamerpamu @BJ] u konnentpaunei eNTSE
B CBIBOPOTKE KPOBH, CMIOHTaHHO# nmpoaykuueit AOK moHonykieapamu, ADA Heitrpopunamu npu XD TJI; akTus-
HocTbio €ADA-2 B cbhiBopoTke KpoBH, ADA-1 B Hedtpodunax, DPPIV (CD26) B MOHOHYKI€apax, MpoayKIneH
A®K n ADA moHOHYKIIEapaMu U HefiTpoduiaMu.

3akiroueHue. HOJ’Iy‘IeHHBIe JIAHHBIC TTO3BOJIAIOT CBA3ATh PETYJIALWI0O BHCIIHETO JbIXaHU C IMOKa3aTeIsIMU I1y-
PUHEPTHUICCKOT'O O6MeHa, B 4aCTHOCTHU C KOHL[CHTpaHHeﬁ U AKTUBHOCTBIO Q)epMeHTOB, OTBETCTBEHHBIX 3a 00-
pa3oBaHuC U MeTaboJIu3M aZICHO3MHA, ONPCACIIAIONUX €TI0 YPOBCHL BHEC KJICTOK WU BHYTPU MOHOHYKJICAPOB U
HeﬁTqu)PIJ'IOB, C 3KCHp€CCHefI KO(baKTOpHI:IX MOJIEKYIJI, a TAKKE C JJIUTCIIbHOCTHbIO aKTUBAIIUN KIIETOK BPOKACH-
HOI'O MMMYHUTETA, HCﬁTpO(l)I/IJ'IOB u MOHOL[HTOB/M&KpO(l)aFOB, OHpeZ[eJ'IHeMOﬁ B 3HAYUTEIILHOU CTETICHU BO3MOXK-
HOCTAMU a}leHO?,PIHOBOﬁ peryisauuun.

KuroueBble ci1oBa: mypuHOBBIH METa00JIN3M, BOCIIAJICHUE, TyOSpPKYyIIe3 JISTKHX, (YHKIUS BHELIHETO JIbIXaHHs

KondaukTt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIICH CTaThH.

UcTtounnk punancupoBanusi. ABTOPBI 3asBJISAIOT 00 OTCYTCTBUHM (MHAHCHPOBAHUS MPU MPOBEACHUU HCCIIEI0-
BaHUSI.
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CooTBeTCTBHE NPUHIMIAM THKH. Bce NalMeHThl MOANKMCAIN HHGOPMHUPOBAHHOE COIIACHE HA YYacTHE B
uccnenoBanuy. Mccnenopanne oJ00peHO He3aBUCHMbIM dTHdeckuM komuterom Caskr-ITerepOyprekoro Hayd-
HO-UCCIIE0BATEIHCKOT0 HHCTUTYTA (DTH3HOMYIbMOHONOTHH (TTpoTokoa Ne 57 ot 11.09.2012).

Jst uutupoBanus: [pskosa M.E., Cepebpsinast H.b., Kuproxuna JI./1., Dcmemsiesa J1.C., SI6monckuii I1.K. Mo-
JIEKyJISIPHBIE MEXaHM3MBl BOCHAJICHUS B [IATOT€HE3€ HAPyLICHUH BHEIIHEro ABIXaHHS Y OOJBHBIX TyOepKyJe30M
nerkux. broaiemens cubupcrou meouyunst. 2022;21(4):54-62. https://doi.org/10.20538/1682-0363-2022-4-54-62.

INTRODUCTION

One third of the world’s population is infected with
Mycobacterium tuberculosis (Mtb), and 10 million
new cases of tuberculosis are registered annually [1—
3]. In pulmonary tuberculosis (TB), granulomatous
inflammation emerges, supported by a complex
cascade of inflammatory signaling molecules —
cytokines and autacoids, such as the purine nucleoside
adenosine. Adenosine (ADO) regulates the activity,
volume, duration, and resolution of the inflammatory
response by changing the metabolism of involved cells
through the activation of specific receptors (ADORA
A, A, A, A), which are widely present on body
cells [4].

ADO has been shown to have anti-inflammatory
and tissue protective effects in acute inflammation,
in particular, lung injury [5-7]. However, in chronic
lung injury, ADO enhances proinflammatory and
profibrotic processes [8].

During inflammation, ischemia, and cell death,
the concentration of extracellular ADO increases.
Stressed cells release adenosine triphosphate (ATP),
which is gradually dephosphorylated to ADO by
coordinated activity of ecto-nucleotidase, mainly
ectonucleoside  triphosphate  diphosphohydrolase
1 (CD39, E-NTPDasel) and ecto-5’-nucleotidase
(CD73, eNTS5E). Extra- and intracellular ADO is
deaminated by adenosine deaminase (ADA) or is
transformed into adenosine monophosphate by the
enzyme adenosine kinase [9].

ADA isoenzymes (ADA-1 and ADA-2) are key
enzymes in purine rescue pathways and are essential
in the regulation of purine metabolism [10]. ADA-
1 is localized not only in the cytosol and nucleus of
cells, but is also present as an “ecto” form on the cell
membrane, where it forms complexes with dipeptidyl
peptidase IV (CD26) and / or adenosine receptors A,
and A, [11].

ADA-2 is localized mainly in the extracellular
space, predominating in the blood serum. The main
source of ADA-2 is macrophages / monocytes, in
which both isoforms, ADA-1 and ADA-2, coexist

2B’

[12]. With physiological concentrations of ADO, the
catalytic activity of ADA-2 is close to zero; however,
this isoform is effective for deamination at elevated
levels of adenosine in a slightly acidic environment,
for example, during hypoxia [13].

Since the purinergic regulation by ATP and ADO
affects the functional state of cells in the respiratory
and immune systems, the study of the molecular
mechanisms of inflammation in the lung tissue can
help understanding the pathogenesis of lung damage
in patients with pulmonary TB and indicate new
targets for targeted therapy, which is necessary to
improve the effectiveness of treatment for pulmonary
TB patients.

The aim of this study was to assess external
respiration (ER) and its relationship with the activity of
inflammation and expression and activity of enzymes
involved in purine metabolism in patients with acute
and chronic forms of pulmonary TB.

MATERIALS AND METHODS

The study included 60 patients with a verified
diagnosis of pulmonary TB who were treated in the
clinic of the St. Petersburg State Research Institute
of Phthisiopulmonology. The group of patients
with acute pulmonary TB (APTB) consisted of
15 patients withnewly diagnosed infiltrative pulmonary
tuberculosis, 6 men and 9 women aged 25.0—
31.0 years (average age 29.0 years). A group of patients
with chronic pulmonary TB (CPTB) encompassed
45 patients with fibrous — cavernous pulmonary TB,
30 men and 15 women aged 28.0-42.0 years (average
age 32.0 years). All patients with pulmonary TB
underwent a comprehensive study of the function of
external respiration (ER). The exclusion criterion was
chronic obstructive pulmonary disease. The control
group (CQG) included 20 practically healthy donors
with comparable characteristics by sex and age.

The groups of patients with pulmonary TB
significantly differed in the smoking status (smokers /
non-smokers — 33.3 / 66.7% and 71.4 / 28.6%;
p = 0.01) and disease duration (disease duration up
to a year — 100.0 and 17.1%; p = 0.00001). Patients
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with CPTB smoked 2 times more often and were ill
for much longer.

Purine metabolism was assessed by the activity
of adenosine deaminase-1 and 2 (ADA-1 and ADA-
2) in the blood serum (eADA-1 and eADA-2)
and mononuclear and neutrophil lysates (by triple
freezing and thawing), determined by the ADA assay
described by G. Giusti (1974) on a spectrophotometer
PV 1251C (Belarus) as well as by concentrations of
ecto-5’-nucleotidase (eNTSE) and CD26 (dipeptidyl
peptidase-4, DPPIV) proteins (soluble form, sCD26
(DPPIV)) in the serum and mononuclear lysate by the
enzyme-linked immunosorbent assay (ELISA) (Ecto
NTS5E, USCN, China and Human sCD26 Platinum
EIISA, eBioscience, Austria).

Production of reactive oxygen species by
phagocytes was assessed by respiratory burst
parameters in the nitroblue tetrazolium test (NBT
test): spontaneous NBT test (NBTs.) and zymosan-
induced NBT test (NBTi).

Mononuclear cells (MNs) were isolated from
peripheral blood using Ficoll — verografin density
gradient centrifugation (1.077 g / 1). From the
remaining sediment (after erythrocyte lysis and
additional centrifugation), neutrophils (NPHs) were
isolated. Nitric oxide generation was determined by
the level of nitrites (NO,") and nitrates (NO,’) in MNs
and NPHs by ELISA (R&D Systems, Canada).

A comprehensive study of the ER function included
spirometry, body plethysmography, and a study of the
diffusing capacity of the lungs using the MasterScreen
Body Diffusion unit (VIASYS Healthcare, Germany)
according to international recommendations for
standardization of pulmonary function tests and the
national guidelines for functional diagnostics [14—18].
We analyzed total lung capacity (TLC), vital capacity
(VC), residual volume (RV), the RV / TLC ratio,
inspiratory capacity (IC), expiratory reserve volume
(ERV), and airway patency parameters, such as forced
expiratory volume in 1 second (FEV)) and the FEV,
/ forced vital capacity (FVC) ratio (the Tiffencau —
Pinelli index). Pulmonary gas exchange was assessed
by diffusing capacity of the lungs (DLCO) and the
carbon monoxide transfer coefficient — the DLCO to
alveolar volume (DLCO / VA) ratio. To eliminate the
influence of anthropometric characteristics, the values
of parameters with due values (D) were expressed as
percentage of D for the corresponding sex, height,
body weight, and age. The due values proposed by
the European Coal and Steel Community (1993) [19]
were used as reference values.

The analysis of ER parameters in patients with
APTB and CPTB revealed that the values of most
functional characteristics were within the reference
range, except for significantly reduced DLCO%
(71.4 and 78.6% in patients with APTB and CPTB,
respectively). Patients with pulmonary TB differed
significantly only in the value of the Tiffenecau —
Pinelli index, which was higher in the APTB group
compared with the CPTB group (83.6 (75.9-85.7) and
76.5 (70.2-81.1), respectively, p = 0.025).

Statistical processing of the results was carried out
using the Statistica software for Windows, version
13.0. Quantitative variables were presented as the
median and the interquartile range Me (LO-UQ). Tests
for homogeneity were performed for two samples
using the Mann — Whitney U test. The Spearman’s
rank correlation coefficient was used in the correlation
analysis of quantitative variables. The differences
were considered statistically significant at p < 0.05.

RESULTS

Studying the parameters of purine metabolism in
the examined patients with pulmonary TB revealed a
significant increase in the concentration of eNTSE in
the blood serum, which affects the production of ADO,
and a decrease in the concentration of DPPIV (CD26)
in mononuclear cell lysates, compared with the control
group. It indicates a decrease in the expression of this
protein on the membrane of these cells, which results
in a decrease in its ability to form complexes with
eADA-1 and impairs the immunoregulatory ability
of monocytes in relation to T lymphocytes (Table 1).
In patients with CPTB, the concentration of sCD26
(DPPIV) in the blood serum was also significantly
reduced compared with the control group.

Table 1

Serum concentrations of enzymes involved in purine
metabolism in patients with APTB and CPTB, Me (LO-UQ)

P . Groups
arameters cG APTB CPTB
eNTSE, ng 0.06 0.7 (p=0.006) | 0.9(p=001)
/ml (0.01-0.6) (0.46-1.3)* (0.45-1.4)*
?CDEE?)"H 692.5 560.0 473.5 (p = 0.04)
e 1(625.0-875.0) | (550.0-585.0) | (265.0-628.2)*
](Dcpgg)' "N 19.2 1.46 (p = 0.0004) | 3.95 (» = 0.0008)
> . L * - *
hg /10%calls | (128°250) | (1.03-3.0) (1.2-6.6)

Note: CG — control group, APTB — acute pulmonary TB, CPTB —
chronic pulmonary TB, eNTS5E - ecto-5’-nucleotidase, DPPIV
(CD26) — dipeptidyl peptidase-4, sDPPIV(CD26) — its soluble form.
* the level of statistical significance of differences compared with the
control group.
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The activity of eADA-1 and eADA-2 in the
blood serum (Fig. 1, @) in the groups of patients with
pulmonary TB mainly changed in the same direction
compared with the CG. A significant decrease in the
eADA-1 activity was revealed in patients with APTB.
For eADA-2, which main function is degradation
of extracellular ADO, an increase in activity was
recorded in both groups of patients with pulmonary
TB. ADA-1 activity in the mononuclear cell lysate
was lower in CPTB patients than in the CG. ADA-1
activity in the neutrophil lysate was lower in APTB
patients compared with the CG. However, there were
no differences in ADA-1 activity in mononuclear and
neutrophil lysates in patients with APTB and CPTB
(» =0.91 and p = 0.28, respectively, Fig. 1, b).

25

«p=0.005

« p=0.000003
20

1U/1

PTB

ADA-1 MN ADA-1 NPH

Fig. 1. Parameters of extracellular (a) and intracellular (b)
activity of adenosine deaminase in groups of patients with
APTB and CPTB and in the CG. Here and in Figures 2 and
3: CG — control group, APTB — acute pulmonary TB, CPTB
— chronic pulmonary TB. eADA-1 and eADA-2 — activity of
adenosine deaminase-1 and -2 in the blood serum, ADA-1 MN
and NPH — activity of adenosine deaminase in mononuclear
cells and neutrophils.

* level of statistical significance of differences compared

with the control group, # level of statistical significance of

differences between the groups; the level of significance is
given in brackets.

Therefore, in both APTB and CPTB groups, the
distribution of the activity of enzymes involved in
purine metabolism and associated molecules indicates
an increase in the concentration of extracellular ADO
and a decrease in the immunoregulatory properties
of cells of the immune system. At the same time, in
patients with APTB, a significant decrease in eADA-
1 activity provides conditions for a more pronounced
increase in the ADO level and suppression of the
function of monocytes and T lymphocytes.

Innate immune cells, such as monocytes,
macrophages, and neutrophils, are known to play a
key role in regulating the spread of Mycobacterium
tuberculosis (Mtb) and the activity of tissue
inflammation. The functional state of these cells can
be assessed by their production of reactive oxygen
species (ROS) and reactive nitrogen species (RNS).

The data presented in Figure 2 indicate that in
both examined groups of patients with pulmonary
TB, the production of ROS by neutrophils stimulated
by bacteria was increased. It indicates a high degree
of their activation. In the group of patients with
APTB, spontaneous and stimulated production of
ROS by mononuclear cells was significantly reduced
compared with the CG. In patients with CPTB,
stimulated production of ROS was reduced. It indicates
significant impairment of the functional capabilities of
these cells. At the same time, both spontaneous and
stimulated ROS production by neutrophils in this
group of patients was significantly higher than in the
CG.

400

«p=0.0003

«p=0017

ODU./10° cell
(5=
(=1
S

NBTs NPH

Fig. 2. Parameters of respiratory burst in groups of patients
with APTB and CPTB and in the CG. Here and in Table 2:
NBTs. MN, NPH and NBTi. MN, NPH — nitroblue tetrazolium
test: spontaneous NBT test (NBTs.) and zymosan-induced
NBT test (NBTi.) in mononuclear cells and neutrophils.

* level of statistical significance of differences compared with

the control group, # level of statistical significance of differences
between the groups; the level of significance is given in brackets.
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An essential component for elimination of Mth
is RNS, which have a microbicidal effect against
intracellular pathogens. The number of nitrite (NO,’)
and nitrate (NO,) radicals produced by mononuclear
cells and neutrophils of TB patients was significantly
reduced compared with the CG. At the same time,
production of nitrite (NO,’) and nitrate (NO,) radicals
by neutrophils of the APTB patients was even more
reduced than in the CPTB patients (Fig. 3). Neutrophils
are actively involved in inflammation in pulmonary
TB. Unlike activated macrophages, they do not
produce a significant number of NO metabolites [20].

0.06

op=00002 [

_ “| « p=0.00005}"*
ep=0.015 X

0.01 o p=0.0002 e p=0.0003 #p=0,0002
’ p=0.0008 s #p=00s g
- B [zl R i
NO2-MN NO3-MN NO2-NPH NO3-NPH
[ ApTB []] cpTB

Fig. 3. Generation of RNS in groups of patients with APTB

and CPTB and in the CG. Here and in Table 2: NO,” MN, NPH

and NO,” MN and NPH are the levels of nitrites and nitrates in
mononuclear cells and neutrophils.

* significant differences compared with the control group, #
significant differences between the analyzed groups; the level
of significance is given in brackets.

In general, the reduced production of NO
metabolites by MNs and NPHs in patients with
pulmonary TB impairs the immune response to
Mycobacterium tuberculosis, and a more pronounced
decrease in the production of NO metabolites by
neutrophils, observed in patients with APTB, can be
regarded as a more serious impairment of microbicidal
functions, compared with patients with CPTB.

A revealed positive correlation (= 0.7; p = 0.037)
between the level of stimulated ROS production by
neutrophils and the activity of intracellular ADA-1 in
neutrophils indicates involvement of enzymes of purine
metabolism in the regulation of phagocyte activity in
patients with CPTB. Interestingly, for patients with
APTB, a correlation of stimulated ROS production
by neutrophils with the activity of intracellular ADA-
1 in neutrophils was negative (r = —-0.4; p = 0.03).
Therefore, in patients with APTB, when neutrophils

are activated, the level of intracellular ADO increases,
which contributes to strong suppression of their
functions.

The analysis of the relationship of abnormal ER
parameters with the ability of phagocytes to produce
ROS and RNS showed that in patients with CPTB,
the parameters of static lung volumes (VC and ERV)
and the DLCO /VA ratio, characterizing the gas
exchange function of the lungs, were associated with
spontaneous production of ROS by mononuclear
cells and generation of nitrite and nitrate radicals by
neutrophils (r = -0.4; p = 0.04, r = —0.6; p = 0.04,
r =-0.7; p = 0.01, respectively ). In patients with
APTB, more correlations between phagocyte activity
and ER parameters were revealed, which indicates
greater tension in ER regulation [21].

The parameters of static lung volumes (TLC,
VC, ERV, RV, RV / TLC ratio, IC), dynamic lung
volumes, which characterize the airway patency
(FEV,, the Tiffeneau — Pinelli index), and DLCO,
which characterizes the gas exchange function of the
lungs, had significant correlations with spontaneous
ROS production by mononuclear cells, spontaneous
and induced ROS production by neutrophils, and
generation of nitrate radicals by mononuclear cells and
nitrite radicals by neutrophils (Table 2). Therefore,
the revealed correlations confirm that the activation
and dysfunction of neutrophils and mononuclear cells
are associated with changes in the ER parameters in
patients with pulmonary TB.

Table 2

Correlations between the respiratory burst parameters,
nitric oxide metabolites, and external respiration parameters
(correlation coefficient and its significance) in patients with
acute pulmonary tuberculosis

Pairs of parameters APTB

RV/TLC 0.7 (0.02)

NBTs. MN
s FEV, 0.6 (0.05)
IC 0.6 (0.01)
NBTs. NPH TLC —0.6 (0.04)
DLCO 0.7 (0.02)
. RV/TLC 0.6 (0.03)

NBTi. NPH
' RV 0.6 (0.04)
ERV 0.7 (0.02)
NO,” MN IC 0.7 (0.04)
DLCO 0.7 (0.02)
FEV, /FVC 0.7 (0.04)

NO, NPH !

0, VC —0.7 (0.03)

Note: TLC — total lung capacity, RV — residual volume, RV / TLC —
their ratio, FEV — forced expiratory volume in 1 second, IC —
inspiratory capacity, DLCO — diffusing capacity of the lungs, ERV —
expiratory reserve volume, VC — vital capacity, FEV / FVC — the
Tiffeneau — Pinelli index.
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ADO plays an important role in modulating the
activity of phagocytes and releasing microbicidal
oxygen and nitrogen radicals. Our study showed that
in CPTB, there is a significant correlation between the
Tiffeneau — Pinelli index, which characterizes airway
patency, and the serum concentration of eNT5E, an
enzyme that synthesizes ADO (» = 0.5; p = 0.02).

In patients with APTB, positive correlations were
revealed between the ER parameters (ERV, RV)
and the activity of enzymes (¢ADA-2 in the blood
serum, ADA-1 in neutrophils), which destroy ADO to
cytoprotective inosine (r = 0.7; p = 0.004, p = 0.04,
respectively). A decrease in the concentration of
DPPIV (CD26) in mononuclear cells was negatively
correlated with FEV (r=-0.7; p = 0.04).

DISCUSSION

Fibrous — cavernous tuberculosis (FCTB) is defined
as a chronic form of TB and an unfavorable outcome
of untreated or ineffectively treated infiltrative TB.
It should be noted that even after microbiological
cure for pulmonary TB, 50% of patients still have
post-tuberculous lung disease (PTLD) [22]. PTLD is
caused by damage to the parenchyma, respiratory tract,
blood vessels, and mediastinum, which determines
pathomorphological changes in the organs. The cause
of PTLD and its severity are associated with the influx
of neutrophils and their excessive activity [23, 24].

Our data confirmed that in both examined groups of
TB patients, neutrophils, indeed, produced an excess
amount of ROS capable of damaging their own cells
and intercellular structures (when the antioxidant
system is depleted, which is typical of chronic
inflammation). At the same time, the ability to produce
NO metabolites important for microbicidal activity
against mycobacteria was reduced both for neutrophils
(more pronounced in patients with APTB) and for
mononuclear cells in patients with pulmonary TB.

The results of our study showed that, judging by
the activity of eNTSE, the level of ADO was equally
increased in patients with pulmonary TB, regardless
of the clinical form of the disease. In TB infection,
at high levels of extracellular ADO, activated
macrophages released eADA-2, which is a marker of
the inflammatory response and the severity of the TB
infection [25].

The regulatory effect of ADO on ER parameters
(indirectly through the regulation of phagocyte
activity) was confirmed by the revealed positive
correlation between the activity of eADA-2 in the
blood serum and ERV (a parameter characterizing

the static lung volumes in patients with APTB).
Another significant correlation was revealed between
ADA-1 activity in neutrophils of patients with APTB
(2.2 times lower than in the CG) and RV.

In patients with APTB, a decrease in intracellular
ADA-1 activity can lead to a rise in the intracellular
concentration of ADO, which determines an increase
in the expression of P1 receptors, in particular, the
low-affinity A,, receptor, which stimulation inhibits
inflammation and promotes tissue repair [4, 26].
When immune cells are activated at high levels of
ADO, the expression of A, A, and A, receptors on
macrophages increases, and their production of nitric
oxide is inhibited [27]. Apparently, the differences
in the duration of innate immune cell activation
and their expression of P1 receptors determine the
revealed multidirectional correlations between the
intracellular activity of ADA-1 and the level of
induced respiratory burst in neutrophils in APTB
and CPTB.

Extracellular ADO not only regulates the
inflammatory response, but also modulates the
interaction between cells of innate and adaptive
immunity. T. Hashikawa et al. (2006) showed that
necrotic cells could become a source of eADA-1
during inflammation, which can subsequently form
a complex with DPPIV (CD26). Our study revealed
a decrease in the expression of DPPIV (CD26) by
mononuclear cells (most pronounced in APTB)
[28]. Apparently, a disruption of the monocyte — T
lymphocyte interaction during decreased expression
of DPPIV (CD26) by mononuclear cells and reduced
activity of eADA-1 in the blood serum in patients with
APTB caused impaired regulation of inflammation
and a negative correlation between the level of DPPIV
expression by mononuclear cells and FEV. The level
of the soluble form of DPPIV in chronic diseases has
been shown to inversely correlate with the severity
of the disease, the severity of inflammation, and the
prevalence of pulmonary fibrosis [29, 30].

In our study, a significantly reduced serum level
of the soluble form of DPPIV (CD26) was registered
in patients with CPTB. It caused a decrease in
compensatory capabilities in the chronic course of the
infectious and inflammatory process and explained the
decrease in ER parameters that was found in patients
with CPTB. At the same time, in patients with APTB,
whose serum level of the soluble form of DPPIV
was maintained within the reference values, the ER
function was not impaired (measured parameters were
within the reference values).
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CONCLUSION

The data obtained make it possible to link the
regulation of ER with the parameters of purine
metabolism, in particular, with (1) the concentration
and activity of enzymes that are responsible for the
production and metabolism of ADO and that determine
its level outside cells and inside mononuclear cells and
neutrophils; (2) the expression of cofactor molecules;
and (3) the duration of activation of innate immune
cells, neutrophils, and monocytes / macrophages,
affected to a large extent by ADO regulation potential.
The revealed regularities make it possible to outline
new approaches to modern diagnosis, prevention, and,
possibly, treatment of developing respiratory failure
in patients with pulmonary TB.
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Local biocompatibility and biochemical profile of hepatic cytolysis
in subcutaneous implantation of polylactide matrices

Ivanova E.A., Dzyuman A.N., Dvornichenko M.V.

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

ABSTRACT

The aim of the study was to investigate local biocompatibility and systemic effects of nonwoven polylactide (PLA)
matrices on blood and liver parameters after their subcutaneous implantation in Wistar rats.

Materials and methods. Bioabsorbable fibrous PLA matrices were produced by electrospinning and had dimen-
sions (10 x 10 mm?, thickness of no more than 0.5 mm; fiber diameter in the matrix ~1 um) appropriate for subcu-
taneous implantation in white laboratory rats. Polymer implants were sterilized in ethylene oxide vapor. Thirty days
after the implantation of PLA matrices, local biocompatibility according to GOST ISO 10993-6-2011, cellular pa-
rameters (total leukocyte count, hemogram, erythrocyte count, hemoglobin concentration), and biochemical blood
parameters (lactate concentration, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels)
were studied, and a standard histologic evaluation of the liver was performed.

Results. PLA matrix samples were mild local irritants on a scale of 1-1.9 points according to GOST ISO 10993-
6-2011 criteria 30 days after the subcutaneous implantation. The median density of distribution of multinucleated
giant cells (MNGCs) in the connective tissue around and in PLA matrices was 1,500 (1,350; 1,550) per I mm? of
a slice. Pronounced leukocytic reaction due to lymphocytosis was noted (an increase by 1.7 times compared with
a sham-operated (SO) control group, p < 0.02). The absence of a significant neutrophil count in the blood revealed
sterile inflammation proceeding in the subcutaneous tissue around the PLA materials. Normalization of hepatic
cytolysis markers (ALT and AST activity) in the blood without pronounced changes in the structure of the liver and
the number of binuclear hepatocytes was noted. These markers were increased in SO controls (ALT up to 123%
and AST up to 142%, p <0.001 compared with values in the intact group).

Conclusion. Nonwoven PLA matrices are biocompatible with subcutaneous tissue, undergo bioresorption by
MNGCs, and have a distant protective effect on the functional state of the liver in laboratory animals. Hypotheses
on the detected systemic effect during subcutaneous implantation of PLA matrices were discussed; however,
specific mechanisms require further study.

Keywords: nonwoven PLA matrix, rats, blood serum, alanine transaminase, aspartate transaminase, blood cells,
binuclear hepatocytes
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MecTHasa 6MOCOBMECTMOCTb U GMoXnMnUYecKkne mapKepbl uTonunsa
renaTouMTOB NPU NOAKOXXHON MMNJIAHTALMMN NOAMAAKTUAHDIX MaTpuL

MUBaHoBa E.A., stomaH A.H., iBopHunuyeHko M.B.

Cubupckuii cocyoapcmeennblil meouyurckuil yrusepcumem (Cudl’ MY)
Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

Heaw. MccnenoBanue MecTHONH OGMOCOBMECTHMOCTH M CHCTEMHBIX d()(EKTOB HETKaHBIX MOJMMIAKTUIHBIX (PLA)
MaTPUKCOB Ha [T0KA3aTeJI KPOBH U MIEYSHH OCJIC MOAKOKHOH MMIUIAaHTalluK KpbicaM cToka Wistar.

Marepuajnsl 1 Metoabl. bronerpagupyemsie BookHHCTBIE PLA MaTpUKCHl M3TOTOBICHBI METOJIOM JIIEKTPO-
CIUHHKHTA, UMenH pasMmepst (10 x 10 Mm%, TonuHa He Gonee 0,5 MM; JUaMeTp BOJOKOH B Matpukce ~1 MKm),
IIPUTOJIHBIC JUIS TTOJJKOKHOTO BBEICHHUS OCIIbIM J1a00paTOpPHBIM KpbIcaM. IlomMepHbIe U3/1eusl CTEPIIIN30BalIH B
napax stiwieHokcuaa. Yepes 30 cyt nocie uMmiuiantanun PLA MaTpuKcoB H3ydeHbl MeCTHass OMOCOBMECTHMOCTD
coriacao ['OCT ISO 10993-6-2011, kierounsie (o0Iiee KOTUMIESCTBO JICHKOIMTOB, TEMOrpaMMa, YHCIIO SPUTPO-
IIUTOB, KOHIIEHTPAIXS TeMOTJIOONHA) B OMOXMMHYECKHe OKa3aTell KPOBH (KOHICHTPAIXS JIaKTaTa, aKTHBHOCTD
anannHamuHOTpaHcepassl (AJIT) n acmapraramunorpancdepasst (ACT)), onpenenena cTanIapTHast THCTOIOTH-
gecKast OIleHKa COCTOSTHHMS IedeHu. [IpoBeneHs! KoMIbloTepHas MOpGhOMETpHst TU(BPOBIX H300paKEHUI THCTOIO-
THYECKHX CPE30B M CTaTUCTHUYECKast 00paboTka pe3yIbTaToB.

PesyabTarpl. O0pasusr PLA MaTpukca SBISUTHCH JETKUMHA MECTHBIMH pa3ApaXKUTEIsIMHU B mkane 1-1,9 6amna
cornacHo kpurepusm [OCT ISO 10993-6-2011 uepe3 30 cyT mocie NOAKOKHOW HMIUTAaHTAIH. MeTnaHHas IIoT-
HOCTB PacCIpe/ieNeHNsI THTAaHTCKAX MHOTOSEPHBIX KiIeTOK HHOpoAHBIX Ted (IMKUT) B coeanHuTenbHON TKaHH
BOKpYT U B cTpyKType PLA marpukcos cocrasuna 1 500 (1 350; 1 550) Ha 1 Mmm? cpesa. MiMena MecTo BBIpaKeH-
Hasl JICHKOLUTapHAs peakysi KpoBH, 00ycIoBIeHHas TMM(GOINTO30M (B 1,7 pasa Mo CpaBHEHHUIO C JOKHOOTIEPH-
posanubM (JIO) KoHTpOIEM, p < 0,02). OTCYTCTBHE 3HAYUTENBHOTO HEUTpOQHIe3a KPOBU CBHICTEIHCTBOBAIO
00 acenTHYECKOM XapaKTepe BOCTAIEHHs, MPOTEKAIOIIETO B MOJIKOKHOM KieTdaTke BOKpyr PLA marepuanos. B
KpPOBHU OTMEYEHa HOpMaTU3alus MapKepoB IuTonn3a renatonutoB (aktuBHOCTH AJIT n ACT), noBsimeHHbIX y JIO
#xuBOTHBIX (AJIT — 1o 123% u ACT — o 142%, p < 0,001 B cpaBHEHNH ¢ HHTAaKTHBIMU 3HAYE€HUSIMH), O€3 BbIpa-
KEHHBIX M3MEHEHUI CTPYKTYpHI EYEHH U YNCIIA ABYSAEPHBIX TeNaTOIUTOB.

3akiouenue. Herkanbie PLA mMaTpukchl OMOCOBMECTHMBI € MOAKOXKHON KIIETUATKOM, IOABEPratoTcs Onope3op-
6umu T'MKUT, o0afatoT AMCTAaHTHBIM IIPOTEKTOPHBIM JIciiCTBHEM Ha (YHKIMOHAIBHOE COCTOSIHUE IIEYCHH Y Jia-
60paTOPHBIX KUBOTHBIX. OOCYK/ICHBI THITOTE3bI OOHAPYIKEHHOTO CUCTEMHOT0 3 deKTa MPH MOIKONKHON NMILIaH-
taiuu PLA matpun. OnHaKo KOHKPETHBIE MEXaHU3MBbI TPEOYIOT JabHEHIIIEro H3yYeHusl.

KnrodeBble c10Ba: HETKAaHBII MAaTPUKC W3 IOIMMOJIOYHOM KHCIOTBI, KPBICHL, CBIBOPOTKA KPOBH, aTaHWHAMH-
HOTpaHc(epasa, acmapTaTaMHHOTpaHc(hepasa, KIETKH KPOBH, JIBYSAEPHBIE TE€MaTOIUTHI

Kondaukrt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U NMOTCHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOIMKanuel HaCTOSIICH CTaThu.

HUcrouynuk puHancupoBanms. VccnenoBanue BHIIOJHEHO B pamMKax [IporpaMMbl cTpaTeruueckoro akajaemuye-
ckoro nuaepctsa «[Ipuopuret — 2030».

CooTBeTcTBHE NMPUHIMIAM 3THKH. VccrnenoBanue om100peHO JOKAIBHBIM 3THYECCKUM KomuteToM Cubl' MY
(mpotoxon Ne 7693/1 ot 30.09.2019).

[ uurupoBanus: Meanosa E.A., /[3toman A.H., JIBopanuerko M.B. MecTHas GHOCOBMECTUMOCTh U OHOXH-
MHYECKHE MapKepPhI LIUTOJIH3a FeNaTOLUTOB IPH TOIKOKHON HMILUTAHTAIIMH HOJUIAKTHAHBIX MaTpULl. Broiiemens
cubupcroi meouyunst. 2022;21(4):63-71. https://doi.org/10.20538/1682-0363-2022-4-63-71.

INTRODUCTION

Polylactic acid (polylactide, PLA) is one of the
synthetic biodegradable polymers consisting of
analogs of natural monomers. It is actively used
in various applications of tissue engineering [1] as

implants [2], as well as in the form of matrices for
drug and cell delivery [3].

PLA materials are approved for clinical use.
The surface of nonwoven fibrous matrices makes it
possible to use various methods of loading and release
of significant concentrations of drugs and biological

64 BlonneTteHb cMbupckon megruuHbl. 2022; 21 (4): 63-71



Original articles

molecules [4]. However, the accumulation of
lactate, which depends on the rate of PLA degradation,
can provoke local inflammation and/or systemic
toxicity [5].

Electrospinning is a fast growing technology
for obtaining nonwoven fibrous scaffolds made
of nanosized interconnected fibers (5 nm — 1 pm
in diameter) that form microsized (~100 pm)
interconnected pores [6, 7]. Thereby their architecture
allows to reproduce to a certain extent the structure of
the natural extracellular matrix in various biological
tissues. On the other hand, a large surface area at
low density [6] promotes increased biodegradation
of fibrous PLA materials [8] with the release of high
doses of lactic acid, which can result in adverse events
masking or eliminating the therapeutic effect of cells
and drug and biological molecules immobilized on the
implant.

Therefore, the aim of the study was to research local
biocompatibility and systemic effects of nonwoven
PLA matrices on blood and liver parameters after
subcutaneous implantation in Wistar rats.

MATERIALS AND METHODS

The experimental study was conducted in vivo
on 20 mature white male Wistar rats weighing 280—
300 g. The animals were kept in standard vivarium
conditions in the Laboratory of Biological Models
at Siberian State Medical University (Tomsk) and
received a standard diet. The study was carried out
in compliance with the principles of the European
Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
(Strasbourg, 1986).

Nonwoven PLA matrices (10 x 10 mm?, thickness
of no more than 0.5 mm; average fiber diameter in
the matrix ~1 um) obtained in Tomsk Polytechnic
University using electrospinning as described earlier
[8] were used as test products. The raw material
was  poly(DL-lactide) PURASORB (Corbion,
Netherlands). Nonwoven PLA matrices were sterilized
in 100% ethylene oxide vapor at 37 “C for 9 hours in
the 3M Steri-Vac Sterilizer/Aerator gas sterilizer (3M,
USA) according to ISO 11135-2017 (Sterilization of
healthcare products. Ethylene oxide. Requirements
for the development, validation, and routine control of
a sterilization process for medical devices).

PLA matrices were injected subcutaneously through
a median abdominal incision and a formed lateral
subcutaneous pocket in 10 rats under CO, anesthesia
(1 matrix per animal) as described earlier [9]. After

placing the samples in the axillary pocket, interrupted
atraumatic sutures (thread 4.0) were applied. The skin
around the sutures was treated with an aseptic agent.
The control group consisted of 10 sham-operated rats.
Sham surgery involved a median skin incision, via
which forceps were inserted subcutaneously; a lateral
pocket was formed, and then the wound was closed
without implantation of a matrix. Blood biochemistry
tests were also conducted in 10 intact animals.

Thirty days after the implantation, the animals were
euthanized by carbon dioxide inhalation in compliance
with the rules and norms of the European Community
(86/609EEC), the Declaration of Helsinki, and orders
of the USSR Ministry of Healthcare (No. 742 of
13.11.1984 and No. 48 of 23.01.1985).

Blood was collected from decapitated animals in
Vacuette blood collection tubes (BD Diagnostics,
USA) to obtain blood serum. We determined lactate
concentrations and alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels using
kits for the Random Access A25 Biochemistry
Analyzer (BioSystems S.A., Spain) according to
the manufacturer’s instructions. Blood parameters
(total leukocyte count (TLC), hemogram, erythrocyte
count, hemoglobin) were examined using standard
hematologic methods [10].

In accordance with ISO 10993-6-2011 (Medical
devices. Biological evaluation of medical devices.
Part 6. Tests for local effects after implantation), we
conducted a macroscopic assessment of subcutaneous
soft tissue surrounding the implantation site for the
local tissue reaction (local biocompatibility in vivo):
the presence or absence of signs of inflammation
(alteration, exudation, proliferation), hyperemia
of vessels in the recipient bed, and encapsulation
of samples. The results of the semi-quantitative
macroscopic assessment of the local reaction to PLA
matrices were recorded on the following scale (in
points): no irritating effect (0-0.9 points); mild irritant
(1-1.9 points); moderate irritant (2—2.9 points); strong
irritant (3—4 points).

For the microscopic analysis, the implants with
surrounding tissues were carefully removed from the
subcutaneous pocket; after opening the abdominal
cavity, a part of the liver was taken for the histologic
assessment after subcutaneous implantation of PLA
matrices. The analyzed fragments were fixed in
10% neutral buffered formalin. The fragments were
dehydrated in eight changes of isopropanol-based
dehydrating solution (IsoPrep, BioVitrum, Russia)
according to the manufacturer’s instruction. The
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studied objects were placed in the Histomix paraffin
medium (BioVitrum, Russia), thin (57 um) sections
were prepared on a microtome perpendicular to the
surface of the tissue plates and the studied samples.

Slices mounted on slides were stained with Gill’s
hematoxylin (BioVitrum, Russia) and eosin for
histologic examinations under standard conditions.
A total of 10 serial sections were obtained from each
tissue sample. Then they were stained and examined.
Microslides were studied in transmitted light of the
ZEISS Axio Observer Al microscope (Germany) at
various magnifications (40—400). Digital images of
the stained histologic sections were obtained using
the AxioVision 4.8 software (ZEISS, Germany). We
determined the intensity of cellular resorption of PLA
matrices (based on the number of multinucleated
foreign body giant cells, FBGCs) and the activity of
regenerative processes in the liver (measured by the
number of binuclear hepatocytes) in 10 randomly
selected fields of vision in each histologic sample
using computer morphometry of sections stained with
hematoxylin and eosin, as described in the literature
[11].

The standard Statistica software package v.13.3
was used for statistical description and testing of
statistical hypotheses in order to evaluate the data
obtained. We used the Shapiro — Wilk test to analyze
normally distributed data. The data were presented as
the median and the interquartile range Me (Q,; O,).
The nonparametric Mann — Whitney test was used
to evaluate statistical differences in the samples. The
differences were considered statistically significant at
p <0.05.

RESULTS AND DISCUSSION

In addition to their principal function, implants can
activate local regenerative processes, cause a systemic
reaction of the body mediated through the circulatory
system. At the same time, biodegradable materials
(for example, polylactides) can affect the body with
the properties of their surface and biodegradation
and bioresorption products [5]. The study of the
local biocompatibility of PLA matrices established
that there were no macroscopic signs of inflammation
(alteration, exudation) in the tissues surrounding the
implants 30 days after the subcutaneous implantation
ofthetested samples (Fig. 1). The severity ofhyperemia
in the recipient vascular bed and encapsulation of the
samples (cell proliferation reaction) in the study groups
corresponded mainly to the absence of irritation (0
points), mild irritation (1 point), and in a few cases

(with encapsulation) — to moderate irritation (2 points)
(Table 1). Thus, the studied PLA matrix samples were
mild irritants on a scale of 1-1.9 points according to
the criteria of ISO 10993-6-2011.

Fig. 1. The condition of the tissues surrounding the PLA matrix
in the axillary subcutaneous pocket in rats 30 days after the
implantation

Table 1

Macroscopic signs of changes in the tissues surrounding
the PLA matrix 30 days after the subcutaneous implantation
in Wistar rats, Me (Q,; 0,)

Inflamma- Hyperemia around Matrix
Study groups . the sample .
tion . encapsulation
(postoperative scar)
Sham surgery, 0 0 :
n=10 (0; 0) 0; 1)
Implantation
. 0 1 1.5
OfPLAmAT | (0; 0) (1; 1.5) (1; 1.5)

The presence of a well-formed connective tissue
capsule around the implants was revealed during the
examination of microscopic changes (Fig. 2). In the
capsule, two layers could be well identified: a thin
(thickness of no more than 50 pm) inner layer in
contact with the PLA matrix formed by dense fibrous
connective tissue. Encapsulation with a thin layer
of connective tissue is characteristic of relatively
bioinert artificial materials [5]. Thin collagen fiber
bundles were parallel to the implant surface and grew
into the implant structure, mainly from the edge of the
tested samples. The second layer of the capsule was
located outside the previous one. It directly contacted
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the surrounding tissues and was formed by loose the implant surface. Both fibroblasts and inflammatory
connective tissue with microvessels. Collagen fiber cells (polymorphonuclear leukocytes, lymphocytes,
bundles diverged in different directions, regardless of and macrophages) were found between them.

Fig. 2. The condition of the connective tissue capsule around and in the structure of the PLA scaffold at different magnifications (a
—50; 5—100; ¢ —400). Staining with hematoxylin and eosin. The arrows indicate the transparent substance of the polymer scaffold

The cellular composition of the connective tissue FBGC:s at the site of implantation with a high surface-
was represented, in particular, by FBGCs (Fig. 3). area-to-volume ratio is a typical reaction of the host
FBGCs were often found inside the implant cavity and organism that indicates active cellular resorption of
were located separately (Fig. 3a) or in small clusters the matrix substance [5].
of up to three cells (Fig. 3b). According to computer Fibrocytes and fibroblasts were located between
morphometry data, the median distribution density collagen fiber bundles (Fig. 3¢). Mononuclear
of FBGCs in the connective tissue around and in the (lymphocytes, macrophages) and polymorphonuclear

structure of PLA matrices was 1,500 (1,350; 1,550) per leukocytes (PMNs) diffused, but formed clusters near
1 mm? of the slice. The formation and accumulation of FBGCs (Fig. 3a, b).
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Fig. 3. Tissue response to PLA matrix 30 days after the subcutaneous implantation in Wistar rats: ¢, b — mononuclear and
polymorphonuclear leukocytes, multinucleated FBGCs (marked with arrows); ¢ — fibroblasts between the polymer fibers of the
implant. Stained with hematoxylin and eosin
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Thus, the local reaction to PLA matrices 30
days after the subcutancous implantation in rats
apparently reflected the transition from acute to
chronic productive inflammation with the change of
leukocytes infiltrating the damaged area from PMNs
to mononuclear forms. After the catabolic phase,
which promotes rehabilitation of the inflammatory
focus, anabolic processes are activated [12], as
secretion of proinflammatory cytokines stops and
secretion of anti-inflammatory / regenerative factors
begins [13-15].

On the one hand, the formation and accumulation
of FBGCs at the site of implantation demonstrated
pronounced cellular resorption of PLA matrices. At
the same time, they are crucial for the development
of a local granulomatous inflammatory reaction to
the implant, mediated primarily through the tumor
necrosis factor (TNF)a secreted by them [5]. TNFa
is a systemic cytokine that induces the expression of
epidermal growth factor receptors (EGFR) [16] and
activates the production of growth hormone (GH) by
cells of the adenohypophysis [17]. In turn, EGFR and
GH have an anabolic effect and enhance regenerative
processes in organs and tissues [18, 19].

On the other hand, the utilization of the PLA matrix
is accompanied by the release of lactic acid, which
can have a systemic effect on the body. The liver and
the kidneys are target organs for lactate circulating in
the bloodstream [20]. Therefore, biochemical blood
parameters are assessed to determine the biological
safety of polymer scaffold biodegradation products
and the capacity of the liver.

The polylactic base of the tested materials could
lead to an increase in lactate monomers in the blood of
animals in case of massive biodegradation. However,
statistically significant changes in the concentration of
lactic acid in the blood were not observed 30 days after
the implantation (Table 1). A fivefold increase in in
vitro dissolution of the tested PLA matrices was noted
by day 35 of immersion into the nutrient medium [8].
Cellular resorption of the implant can accelerate its
destruction in vivo, however, the distribution density of
FBGCs in the fibrous matrix was insignificant (Fig. 3).
We cannot exclude the influence of implants and their
biodegradation products on liver function, mediated
through distant (stress-regulating) regulatory systems
of the body.

It is known that subcutaneous implantation induces
a stress reaction in animals [21], which is realized
through local (cellular microenvironment) and distant
life support systems of the body [19]. In our study, the

activity of AST and ALT in the blood of intact Wistar
rats (Table 2) was close to that in other vivaria [22].
The sham operation was accompanied by an increase
in the activity of ALT (up to 123%) and AST (up to
142%, p < 0.001) in the blood serum compared with
the values in intact animals 30 days after the surgery.
These functional tests suggest damage to the liver
parenchyma [23] caused by postoperative stress. At
the same time, subcutaneous implantation of the PLA
matrix led to normalization of hepatocyte cytolysis
markers (almost to the baseline level), which indicated
the distant hepatoprotective effect of the PLA material
during surgery (Table 2).

Table 2

Biochemical blood parameters in Wistar rats 30 days after the
subcutaneous implantation of PLA matrices, Me (Q,; Q,)

Group Lactate, mM ALT, Ul /1 AST,UIL/1
Intact animals, B 67.14 185.14
n=10 (60.47; 69.59) | (174.16; 216.07)
Sham-operated 493 82.58 262.90
animals, @ 5.' 571 (75.61; 84.36)* | (246.60; 304.60)*
n=10 D »<0.001 »<0.001
Implantation of 428 67.34 225.10
PLA matrix, 3 50'. 5.40) (65.61; 72.95)" | (209.10; 250.0)"
n=10 DA »<0.003 p<0.02

* with the baseline level (intact animals); * with sham-operated rats.

Having obtained data on the functional changes,
we were to study the effect of PLA matrices on the
liver structure, since subcutaneous implantation of
scaffolds can stimulate hepatocyte regeneration [24].
The number of binuclear hepatocytes (dividing and
non-dividing) is one of the principal indicators of liver
regeneration. Slow subthreshold loss of hepatocytes is
not compensated by the body when the loss becomes
critical (10% of working hepatocytes for the liver),
which leads to irreversible processes and death of the
body due to liver failure [25].

During the examination of the histologic
preparations of the liver in sham-operated (SO) rats,
we observed moderate hyperemia of the central veins
and sinusoidal capillaries, while the structure and
shape of the classic hepatic lobules were preserved.
Subcutaneous implantation of PLA matrices did not
cause visible destructive changes in the liver by day
30 of the follow-up (Fig. 4). However, the increase
in the number of binuclear hepatocytes (Fig. 4) did
not reach statistical differences in comparison with the
controls (Table 2).
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Fig. 4. Histologic image of the liver of Wistar rats 30 days after
the subcutaneous implantation of PLA matrices: staining with

hematoxylin and eosin; arrows indicate binuclear hepatocytes

Table 2

Distribution density of binuclear hepatocytes in Wistar
rats 30 days after the subcutaneous implantation of PLA
matrices, Me (Q,; 0,)

KonuyecTBo ABYysACPHBIX KICTOK Ha | MMm?

4,600 (4,450; 4,800), n, = 100

Group
SO animals, n =10
Implantation of
PLA matrix, n =10

5,300 (4,700; 5,500), n, = 100

Note: n,is the number of calculated fields of vision.

According to our findings, subcutaneous
implantation of PLA matrices has a functional
hepatoprotective effect by day 30 after administration
to laboratory rats. The mechanisms of the established
phenomenon are not clear, but they are likely to be
complex. Postoperative regeneration in subcutaneous
adipose tissue may be important, as it leads to the
release of EGFR and other growth factors activating
liver regeneration into the blood [26]. In addition,
lactate released during the degradation of PLA
matrices can have a regulatory effect on migration and
activity of T lymphocytes [27, 28], which are recruited
as conductor cells of proliferative inflammation and
subsequent regenerative processes in parenchymal
organs [29].

Indeed, after subcutanecous implantation of
PLA matrices, a pronounced leukemoid reaction
was detected, due to an increase in the number of
lymphocytes (by 1.7 times compared with the controls,
p < 0.02) (Table 3). The absence of significant
neutrophilia indicated sterile inflammation taking
place in the subcutaneous tissue around the PLA
material.

Table 3

Hemogram (10°/ 1), RBC count, and hemoglobin concentration (g /1) in the blood of Wistar rats 30 days after the subcutaneous
implantation of PLA matrices, Me (Q; O,)

Group Total WBC count Lymphocytes Monocytes Neutrophils | Erythrocytes, 10'?/1| Hemoglobin, g /1
SO animals. n= 10 6.4 3.6 0.5 2.5 9.41 146
’ (4.6,9.2) (2.8;6.1) (0.2;0.7) (1.2;2.8) (7.93;9.52) (123; 147)
Implantation of 8.7 6.1*% (5.2;9.0) 0.4 2.2 9.43 150
PLA matrix, n = 10 (6.7, 13.3) P <0.02 (0.3; 0.6) (1.3;3.4) (7.92; 9.94) (148; 154)

* significant differences according to the Mann — Whitney test.

The systemic effect of PLA matrices on biochemical
markers of hepatocyte cytolysis is largely similar to
the effect of subcutaneous injection of hyaluronic
acid implants in healthy women during cosmetic
procedures [30]. Various chemical substances have
a similar effect when injected subcutaneously, which
suggests a non-specific mechanism of their long-term
effect besides the specific impact of monomers (lactic
or glucuronic acid). This mechanism may be linked
to the controlled onset of low-grade local productive
inflammation, which activates the compensatory —
adaptive and adaptive reactions of the host organism.

CONCLUSION

Biodegradable scaffolds based on PLA and
copolymers are of fundamental and clinical interest
for soft and solid tissue bioengineering [31, 32],

including the liver [33]. These scaffolds can be used as
carriers of stem cells [34] and as a means of delivery
and release of drugs and biological molecules [35].

According to the data obtained, bioabsorbable
nonwoven PLA matrices are biocompatible with
subcutaneous tissue and have a distant protective
effect on the capacity of the liver in laboratory
animals. Nonwoven PLA matrices can be used as cell
carriers. The areas of application may include treating
damage induced by cytostatic agents, radiation
injuries, and chronic liver diseases. However, the
specific mechanisms underlying the revealed effect
that subcutaneous implantation of PLA matrices had
on hepatocytes require further study.
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ABSTRACT

Aim. To identify the effect of preterm birth on proliferation and hyperplasia of cardiomyocytes in the early postnatal

period of ontogenesis in rats.

Materials and methods. Preterm birth (on day 21 and 21.5 of gestation) in Wistar rats was induced by subcutaneous
administration of mifepristone. Immunohistochemistry was used to identify and calculate the number of Ki67-
positive and Mklp2-positive cardiomyocytes in the left ventricle of preterm and full-term rats on days 1, 2, 3, 4, 5,
and 6 of postnatal ontogenesis. Statistical analysis of morphometric parameters was performed using the Shapiro —

Wilk test and Mann — Whitney test with the Bonferroni correction.

Results. We revealed an increase in the number of Ki67-positive cardiomyocytes in the left ventricle of the rats:
on day 1 of postnatal ontogenesis (in the rats born on day 21 of gestation) and on days 35 of postnatal ontogenesis
(in the rats born on day 21.5 of gestation). Preterm birth in rats did not result in a change in the number of Mklp2-

positive cardiomyocytes in the left ventricular wall.

Conclusion. A change in the pattern of Ki67 expression by cardiomyocytes in the rats born 12 or 24 hours before
full term was demonstrated in the early postnatal period of ontogenesis. An isolated increase in Ki67 expression
without a change in Mklp2 expression by cardiomyocytes in the left ventricular wall of preterm rats indicates
acceleration of cardiomyocyte hypertrophy. Shorter duration of prenatal development is associated with more

pronounced morphological and functional rearrangements in the rat myocardium.
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BnusaHune npexxpeBpeMeHHOro poXkaeHus Kpbic Ha nponudepauuio

M runepnnasuio KapanoMmnoLnToB

MBaHoBa B.B.', MunbTto U.B."?, CepebpakoBa O.H.', Cyxopgono U.B.'

I Cubupckuii 2ocyoapemesennviil meouyunckuil ynusepcumem (Cubl MY)

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

2 Cesepcruit buoguzuueckuil nayunoviii yeump (CH5H I{enmp)

Poccus, 636013, e. Cesepci-13, a/a Ne 130

PE3IOME

Henb. YcTaHOBUTH BIMSHUE TNPEXKIEBPEMEHHOTO POXKACHHSA Ha IpoLEcChl Mpoiudepanuyd U TUMEpIUIa3hu
KapJMOMHOIIUTOB B PaHHEM IIOCTHATAJIBHOM NIEPHO/IE OHTOT€HE3a Y KPBIC.

Marepuaibsl u MeToasbl. [IpexneBpemennsie possl (Ha 21-e u 21,5-e cyT GepeMeHHOCTH) KpbIC JuHUN Bucrap
MHYLMPOBAJIN IOJKOXKHEIM BBeJCHHEM MuQenprucroHa. IMMYHOIHCTOXMMHYECKH B JIEBOM JKEIIyJJOUKE IPEXK-
JICBPEMEHHO POKIECHHBIX U JIOHOLICHHBIX KpbIC Ha 1, 2, 3, 4, 5 1 6-¢ CYT OCTHATAJILHOTIO II€PUOJa OHTOIeHe3a
BBISIBJISUIN U TTOJICUMTHIBAIIHM KostnuecTBO Ki67-mo3utuBHBIX 1 MKIp2-1103UTHBHBIX KapAHoMHOIMTOB. C IIOMOLIBIO
kputepus [lanupo — Yuika u kpurepus ManHa — YutHH ¢ nonpaBkoit boHpeppoHH npoBein cTaTHCTHYeCKUH
aHaJIN3 MOP(QOMETPHYECKHX TTOKa3aTeeit.

Pe3yasTatsl. [IponemoncTpupoBano yBennueHue konmdectsa Ki67-I03UTHBHBIX KapAHOMHOLIUTOB B JIEBOM JKe-
JIyZIoUKe cepyla KpbIc: Ha 1-e CyT IIOCTHATAIBHOTO NepHo/ia OHTOreHe3a (y pOKICHHBIX Ha 21-e cyT GepeMeHHo-
CTH) U Ha 3—5-¢ CyT NOCTHATAJIBLHOIO IIEpHO/Ia OHTOTreHe3a (y pOXKJICHHBIX Ha 21,5-e cyT GepemenHoctH). [Ipex-
JIEBPEMEHHOE PO’KACHHE HE MIPUBOAUT K H3MEHEHMIO KosmdecTBa MKIp2-11o3nTHBHBIX KapJHOMUOIIUTOB B CTEHKE
JICBOT'O JKEIIyJO4Ka KPBIC.

3akiioyeHue. B paHHEM IOCTHATAIBHOM MEPUO/IE OHTOTeHE3a MPOICMOHCTPHPOBAHO H3MEHEHHE MaTTepPHa IKC-
npeccun Ki67 xapAnOMHOLUTaMHU KPbIC, POXKICHHBIX Ha 12 mmn 24 4 paHee cpoka. M30impoBaHHOE yBEIHMYCHUE
skcrpeccuu Ki67 6e3 msmenenus sxkcnpeccuu Mklp2 xkapArnOMHOLIIMTaMHU B CTEHKE JIEBOTO YKy JOUKA TPEKAEB-
PEMEHHO POJK/ICHHBIX KPBIC CBUJIETEIBLCTBYET 00 aKcesepaluy THIepTpoun KapAHOMHOIUTOB. MeHbIas po-
JIOJDKUTETBHOCTh BHYTPHYTPOOHOTO NEPHOa PA3BUTHS aCCOLIMUPOBAHa ¢ OoJiee BRIPaXKEHHBIMU MOPHODYHKIINO-
HaJIHBIMH TIEPECTPOHKAMU MHOKAp/ia KPBIC.

KnrodeBble c10Ba: mpexaeBpeMEHHOE POXKICHUE, KapTHOMHOINT, MPordepanus, THIePIUIa3us, THIEPTPODHS,
HKCTICPUMEHT

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

Hcrounuxu ¢punancupoBanus. VcciaenoBanue BEIOIHEHO B paMKax [IporpaMMBI CTpaTerHIeckoro akajeMude-
ckoro nuaepctsa «IIpuopurer — 2030».

CooTBeTcTBME NMPUHUMIAM 3TUKM. VccnenoBanue o100peHO JOKAIBHBIM 3THYECKHUM KomuTeToM Cubl' MY
(mportokou Ne 8475/1 ot 30.11.2020).

Jns nutuposanus: eanosa B.B., Munsto 1.B., Cepedpsixosa O.H., Cyxonono 1.B. Briusiaue npexneBpeMeH-
HOTO POXJICHUS KPBIC HA TPONUQEPAINIO U TUTIEPILIA3UIO KAPIHOMHUOIUTOB. bloaiemens cubupckoi meouyumbl.
2022;21(4):72-78. https://doi.org/10.20538/1682-0363-2022-4-72-78.

INTRODUCTION

Preterm birth (birth before 37 completed weeks
of gestation) increases the risk of early development
of cardiovascular diseases [1, 2], such as coronary
heart disease [3], hypertension, and heart failure
[4]. Preterm birth is associated with structural and

functional immaturity of organs, which is the reason
for their adaptive morphogenesis in the postnatal
period. Thus, there are no differences in the heart
structure between full-term and preterm children in
the prenatal period; initial structural changes in the
heart in preterm children emerge in the postnatal
period [5]. It is known that the morphological and
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functional features of the heart in preterm children are
determined already at the third month of the postnatal
period of ontogenesis: an increase in the relative mass
of the right and left ventricles is observed, compared
with that in full-term infants [5]. Over time, the
structural features of the heart in preterm children are
preserved [6] and serve as a prerequisite for earlier
development of cardiovascular diseases in this group
of individuals [7].

It remains unclear how preterm birth leads to
the formation of structural and functional features
of the heart, though researchers pay close attention
to this problem [8]. At the same time, correction of
structural features in the heart of preterm children in
the early postnatal period of ontogenesis can prevent
the development or reduce the risk of cardiovascular
diseases in adulthood [9—11].

Determination and detailed characterization of
morphological and functional changes in the heart
of preterm children in the early postnatal period are
priority tasks, which solution is hampered by the
lack of histologic studies. Single studies devoted
to the histologic characteristics of the myocardium
in preterm children are difficult to interpret, since
the hearts of stillborn babies are used as controls
[12], while it is adaptation of the heart and blood
vessels to the conditions of ex utero functioning
that is of great interest. Therefore, it is relevant to
identify and study the dynamics and consequences
of postnatal morphological and functional features
of the heart in preterm animals in the experiment.
The aim of the study was to establish the effect of
preterm birth on proliferation and hyperplasia of
cardiomyocytes in the early postnatal period of
ontogenesis in rats.

MATERIALS AND METHODS

Wistar rats of both sexes were used in the
experiment. A full gestation period for Wistar rats
is 22 days. Rats born two days before full term are
not viable. Rats born one day before full term are
characterized by a sufficient degree of structural
and functional immaturity of organs and are used as
models for studying the effects of preterm birth [13,
14]. Based on clinical data, according to which the
severity of the morphological and functional changes
in the heart and blood vessels correlates with the degree
of prematurity [15, 16], as well as on the information
that even a moderate degree of prematurity leads to
impaired functioning of the cardiovascular system
in adulthood [17], we formed two groups of rats in

the study: rats born 12 and 24 hours before full term,
respectively (Table 1).

Table 1

Characteristics of the experimental groups

Time of
mifepristone
injection, days

Duration of prenatal
development in experi-
mental animals, days

Experimental group

of pregnancy
Control group, n =30 22.0 -
Group 1, n =30 21.5 20.5
Group 2, n =30 21.0 20.0

The offspring were obtained from the intact male
(aged 2 months, 180 £ 20 g) and female (aged 3
months, 180 + 20 g) Wistar rats, the latter were kept in
individual cages. In females, the phase of the estrous
cycle was determined daily. In the proestrus, a male
was placed with a female for a night. The following
morning, the male was removed from the cage, and
vaginal smear of the female rat was analyzed to verify
coitus. The day of detection of spermatozoa in the
vaginal smear was considered to be the first day of
pregnancy. Pregnant females were kept in individual
cages and fed with LbK 120 R-22 feed for pregnant
laboratory rodents (Delta Feeds, Russia). Preterm
labor was induced on days 21 and 21.5 of pregnancy
by subcutaneous administration of mifepristone (1 ml,
10 mg / kg of body weight, Sigma-Aldrich, USA) to
the rats [18].

The rats were euthanized on days 1, 2, 3, 4, 5, and
6 of postnatal ontogenesis by CO, inhalation. The
rat heart was fixed in the buffered (pH 7.4) formalin
solution (BioVitrum, Russia) for 24 h, then it was
washed in running water, dehydrated in the Isoprep
solution (BioVitrum, Russia), and embedded in the
HISTOMIX paraffin mixture (BioVitrum, Russia).
The sections obtained on the automatic microtome
(HM355S, Thermo Fisher Scientific, China) were
used for immunohistochemistry. Ki67 (a proliferation
marker) and Mklp2 (a cytokinesis marker) were
detected on the sections by the indirect peroxidase
method. Ki67 is non-specific for determining true
mitosis and is expressed during endomitosis as well
[19]. On the contrary, Mklp2 (mitotic kinesin-like
protein 2) is a marker of cytokinesis, the final stage
of true mitosis. Therefore, Mklp2 makes it possible
to identify cells undergoing the final stages of mitosis
[20].

To unmask antigens, the deparaffinized sections
were exposed to high temperatures in the citrate buffer
(0.01 M, pH 6.0). Ab16667 (Anti-Ki67 antibody [SP6],
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1:300) and bs-7750r (Anti-Mklp2 antibody, 1:500)
were used as primary antibodies. Primary antibodies
were visualized using the Mouse and Rabbit Specific
HRP/DAB IHC Detection Kit — Micro-polymer
(Abcam, UK). After the immunohistochemical
staining, the sections were counterstained with Gill’s
hematoxylin.

Immunohistochemical  slides were studied
using the Axioscope 40 light microscope (Zeiss,
Germany) and the Canon PowerShot G5 digital
camera (Canon, China). To determine the localization
of immunopositive cardiomyocytes, the thickness
of the left ventricular myocardium was arbitrarily
divided into three parts: subepicardial, middle, and
subendocardial. The number of Ki67-positive and
Mklp2-positive cardiomyocytes per | mm? of the left
ventricular wall section area was counted.

Control group

Group 1

Group 2

Statistical analysis was carried out using SPSS
16.0 (IBM, USA). The Shapiro —Wilk test and the
Mann — Whitney test with the Bonferroni correction
were used. The results of the morphometric study
were presented as the median and the interquartile
range Me (Q,; Q,). The differences were statistically
significant at p < 0.01.

RESULTS

In the left ventricular myocardium of rats,
Ki67 and MKklp-2 were detected in the cytoplasm
of different cells: endotheliocytes, fibroblasts, and
cardiomyocytes (Figure). In the observed periods,
Ki67-positive cardiomyocytes were diffuse in the
left ventricular myocardium in all experimental
groups, while Mklp2-positive cardiomyocytes had
predominantly subendocardial localization.

Figure. The left ventricular
myocardium in rats: of the control
group (full-term animals) (a, b),
of group 1 —rats born on day 21.5
of gestation (¢, d), of group 2 —
rats born on day 21 of gestation
(e, f), on day 1 of postnatal
ontogenesis. Asterisks indicate
Ki67-positive  cardiomyocytes
(a, ¢, e), and arrowheads indicate
MklIp2-positive  cardiomyocytes
(b, d, f). Counterstaining with
Gill’s hematoxylin.
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In the left ventricular myocardium of rats in
all studied groups, the number of Ki67-positive
cardiomyocytes exceeded the number of Mklp2-
positive cardiomyocytes (Table 2). Changes in
the number of Ki67-positive cardiomyocytes and
Mklp2-positive cardiomyocytes per 1 mm? of the left
ventricular section are shown in Table 2.

In all experimental groups, the number of Ki67-
positive cardiomyocytes in the left ventricular wall
of rats peaked on days 2-3 of postnatal ontogenesis,
after which it progressively decreased. In the rats
of group 1, a delayed increase in the number of
Ki67-positive cardiomyocytes in the left ventricular
wall was observed, compared with the control

group. An increase in the number of Ki67-positive
cardiomyocytes in the left ventricular wall of the rats
from group 1 was found on days 3—5 of postnatal
ontogenesis. On the contrary, in the rats of group
2, the number of Ki67-positive cardiomyocytes in
the left ventricular wall exceeded that in the rats of
group 1 and the control group on day 1 of postnatal
ontogenesis.

The number of Mklp2-positive cardiomyocytes in
the left ventricular wall of rats in all studied groups
progressively decreased during the experiment,
Preterm birth did not result in a change in the number of
MklIp2-positive cardiomyocytes in the left ventricular
wall of the rats.

Table 2
Changes in the number of immunopositive cardiomyocytes in the left ventricle of rats, number of cardiomyocytes in 1 mm?,
Me (95 Q)
Postnatal ontogenesis, day
Group 1 2 | 3 | 4 5 6
Number of Ki67-positive cardiomyocytes
43.8 (37.5; 50.0) | 87.5(68.8;98.4) | 68.8 (62.5;85.9) | 43.8(25.0;50.0) | 46.9 (37.5;50.0) | 34.4(20.3; 48.4)
Control group
- p,=0.000 - p,=0.001 - -
Group 1 28.1 (14.1;42.2) | 78.1 (68.8; 115.6) | 96.9 (71.9; 123.4) | 78.1 (57.8;93.8) | 62.5(51.6;75.0) | 50.0 (37.5; 67.2)
p =0.007 p,=0.000 p=0.008 »=0.000 p=0.001
71.9 (56.3; 81.3) | 84.4 (75.0; 100.0) | 65.6 (51.6;95.3) | 43.8 (37.5; 68.8) | 46.9 (31.3;62.3) | 43.8 (31.3;56.3)
Group 2 =0.000 B =0.000
51 =0.000 p,=0.000 B le 0.002 B B
Number of Mklp2-positive cardiomyocytes
25.0 (0; 50.0) 12.5 (0; 50.0) 12.5(0; 31.3) 0 (0; 25.0) 0(0; 0) 0(0; 0)
Control group .= 0.002 = 0.000 .= 0.000 .= 0.000 .= 0.000 .= 0.000
Group 1 25.0 (0; 50.0) 0(0;31.3) 0(0;31.3) 0(0; 25.0) 0(0; 0) 0(0; 0)
p,=.009 p,=0.000 p,=0.000 p,=0.000 p,=0.000 p,=0.000
Group 2 12.5(0; 31.3) 0(0;31.3) 0 (0; 25.0) 0(0; 0) 0(0; 0) 0(0; 0)
p,=0.000 p,=0.000 p,=0.000 p,=0.000 p,=0.000 p,=0.000

Note: the level of statistical significance of differences in comparison with the control group (p), in comparison with group 1 (p,), in comparison
with the corresponding parameter for the previous period (p,). The level of statistical significance of differences in the number of Ki67-positive and
Mklp2-positive cardiomyocytes per I mm? of the left ventricular wall section in rats of similar groups at corresponding times (p,).

DISCUSSION

The study used a generally accepted model of
preterm labor induction in rats [21-23]. Before
delivery, a decrease in the concentration of
progesterone is observed in the rat blood plasma. It is
known that morphological and functional changes in
the uterus and placenta of rats caused by injection of
mifepristone, a competitive progesterone antagonist,
are identical to those developing before delivery in
full-term pregnancy [21-23]. Mifepristone does not
inhibit lactation [24], has no toxic effect, and does not
cause stillbirth and infant death [18, 25, 26].

During the last day of prenatal ontogenesis, the mass
of the rat heart increases from 15.8 to 25.9 mg [27];

the volume of the left ventricle increases from 4.14 to
6.72 mm?® [28]. An increase in the size of the rat heart
in prenatal and early postnatal ontogenesis is due to
proliferation of cardiomyocytes. It was demonstrated
that on days 1-2 of postnatal ontogenesis, an increase
in the pool of cardiomyocytes (hyperplasia of
cardiomyocytes) continues, which is consistent with
thedataofF.Lietal. [29]. It was shown that hyperplastic
myocardial growth in postnatal ontogenesis mainly
affects the subendocardial part of the myocardium. On
days 3—4 of postnatal ontogenesis, rat cardiomyocytes
lose the ability to complete cytokinesis: true mitosis
is completely replaced by endomitosis (hypertrophy
of cardiomyocytes). To assess whether preterm
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birth will alter the time of myocardial transition
from hyperplasia to hypertrophy, we studied the
dynamics in the number of Ki67- and MkIp2-positive
cardiomyocytes in preterm rats from day 1 to day 6 of
postnatal ontogenesis.

Preterm Dbirth is not accompanied by a
compensatory increase in the number of Mklp2-
positive cardiomyocytes or a change in the
temporal pattern of Mklp2 expression in the rat left
ventricular myocardium. An isolated increase in Ki67
expression without a change in Mklp2 expression
by cardiomyocytes in the left ventricular wall of
preterm rats indicates acceleration of cardiomyocyte
hypertrophy, which may be the cause of a decrease
in the myocardial flow reserve. An increase in Ki67
expression by cardiomyocytes of the left ventricular
wall in preterm rats reflects the so-called catch-up
growth and is an adaptive response of a structurally
immature heart to an increase in the hemodynamic
load due to the birth and growth of the animal.

It should be noted that an increase in the number
of Ki67-positive left ventricular cardiomyocytes
in rats born on day 21 of gestation, compared with
the animals of the control group and the animals
born on day 21.5 of gestation, is observed already
on the first day of postnatal ontogenesis. Greater
structural immaturity of the heart may be the cause
of more pronounced morphological and functional
changes in the organ following the birth. Taking into
account short duration of the fetal stage of prenatal
ontogenesis in rats (for Wistar rats, it lasts from day
18 to day 22 of embryogenesis) and high intensity
of organogenesis during this period, it is likely that
the 0.5-day difference in the duration of pregnancy
can be the cause of a different effect of preterm
birth on the morphological and functional condition
of the rat myocardium. Further studies are required
to understand in detail the causes of the observed
differences in the effect of preterm birth on the
proliferation of cardiomyocytes in rats born 12 and
24 hours before full term.

CONCLUSION

In early postnatal ontogenesis, a change in the
pattern of Ki67 expression by cardiomyocytes in the
rats born 12 or 24 hours before full term was revealed.
An isolated increase in Ki67 expression without
a change in Mklp2 expression by cardiomyocytes
in the left ventricular wall of preterm rats indicates
acceleration of cardiomyocyte hypertrophy. Shorter
duration of the intrauterine development is associated

with more pronounced morphological and functional
changes in the rat myocardium.
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ABSTRACT

Background. Cytogenetic damage (CD) in lymphocytes induced by low doses (up to 0.1 Sv) of ionizing radiation
(IR) is the main cytogenetic sign of individual radiosensitivity of the human body. In addition to DNA repair and
cell death, which affect the formation of CD and its elimination, IR effects on the cell can be manifested through
changes in proliferation of cells with unrepaired DNA damage. The system of cyclins and cyclin-dependent kinases
(CDK), which provide coordination of mitotic events during passage of a cell through the cell cycle, plays a crucial
role in regulation of cell proliferation.

Aim To evaluate the relationship of single-nucleotide polymorphisms (SNPs) of cell cycle genes with an increased
frequency of CD in workers of a nuclear power plant affected by chronic occupational radiation exposure in the
dose range of 100-500 mSv.

Materials and methods. The object of the study was blood of 55 conditionally healthy workers of Siberian Chem-
ical Plant (SCP) who were affected by chronic occupational radiation exposure (gamma radiation) in the dose range
of 100-500 mSv. A standard cytogenetic analysis of blood lymphocytes was performed for all examined individu-
als. Genomic DNA was isolated from the blood of the workers using the QIAamp DNA Blood Mini Kit (QIAGEN,
Germany). DNA was genotyped using 257 SNPs of cyclin genes and neighboring intergenic regions using DNA
microarrays from the high-density CytoScan HD Array (Affymetrix, USA).

Results. Taking into account the Bonferroni correction, only statistically significant associations of SNPs with
the frequency of dicentric chromosomes were found; all other types of chromosomal aberrations did not show
statistical significance. The rs803054 CCNI2 was associated with an increased frequency of dicentric chromosomes
arising under the influence of chronic occupational radiation exposure.

Conclusion. The discovered SNP (rs803054), whose recessive genotype is associated with an increased frequency
of dicentric chromosomes in workers of SCP exposed to radiation at doses of 100500 mSv over a long time, can
be considered as a potential marker of individual radiosensitivity. To confirm the identified associations, further
validation studies are needed on an expanded sample of people affected by chronic occupational radiation exposure.

Keywords: ionizing radiation, individual radiosensitivity, chromosomal aberrations, gene polymorphism,
microarray analysis
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Mounck nOﬂI/IMOp(I)HbIX BapnaHTOB KaHANAATHbLIX reHOB I/IHAI/IBI/IAyaﬂbHOI‘/'I
paano4vyBCcTBNTEJIbHOCTIA

Ucy6akosa A.C.", JiutBakos H.B." 2, Libim6an O.C.", YcoBa T.B.', LibinneHkoBa M.10.’,
MwunbTto U.B." 3, Taxayos P.M." 3

! Cesepckutl ouoguszuueckui nayunviii yenmp (CEH Llenmp)
Poccus, 636013, Tomckas obn., . Cesepck-13, a/s 130

2 Hayuno-uccneoosamenvckuil uncmumym (HUH) onkonoeuu, Tomckuil HayuOHATbHBLL UCCACO08AMENbCKUL MEOU-
yunckuu yeump (HUMIL]) Poccutickoil akaoemuu Hayx
Poccus, 634009, e. Tomck, nep. Koonepamusnuwiii, 5

3 Cubupckuii 2ocydapcmesennviti meouyunckuil yrusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockoeckuti mpaxm, 2

PE3IOME

AKTyaibHOCTb. LluTorenernyeckue Hapymenus (L{H) numdonutos, nHIynInpoBaHHbIE «MAJIBIMI» J03aMH (10
100 mM3B) nonmsupytomero uziaydeHus (M), sBasioTcs OCHOBHBIMH IUTOT€HETHYECKUMH NPU3HAKAMU WHANBU-
JyaJbHOW paJuovyBCTBUTEIBLHOCTU OpraHu3Ma yenoseka. [lomumo pemapanun JJHK u rubenn xieTok, KoTopbie
BIHAIOT Ha GopmupoBanue [[H u ux snuMuHanuio, BKIaa B MOcHenCTBUA Bo3aeiicTBus MM Ha KiIeTKy MOKeT
peat30BaThCs 3a CYET M3MEHEHHMIT pondepanny KIeTok ¢ HepenapupoBanHbiMu nedexramu JTHK. Onpenensito-
IIYIO POJIb B PETYIALMHU PO epanuy KIETOK UTpaeT CHCTeMa IIUKINHOB U IIUKIMH-3aBUCUMBIX KHHA3, KOTOPbIE
o0ecneyrBaroT KOOPIAMHAIIMIO MUTOTHUECKUX COOBITHH MPU MPOXO0XKIECHHH KIETOYHOTO UK.

Heawb. OueHnTb CBSI3b OJHOHYKICOTHAHBIX TonuMopdu3MoB (OHII) reHoB KIIETOYHOrO IHMKJIA C MOBBIIICHHOM
yacroroi [{H, BO3HUKIIMX y mepcoHana 00bEeKTa UCIONb30BaHUs AaTOMHON SHEpruu, Noj AeHCTBUEM J0JITOBpe-
MEHHOT'0 TEXHOI'€HHOT0 podeccronabHoro oomyuenust MU B nuanazone 103 100-500 m3B.

Marepuajbl 1 MeToAbl. OOBEKTOM HCCIEAOBAHMS CITY)KHJIA KPOBb 55 YCIIOBHO 3I0pOBBIX paboTHHKOB CHOHp-
ckoro xummueckoro kombunara (CXK), mogsepraBuomuxcst B pouecce IpohecCHOHAIBHON JesATeIbHOCTH JT0TI-
TOBPEMEHHOMY TEXHOTCHHOMY paJHaIllIOHHOMY BO3JeHCTBHUIO (y-m3iydenue) B pozax 100-500 m3B. [us Bcex
00cIeJOBaHHBIX JIMI] IIPOBOAMIIN CTAaHIAPTHBIN IUTOreHeTHUSCKUT aHanmm3 muM@ornuToB kposu. 'enomuyio JTHK
13 KpOBH PaOOTHHUKOB BEIIEISIIH ¢ oMomibio Habopa QIAamp DNA Blood mini Kit (Qiagen, I'epmanus). ['eno-
turmposanu JJHK mo 257 OHII reHoB DUKIMHOB M MEKTCHHBIX 00J1acTel BOIHM3H I'EHOB IIUKIMHOB C MOMOIIBIO
JIHK-unmnos Bricokoit mnotHocTH CytoScan HD Array (Affymetrix, CILA).

Pe3yabTaThl. YCTaHOBIEHO, YTO C y4eTOM IMOMpaBku boH(eppoHn nMeTcs TOIBKO CTaTUCTUYECKH 3HAUNMBbIE
cBs3u OHII ¢ BBICOKOI 9aCTOTOH AMLEHTPUYECKUX XPOMOCOM, BCE OCTaNbHbIE TUIBI n3ydeHHBIX L[H He mokaszamun
JIOCTOBEPHBIX OTAMYMHA. C MOBBILICHHOW YaCTOTOH JUIIEHTPHUYECKHX XPOMOCOM, BOSHUKAIOMINX O ACHCTBHEM
JIOJITOBPEMEHHOT0 TEXHOTEHHOT0 podeccronansHoro obmydenus MU, accormuposan 1s803054 CCNI2.

3aximogenne. O6napyxennslii OHII (rs803054), perieccuBHBIM MeéHOTUI KOTOPOrO aCCOLMUPOBAH C HMOBBILIECH-
HOH 4acTOTOM AMIEHTPUYECKHX XpoMocoM y padortnukoB CXK, mojasepraBumxcst B mpoiecce npogeccnoHab-
HOH JIeATEIbHOCTH JIOJTOBPEMEHHOMY TEXHOI'C€HHOMY paJMallMOHHOMY BO3JCHCTBHUIO (y-U3JIyueHHE) B J03aX
100-500 m3B, MOXXHO paccMaTpuBaTh B KayecTBE NOTEHLUHAIBHOTO MapKepa MHIUBHIYAJIbHON PaguovyBCTBU-
TEIBHOCTH. J{J1s1 MOATBEPIKACHHSI BBISIBJICHHBIX aCCOLMAIMI HEOOXOAMMBI JalIbHEHIIINE BAJIUAALIMOHHBIE UCCIIE0-
BaHUs HA PACIIUPEHHOI BHIOOPKE JIIO/ICH, MOABEPraBIINXCs IOJITOBPEMEHHOMY TEXHOI€HHOMY MpodeccnoHab-
HoMy oOmyyenuto M.
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KiroueBble c/10Ba: HOHU3UPYIOLIEE U3TyUEHUE, MHANBUAYaIbHAS palHOYyBCTBUTEILHOCTD, XPOMOCOMHBIE abep-
paruu, moauMophU3M reHOB, MUKPOMATPUUHBIN aHATH3

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNNeil HACTOSIICH CTaThH.

HcTouyHuk puHaAHCUpPOBaHus. VccrienoBanue BBIIONIHEHO B paMKax rocyaapcTBeHHoro 3aganus Ne 388-00162-
22-00 ot 01.03.2022.

CooTBeTcTBHE MPUHIMIAM 3THKH. Bee MOHOPHI nojmnucany 100poBoibHOEC HHGDOPMHPOBAHHOE COTJIacHE Ha
yuactue B uccienoanuu. Mccienosanue oqoopeno HUU onkonorun Tomckoro HUMII.

Jonsi murupoBanmsi: Mcy6akosa [I.C., JlureskoB H.B., Lpmmban O.C., Ycosa T.B., Ilpnuienxkosa M.IO.,
Mmunbsto U.B., Taxayos P.M. ITouck noaumMopdHbIX BapHaHTOB KaHIUATHBIX T€HOB HHIMBHAYaIbHON PagnodyB-
CTBUTEJIBHOCTHU. bromiemens cubupckoti meduyunst. 2022;21(4):79-87. https://doi.org/10.20538/1682-0363-2022-

4-79-87.

INTRODUCTION

Cytogenetic signs of individual radiosensitivity
(IRS) of the human body include frequency of induced
cytogenetic damage (CD) and formation of radiogenic
disease, among which tumor diseases are the most
prevalent [1-3]. Lymphocytes are cells in the human
body that are the most sensitive to the effect of ionizing
radiation (IR). Blood lymphocytes with induced CD
are eliminated from the body through various types
of cell death, such as apoptosis, necrosis, necroptosis,
autophagic cell death, mitotic catastrophe, and
accelerated aging of irradiated cells [4-6]. However,
when these mechanisms of death are impaired or their
activity decreases due to normal genomic variation,
CD-affected lymphocytes can accumulate, which is
manifested through an increase in the frequency of
CD even at low doses of IR.

Another mechanism in the frequency of CD is
proliferation of lymphocytes, since it is well known
that chromosomal aberrations are eliminated during
proliferation [1, 2]. A system of cyclins plays a crucial
role in the regulation of proliferation. They function
as regulators of cyclin-dependent kinases (CDKs) and
contribute to temporal coordination of each mitotic
event. Therefore, the formation and elimination
of CD are directly affected by the variability in the
mechanisms of DNA repair and cell death and
indirectly affected by the variability in the mechanisms
of proliferation of cells with unrepaired CD.

A genome-wide study of the association of 162
single-nucleotide polymorphisms (SNPs) in cyclin
genes (CCNAI, CCNA2, CCNBI, CCNB2, CCNB3,
CCNDI, CCND2, CCND3, CCNE1, CCNE2, CCNF,
CCNGI, CCNH, CCNI, CCNI2, CCNJ, CCNJL,
CCNK, CCNY) and 95 neighboring intergenic SNPs

with high frequency of CD was carried out in workers
of Siberian Chemical Plant (SCP, 55 people) who
experienced occupational radiation exposure in the
dose range of 100-500 mSv. In a preliminary study on
the dose — effect relationship, a plateau was observed,
i.e. the frequency of CD did not change with the
increasing dose [7, 8], and it is this dose range that
should be used for studying the association of SNPs
with increased frequency of CD to assess IRS.

The aim of'the study was to evaluate the relationship
of SNPs in cyclin genes and their promoters with the
increased frequency of CD in workers of a nuclear
power plant who experienced chronic occupational
radiation exposure in the dose range of 100-500 mSwv.

MATERIALS AND METHODS

The study used whole venous blood obtained
from 38 conditionally healthy SCP workers who
were not exposed to IR in their professional activities
(the control group) and 55 conditionally healthy
SCP workers who experienced chronic occupational
radiation exposure (gamma radiation) in the dose
range of 100-500 mSv (the experimental group). The
characteristics of the studied groups are presented in
Table 1.

Table 1
Characteristics of the studied groups of SCP workers

Parameter Con;r(il ?%goup, g;gf;j??gasl
Men / Women 38/0 55/0
Age, years Me 52.00 59.00

L-R 37.00-58.00 54.00-69.00

Work experience, | Me 20.00 34.00
years LR 12.00-34.00 29.00-42.00
External radiation | Me — 203.35
dose, mSv L-R - 164.00-276.15
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Information about donors of the biological
material was collected and clarified using the database
in the medical and dosimetric register of SCP staff
and the Archives of Seversk Biophysical Research
Center, containing medical information about all SCP
workers [9]. In accordance with the Federal Law No.
323-FZ 0f21.11.2011 “On the Basics of Public Health
Protection in the Russian Federation”, each donor
signed an informed consent to participate in the study.

Blood was taken from donors from the ulnar vein.
It was collected in the volume of 9 ml in Vacuette
K3 EDTA tubes (Greiner Bio-one, Austria) using a
Vacuette Visio Plus needle 38 x 0.8 mm, 21G x 11/2
(Greiner Bio-one, Austria) for subsequent DNA
isolation and microarray. To prepare cytogenetic
suspensions, blood was collected in the volume of 9
ml in Vacuette LH Lithium Heparin tubes (Greiner
Bio-one, Austria) using a Vacuette Visio Plus needle
38 x 0.8 mm, 21G x 11/2 (Greiner Bio-one, Austria).

The individuals included in the study underwent a
cytogenetic analysis of mononuclear leukocytes. For
lymphocyte culture, whole venous blood was used. It
was mixed with a nutrient medium (15% fetal bovine
serum and 85% RPMI 1640 medium supplemented
with glutamine, phytohemagglutinin, and penicillin)
and incubated (at 37 °C) in culture tubes (Corning,
USA) in the dry air shaker — incubator (Biosan,
Latvia). The cytogenetic analysis was performed using
the Leica DM2500 microscope (Leica, Germany). At
least 300 metaphase plates were analyzed for each
individual. The results were presented as the frequency
of CD per 100 metaphase plates. The following types
of CD were determined: aberrant cells, polyploid
cells, multi-aberrant cells (more than 5 chromosomal
aberrations), chromosomal and chromatid fragments,
ring and dicentric chromosomes, chromatid exchanges
(crossing over), and translocations.

DNA was isolated from mononuclear leukocytes
using the QIAamp DNA Blood Mini Kit (Qiagen,
Germany). The purity (A260 / A280 = 1.80-2.00,
A260 / A230 = 1.90-2.15) and concentration (50—
150 ng / ml) of DNA were determined on the NanoDrop
2000 spectrophotometer (Thermo Scientific, USA).
DNA integrity was determined using capillary electro-
phoresis — DNA fragments were larger than 48 kb.

The studied SNPs were genotyped using DNA
microarrays from the high-density CytoScan™ HD
Array (Affymetrix, USA). Sample preparation, hybri-
dization, and scanning were carried out in accordance
with the manufacturer’s protocol. The microarray
results were processed using Chromosome Analysis

Suite 4.3 software (Affymetrix, USA). To clarify and
identify SNPs and genes to which they belong, the
Affymetrix genotype database, NCBI, OMIM, GWAS
Catalog, and SNPedia databases were used.

The following SNPs of cyclin genes (CCN) and
neighboring intergenic regions were studied (n =257):

— CCNAI (cyclin Al): 1s7997378, rs3814803,
rs17188012;

— CCNA2 (cyclin A2): 1s3217753, 1s3217772,
rs3217771;

— CCNBI (cyclin BI): rs1128761;

— CCNB?2 (cyclin B2): 1528383518, rs28383514,
1s75767699, rs169410487, rs16941042, rs16941046,
rs28383551;

— CCNB3 (cyclin B3): rs12848359, rs12009873,
rs7063886, rs6614336, rs12007902, rs17003332;

— CCNDI (cyclin D1): 1s3212869, rs649392;

— CCND2 (cyclin D2): rs3217805, rs4765775,
rs3217916, 1s3217812, rs3217848, rs3217830,
rs11063072, rs3217882, rs3217898, rs3217933;

— CCND3 (cyclin D3): 1s9369318;

— CCNEI (cyclin El): 1s3218071, rs3218035,
rs3218036, r1s41520849, 1s3218038, rs3218068,
rs3218042, rs3218064, rs3218066, 1s3218044;

— CCNE2 (cyclin E2): 152467670, rs16893774,
rs2278891;

— CCNF (cyclin F): 1s8052046;

— CCNGI1 (cyclin GI): 15299322, 152069345,
152069347,

— CCNH (cyclin H): 1s6879293, 153752862,
rs74582239, rs16902635, rs16902632, rs75949864,
rs6891010, rs10067098, rs115516306, rs114916935,
rs3827607, 116902623, 1516902625, rs11745338,
rs16902631, rs77996308, rs1062035;

—CCNI (cyclinI):1s803054, rs803057,rs10006033,
rs62302339;

— CCNJ (cyclin J): 1s4921132, 1s57334361,
rs17057562, 1s6875660, 1s4921270, rs74734346,
rs17057596, rs78444213, rs17111275, rs2303059,
rs915506, 1s6874570, 1s6556488, 1511949221,
rs17057577, 1s6899125, rs754112, 1s2421777,
rs2421778, 1s17057631, rs10052876, rs2421779,
rs2421780, rs10038395, 1528595384, rs72814336,
rs12657051, rs17057641, rs9313842, rs11596126;

— CCNK (cyclin K): 1s10144895, rs3918051,
rs3918094, 1s2069492, rs2069493, rs3918139,
rs3918048;

— CCNY (cyclin Y): 1512261552, rs113182825,
rs115589270, rs11816866, rs111374708, rs2295417,
rs115469285, 1s2504352, 1s2504350, rs2474533,
rs4934749, 1s35745247, rs17593103, rs75954134,
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rs16936030, 1rs3003980, 1rs16936032, rs3013364
rs114206731, rs12241755, rs16936035, rs74979754,
rs10508817, rs10827506, rs11010151, rs4934753,
rs112496700, rs11591533, rs4934754, rs1345561,
rs12248732, rs10508818, rs116338411, rs75609581,
rs11010178, rs74866156, rs2086153, rs12242002,
rs10827509, rs112818779, rs11595699, rs11010213,
rs16936102, 1rs3003981, 1rs7067539, 1rs61449529,
rs10827512, 1s4934551, rs11010225, rs7910421,
rs17500653, rs116009947, rs12249814, rs112091952;

— neighboring intergenic regions: 1s6817626,
rs2138940, rs9566153, rs13153588, rs6509615,
rs9547604, rs4865924, rs73537845, 1s79959089,
rs79226566, rs17053967, rs12508668, rs4241604,
rs413127, rs11097684, rs115693938, 1rs9315437,
rs2323125, rs12902628, 1rs5961171, 1s59776629,
rs6887755, 156826342, rs4557282, 1rs375299,
rs4502705, rs6818356, rs7682171, 1rs13133761,
rs4518274, 1s6849124, 1s6849534, rs6871154,
rs323746, rs112520532, rs9603050, rs114501411,
rs323758, rs323757, 1s1441709, 1s2919902,
rs984026, 1s34383364, rs17285919, 1s9547632,
rs73770251, rs35556022, rs1517886, rs35000040,
rs6892636, rs11749408, rs11749439, rs3909481,
rs7250135, rs4805497, rs10422957, 1rs17002403,
rs35204615, rs16963260, rs4998568, rs11882235,
rs56400371, 1rs28582702, rs11881322, rs255259,
rs1811302, 1rs255263, 1s77475690, 1rs11084309,
rs410468, rs17053969, rs10514840, 1rs17053994,
rs76165140, rs74045329, rs17054069, rs12866109,
rs1517893, 1s9315426, 1s7489996, 17692898,
rs9594152, 1s9603064, 1rs1474085, 1s6822060,
rs17054113, 1rs9603072, 1s4943389, 1s7317651,
rs17191516, 1s17054217, 1s9547595, 1rs660005,
rs16963219, rs594452.

The genotyping data for each studied SNP were
analyzed according to four genetic models: dominant,
recessive, additive, and over-dominant. According
to the dominant model, the frequency of CD was
compared in homozygous recessive and heterozygous
individuals and in homozygous dominant individuals.
According to the recessive model, the frequency
of CD was compared in homozygous dominant
and heterozygous individuals and in homozygous
recessive individuals. The additive model was used
to compare the frequency of CD in homozygous
dominant, homozygous recessive, and heterozygous
individuals. The over-dominant model was used
to compare the frequency of CD in homozygous
dominant and homozygous recessive individuals,
on the one hand, and heterozygous carriers, on the
other hand.

Statistical processing of the results was carried
out using Statistica 8.0 software (StatSoft, USA).
The results were presented as the median and the
interquartile range Me (L—R).

The genotype distribution was tested for devia-
tions from the Hardy — Weinberg equilibrium
using the Court lab HW calculator program
in Excel. The Mann — Whitney test with the Bonfer-
roni correction (p < 0.05) was used to determine
the significance of differences in the frequency
of CD.

RESULTS

At the first stage, a cytogenetic study of the
frequency of CD in the SCP workers of both groups
was carried out to confirm the increased frequency
of CD in the workers of the experimental group. The
results are presented in Table 2.

Table 2

Comparison of the frequency of CD in SCP workers of the control and experimental groups, per 100 cells Me (L—R)

Parameter Control group, n =38 Experimental group, n =55 P
Number of aberrant cells 1.0000 (0.3333-2.3333) 2.5641 (1.4285-3.3333) 0.0002
Chromatid fragments 0.3316 (0.0000-0.6666) 0.6269 (0.0000-1.3071) 0.1294
Chromosomal fragments 0.3268 (0.0000-0.6557) 0.3225 (0.0000-0.9118) 0.5140
Ring chromosomes 0.0000 (0.0000-0.0000) 0.2724 (0.0000-0.3333) 0.0050
Dicentric chromosomes 0.3322 (0.0000-0.9493) 0.7712 (0.0000-1.2578) 0.0280
Multi-aberrant cells 0.0000 (0.0000-0.0000) 0.0000 (0.0000—0.0000) 0.8819
Chromatid exchanges 0.0000 (0.0000-0.0000) 0.0000 (0.0000-0.0000) 0.2687
Translocations 0.0000 (0.0000-0.0000) 0.0000 (0.0000—0.0000) 0.8819
Polyploid cells 0.0000 (0.0000-0.0000) 0.0000 (0.0000—0.0000) 0.8820

Note: here and in Table 3, statistically significant differences are highlighted in bold.
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As can be seen from Table 2, the frequency of
most types of CD, which are not markers of radiation
exposure, do not differ in both groups of SCP workers.
It may be due to the fact that all the employees of SCP
included in the study live and work in approximately
identical conditions, i.e. the samples were thoroughly
stratified, and the control and experimental groups do
not differ significantly, except for markers of radiation
exposure — ring and dicentric chromosomes.

It is well known that lifestyle (smoking, alcohol
consumption, and other bad habits), environmental
factors (to a lesser extent), and industrial exposure to
harmful chemical and toxic substances can drastically
increase the frequency of CD in humans. The
absence of differences in the frequency of chromatid
and chromosomal fragments, multi-aberrant cells,
chromatid exchanges, translocations, and polyploid
cells indicates the absence of the above differences
in the workers of the studied groups. However,
the frequency of radiation exposure markers (ring
and dicentric chromosomes) and the frequency of

33
32
31

aberrant cells (due to ring and dicentric chromosomes)
are significantly higher in the workers who have
been experiencing chronic occupational radiation
exposure.

At the second stage, we assessed the association
of the frequency of radiation-induced CD with
the polymorphic variants of the studied genes in
the experimental group. When analyzing the data,
we excluded SNPs of any genotype with n < 5,
since in conditions of a small sample, this increased
the probability of type I errors. Further, we excluded
SNPs that deviated from the Hardy — Weinberg
equilibrium. Therefore, out of 257 SNPs, 58 SNPs
were included in the final statistical analysis. Their
association with high frequency of the identified CD
was revealed.

Figure shows the significance levels for 58 selected
SNPs (see above) by dicentric chromosomes.

The negative logarithm of the confidence level is
depicted on the ordinate axis. The line above shows
the confidence level with the Bonferroni correction.
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Figure. Significance levels for the recessive model based on the frequency of dicentric chromosomes. The ordinate axis is the
p value on the logarithmic scale — (log10); the dotted line marks the significance level of p < 0.05 calculated according to the
Mann — Whitney test; the red line denotes the Bonferroni correction.
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It equals to —log(0.05/57) = 3.0644. Therefore,
Figure shows that, taking into account the Bonferroni
correction, only 1 SNP is associated with high
frequency of dicentric chromosomes in the SCP
workers of the experimental group.

Of the 58 identified SNPs, the genotyping data

analysis carried out for all four genetic models
(dominant, recessive, additive, and over-dominant)
showed an association with high frequency of dicentric
chromosomes (markers of radiation exposure) for
the recessive model for 1 SNP: CCNI2 (rs803054)
(Table 3).

Table 3

The frequency of dicentric chromosomes depending on the genotypes of the studied genes in the experimental group of SCP workers,

per 100 cells, M (L-R)

Parameter Frequency of dicentric chromosomes by the genotype P Bonfer-roni correction
Dominant model
A/G + G/G,n=39 A/A,n=16
CCNI2 15803054 ’ ’ 0.0865 0.000874
s 0.9740 (0.0000—1.6666) 0.3928 (0.0000-1.0317)
Recessive model
A/A+ A/G,n=42 G/G,n=13
CCNI2 15803054 > 2 0.0008 0.000874
rs 0.5303 (0.0000-1.0899) 1.4285 (1.0256-1.8750)
Over-dominant model
A/A + G/G,n=28 A/G,n=27
CCNI2 1s803054 ’ ; 0.1116 0.000874
8 0.9890 (0.3928-1.5476) 0.6060 (0.0000—1.0899)
Additive model
A/A, n=16 A/G,n=26 G/G,n=13
CCNI2 1s803054 0.3928 0.6298 1.4285 0.8645 0.000874
(0.0000-1.0317) (0.0000-1.0899) (1.0256-1.8750)
DISCUSSION demonstrated a reduced level of CCNI2 expression,

The polymorphic variant rs803054 is intronic,
located at chr5:132750285 (GRCh38.p13), and
belongs to the CCNI2 gene. In 2008, S. Choudhry et
al. suggested that 5q23.3 (the authors indicated that
rs803054 is located at position chr5:132162193) is
a potential region containing asthma genes in Puerto
Ricans [10]. There is no other information about
the contribution of this SNP to the regulation of the
functional activity of CCNI2, including information in
the SNPedia database.

In contrast to the results described by S. Choudhry
et al., our work showed the association of rs803054
with radiation-induced CD. Thus, it was revealed
that for rs803054 CCNI2, the frequency of dicentric
chromosomes was 2 times higher in carriers of the
recessive genotype than in carriers of the dominant
genotype at relatively identical doses of IR. One of the
reasons for the higher frequency of ring and dicentric
chromosomes in workers of the experimental group
was chronic occupational exposure to IR [11].

CCNI2 is located at the long arm of chromosome 5
(5931.1), it is considered a homolog of CCNI. CCNI2
interacts with CDKS5 and activates it. C. Liu et al. and
J. Taneera et al. showed that the depletion of CCNI2
by siRNA inhibits passage of a cell through the cell
cycle and cell proliferation [12, 13]. D.M.Lai et al.

which, in turn, inhibited proliferation of colorectal
cancer cells, stopped the cell cycle in the G2 phase,
and stimulated apoptosis [14]. There are findings that a
decrease in CCNI2 expression slows down progression
of gastric cancer by inhibiting proliferation of tumor
cells, increasing susceptibility to apoptosis, and
suppressing cell migration [15].

It is also known that CD is eliminated during
proliferation, therefore, according to our results,
carriers of the recessive rs803054 CCNI2 allele may
have a decrease in CCNI2 expression, following which
the proliferative potential of lymphocytes and the
intensity of CD elimination (which includes dicentric
chromosomes) decrease. The results obtained are in
good agreement with the data obtained by [12, 13].
With chronic occupational exposure to IR, this leads to
an increase in the frequency of dicentric chromosomes.

CONCLUSION

For the first time, the rs803054 SNP was identified,
which can be considered a potential marker of IRS. It
was shown that the SCP workers who are homozygous
for the recessive rs803054 allele had increased
frequency of dicentric chromosomes in blood
lymphocytes during chronic occupational exposure to
IR in the dose range of 100-500 mSv. The identified
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Isubakova D.S., Khalyuzova M.V., Litviakov N.V., Bron-
ikovskaya E.V., Usova T.V., Takhauov R.M. et al. Cytogenet-
ic anomalies in blood lymphocytes in employees of Siberian

candidate marker of IRS can be used to develop a test 8.
system for detection of genetically determined IRS
using a real-time PCR system.
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Heart failure with preserved ejection fraction: the role of microvascular
dysfunction

Kopeva K.V., Mochula A.V., Maltseva A.N., Grakova E.V., Shipulin V.V., Gusakova A.M.,
Zavadovsky K.V.

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

ABSTRACT

Aim. To evaluate the relationship between coronary microvascular dysfunction (CMD), biomarkers of cardiac fibrosis
and cardiac remodeling (soluble ST2 (sST2), fibroblast growth factor-23 (FGF-23), matrix metalloproteinase-9
(MMP-9), tissue inhibitor of metalloproteinase-1 (TIMP-1), and NT-proBNP), parameters of diastolic dysfunction
(DD), and the presence of heart failure with preserved ejection fraction (HFpEF) in symptomatic patients.

Materials and methods. Study participants were 59 patients with non-obstructive coronary artery disease (CAD)
and preserved left ventricular ejection fraction (LVEF) of 62 (56; 67) %. Non-obstructive CAD was verified by
coronary computed tomography angiography. Stress- and rest-myocardial blood flow (MBF) and coronary flow
reserve (CFR) parameters were evaluated by CZT SPECT. Serum levels of cardiac biomarkers were measured by
the enzyme immunoassay. Two-dimensional transthoracic echocardiography was used to assess DD parameters.

Results. Decreased CFR was defined as CFR < 2. Therefore, CMD was defined as the presence of decreased CFR
in the absence of flow-limiting CAD. Distribution of patients was performed by CFR values: group 1 included
patients with preserved CFR (>2, n = 35), and group 2 encompassed patients with decreased CFR (<2, n = 24). In
87.5% of cases, patients with CMD were diagnosed with HFpEF, whereas in patients with preserved CFR, heart
failure was diagnosed only in 51.4% of cases (p < 0.0001). CFR values were correlated with the left atrial volume
(r=-0.527, p=0.001), E / A ratio (r =-0.321, p = 0.012), and E/ ¢’ (» =-0.307; p = 0.021). Following the ROC
analysis, the levels of sST2 > 31.304 ng / ml (AUC = 0.730; p = 0.004) and NT-proBNP > 0.034 pg / ml (AUC =
0.815; p = 0.034) were identified as cut-off values for the presence of CMD in patients with non-obstructive CAD.

Conclusion. The obtained data suggest that CMD may play an essential role in HFpEF. The values of CFR were
correlated with DD parameters, and decreased CFR was associated with overexpression of biomarkers of cardiac
fibrosis and cardiac remodeling. Serum levels of sST2 and NT-proBNP were identified as cut-off values for the
presence of CMD in patients with non-obstructive CAD.

Keywords: heart failure, preserved left ventricular ejection fraction, diastolic dysfunction, coronary flow reserve,
myocardial blood flow, microvascular dysfunction
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CeppaeuyHas HeAOCTAaTOYHOCTb C COXpaHeHHO ¢paKuumen Bbibpoca:
posib MUKpOBacKynsapHon ancpyHKunmn

Konbesa K.B., Mouyna A.B., ManbueBa A.H., l'pakosa E.B., LLiunynux B.B., l'ycakosa A.M.,
3aBagoBckum K.B.

Hayuno-uccnedosamenvckuii uncmumym (HUHW) kapouonozuu, Tomckuil HAYUOHAIbHBIN UCCIE008AMENbCKULL MEOU-
yunckuil yeump (HUMIL]) Poccutickoul akademuu Hayk
Poccus, 634012, Tomck, yn. Kueeckas, 111a

PE3IOME

Henp. OneHuTs B3aMOCBSI3b MEXY KOpOHApHOM MukpoBackyisipHoi auchynkuueit (KMJI), 6nomapkepamu
(hubpo3a 1 MUOKapaHaIbHOTO pemoaeaupoBanust (pactBopumbiii ST2 (sST2) u daktop pocra GudbpodiacTon
23 (FGF-23), wmarpuxchHas MertamwionporenHaza-9 (MMII-9), TkaHeBOH HMHIMOMTOp MeETaIONpPOTEHHA3-]
(TUMII-1), NT-proBNP), napamerpamu anacronuueckoit nuchynkiuu (J/]) n Hamuuuem cepiedHoil HexocTta-
TOYHOCTH ¢ coxpaHeHHoi ppakuueii (CHcPB) y cuMnTOMaTHYHBIX HalUSHTOB.

MarepuaJjbl 1 MeTOABI. B rccienoBanue BKIIIOUEHH! 59 MAalEeHTOB ¢ HEOOCTPYKTHBHEBIM ITOpaXKEHNEM KOpOHap-
ubIxX aprepuil (KA) u coxpanenHoit ¢pakmueit Beopoca ieBoro xemynouka (OB JIXK) 62 (56; 67)%. Heoberpyk-
THUBHOE NopakeHne KA OBIIO MOATBEPXKICHO KOMIBIOTEPHOH KOopoHapHOH aHrnorpagduei. C moMoImpio 1uHa-
muueckoit CZT-SRECT ornenuBanmm napamMeTpsl MHOKapIHaIbHOTO KPOBOTOKA B COCTOSTHHU TT0KO0s (rest-MBF) n
ctpecca (stress-MFR) u pezepsa koponaproro kpoBotoka (CFR). CeiBOpoTOYHBEIC YPOBHU CEpACYHBIX OHOMapKe-
POB M3MEPSUIH C TOMOIIBI0 IMMYHO(EPMEHTHOTO aHan3a. BeceM marnuenTaM npoBoAmIack IByXMepHast TPAaHCTO-
pakanbHast 3XoKapauorpadus JuIs oreHKH napamerpos JI/1.

PesyabTarel. CHmxennsiii CFR onpexnensmn kak CFR <2. Takum o6pazom, KM/] nmuarHocTupoBaim Ha OCHO-
BaHNH cHIbKeHHOTO CFR mpm oTcyTcTBUE OKKITIO3Upyromero nopaxenus KA. Pacnpenenenne manueHToB mpo-
Boamitoch mo 3HaueHusaM CFR: rpynma 1 Bxmowana 6ombHBIX ¢ coxpaHeHHBIM CFR (>2, n = 35), rpymma 2 — co
camxeHHsiM CFR (<2, n = 24). B 87,5% cny4aeB y 6onpabx ¢ KM/l 6puta guarnoctuposana CHc®B, Torma
Kak y 6ompHbIX 06e3 KM/ — Tombko B 51,4% (p < 0,0001). 3nagenus CFR xoppenupoBamu ¢ 00beMOM JIEBOTO
npeacepaust (r =-0,527; p = 0,001), orhomenuem E/A (r =-0,321; p =0,012) m E/e’ (r =-0,307; p = 0,021). Ha
ocHoBanun ROC-ananusa ypoBau sST2 > 31,304 uar/mun (AUC = 0,730; p = 0,004) u NT-proBNP > 0,034 nr/mn
(AUC = 0,815; p = 0,034) ObutH OmpeeNneHbl KaK MOpOroBble 3HaueHHs s auarHoctukn KMJ] y manmeHToB
¢ HeOOCTPYKTUBHBIM MopaxkeHneM KA.

3axioyenne. KM/] MoxeT urpath BaxxHyto posib B natoreHese pa3sutust CHc®B. 3nauenns CFR xoppenuposa-
nu ¢ napametpamu /1, a camkerne CFR 0b110 cBsi3aHO ¢ THIIEpAIKCIIpeccheil cepAeyHbIX OnomapkepoB Gpudposa
u pemonenupoBanus. YpoBHHU sST2 u NT-proBNP moryT ucnonbs3oBaThcst B KadyecTBE MapKkepOB HEMHBAa3UBHOM
nuarsoctuku KM/I.

KuiroueBble ciioBa: cepedHas HeIOCTaTOYHOCTh, COXpaHEHHAs! (hpaKuust BHIOPOCa JIEBOTO HKETyJ0UKa, THACTONH-
JyecKast AUC(YHKIHS, KOPOHAPHBIN pe3epB, MUOKApANAIbHBINH KPOBOTOK, MUKPOCOCYAUCTAS AUCHYHKIHUS

KOHq).]Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SABHLIX U MNOTCHIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[PIKaIIPIeI71 HaCTOS{H.[efI CTaTbHU.

Hcrounuk punancupoBanus. Vccnenosanue nmoanep:xaHo rpantom npesuneHra Poceuiickoit @enepammn (MK-
4257.2022.3).

CooTBeTcTBHE NPUHIHNIAM 3THKH. THPOPMHUPOBaHHOE MHCHMEHHOE COTIacke ObUIO MOTYUeHO OT BCEX MaI[HeH-
TOB JI0 MX BKJIFOUCHUs B JaHHOE HccieoBanue. MccnenoBanne 0J00peHo JTOKaIBHBIM KOMUTETOM 1o 3Tike HUN
kapauosiorun Tomckoro HUMII (mpotokon Ne 204 ot 18.11.2020).

Jnsa uutupoBanus: Kombesa K.B., Mouyna A.B., MansueBa A.H., I'pakosa E.B., lllunynuua B.B., I'ycako-
Ba A.M., 3aBagoBckuii K.B. Cepaeynas HeZOCTaTOYHOCTH C COXpAaHEHHOH (hpakmueii BRIOpoca: poib MUKPOBACKY-
nspHOd mucyHkumu. broanemens cubupckoi meouyunst. 2022;21(4):88-97. https://doi.org/10.20538/1682-0363-
2022-4-88-97.
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INTRODUCTION

Despite growing prevalence worldwide, heart
failure with preserved ejection fraction (HFpEF)
remains a poorly understood clinical syndrome [1,
2]. At the same time, a lack of clear understanding
of its pathophysiology results in a lack of effective
targeted therapy [3, 4]. Recent studies have implicated
that coronary microvascular dysfunction (CMD) may
be one of the possible causes of development and
progression of HFpEF [5, 6].

Coronary flow reserve (CFR), quantified as the
ratio of hyperemic myocardial blood flow to resting
myocardial blood flow, reflects functional ischemia in
large and small vessels. In the absence of obstructive
coronary artery disease (CAD), it is a marker of CMD
[7]. A new class of gamma cameras equipped with
semiconductor cadmium — zinc — telluride (CZT)
detectors has recently made it possible to measure
CFR by noninvasive dynamic SPECT imaging [8, 9].
This method has been sufficiently tested and
validated and may be a more accessible technique
for visualization of changes in the coronary
microcirculation [10] in addition to a comprehensive
clinical assessment and traditional tests for assessing
stress-induced ischemia [11].

The potential mechanisms of CMD appear to
be heterogeneous, including impaired endothelial
function, systemic inflammation, mitochondrial
dysfunction, oxidative stress, etc. [12—16]. Moreover,
all these processes cause adhesion and infiltration of
monocytes and stimulation of integrated macrophages
that promote myofibroblast differentiation and collagen
secretion leading to fibrosis and cardiac remodeling
[10, 11, 13—15]. Thus, CMD may play an important
role in elevated left ventricular (LV) filling pressure,
the development of diastolic dysfunction (DD), and
the pathophysiology of HFpEF in general [7, 16].

The aim of'the study was to evaluate the relationship
between CMD, biomarkers of fibrosis and cardiac
remodeling (soluble ST2 (sST2), fibroblast growth
factor-23  (FGF-23), matrix metalloproteinase-9
(MMP-9), tissue inhibitor of metalloproteinase-1
(TIMP-1), NT-proBNP), diastolic dysfunction
(DD) parameters, and the presence of HFpEF in
symptomatic patients.

MATERIALS AND METHODS

The study was performed in accordance with the
Declaration of Helsinki and was approved by the local
Ethics Committee at Cardiology Research Institute,

Tomsk NRMC (protocol No.204 of 18.11.2020).
An informed written consent was obtained from all
patients prior to their enrollment in the study.

Study population. From December 2020 to January
2022, a total of 59 patients (39 men, average age of
65.0 [58.0; 69.0] years) were enrolled in the study.
All patients did not receive optimal medical treatment
before the enrollment. Inclusion criteria: 1) non-
obstructive (< 50%) coronary artery disease (CAD); 2)
documented left ventricular ejection fraction (LVEF)
> 50% measured by echocardiography; 3) LVDD /
elevated left ventricular filling pressure (LVFP) based
on echocardiography; 4) sinus rhythm; 5) a signed
informed consent to participate in the study.

Exclusion criteria were the following: 1) myocardial
infarction in the medical history; 2) planned coronary
revascularization and / or previous revascularization
of the coronary artery (CA); 3) systolic blood pressure
> 160 mm Hg); 4) symptomatic hypotension with
the mean systolic blood pressure < 90 mm Hg;
5) second- or third-degree atrioventricular block,
sick sinus syndrome; 6) persistent or chronic atrial
fibrillation and / or flutter; 7) valvular insufficiency
or stenosis of > 2 degree; 8) hypertrophic and dilated
cardiomyopathy; 9) previous pulmonary embolism
with pulmonary hypertension of > 45 mm Hg; 10)
severe bronchial asthma and / or chronic obstructive
pulmonary disease; 11) pathology of the thyroid gland;
12) glomerular filtration rate (CKD-EPI) of <30 ml /
min / m?; 13) class 3 hepatic insufficiency according
to Child-Pugh classification; 14) acute and chronic
inflammatory heart diseases; 15) hemoglobin level of
< 100 g / dl; 16) stroke or transient ischemic attack
within 90 days prior to enrollment; 17) obesity (body
mass index (BMI) > 35 kg / m?); 18) life-threatening
uncontrolled arrhythmias.

Echocardiography. Philips Affiniti 70 ultrasound
scanner was used to perform two-dimensional
transthoracic echocardiography. All studies were
performed by one highly qualified specialist.
Evaluation of LVDD was based on the following
indices: E wave, E/A ratio, septal ¢’, average E/e’
ratio, indexed left atrial volume, and peak tricuspid
regurgitation velocity [17].

Coronary computed tomography angiography and
dynamic SPECT. Dynamic CZT SPECT and coronary
computed tomography angiography (CCTA) were
performed using a hybrid system (GE Discovery NM/
CT 570C; GE Healthcare, USA) equipped with a
dedicated cardiac CZT gamma camera and a 64-slice
CT scanner.
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Dynamic SPECT. Patient preparation, study
protocol, as well as acquisition and analysis of static
and dynamic scintigraphic data were described in the
previous articles [9, 10]. It is important to note that
patients were instructed to stop taking beta-blockers,
nitrates, calcium channel blockers, caffeine, and
methylxanthine-containing substances for at least
24 hours before the procedure. All studies were
performed in the morning, on an empty stomach,
against the background of a sinus heart rhythm [18].
A two-day rest — stress protocol was performed using
the radiopharmaceutical 99mTc-methoxy-isobutyl-
isonitrile (99mTc-MIBI), which was administered
intravenously at a bolus dose of 260444 MBaq.
Before the first dynamic study, a low-dose CT scan
(tube voltage 100 kV, tube current 20 mA, rotation
time 0.8 s, helical pitch 0.969 : 1, slice thickness
5 mm) had been performed to assess the heart position.

The pharmacological stress test was performed
according to a standard 4-minute protocol [18].
Adenosine triphosphate (ATP) was used as a
pharmacological stress agent, which was administered
intravenously using an infusion pump at a dose of 160
pg / kg / min for 4 min. During the stress test, after
2 minutes of intravenous infusion of ATP, a dose
of 99mTc-Sestamibi (3 MBq-kg-1) was injected.
Dynamic data acquisition was started 610 seconds
before the radiotracer injection. The infusion of ATP
continued for additional 2 minutes.

To correct attenuation, low-dose CT of the chest
was performed. All studies were performed on the
Discovery NM/CT 570c hybrid computed tomography
scanner (GE Healthcare, Milwaukee, WI, USA)
equipped with a gamma camera with highly sensitive
CZT detectors. The total effective radiation exposure
of the study (rest / pharmacological stress test) was
~6.25 mSv.

The resulting scintigraphic images were processed
on the specialized Xeleris II workstation (GE
Healthcare, Haifa, Israel). Myocardial perfusion,
myocardial blood flow (MBF), and coronary flow
reserve (CFR)were assessed using specialized software
Corridor 4DM SPECT and 4DM Reserve v.2015
(INVIA, Ann Arbor, MI, USA). The quantitative
characteristics were processed using the Net Retention
model with attenuation correction [19].

According to myocardial perfusion SPECT
data, standard semi-quantitative indices of impaired
myocardial perfusion were determined: Summed Stress
Score (SSS) — the sum of scores during stress, Summed
Rest Score (SRS) — the sum of scores at rest, Summed

Difference Score (SDS) — the difference between
exercise and rest, as well as quantitative parameters:
stress-MBF — myocardial blood flow during stress,
rest-MBF — myocardial blood flow at rest, and CFR.

Coronary computed tomography angiography.
Preparation for CCTA was carried out according to
the standard protocol and included beta-blockers and
prednisolone, avoiding caffeinated drinks or food, and
excluding the use of glucophage (metformin), viagra,
etc., and pain medications (advil or motrin). Besides,
patients were instructed about contraindications of the
procedure related to allergies, pregnancy, and kidney
disease. Heart rate and blood pressure were evaluated
before each scan. All patients received 0.5 mg of
sublingual nitroglycerin tablets.

For contrast-enhanced scans, 70-90 ml of a non-
ionic contrast agent (iopamidol 370 mg, Bracco
Diagnostics, Italy) was injected intravenously through
an 18G antecubital catheter at a flow rate of 5-5.5 ml
/ s followed by 60 ml of 0.9% NaCl.

In patients with the heart rate > 55 bpm, a
retrospective electrocardiogram (ECG)-gated helical
scan was acquired, and in those with the heart rate <
55, a prospective ECG-gated protocol was used. The
recording parameters were the following: tube voltage
of 120 kV, tube current of 300-600 mA using ECG
modulation with maximum tube current of 40—80%
between phases, and minimum tube current in the
remaining phases.

Axial images, curved multiplanar and cross-section
reformations, and thin-slab maximum intensity
projections were used for dataset analysis. All studies
were analysed on the hybrid CT scanner (Advantage
Workstation 4.6, GE Healthcare, USA).

In the case of retrospective CCTA scans, images
were reconstructed at 75% of the cardiac cycle with
a slice thickness of 0.625 mm. In cases of heart rate
artefacts, other reconstruction windows were used
(from 10% to 90% of the R-R cycle). According to
modified American Heart Association criteria, CAs
were subdivided into 16 segments [20, 21].

Blood sampling and biochemical analysis. Blood
samples were obtained by venipuncture. Adequate
samples were centrifuged, serum was separated and
stored at —24 °C with a single freeze — thaw cycle.
Serum levels of sST2, NT-proBNP, FGF-23, MMP-
9, and TIMP-1 were analyzed from the same blood
sample by the enzyme immunoassay (NT-proBNP,
FGF-23, and TIMP-1, Biomedica, Austria; Presage®
ST2 Assay, Critical Diagnostics, San Diego, CA,
USA; MMP-9; eBioscience, USA).
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Statistical analysis. Statistical processing of the
results was performed using Statistica 10.0 software
package R, version 2. The data were presented as the
median and the interquartile range Me (Q,,; O.,). To
test statistical hypotheses for quantitative variables,
the Mann — Whitney test was used when comparing
two independent groups. When analyzing qualitative
variables, contingency tables were analyzed using the
Pearson’s %2 test. If there were cells with an expected
frequency less than 5, then a two-tailed Fisher’s exact
test or Yates’ correction (for 2 x 2 tables) was applied.
To search for relationships between the variables, the
correlation analysis was used with the calculation of
the Spearman’s rank correlation coefficients. The cut
off scores for the diagnosis of CMD were determined
by the ROC-analysis. The critical significance level of
the p-value was taken equal to 0.05.

RESULTS

Impaired CFR was defined as CFR < 2. Thus,
CMD was defined as the presence of impaired CFR
in the absence of flow-limiting CAD. Patients were

distributed according to CFR values: group 1 included
patients with preserved CFR (> 2, n = 35), group
2 included patients with impaired CFR (CFR < 2,
n = 24). HFpEF was diagnosed according to 2021
ESC guidelines for the diagnosis and treatment
of acute and chronic HF [22]. The baseline
demographic and clinical characteristics of patients
did not differ (Table 1). However, in patients with
CMD, HFpEF was revealed in 87.5%, while in
patients without CMD, it was diagnosed only in
51.4% (p < 0.0001). Echocardiography parameters
did not differ significantly between the groups
(Table 2).

In patients with CMD, CFR values were lower by
47.8% (p < 0.0001) than in patients without CMD
(1.411.23; 1.55] vs. 2.6 [2.49; 3.38], respectively). In
group 1, rest-MBF was 0.74 (0.56; 0.93) ml / min / g,
while in group 2, it was 0.48 (0.37; 0.67) ml / min/ g
(p = 0.045). In group 1, stress-MBF was 1.06 (0.91;
1.24) ml / min / g, and in group 2 it was 1.59 (1.19;
1.74) ml / min / g(p = 0.012). The remaining indices
did not differ significantly (Table 3).

Table 1
Clinical and demographic characteristics of patients, Me (Q,.; Q..

Parameter Patients with CMD, n =24 Patients without CMD, n = 35 p value
Age, years 60 (52; 66) 62 (59; 67.5) 0.451
Sex / male, n (%) 14 (58.3) 23 (65.7) 0.767
BMI, kg / m? 29.55(27.1; 30.7) 31.2(28.0; 33.41) 0.180
Hypertension, n (%) 20 (83.3) 32 (91.4) 0.812
Diabetes mellitus, 7 (%) 6(25.0) 10 (28.6) 0.761
COPD, n (%) 3(12.5) 5(14.3) 0.824
Current smoker, n (%) 6 (25.0) 9(25.8) 0.998
Heart failure, n (%) 21 (87.5) 18 (51.5) <0.0001
eGFR, ml/ min/ 1.73 m? 73.5(59; 81) 69 (65;79) 0.775
Total cholesterol, mmol / 1 4.15(3.2; 5.98) 4.4(3.6;5.4) 0.874
LDL-cholesterol, mmol /1 1.79 (1.3;3.34) 2.6 (1.8;3.42) 0.606
HDL-cholesterol, mmol / 1 1.36 (1.29; 1.78) 1.23 (1.06; 1.3) 0.239
Triglycerides, mmol / 1 1.5(1.14; 2.23) 1.6 (1.25;2.2) 0.815
Hemoglobin, g/ dl 152 (144; 159) 143 (137; 153.5) 0.121
Potassium, mmol / 1 4.3(4.0;5.2) 4.2(3.9;5.1) 0.981
HbAlc, % 5.8 (5.5;7.6) 5.6(5.3;7.5) 0.091
CRP, g/1 4.1 (3.6;4.7) 5.2(2.7;10.1) 0.998
Fibrinogen, g /1 33(2.9;34) 32(2.7;3.4) 0.934
sST2, ng / ml 31.03 (27.03; 35.5) 25.0 (21.45; 31.15) <0.001
NT-proBNP, pg / ml 318.0 (169.7; 2,106.2) 196.8 (68.1; 510.4) 0.045
MMP-9, ng / ml 1538 (945.4; 1982) 1183 (720.9; 1725) 0.023
TIMP-1, ng / ml 230.2 (107.38; 285.8) 160.78 (58.66; 213.2) 0.012
FGF-23, ng / ml 0.683 (0.383; 0.999) 0.649 (0.5; 0.965) 0.565

Note: HbAlc — glycated hemoglobin; FGF-23 — fibroblast growth factor-23; LDL-cholesterol — low-density lipoprotein cholesterol;
HDL-cholesterol — high-density lipoprotein cholesterol; CRP — C-reactive protein; eGFR — estimated glomerular filtration rate (CKD-EPI);
TIMP-1 — tissue inhibitor of metalloproteinase-1; COPD — chronic obstructive pulmonary disease.
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Table 2
Echocardiography parameters, Me (Q,.; 0..)

Parameter Patients with CMD, n =24 Patients without CMD, n =35 p-value
Left ventricular ejection fraction, % 65 (63; 66) 65 (64; 67) 0.531
End-systolic diameter, mm 32 (30; 33) 32 (31; 33) 0.886
End-diastolic diameter, mm 50.5 (48;51) 50.5 (49; 51) 0.752
LVML g/ m? 91 (88;95) 84 (79; 90) 0.159
Interventricular septum, mm 10.2 (10; 11) 10.5 (10.5; 11) 0.371
Left ventricular posterior wall, mm 10 (10; 11) 10 (9.5; 10) 0.154
E / A ratio 0.98 (0.73; 1.38) 1.02 (0.86; 1.29) 0.829
Septal e’ 5.89 (4.8; 6.45) 5.66 (5.35; 6.25) 0.949
PTRV, m/s 2.89(2.8;3.11) 2.91(2.87;2.99) 0.852
E/¢e 14.75 (13.5; 15.1) 14 (13.3; 14) 0.181
LAVI 33 (29; 37) 32 (29; 33) 0.284
DD type 1, n (%) 19 (79.2) 26 (74.3) 0.761
DD type 2, n (%) 5(20.8) 257 0.817

Note: DD — diastolic dysfunction; LAVI — left atrial volume index; LVMI — left ventricular mass index; PTRV — peak tricuspid regurgitation

velocity.

Table 3

Dynamic SPECT parameters and standard semi-quantitative indices of impaired myocardial perfusion, Me (Q,; O..)

Patients without CMD, n =35 |

Parameter Patients with CMD, n = 24 p-value
Dynamic SPECT indices
Stress-MBF, ml / min / g 1.06 (0.91; 1.24) 1.59 (1.19; 1.74) 0.012
Rest-MBF, ml / min / g 0.74 (0.56; 0.93) 0.48 (0.37;0.67) 0.045
CFR 1.41 (1.23; 1.55) 2.6 (2.49; 3.38) <0.0001
Standard semi-quantitative indices of impaired myocardial perfusion
SSS 2.0 (1.0; 4.0) 2.0 (0; 4.0) 0.566
SRS 0(0; 1) 0(0; 1) 0.926
SDS 0.5 (0; 3.0) 2 (0; 3.0) 0.364
Standard semi-quantitative indices of myocardial dysfunction

Stress ESV, ml 37.0 (30.0; 46.0) 33.5(25.5;40.0) 0.158
Stress EDV, ml 115.5 (97.0; 123.0) 106.5 (99.0; 122.5) 0.404
Stress EF, % 68.0 (61.0; 74.0) 70.0 (66.0; 73.5) 0.244
Rest ESV, ml 32.0 (28.0; 41.0) 32.5(24.5;36.0) 0.364
Rest EDV, ml 108.5 (100; 117) 102.5 (89.5;121.5) 0.250
Rest EF, % 70.5 (62.0; 72.0) 69.5 (65.5; 72.5) 0.698

Note: CFR — coronary flow reserve; stress-MBF — myocardial blood flow during stress; rest-MBF — myocardial blood flow at
rest; SSS — summed stress score; SRS — summed rest scores; SDS — summed difference score as the difference between SSS and
SRS; ESV — end-systolic volume; EDV — end-diastolic volume; EF — ejection fraction.

CFR values were correlated with the left
atrial volume (» = -0.527; p = 0.001), E / A ratio
(r = -0.321, p = 0.012), and E / ¢ (r = —0.307;
p = 0.021), as well as with the levels of NT-proBNP
(r = —0.290; p = 0.04) and sST2 (r = —-0.330; p =
0.012).

The levels of NT-proBNP were higher in group
1 by 36.4% (p = 0.045) than in group 2 (318.0 [169.7;
2,106.2] and 196.8 [68.1; 510.4] pg/ ml, respectively).
The sST2 levels were higher in patients with impaired
CFR by 19.4% (p > 0.001) than in patients with
preserved CFR (31.03 [27.03; 35.5] and 25.0 [21.45;
31.15] ng / ml, respectively). The serum levels of

MMP-9 in group 1 were 1,538 (945.4; 1,982) pg / ml,
and in group 2 they were 1,183 (720.9; 1,725) ng /ml
(p = 0.023). The levels of TIMP-1 were higher by
30.1% (p = 0.012) in group 1 than in group 2 (230.2
[107.38; 285.8] and 160.78 [58.66; 213.2] ng / ml,
respectively). The serum concentration of FGF-23 did
not differ between the groups.

Following the ROC-analysis, the levels of sST2 >
31.304 ng / ml (sensitivity 55.0%, specificity 90.3%;
area under the curve (AUC) = 0.730; p = 0.004)
(Fig. 1) and NT-proBNP > 977.2 pg / ml (sensitivity
64.9%, specificity 84.6%; AUC = 0.815; p = 0.034)
were identified as cut-off values for diagnosing CMD
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in patients with non-obstructive CAD (Fig. 2). When
comparing the ROC-curves of sST2 and NT-proBNP,
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Fig. 1. Sensitivity and specificity of sSST2 levels in the diagnosis
of CMD (ROC-analysis)
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Fig. 3. Comparison of sensitivity and specificity of NT-proBNP
and sST2 levels in the diagnosis of CMD (ROC-analysis)

DISCUSSION

This study demonstrated that patients with non-
obstructive CAD and CMD had higher incidence of
HFpEF than patients without CMD. The values of
CFR were correlated with DD parameters and the
concentrations of NT-proBNP and sST2. The levels

no significant differences in the cut-off values for the
presence of CMD were revealed (Fig. 3).
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Fig. 2. Sensitivity and specificity of NT-proBNP levels in the
diagnosis of CMD (ROC-analysis)

of sST2 > 31.304 ng / ml and NT-proBNP > 977.2 pg
/ ml were identified as cut-off values for diagnosing
CMD in patients with non-obstructive CAD.

HFpEF is one of the greatest problems in modern
cardiology. Out of the estimated 5 million patients
diagnosed with HF in the USA, approximately 50%
have HFpEF [22]. In Europe, this proportion ranges
from 22 to 73% [1]. Moreover, there is a growing
understanding that HFpEF represents a heterogeneous
syndrome with various phenotypes and comorbidities
[23]. The results of a number of international studies
using invasive or non-invasive diagnostic methods
support the assumption that CMD occurs significantly
more often than previously, including patients with
HFpEF. V.L.Murthy et al. reported that 53% of
patients with non-obstructive CAD and pain syndrome
had evidence of inducible myocardial ischemia [11].
According to the latest meta-analysis data of 56 studies
including 14,427 patients, the proportion of patients
with CMD was 41% in the general population [12].
Moreover, when the prevalence of CMD was analyzed
in patients with HFpEF, the incidence increased to
75-85% [13, 14]. Therefore, an innovative theory
has been proposed recently according to which CMD
represents “common soil” for the occurrence of both
microvascular angina and HFpEF [4, 14, 24]. It is
worth noting that patients with non-obstructive CAD,
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despite preserved LVEF, are no less often subject to
hospitalization due to HF decompensation [11].

CMD is a type of non-obstructive CAD in which
small blood vessels feeding the cardiac muscle cannot
cope with the load [14]. However, the potential
mechanisms of CMD development have not yet been
studied and include cellular metabolism disorders,
systemic inflammation, reactive oxygen species
(ROS) generation, increased coronary vasoconstrictor
reactivity at the microvascular level, impaired
endothelium-dependent and endothelium-independent
vasodilator capacities, hormonal and electrolyte
imbalance, etc., which results in development of
fibrosis and increased myocardial stiffness and
coronary microvascular resistance [12, 14-16, 25].
It is most likely that primary structural abnormalities
in CMD are associated with damage to endothelial
mitochondria and include their hyperplasia, reduction
in size of organelles or their fragmentation, and
structural damage, such as reduction of electron-dense
matrix and disruption of inner and outer membranes
[16, 23, 24]. The concomitant diseases, such as
diabetes, hypertension, obesity, etc., not only activate
superoxide overexpression via the mitochondrial
electron-transport chain and NADPH oxidase, which
partially contribute to impaired endothelial cell
function, but also control parallel pathways causing
the development of endothelial dysfunction [22]. It is
worth noting, that endothelial dysfunction is one of the
key mechanisms for the development and progression
of CMD in HFpEF [18].

The endothelium plays a pivotal role in preventing
platelet aggregation and leukocyte adhesion,
regulating cell proliferation, and modulating vascular
tone by synthesizing and releasing endothelium-
derived relaxing factors, such as prostaglandins,
nitric oxide (NO), and endothelium-dependent
hyperpolarization (EDH) factors in different forms
depending on the vessel size. NO predominantly
mediates vasodilatation of relatively large coronary
vessels, while EDH factors influence microvasculature
resistance. As a consequence, alterations in both
the myocytic and non-myocytic compartments can
lead to the development of myocardial fibrosis and
extracellular matrix remodeling and increase diastolic
stiffness, which contributes to the progression of
HFpEF [25, 26].

Inthe contextofincreased oxygen demand, impaired
CFR, even in the absence of obstructive CAD, reflects
myocardial ischemia at the microcirculatory level due
to an imbalance in the ratio of oxygen demand and its

delivery to the myocardium, which may predispose the
myocardium to injury and impaired global ventricular
mechanics and cardiac dysfunction [7]. Our data
demonstrated that CMD was independently associated
with DD parameters and the presence of HFpEF. This
suggests that factors tipping the balance towards
ischemic damage to cardiomyocytes in patients with
existing CMD may impair LV function and increase
the risk of HFpEF development, even in the absence
of overt structural abnormalities or obstructive
CAD. Thus, in the study including 385 patients with
non-obstructive CAD, CMD was also significantly
associated with echocardiography parameters of DD
[27]. In patients with systolic dysfunction (LVEF <
35%) and non-obstructive CAD, CFR parameters
were correlated with E / ¢’ values [28]. In particular,
microvascular endothelial dysfunction, decreased
nitric oxide bioavailability, and increased profibrotic
cytokine signaling may contribute to reduced coronary
microvascular density or rarefaction and increased
myocardial fibrosis, observed in HFpEF [7, 13, 14].
Correlation of CFR with biochemical markers of left
ventricular volume overload, such as NT-proBNP (r =
—0.290; p =0.04), and cardiac fibrosis, such as sST2 (r
=-0.331; p=0.012), demonstrates a close relationship
between these processes in the pathogenesis of HFpEF
in patients without occlusive CAD.

In our study, only the levels of sST2 and NT-
proBNP, but not MMP-9 and TIMP-1, were identified
as cut-off values for diagnosing CMD in patients with
non-obstructive CAD. Perhaps, in this population
with non-obstructive CAD, the levels of sST2 reflect
periarteriolar fibrosis that may occur in CMD [29].
In particular, CMD associated with chronic systemic
inflammation may promote periarteriolar fibrosis and
microvascular rarefaction, yielding decreased CFR,
overexpression of sST2, and the development of HF
symptoms and / or microvascular angina with “normal”
CA [30]. In the study on mice models, decreased
ST2 signaling with the progression of microvascular
changes in the pressure overload state was associated
with amplifying and sustaining arteriolar remodeling
and periarteriolar fibrosis [29]. Furthermore, Aslan
et al. (2019) established that serum sST2 levels were
significantly higher in patients with microvascular
angina compared with controls [31]. Hereinafter,
chronic systemic inflammation causes adhesion and
infiltration of monocytes and stimulation of integrated
macrophages, which promotes myofibroblast
differentiation and, eventually, collagen secretion
leading to fibrosis and cardiac remodeling [10, 11, 32].

Bulletin of Siberian Medicine. 2022; 21 (4): 88-97 95



Kopeva K.V., Mochula A.V., Maltseva A.N. et al.

Heart failure with preserved ejection fraction: the role of microvascular

Thus, coronary microvascular ischemia may play an
important role in the elevation of LV filling pressure,
the development of DD, and the pathophysiology of
HFpEF [8]. To support this fact, it was found that
patients with CMD had higher levels of MMP-9 and
TIMP-1 than those without it. But most likely, this
process is secondary to CMD and is a consequence
of HFpEF progression; therefore, these biomarkers
did not show significance in the diagnosis of CMD, in
contrast to sST2 and NT-proBNP.

CONCLUSION

It was established that CMD may play an important
role in the pathogenesis of HFpEF. The values of CFR
were correlated with DD parameters, and impaired
CFR was associated with overexpression of cardiac
biomarkers of fibrosis and remodeling. Serum levels
of sST2 and NT-proBNP may be used as markers for
non-invasive diagnosis of CMD.
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ABSTRACT

Aim. To study the effect of a high-fat, high-carbohydrate diet on retinal morphology of young and old rats in the
experiment.

Materials and methods. The study was carried out on male Wistar rats aged 60 and 450 days at the beginning of
the experiment. The animals were divided into 4 groups: group 1 (n = 14) included intact rats aged 150 days at the
end of the experiment; group 2 (n = 14) encompassed rats (60 days old) fed with a high-fat, high-carbohydrate diet
(HFHCD) for 90 days; group 3 (n = 14) included intact rats (450 days old) receiving a standard diet for 90 days;
group 4 (n = 14) included rats (450 days old) fed with HFHCD for 90 days. Immunoassay and histology were used
in the work.

Results. HFHCD resulted in an increase in glucose concentration in animals of both age groups. In old animals, it
caused a pronounced increase in the content of insulin, TGF, and fibronectin in the blood serum, neovascularization
of outer retinal layers, as well as karyopyknosis and death of neurosensory cells, leading to destruction of
photoreceptors and drastic thinning of the outer nuclear and outer plexiform layers. In young rats fed with HFHCD,
no pronounced histologic disorders of the retina were noted.

Conclusion. HFHCD enhances age-related retinal changes in old (450-day-old) rats.

Keywords: retinopathy, age-related changes in the retina, high-fat, high-carbohydrate diet
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BnvsaHmne BbICOKOYrneBoAHON BbICOKOXXNPOBOIN ANETbI Ha CeTYaTKY

MOI0AbIX 1 CTapbIX KPbIC

JNloreuHos C.B.', MyctaduHa J1.P.', Kypb6artos b.K.?, HapbikHasa H.B.?, BapakyTa E.10.",

Motanos A.B.!

"' Cubupcruii 2ocydapcemeennoiii meouyunckuil ynugepcumem (Cu6I MY)

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

2 Hayuno-uccneoosamenvckuil uncmumym (HUH) kapouonozuu, Tomckull HQyuoHATbHBIIL UCCIE008AMeNbCKULL

meouyunckutl yewmp (HUML]) Poccuiickoii akademuu HayK

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

PE3IOME

Ilem,: H3YYUTH B OKCIEPUMEHTE BIIUSITHUEC BbICOKOyFHeBOﬂHOﬁ BbICOKO)KPIpOBOﬁ JUETHI HA CETYATKY B MOJIOIOM U
CTap4Y€CKOM BO3pacTe.

MatepuaJjibl 1 MeTObI. McciienoBaHue IpOBOAMIN Ha caMIax KpbIc iuHuK Buctap B Bospacte 60 1 450 cyt B Ha-
qajie KcreprMenTa. JKUBOTHBIX paclpeaessuId Ha YeThIpe Tpynmsl: 1-s (n = 14) — MHTaKTHBIE KPBICH B BO3pacTe
150 cyT Ha MOMEHT OKOHYaHUS ncciaenoBanus; 2-s (n = 14) — 150-cyTousle KpbICEl HA MOMEHT OKoHYaHus 90 cyT
BBICOKOYTJICBOIHOM BEICOKOXKHPOBOH muetsl (BYBIK/); 3-s (n = 14) — naTaKTHBIE KPBICH! 540-CyTOYHOTO BO3pac-
Ta Ha MOMEHT OKOHUYaHUs uccienoBanus; 4-s1 (n = 14) — 540-cyrounsie kpbIch Tocie okoHuanus 90 cyr BYBX/I.
B pabore ucrnonp3oBany IMMYyHO(DEPMEHTHBIN M THCTOIOTHYECKUH METOBI HCCIICIOBAHMSI.

PesyabTatel. BYBX/] npuBoania K MOBBIIICHUIO KOHIIEHTPALWHU TIIOKO3Bl Y JKUBOTHBIX 00EUX BO3PACTHBIX
TPYIII, a y CTapbIX )KUBOTHBIX BBI3BIBAJIa BBIpAKEHHOE yBEIHUYeHUE conepxanus nncynmuHa, TGFP n ¢pubpone-
KTHHA B CBIBOPOTKE KPOBHU, HEOBACKYIISIPU3ALNIO HAPYKHBIX CIOEB CETYATKH, KAPUOMHUKHO3 M MacCOBYIO THOeNb
HEWPOCEHCOPHBIX KIETOK, BIEKYIIYIO 3a OO0 pa3pyIIeHne CIos MaJoueK M KOIOOUeK, pe3Koe NCTOHUCHHE Ha-
PYXXHOTO SICPHOTO M HApYKHOTO CETYATOTO CIOEB. Y MOJIOJBIX KpBIC, conepxapmmxcs Ha BYBXK/I, He Obu10
OTMEYEHO BBIPAKEHHBIX THCTOJIOTHIECKUX HAPYIICHNH CETYATKH.

3aximouyenne. BYBXK/] ycunuBaeT Bo3pacTHbIC M3MEHEHUS CETYATKHU y cTapbIX (450-CyTOUHBIX) KpBIC.

KiaroueBrbie ciioBa: PEeTUHONATHSA, BO3PACTHBIC U3MCHCHUA CETYATKH, BEICOKOYTJIEBOAHAA BBICOKOKUPOBAA IUCTA

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

Hcrounnk puHaHCHPOBaHUS. ABTOPHI 3asBIISAIOT 00 OTCYTCTBUM (PMHAHCHPOBAHMS MPHU MPOBEICHUH HCCIIEI0-
BaHMSI.

CooTBercTBHE IPUHIUNAM 3THKHU. MccnenoBanue ogoopeno stuueckuM komurerom HUU kapauonoruun Tom-
ckoro HMMII (mportokos Ne 201 ot 30.07.2020).

[ uutupoBanus: Jlorsunos C.B., Mycragpuna JI.P., Kyp6aros b.K., Hapsoxaas H.B., Bapakyra E.1O., [Tora-
noB A.B. BiusiHue BbICOKOYTTIEBOJHON BBICOKOKMPOBOM JAMETHI HA CETYATKY MOJIOJBIX M CTapbIX KpbIC. broae-
menb cubupckou meouyunvl. 2022;21(4):98—-104. https://doi.org/10.20538/1682-0363-2022-4-98-104.

INTRODUCTION

Age-related changes in the retina, in particular
age-related macular degeneration, cause vision loss
in millions of people around the world. At the same
time, excessive consumption of high-calorie food,
especially in developed countries, leads to diabetic
retinopathy, which is the main cause of blindness in
the working age population [1, 2]. The mechanisms

of development of senile macular degeneration and
diabetic retinopathy have some common features [3].
Numerous studies are devoted to retinal aging [4-6],
retinal pathology in metabolic syndrome, and type 2
diabetes [7-9], including models with high-fat and
high-carbohydrate diets [3, 10, 11]. However, the
impact of high-calorie diets on the development of
age-related retinal diseases and the structural basis of
retinopathy caused by a high-fat, high-carbohydrate
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diet (HFHCD) in various age groups is poorly studied.
Knowledge about the association of aging with
HFHCD is essential for development of prevention
and treatment strategies for age-related macular
degeneration and diabetic retinopathy. The aim of
the study was to investigate the effect of HFHCD
on retinal morphology of young and old rats in the
experiment.

MATERIALS AND METHODS

The study was carried out on male Wistar rats
aged 60 and 450 days. All procedures were carried
out in accordance with the European Parliament
Directive 2010/63/ EU and the FASEB statement on
the principles for the use of animals in research and
education. The following experimental groups were
formed: group 1 (n = 14) included intact 150-day-old
rats fed with a standard diet for 90 days (from 60 days
of'age); group 2 (n = 14) included 150-day-old rats fed
with HFHCD for 90 days (from 60 days of age); group
3 (n=14) — intact 540-day-old rats fed with a standard
diet for 90 days (from 450 days of age); group 4
(n = 14) — 540-day-old rats fed with HFHCD for 90
days (from 450 days of age).

HFHCD contained 16% proteins, 21% fats, and
46% carbohydrates, including 17% fructose and
0.125% cholesterol. The water was replaced with a
20% fructose solution. Rats of groups 1 and 3 (intact
animals) received standard rodent feed (24% proteins,
6% fats, 44% carbohydrates) and pure water ad libitum.
The animals were removed from the experiment
by decapitation with preliminary anesthesia with
chloralose (100 mg / kg intraperitoneally).

Before decapitation, blood samples were taken,
which were centrifuged (for 15 min at 3,000 rpm).
Serum samples were stored in a freezer at —70 °C.
Glucose concentration in the blood serum was
determined by the enzymatic colorimetric method
using B-8054 kits (Vector-Best, Russia). The serum
levels of insulin (ab100578, Abcam), fibronectin
(ab108850, Abcam), and tissue growth factor beta
(TGFp) (ab119558, Abcam) were determined by the
enzyme immunoassay. Sample measurements were
performed using the Infinite 200 PRO microplate
reader (Tecan GmbH, Austria). The homeostatic
model assessment of insulin resistance (HOMA-IR)
was calculated as the ratio of insulin * glucose / 22.5.
For the histologic examination, the eyeballs were
fixed in a 10% buffered formalin solution (BioVitrum
LLC, Russia) and embedded in paraffin according to
the standard method. Sections of the posterior wall

of the eyes were stained with hematoxylin and eosin
(BioVitrum LLC, Russia).

Micropreparations were viewed and photographed
using the AxioStar Plus light microscope (Carl Zeiss,
Germany) at 400x and 1,000x magnification. In 10
random fields of vision in sections for each retina,
nuclei undergoing degeneration (%) were counted
in the outer nuclear layer (ONL), inner nuclear layer
(INL), and ganglion cell layer (GL). In the ONL and
INL, rows of nuclei were counted.

Statistical data processing was performed using
the Statistica 13.0 software (StatSoft Inc., USA).
The data obtained were tested for normality of
distribution using the Shapiro — Wilk test. Normally
distributed data were presented as the mean and the
standard error of the mean (M + SEM). Not normally
distributed data were presented as the median and
the interquartile range Me (Q,; Q). Homogeneity of
multivariate dispersions was tested using the Levene’s
test. When comparing several independent samples
of quantitative data, a two-way ANOVA was used,
followed by the Bonferroni correction for normally
distributed variables. The nonparametric Kruskal —
Wallis test was applied to compare samples with
non-normal distribution. The threshold value of the
significance level p was equal to 0.05.

RESULTS

Feeding the animals with HFHCD resulted in an
increase in the concentration of glucose in the blood
serum in the rats of both age groups (Table 1), as well
as in a rise in the HOMA-IR values. However, only in
old animals, HFHCD affected insulin levels, which led
to a more pronounced increase in HOMA-IR values
than in young rats (Table 1). Prescription of HFHCD
contributed to an increase in the levels of TGFf and
fibronectin in the animals in group 4.

The histologic examination showed that the retinas
in the rats of groups 1 and 2 had normal structural
architecture of retinal layers (Figure, a). However,
a small number of nuclei undergoing degeneration
were detected in the ONL; they were characterized
by diffuse hyperchromic staining and wrinkling
(Figure, b).

In the retinas of rats in group 3, nuclei in the ONL
were rarefied; in areas with the absence of nuclei,
they were replaced by radial glial cell processes.
Some of the outer and inner segments of the rods
and cones were fragmented. In the subretinal space,
fragments of the external processes of rods and
cones were found, as well as small nuclei undergoing
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degeneration, possibly displaced here from the ONL.
Single larger nuclei in the subretinal space belonged
to macrophages. Karyopyknosis was detected in the
pigmented layer (PL) (Figure, ¢).

Degenerating cells were found not only in the
ONL, but also in the INL and GL (Figure, d). The
most pronounced changes were noted in the retinas of
rats in group 4. Thus, the ONL was almost completely
destroyed and contained a few nuclei arranged in
one incomplete row. Most of these nuclei were also
undergoing degeneration and in some areas were
displaced close to the PL, since the layer of rods and
cones was completely destroyed. The PL was unevenly
altered and often had pyknotic nuclei. In some areas,
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it was very thin and destroyed. Among the pigmented
cells, hemocapillaries were found containing blood
cells in the lumen. Hemocapillaries were also detected
in the ONL, which indicates neovasculogenesis. In
areas with the destroyed pigmented and photoreceptor
layers, the nuclei of photoreceptors were attached
to the Bruch’s membrane. In these areas, the
choriocapillaries were few and narrowed. The INL
and GL contained degenerating cells (Figure, e, f).
The quantitative assessment did not reveal significant
differences in 150-day-old animals of groups 1
and 2. However, the content of nuclei undergoing
degeneration in the ONL in group 2 showed a distinct
upward trend compared with group 1 (Table 1).

Figure. Histologic changes in the retina of rats associated with age and HFHCD: a — usual structural architecture of the retinal layers,
group 2; b — single nuclei of rods and cones undergoing degeneration (indicated by arrows) in the ONL, group 2; ¢ — rarefaction
of nuclei in the ONL and their replacement by radial glial cell processes (white arrows), the presence of nuclei in the subretinal
space (black arrows), a nucleus undergoing degeneration in the pigmented layer (dashed arrow), group 3; d — degenerating cells in
the INL (yellow arrows) and the GL (black arrows), group 3; e — a blood vessel in the pigmented layer (yellow arrow), pyknosis of
pigmented cell nuclei (black arrows), single nuclei undergoing degeneration in the ONL (black arrows) and GL (red arrows), group
4; f'— nuclei of rods and cones (black arrows), arranged in one incomplete row, close to the pigmented layer, a blood capillary in
the subretinal space (yellow arrow), degenerating cells in the INL (red arrows), group 4. Staining with hematoxylin and eosin, x400
(a, c, e); x1,000 (b, d, f)
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Table 1
The levels of glucose and insulin in the blood serum of rats of different age fed with HFHCD, M = SEM
Parameters Group 1 Group 2 Group 3 Group 4
Glucose, mM /1 54+0.2 7.3+0.2! 6.0+0.1 7.7+0.2"3
Insulin, pM /1 122+0.8 18.35+2.57 19.99+2.3 34.7£8.6
HOMA-IR 2.94+0.28 5.97 +0.85! 5.36 £0.61' 12.05 +3.29"23
Fibronectin, mg / dl 21.23+1.55 27.58 +1.78 29.89 +2.38 43.00 £ 3.12"23
Transforming growth factor § (TGFp), ng /ml 14.0+3.0 19.1+£2.6 353+5.2! 31.9+4.1
Note: statistical significance of differences with: 1 group 1; 2 group 2; 3 group 3; 4 group 4; two-way ANOVA followed by the Bonferroni
correction.
Table 2
Quantitative histologic changes in the retina of albino rats associated with age and HFHCD, Me (Q,; 0,)
Parameters Group 1 Group 2 Group 3 Group 4
Nuclei undergoing degeneration in ONL, % 0.25(0.20; 0.40) 0.80 (0.70; 0.90) 15.05'(13.65; 16.65) | 88.30"2(72.80; 92.40)
Number of rows of nuclei in ONL 10.65 (9.70; 11.90) 10.20 (9.30; 10.40) 5.90' (4.85; 7.85) 1.40"2(1.10; 4.90)
Nuclei undergoing degeneration in INL, % 0.15 (0.10; 0.20) 0.10 (0.10; 0.20) 1.95 (1.65; 2.80) 8.10'-2(7.00; 9.30)
Number of rows of nuclei in INL 4.65 (4.20; 4.90) 4.70 (4.60; 5.40) 4.20 (4.05; 4.90) 4.30 (3.70; 5.20)
Ganglion neurons undergoing degeneration 0.50 (0.25; 0.50) 0.75 (0.25; 1.00) 3.00'(1.50; 4.00) 9.50%2(9.00; 11.50)

Note: statistical significance of differences with: 1 group 1; 2 group 2; 3 group 3; 4 group 4; Kruskal — Wallis test.

In rats of group 3, the proportion of degenerating
cells in the ONL, INL, and GL significantly
increased compared with groups 1 and 2. The most
pronounced increase in the proportion of such cells
was observed among rods and cones. There was a
significant decrease in the number of rows of nuclei
in the ONL in group 3 compared with groups 1 and
2. The number of rows of nuclei in the INL did not
differ in all 4 groups of animals. In group 4, the trend
was similar to that in group 3, but the quantitative
changes were significantly more pronounced. A
drastic decrease in the number of rows of nuclei in
the ONL and an increase in the proportion of nuclei
undergoing degeneration among the remaining nuclei
were worth noting, which indicates massive death of
rods and cones. The proportion of degenerating cells
in the INL and GL significantly increased in group 4
compared with group 3, but to a much lesser extent
than the proportion of nuclei undergoing degeneration
in the ONL.

DISCUSSION

In our opinion, the revealed neovasculogenesis
played the most important role in tissue mechanisms
of retinopathy in old rats fed with HFHCD. As shown,
blood vessels containing blood cells in the lumen
appeared in unusual places — among the pigmented
cells, in the layer of outer and inner segments, and in the
ONL. It is known that invasion of hemocapillaries into
layers where they are not present in normal conditions

leads to oxidative stress and, as a consequence, death
of pigmented and photoreceptor cells, for example,
under the combined effect of ionizing radiation and
bright light [12]. Under light exposure, new vessels
invaded the layer of the outer and inner segments,
which was due to expression of VEGF and led to
retinal degeneration [13].

C.Toma et al. emphasized the relationship of
oxidative stress and neovascularization with changes
in choroidal blood flow and degeneration of the
pigmented layer and photoreceptor cells in age-related
retinopathy [14]. Pathological retinal angiogenesis
is associated with expression of VEGF in diabetic
retinopathy [15]. The studies carried out by a group
of authors [16] showed that HFHCD used in our work
causes biochemical disturbances characteristic of the
metabolic syndrome.

To date, the pathogenesis of diabetic retinopathy
has been characterized in the context of signaling of
glucose, insulin, VEGF, and other growth factors,
among which TGFp is of great importance [17].
At an early stage of diabetic retinopathy, TGFf
protects retinal vessels. At later stages, it contributes
to the progression of vascular diseases, including
proliferative ones [18]. TGFp is known to control
endothelial cell proliferation, cell adhesion, and
deposition of the extracellular matrix and plays a key
role in the development of diabetic retinopathy [19,
20]. In our study, an increase in the concentration of
TGFP was detected in old rats, which was accompanied
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by proliferative changes in the retina in the form of
neovasculogenesis in HFHCD. This occurred against
the background of an increase in the blood levels of
glucose and insulin and a rise in the HOMA-IR value.
In old rats fed with HFHCD, the plasma level of
fibronectin also increased. It is known that activation of
fibronectin in endothelial cells and retinal pericytes is
caused by TGFp, which leads to thickening of capillary
basement membranes and impairs permeability of
the blood — retina barrier in diabetic retinopathy [21,
22]. Therefore, the changes in the studied growth
factors involved in the pathogenesis of retinopathy
corresponded to neovasculogenesis and other vascular
diseases that play a key role in age-related and
HFHCD-related structural retinal abnormalities. This
makes determination of these biochemical parameters
in the diagnosis and treatment of senile macular
degeneration and diabetic retinopathy clinically
significant.

CONCLUSION

Our study showed that HFHCD enhances age-
related changes in the retina in old rats. Aging and
HFHCD exhibit synergism in damaging photoreceptor
cells, causing their karyopyknosis and massive death,
which results in destruction of the layer of outer and
inner segments, drastic thinning of the ONL to 1-2
rows of nuclei, and thinning of the outer retinal layer.
Death of rods and cones in the retina is accompanied
by focal destructive changes in pigmented cells and a
decrease in the number of choriocapillaries in the foci
of destruction. HFHCD causes an increase in the serum
levels of TGFp and fibronectin and neovascularization
in the outer retinal layers, which, in our opinion, plays
a key role in the mechanisms of their destruction. The
inner retinal layers were affected to a lesser extent than
the photoreceptor and pigmented layers in old rats fed
with HFHCD. In young rats, HFHCD did not cause
pronounced histologic abnormalities in the retina.
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ABSTRACT

Aim. To analyze risk factors in the group of patients with Parkinson’s disease (PD) and compare them with the

literature data.

Materials and methods. The study included 439 patients with PD and 354 controls, comparable by gender and
age. For each individual, a registration card was filled in containing demographic, epidemiological, clinical, and
neuropsychological data. The severity of the disease was studied according to the MDS-UPDRS scale; the stage
of PD was determined according to the Hoehn and Yahr scale. Cognitive functions were assessed by the MoCA
test and MMSE. The length of the (CAG)n repeat region in the H7T gene was determined using fragment analysis
on the ABI 3730 DNA analyzer. The obtained results were analyzed using GeneMapper Software v4.1 (Applied

Biosystems, USA).

Results. When comparing patients with PD and the control group, the odds ratio (OR) for PD in individuals with
traumatic brain injury was 3.13 (95% confidence interval (CI): 2,27-4.34; p = 4.94 x 10"?), which showed the
significance of this risk factor for PD. Consumption of coffee in the anamnesis distinguished the group of PD
patients from the control group (OR = 0.41 (95% CI: 0.30-0.56); p < 0.0001), confirming its neuroprotective
effect. Analysis of the variability in the length of the (CAG)n repeat regions in the H7T gene showed that patients
whose genotype contained an allele with 17 repeats in combination with any allele other than an allele containing
18 repeats had a protective effect (OR = 0.50 (95% CI: 0.27-0.92); p = 0.025). All genotypes containing an allele
with 18 repeats were predisposed to PD (OR =2.57 (95% CI: 1.66—4.28); p = 0.007). The predisposing effect of the

allele to PD, unrelated to the expansion of CAG repeats in the HTT gene, was revealed for the first time.

Conclusion. Traumatic brain injury and the allele with 18 CAG repeats in the H7T gene are risk factors for PD.

Coffee consumption can be attributed to protective factors in relation to PD.

Keywords: Parkinson’s disease, risk factors, coffee, traumatic brain injury, H77 gene
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CpepnoBble 1 reHeTUYeckme pakTopbl pucka 6onesHm NMapKNHcoHa

HukutnHa M.A.", Annu¢uposa B.M.", bparuna E.l0.2, ba6bywkunHa H.MN.?, Tom6oeBa [.E.?,
Hasapenko M.C."?

I Cubupcruii 2cocyoapemeennwiit meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Hayuno-uccnedosamenvckuil uncmumym (HUHW) meouyunckot eenemuxu, ToMcrkuil HayuOHAIbHbLI
uccredosamenvcekutl meouyurckull yenmp (HUML]) Poccutickoil akademuu Hayk
Poccus, 634050, 2. Tomck, yn. Habepeacnas pexu Ywatiku, 10

PE3IOME

Heun. [TpoananusupoBats HaKTOPHI PUCKa B TPYIIE MAMeHTOB ¢ 6oe3Hbio [lapkuncona (BI1) u comocraButh ux
C JINTEPATYypPHBIMU JAHHBIMH.

Matepuainbl 1 MeToAbL. B nccnenopanue Opun BritoueHb! 439 manuentos ¢ BI1 u 354 naanBuaa rpynmnsl KOH-
TpPOJIsL, COMOCTABIMBIX I10 MOy ¥ Bo3pacTy. Ha kaskzoro MHAMBUIyyMa 3all0JHEHA PErUCTpaoHHas KapTa, Co-
Jieprkanias HHPOPMAIUIO O AeMOTPa(pUICCKHX, SMHIEMUOIOTHIESCKIX, KINHUNIECKUX U HEHPOIICHXOIOTHIECKUX
naHHBIX. TspkecThb 3a0oeBanus ucciaenoBanack 1o mkaire MDS-UPDRS; craaust BIT — cornacuo mkane Hoehn —
Yahr. KorautuBabie ¢pyHknuu onennBaiuch mo MoCA-tecty 1 MMSE. nuny (CAG)n-oBropa B rene HTT
OTIpeNIeIISUIN ¢ IOMOLIBI0 pparmMeHTHOTO aHanm3a Ha riathopme ABI Genetic Analyzer 3730. AHanu3 nomydeH-
HBIX PE3YJIBTaTOB MPOBoImIICS ¢ momoInbsio GeneMapper Software v4.1 (Applied Biosystems, CIIIA).

PesyabTartel. [Ipu cpaBHenun nauneHToB ¢ BIl M KOHTpoibHON BBHIOOPKM OTHOILIEHHE LIaHCOB pa3BuTHA bII
Y MHIUBHJIOB C TPABMOH TOJIOBBI cOCTaBUIIO 3,13 (95% CI: 2,27—4,34; p = 4,94 x 10°'%), moka3aB 3Ha4NMOCTb ITOTO
¢axTopa pucka bIl. Ynorpebaenue B anHaMHe3e Kode oTaMYaeT rpyminy nanueHToB ¢ BII oT rpynmsl KOHTPOIA
(OR =0,41 (95% CI: 0,30-0,56); p < 0,0001), moaTBep)Aask €r0 HEHPONPOTEKTUBHOE ACUCTBHE. AHAIN3 BapHa-
6enprOCTH MuHBI (CAG)n-noBTopoB B rene H77T mokasai, 4To HAlMEHTHI, B TEHOTHUIIE KOTOPBIX MPHCYTCTBYET
ajenb, coAepkamuii 17 mMoBTOPOB B COYETAHUH C JIIOOBIM JPYTUM aljIeJieM, KpoMe ajulesis, coepxkaniero 18 mo-
BTOPOB, 001amaeT npoTekTBHBIM dddexTom (OR = 0,50 (95% CI: 0,27-0,92); p = 0,025). Bece renorunsl, coaep-
xamue anens ¢ 18 mosropamu, npeapacnonaraioT k BIT (OR = 2,57 (95% CI: 1,66-4,28); p = 0,007). IIpenpac-
noJjararomuii g Qekr amend, He cBsi3aHHbIN ¢ dkcnaHcueir CAG-noBTopos rena H77, x BI1 BeIsABICH BHEpBHIE.

3axurouenune. YepenHo-mosrosas tpasma u amienb (CAG), -mosTopos rena HTT spisiotcs GakTopamMu pucka
qutst pasBuths BI1. Yorpebnenue kope MOXKHO OTHECTH K IIPOTEKTHBHBIM (hakTopaM B oTHOIIeHNH BII.

KuiroueBnble ciioBa: 6onesns [lapkuncona, GpakTopsl pucka, kode, yepenHo-mo3rosas Tpasma, H1T

Konpaukt untepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIeH CTaThu.

HUcrounuxk ¢puHancupoBanus. VccienoBanye BBINOJIHEHO MPU YaCTUYHOW I'PAHTOBOM MOAJIEP/KKE HAy4HO-HUC-
CJIeI0BAaTENbCKUX MPOEKTOB, BHIMOTHAEMBIX MOJIOABIMU ydeHbIMU («Pomb reHOB pemapanuu B maTorenese 0o-
ne3nn [lapkuHcona, OonesHn ['éHTHMHITOHA W HOpPMaJbHOTO (370poBOro) crapeHms», 2021-2023 rr.). Pabora
BBINOJTHEHA NPH YaCTUYHOM (PMHAHCHPOBAHMM MMHHCTEpPCTBA HAyKHM M BBICIIETO 00pa3oBaHUs (TOC3agaHue
Ne 122020300041-7).

CooTtBercTBHE MpUHIHMNAM dTHKH. O0cie0BaHNe, HEHPOIICHXOJIIOTMYECKOe TECTUPOBAHKUE U 3a00p BEHO3HOM
KPOBH BCEX JIUII IIPOBOAMIIUCE TOJBKO MOCIE MOANMCaHns HHGOPMUPOBAHHOTO coriacus. MccienoBanue onobpe-
HO JIOKaJIbHBIM 3THYecKuM komuteToM CHOI' MY (mpoTtokon Ne 7813 ot 27.05.2019).

[ uurupoBanusi: Huxuruna M.A., Anudpuposa B.M., bparuna E.}O., babymkuna H.I1., F'om6oesa /I.E., Haza-

perxo M.C. CpenoBble 1 reHeTHuecKkre (hakTopsl pucka 6onesnu IlapkuHcona. broemens cubupcKoll MeouyuHbi.
2022;21(4):105-113. https://doi.org/10.20538/1682-0363-2022-4-105-113.
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INTRODUCTION

Parkinson’s disease (PD) is a chronic, progressive
neurodegenerative disease, described by James
Parkinson in 1817 in the essay about “shaking palsy”
[1]. Degeneration of dopaminergic neurons in the
substantia nigra and formation of Lewy bodies are
pathological markers of PD [2]. Lewy bodies are
cytoplasmic inclusions that contain insoluble aggregates
of a-synuclein. However, pathological process is not
restricted to the substantia nigra, it affects other brain
regions and involves non-dopaminergic neurons.

PD is characterized by multifactorial etiology,
which  includes environmental and  genetic
components. Lifestyle and environmental factors [3]
and multiple genetic variants have modifying effects
both on predisposition to PD [4] and on the rate of
PD progression [5-7]. Such factors as age, male
gender [8], contact with pesticides [9], head injuries,
depression, osteoporosis, therapy with beta-adrenergic
antagonists or melanoma in the medical history [10]
are associated with an increased risk for PD. At the
same time, physical activity [11], coffee consumption
[12], and long-term intake of nonsteroidal anti-
inflammatory drugs, calcium channel blockers, and
statins are associated with a decreased risk for PD [3].
Some studies revealed a decrease in the frequency
of PD among people with alcohol abuse [11] and
among smokers [13]. The latter two associations are
controversial and can be caused by peculiarities of
study group formation.

Monogenic forms of PD are encountered
approximately in 5-10 % of PD cases. At least 18
different genes, mutations in which lead to PD, have
been currently described [14]. The main pathogenic
variants are found in genes encoding a-synuclein
(SNCA), leucin-rich repeat kinase 2 (LRRK2),
glucocerebrosidase (GBA), and parkin E3 ubiquitin
protein ligase (PRKN) [15]. Nonetheless, PD mostly
has sporadic nature, and the majority of PD patients
do not have mutations in these genes [2, 16].

Moreover, the most frequent genetic mutations
contributing to PD have incomplete penetrance,
which indicates the presence of modifying factors.
Twin studies have shown that inheritance of PD is
30%, which indicates that an increased risk for PD
is associated with environmental and lifestyle factors
[17]. The HTT gene is one of the possible modifier
genes; expansion in its (CAG)n repeat regions (more
than 36 repeats) results in Huntington’s disease
(HD). The length of repeat regions is assumed to be a

physiological modifier for the adenosine diphosphate
(ADP) / adenosine triphosphate (ATP) ratio, which
implies a common pathological component in both
diseases (PD and HD). Moreover, single cases with
atypical PD were described in the literature: PD
patients with pronounced clinical manifestations have
some neurophysiological features typical of HD. Such
patients have intermediate alleles in the HTT gene —
(CAQG),, and (CAG),, — which do not exceed the
pathological (CAG)n repeat length in HD [18, 19].
Therefore, we considered the length of (CAG)n repeats
in the HTT gene as one of the risk factors for PD.

The aim of the study was to evaluate the role
of environmental and genetic factors in PD deve-
lopment.

MATERIALS AND METHODS

A group of PD patients was recruited at the
Neurology and Neurosurgery Division of Siberian
State Medical University. The diagnosis was
established according to the Movement Disorder
Society Clinical Diagnostic Criteria for Parkinson’s
Disease [20]. We examined 439 PD patients (179
males and 260 females) and 354 healthy individuals
as a control group (143 males and 211 females). All
these individuals were included in the study. The
control group consisted of healthy individuals without
neurodegenerative pathology. The study groups were
comparable by age (66.3 = 7.3 and 66.2 + 9.1 years,
p>0.05) and sex (1:1.45 and 1:1.47, respectively).

All  study participants underwent clinical
neurological and neuropsychological testing. An
individual registration card was filled in for each
participant containing demographic, epidemiological,
and clinical data. Information about risk factors for PD
(head injury, exposure to toxic chemicals, smoking,
coffee consumption) was obtained from interviews
with the participants and their relatives (individuals
with pronounced cognitive impairments were not
included in the study). The above factors were taken
into account only if they preceded PD symptoms.

The severity of the disease was assessed using the
MDS-UPDRS scale; the stage of PD was determined
according to the Hoehn and Yahr scale (1967) [21].
Cognitive functions were examined according to the
Montreal Cognitive Assessment (MoCA) test [22] and
MMSE [23].

The study complied with the principles of the
Good Clinical Practice (GCP) and the Declaration of
Helsinki. The study was approved by the local Ethics
Committee at Siberian State Medical University.
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Molecular and genetic testing was performed at
the Center for Collective Use of Research Equipment
and Experimental Biological Material “Medical
Genomics” of the Research Institute of Medical
Genetics, Tomsk NRMC. The length of (CAG)n
repeats in the HTT gene was examined by the fragment
analysis on the ABI Genetic Analyzer 3730 according
to the earlier described method [24]. The obtained
results were analyzed using GeneMapper Software
v4.1. (Applied Biosystems).

Statistical data processing was performed using
Statistica 10 software. Calculation of odds ratio (OR)
and 95% confidence interval (95% CI) was performed
using the online tool at https://www.medcalc.org/calc/
odds_ratio.php.

RESULTS

Association of traumatic brain injury with
Parkinson’s disease. According to the literature data,
traumatic brain injury (TBI) was studied as one of the
risk factors for a range of neurodegenerative diseases
[25]. Some studies have shown that head injury can
cause neuroinflammation, affecting neurons either
directly [26, 27] or indirectly — via blood — brain
barrier impairment [28, 29].

Among the examined 439 PD patients, 208 (47.4%)
individuals reported the presence of TBI in the medical
history (42 females and 166 males, the average age
was 66.2 = 9.2 years). In the control group, only 79
(22.3%) individuals (18 females and 61 males, the
average age was 65.5 & 8.8 years) reported TBI in the
past medical history (Fig.1).

80

70

60

50

40

_

EPD EC 0 1 2

Fig. 1. Frequency of TBI in the past medical history of

individuals with PD and the control group (C), %; 0 — no TBI;

1 —the presence of TBI without a loss of consciousness; 2 — the
presence of TBI with a loss of consciousness

Comparing the frequency of TBI in PD patients
and the control group, OR for PD in individuals
with TBI was 3.13 (95 % CL: 2.274.34; p = 494

x 103). Therefore, TBI is a significant risk factor
for PD. 63 (14.3%) of PD patients and 17 (4.8%)
individuals from the control group reported TBI with
a loss of consciousness. The odds for development
of PD increase in individuals with more severe TBI
(TBI with a loss of consciousness). The OR for the
development of PD in individuals with TBI with a
loss of consciousness, compared with individuals
without TBI, was 4.41 (95% CI: 2.44-8.07; p =7.39 x
10®). The average age of disease debut did not differ
significantly between PD patients with and without
TBI (66.2 £ 9.2 years vs. 67.8 = 11.8 years, p = 0.82).

Exposure to toxic chemicals. Numerous studies
that included populations from all over the world
have shown that exposure to pesticides and farming or
living in rural areas are considered risk factors for the
development of PD [16]. Occupational hazards and
accidental exposure to such pesticides as paraquat,
rotenone, 2,4-dichlorophenoxyacetic acid, and some
dithiocarbamates and organochlorines (for residents
living near the areas treated with these pesticides) are
associated with an increased risk of PD development
[30]. Genetically determined impairments in
individuals exposed to toxic chemicals may affect
their health increasing the risk of PD manifestation
[31]. And on the contrary, compliance with hygiene
rules and healthy diet can protect from adverse effects
of environmental factors and reduce the effect of
pesticide exposure [32, 33].

Among the studied individuals, 116 patients
(26.4%) reported exposure to toxic chemicals for
more than 5 years: gasoline and petroleum products
8.7% (38), paints and organic solvents 8.0% (35),
pesticides and fertilizers 4.3% (19), metals and ioni-
zing radiation 3.6% (16); 8 individuals (1.8%)
among the PD patients were welders with work
experience of 10 £ 6 years. Nevertheless, comparing
the group of PD patients and the control group in
terms of exposure to toxic chemicals did not reveal
significant differences (OR = 0.79 95 % CI: 0.58-
1.08; p = 0.1409).

Lifestyle factors. Some lifestyle factors are
associated with a decreased risk of PD development.
The strongest association was found between a
decreased risk of PD and cigarette smoking individuals
and (according to other studies) other tobacco users. It
is assumed that nicotine plays the central role in this
association. However, a recently finished clinical trial
did not reveal a modifying effect of a nicotine patch on
manifestations and progression of the disease in PD
patients [34, 35].
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In the current study, about 42% (n = 184) of
patients have never smoked, 53% (n =233) of patients
used to smoke, and 5% (n = 22) of patients are current
smokers. In the control group, the values were 50.3%
(n = 178), 43.5% (n = 154), and 6.2% (n = 22),
respectively. No significant differences were revealed
between smoking and non-smoking individuals
(p =0.6594).

In 2007, Dr. Xiang Gao published the first large,
prospective study, which lasted 16 years, on the effect
of diet and eating habits on the risk of PD development
[36]. Itwas shown that coffee and caffeine consumption
were linked with a decreased risk of PD development.
This effect was more pronounced in men, was dose-
dependent, and might depend on genetic factors.
Similarly, some studies showed a decreased risk of PD
in individuals drinking strong tea [37, 38].

Among the examined PD patients, only 20.5 %
(n = 90) of individuals drink coffee, and about
38.7% (n = 137) of people drink coffee in the control
group (OR = 0.41 (95%CI: 0.30-0.56); p < 0.0001).
At the same time, about 16% of PD patients regularly
drink coffee for more than 10 years. These results
are consistent with the data obtained by the Xiang
Gao et al. [36].

Alcohol consumption in the studied groups was
evaluated at the time of the study and in the anamnesis
in terms of the frequency of consumption of beer,
wine, fortified wine, sweet liqueur or strong alcohol in
grams per day (g / day) based on the standard volume
of the container for a particular drink. Division into
groups was the following: < 0.1 g / day (people who
do not drink alcohol, I), 0.14.9 g / day (II), 5.0—
149 g / day (Il), 15.0-29.9 g / day (IV), 30.0—
59.9 g / day (V), and > 60 g / day (VI). For patients
with PD, the following values were identified: 15%
(D), 18% (II), 34% (III), 20% (IV), 10% (V), and
>3% (VI). For the control group, the values were the
following: 13% (1), 19% (II), 35% (III), 20% (IV),
10% (V), and >3% (VI) (p > 0.05). At the same time,
the average amount of consumed alcohol did not
differ between the groups: 3.01 £ 1.29 and 3.02 + 1.26
(p =0.9501).

Length of (CAG)n-repeats in the HTT gene. Despite
incontrovertible evidence of the pathophysiological
role of mitochondria in PD and their key role in cell
signaling pathways, identification of mitochondrial
dysfunction as a cause or effect of neurodegeneration
is still a challenging task for researchers [39].

Earlier, we showed the associations of NBN, ATM,
and MLH] genes with PD. Protein deficiency in these

genes can also lead to mitochondrial dysfunction.
Frequent alleles and genotypes of non-synonymous
substitution of rs1801516 in ATM and rs1799977 in
MLH] predispose to PD development; at the same
time, heterozygotes exert a protective effect. A rare
allele and genotype of promoter substitution in NBN
(rs1805800) is also a risk allele for PD [40].

In the current study, we analyzed the length of
(CAG)n repeats in the HTT gene in PD patients
and healthy individuals. In both groups, we found
a comparable number of alleles (16 and 17 in PD
patients and in the control group, respectively) and a
comparable length range (12-32 (CAG)n repeats in
PD patients and 12-30 (CAG)n repeats in the control
group) (Fig.2). Intermediate alleles (CAG), ., were
identified in both groups with alleles of normal length:
(CAG),, ,, in PD patients and (CAG),, ,, in the control
group. The frequency of intermediate alleles was
2.38% and 5.58% in the PD patients and in the control
group, respectively.

40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00
0400_-II III.I..-- -

12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 1B 29 30 N2
EPD HC

Fig. 2. Frequency of (CAG)n repeat regions in the HTT gene in
patients with PD and in the control group, %

The distribution of alleles in both studied groups
was similar, about 80% of alleles had 15-20 repeats
(Fig.3); the (CAG),, allele was the most frequent
in both groups (30.95% and 36.70% in PD patients
and healthy individuals, respectively). However, the
(CAQG),, allele in PD patients was significantly more
frequent than in the control group (OR =2.22 (95%ClI:
1.66-4.28), 2 = 6.09, p = 0.014). Therefore, a risk
allele was identified (18 repeats); the allele with
17 repeats was 5.75% more frequent in the control
group; however, these differences were not significant
(» =0.269).

Since there was a great number of genotypes in
each sample (38 in each group), we have grouped
genotypes for the further analysis. The “18 / all” group
included all genotypes which had one allele with
18 (CAG)n repeats and the other allele with any
number of repeats except for 17. The genotype
combining alleles with 17 and 18 repeats was studied
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separately. The “17 / all” group included all genotypes
which had one allele with 17 repeats and the other
allele with any number of repeats, expect for 18. All
remaining genotypes were included in the group “all
/ all”. The “17 / all” genotype had a protective effect
(OR =0.50 (95%CI: 0.27-0.92), y2 = 5.05, p = 0.025).
At the same time, genotypes with 18 alleles were more
prevalent in PD patients: “18 / all” was 2.98 times
more frequent, and “17 / 18” was 1.47 times more
frequent than in the control group. Therefore, we
considered these genotypes together. The frequency
of the genotype containing 18 alleles in combination
with any other allele (including the allele with 17
repeats) in the group of PD patients was 36.19%, in
the group of healthy individuals — 18.09%; the OR for
these genotypes was 2.57 (95%CI: 1.66-4.28; y2 =
7.25; p=0.007).

70.00

60.00

50.00

40.00

30.00

20.00

0.00
18/all 17/18 17/all all/all

EPD ®=C

Fig. 3. Genotype frequencies for (CAG)n repeats in the HTT
gene in patients with PD and in the control group

The obtained results indicate that the allele
containing 17 (CAG)n repeats has a protective effect
in combination with any allele, except for the one
containing 18 repeats. In turn, all genotypes with 18
(CAG)n repeats predispose to PD. The predisposing
effect to PD of the normal length allele in the HTT
gene was identified in this study for the first time. It is
hard to state how this association can manifest itself in
the pathological phenotype, as there are no data on the
involvement of normal alleles in the pathology. It is
possible that the revealed associations can be explained
by the involvement of the polyglutamine tract in the
HTT gene in the regulation of energy production by
mitochondria. 1.S. Seong et al. showed in 2005 that
the ADP / ATP ratio suggests the participation of
not only pathological alleles, but also normal ones in
this process [41]. Therefore, changes in the energy

production function of mitochondria may contribute
to the phenotypic manifestations of PD.

CONCLUSION

Our study in PD patients confirms modifying
effects of lifestyle factors on PD progression, and
changes in lifestyle can improve health-related quality
of life of patients.

Coftfee consumption in the anamnesis significantly
distinguishes PD patients from healthy individuals.
The obtained data suggest a possible neuroprotective
effect of caffeine, which contributes to maintenance
of cognitive and physical functioning, improving the
quality oflife of PD patients and their relatives. Cafteine
is known as a psychostimulant and antioxidant, which
boosts attention. According to the conducted studies,
caffeine is able to protect low-density lipoproteins
from oxidation and decrease oxidative DNA damage.
Additionally, caffeine is an adenosine A2A-receptor
antagonist and exerts a neuroprotective effect,
decreasing dopamine deficiency [42]. The use of
caffeine in animal models of PD led to a decrease
in oxidative stress and restoration of dopamine level
in the midbrain and the striatum, which, in turn,
prevented reduction of motor activity and muscle
strength and normalized the norepinephrine level [43].

TBI was widely studied as a risk factor of many
neurodegenerative diseases [44]. Some studies have
shown that TBI is accompanied by neuroinflammation,
affecting neurons either directly [45-47] or indirectly —
via blood — brain barrier impairment [48]. Moreover,
individuals with TBI had elevated levels of a-synuclein
in the cerebrospinal fluid [49]. The literature data
suggest a possible association between TBI and PD,
which was shown in our study.

The advantages of this study include personal
interviews with patients, registered clinical and
environmental data, a comprehensive neurological
examination, and a sample size. However, we should
consider some limitations when interpreting the results
of the study. Due to the retrospective design of our
study, we should take into account the recall bias: TBI
in the past medical history was identified following
interviews with patients, and PD patients may be more
prone to recalling elements, which can justify their
condition. Despite this, a previously conducted study
showed high consistency between the assessment of
medical history by the patient and TBI registered in
the medical record [50].

Therefore, PDisacomplex disease, the development
of which is affected by both environmental and
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molecular genetic factors that require further in-depth
study. Reducing the burden of PD can be achieved

through a

two-pronged strategy: implementing

interventions to correct modifiable risk factors, such as
behavioral or environmental factors, and developing
drugs aimed at correcting the functioning of protein
products in genes associated with PD.

10

11.

12.
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Effects of plasma acid on rat uterine tissue in vitro
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ABSTRACT

The aim of the study was to evaluate the effect of plasma acid on the uterine tissue of laboratory animals in vitro.

Materials and methods. Treatment of dimethyl sulfoxide — water solution and water for injections with a spark
discharge in air resulted in a decrease in pH, which contributed to generation of plasma acid in the solutions. We
incubated uterine tissues in vitro in plasma acid at room temperature for 30 minutes. The treated tissues were
examined histologically and immunohistochemically.

Results. We showed that plasma acid had pronounced biological activity. Immunohistochemistry was used to
show that, depending on the type of a solution, plasma acid altered generation of nitrosative damage products (3-
NT) and oxidative DNA damage (8-OHdG) and modulated the number of cells with high proliferative potential
(including CD133" cells) and production of vascular endothelial growth factor (VEGF). These effects contributed
to the general cytotoxicity of plasma acid solutions.

Conclusion. During 30-minute exposure in vitro, plasma acid prepared from the dimethyl sulfoxide (DMSO) —
water mixture exhibits various biological effects in uterine tissue samples obtained from experimental animals.
Plasma-treated water exerts cytotoxic effects associated with oxidative DNA damage and promotes induction of
pro-angiogenic activity in the uterine tissue. Plasma-treated DMSO does not have a cytotoxic effect. It inhibits cell
proliferation, reducing the population of CD133" cells and VEGF production in the tissue.

Keywords: uterine tissue, plasma acid, cytotoxicity
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3P PeKTbl N1Ia3MEHHON KNCNOTbI HA TKAHN MaTKM KpbIC in vitro
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PE3IOME

Leablo wccienoBaHus SBISETCS OIEGHKA BIHMSAHUS IUIA3MEHHOM KHCIOTHI Ha TKAaHU MAaTKH JIaOOpaTOPHBIX
SKUBOTHBIX in Vitro.

Marepuajbl 1 MeToabl. O0paboTKa pacTBOpa AUMETUICYIb(POKCHIA B BOJC M BOBI Il HHBCKIIUN HCKPOBBIM
pas3psaoM B atMocdepe MpUBOIWIA K CHIDKCHUIO pH, 4TO COOTBETCTBOBAIO (DOPMHUPOBAHUIO B PACTBOPAX ILIA3-
MEHHOHM KUCJIOTHI. Mbl MHKYOUpPOBAJIM TKAHU MATKH i1 Vitro B TNIA3MEHHOW KUCJIOTE IPU KOMHATHOM TeMIepaType
B TCUCHHUC 30 MHH. O6pa6OTaHHbIe TKaHU UCCIICA0BAJIUCh TUCTOJOI'MYCCK U UMMYHOTUCTOXUMUYECKHU.

Pe3yasTaTsl. Hamn nokasano, 4To mura3MeHHast KHCIO0Ta 00J1a/laeT BBIPAKCHHOH OMONIOTHIECKON aKTUBHOCTBIO.
VIMMYyHOTHCTOXMMHYECKAM METOJOM MBI 3apEerUCTPUPOBANH, YTO, B 3aBHCHMOCTH OT THIIa pacTBOpA, IIa3MEH-
Has KUCJIOTa M3MEHSIeT B KJIETKaX ()OPMHPOBAHUE MPOAYKTOB HUTPO3ATHBHOTO moBpexaeHus 6enkos (3-NT) u
oxuciurensHoro nospexaenus JJHK (8-OHdAG), MmoxynupyeT KOIHIeCTBO KIIETOK C BBICOKUM IPOJTH(epaTnBHEIM
noteHnuanoM (B Tom uncie CD133+ kieTok), IpogyKIHIo COCYy TUCTO-dHI0TeHaIbsHOro Gakropa pocta (VEGF),
YTO COOTBETCTBYET CYMMapHOMY IUTOTOKCHUECKOMY 3 (eKTy Biia pacTBopa INIa3MEHHON KHCIIOTHI.

3akaouyenne. [lnmazmenHas KHCIOTa, MPUTOTOBJIECHHAS HA OCHOBE BOABI M JUMETHICYIb(OKCHIA, MPOSBISLET
pasnuuHble Ononornueckre dQQGeKTh B 00pa3nax TKaHH MAaTKU SKCIIEPHMEHTATBHBIX JKUBOTHBIX MpH 30-MHHYT-
HOU DKCTIO3ULHNH in vitro. Bona, o0paboTanHas miIa3Moi, peaan3yeT IUTOTOKCHYCCKHUI MOTEHINA, CBSI3aHHBIN C
oxucnuTensHbM noBpeskaeaneM JJHK, a Takke criocoOCcTByeT HHAYKIIMU TPOAHTHOTEHHON aKTUBHOCTH B TKAHH.
Jumeruncynbhokcn, 00paboTaHHBIN ITa3MOi, HE BBI3BIBAET IUTOTOKCHYECKOTO ICHCTBUS, TIOAABIISCT Ipoimde-
panuio KIeTok, cHmxkas nomysinuio CD133+ kierok, a takke npoaykuuto VEGF B Tkann.

KuroueBble ci10Ba: TKaHU MaTKu, IJ1a3MCHHas KUCJI0Ta, TUTOTOKCUYHOCTD

KOHq)JIl/lKT HHTEPECOB. ABTOpLI JACKIIAPUPYIOT OTCYTCTBHUE SAIBHBIX WU INOTCHIUAJIbHBIX KOH(bJ'II/IKTOB HUHTEPECOB.

HUctounuk ¢punancupoBanmsi. Padora Bemonnena npu nognepsxkke rpanta KKOITHuHT/L (morosop Ne 1/20 ot
15.05.2020).

CooTBeTcTBHE MPUHIMNAM 3THKHU. VccnenoBanue o100peHO MpPEICTaBUTENSIMI OMOATHUECKOH KOMHCCHH MO
paboTe ¢ 1a60paTOPHBIMHU KUBOTHBIMU IIPH JIOKATEHOM THIECKOM KOMUTETE U JIOKAIBHBIM 3THIECKUM KOMUTETOM
KpacI'MV.

Jsa nurtuposanus: Canmun B.B., Ilepesepros T.A., Mypansu I''A., I'yaxosa E.C., Onosa A.C., Kyrakos B.A.,
JIprukoBckas E.B., Uekumesa T.H., CemuueB E.B., Manunosckas H.A., Mensenesa H.H., Makapeuko T.A., Cain-
muHa A.B. DddekTsl ma3MeHHoN KUCIOTEl Ha TKAaHU MATKH KpPBIC in vitro. Bloninemens cubupckoii meouyumul.
2022;21(4):114-120. https://doi.org/10.20538/1682-0363-2022-4-114-120.
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INTRODUCTION

In recent years, there has been an increasing
interest in the use of gas discharge plasma when
performing surgical interventions in gynecology.
Argon plasma for coagulation and ablation is the
leading technological solution in this area [1, 2].
The impact of cold atmospheric plasma at the final
stage of reconstructive and plastic uterus operations
(applied directly to the suture area) enhances repair
of the myometrium and, consequently, formation of
a consistent scar [3]. Interaction of a plasma jet with
air entrained by a laminar flow results in an increased
concentration of active particles, many of which,
having good solubility, increase the concentration of
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) in the tissue [4].

For standard coagulation and ablation, it is
impossible to exclude the accumulation of ROS and
RNS in tissues and the formation of the so-called
plasma acid, as well as a significant decrease in pH
(in case of prolonged exposure to plasma) [5, 6]. A
significant increase in the RNS concentration in
plasma devices for medical applications is achieved
by replacing argon with air, which is used in the
Plazon system [7] or KINPen MED® [8]. The results
of assessing the possibility of using the Plazon unit
during surgeries on the uterus and its appendages were
discussed in the literature [3, 9—13]. However, the
molecular and cellular mechanisms in uterine tissues
induced by plasma have not been studied. The effect
of plasma acid on the modification of proteins and
lipids was described [6], but no data on its effects on
cells of the reproductive system, including the uterus,
are available in the literature. This prevents from a
reasonable, scientifically grounded understanding of
the safety and effectiveness of the use of plasma acid
in clinical practice.

The aim of the study was to evaluate the effect of
plasma acid on the uterus of laboratory animals in
Vitro.

MATERIALS AND METHODS

The study was carried out on female Wistar
rats aged 3 months (n = 16), weighing 180-200 g.
The selection of female rats was carried out at the

end of proestrus and the beginning of estrus (by
examining the vaginal opening and evaluating vaginal
smears). Then surgery was performed, and after 1
day, the uterus was removed from the euthanized
animals. Uterus samples after exposure to plasma
acid were fixed in a 4% buffered paraformaldehyde

solution and embedded into paraffin blocks for
further sectioning.

Plasma acid was prepared by irradiating 5 ml
of water for injections or 50% dimethyl sulfoxide
(DMSO) — water solution with a nanosecond-pulsed
spark discharge in a 50 ml leak-proof container. A
spark discharge with a discharge gap length of 20
mm was created by a nanosecond high-voltage pulse
generator with a pulse energy of 0.2 J and a voltage of
40 kV. When pH = 2 was reached, the treatment was
stopped. The prepared solution was used to incubate
freshly isolated uterine tissues of laboratory rats for
30 minutes.

The expression of DAPI, VEGF, CDI133,
8-hydroxy-2-deoxyguanosine, 3-nitrotyrosine, and
Ki67 in tissues was assessed according to standard
protocols for direct and indirect immunohistochemistry
(immunofluorescent variant). Microphotography of 10
different fields was performed at x175 magnification
using the ZOE™ Fluorescent Cell Imager (Bio-
Rad, USA). Digital images were processed using
the Imagel] software. Each field was divided into
nine frames, empty fields outside the tissue sample
were rejected after manual sorting. Then the plugin
[14] in the Image] software was used for automatic
recognition and counting of labels.

We evaluated the median expression and the
interquartile range of the number of labels in one frame
Me (Q,; O,). The method of non-parametric statistics
was used for statistical processing of the obtained
data: comparison of several independent samples (the
Kruskal — Wallis test) with the subsequent use of a
module for pairwise comparison of medians among
the samples using the Statsoft Statistica 12.0 package.

RESULTS

Data on the expression of the markers used are
shown in the diagrams (Figure). They demonstrate
median values with the interquartile range in the
control group and two experimental groups exposed
to plasma acid (plasma-activated DMSO, plasma-
activated water). We used the method of non-
parametric statistics (the Kruskal — Wallis test).

The analysis of the number of 4’,6-diamidino-2-
phenylindole (DAPI)-stained (DAPI) cells was used
to assess the effect of plasma acid on cell survival in
a tissue sample in the tested solutions. At the same
time, a smaller number of DAPI* cells in the tissue
sample should be regarded as the result of death,
exfoliation, and destruction of damaged cells upon
exposure to plasma acid in the tested solutions. We
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found that when using plasma-activated water, the
number of DAPI* cells was significantly smaller
=311 (233;368) compared with the control group
=350 (284; 435) (z = 7.638; p < 0.001), thereby
suggesting the cytotoxic effect of the solution. In the
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Figure. Results of the analysis of DAPI+ cell number, expression of VEGF, Ki67, CD133, 3-NT, and 8-OHdG during incubation

of rat uterine tissue samples in solutions treated with spark discharge plasma, Me (Q,; O,): * experimental groups with p < 0.05

compared with the control group; plasma-activated DMSO — 50% aqueous solution, plasma-activated water — water for injections
compared with the control (saline)

Expression of 8-hydroxy-2-deoxyguanosine (8-
OHAG) as a marker of oxidative DNA damage under
the effect of plasma-activated water was significantly
higher n, ... = 35 (19; 53) (z = 5.98; p < 0.001)
compared with the control group n, .. = 25 (14; 42).
In the group of samples incubated in plasma-activated

Bulletin of Siberian Medicine. 2022; 21 (4): 114-120

DMSO solution, the expression level of n . .=24
(15; 34) did not significantly differ from the control
group (z = 2.16; p = 0.09). In the tissue samples
incubated in the plasma-activated DMSO solution,
tissue expression of 3-nitrotyrosine (3-NT) as a marker
of nitrosative protein damage was significantly lower
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n, = 16 (8;29) (z=8.35; p <0.001) compared with
the control group 7, = 25 (13; 41), while plasma-
activated water did not have such an effect n, . =
23 (14; 33) (z = 1.64; p = 0.29). It is worth noting
that these effects of DMSO were accompanied by
a lower proliferative potential of cells, as it could
be concluded from the expression of Ki67 protein,
n .~ 21(10; 36) (z = 3.47, p = 0.0015) compared
with the control group n, .= 25 (13; 43). The cyto-
toxic effect of plasma-activated water was not
associated with significant changes in cell prolifera-
tion n, =23 (14;39) (z=1.18; p = 0.71).

To what extent do the revealed effects correspond
to the response of cells with pro-angiogenic potential
in the tissue? When fragments of the uterine wall
were treated with the plasma-activated DMSO, there
was a significantly smaller median number of cells
expressing CD133, n_ .. = 30 (20; 46) (z = 5.78;
p < 0.001) compared with the control group,
Nepiss = 42 (23; 68). In the group of samples treated
with plasma-activated water, n., .. = 42 (25; 60),
no significant differences were found (z = 1.30;
p =0.57). CD133 is a marker of stem and progenitor
cells in the tissue, whereas VEGF expression
characterizes the pro-angiogenic potential of the
tissue and may also reflect the degree of hypoxic cell
damage. We found that the median value of VEGF
expression in the endometrium and uterine stroma
was lower under the effect of plasma-activated
DMSO, n,, . = 31 (20; 47) (z = 8.13, p < 0.001), or
higher under the effect of plasma-activated water,
n,... = 31 (38; 67) (z = 3.36, p = 0.003) compared
with the control group, n ... =48 (31; 65).

DISCUSSION

We found that plasma-activated DMSO did not
have a pronounced cytotoxic effect and did not
induce oxidative DNA damage or nitrosative damage
to cellular proteins, but reduced the proliferation
of cells (including CD133" cells) and suppressed
VEGF expression, thereby affecting proliferative and
pro-angiogenic activities. On the contrary, plasma-
activated water demonstrated a pronounced cytotoxic
effect due to the induction of oxidative DNA damage
and VEGF expression. In general, this indicates that the
cytotoxic effect of plasma-activated water was more
determined by the action of ROS, but not by RNS.
Interestingly, plasma-activated DMSO prevented the
development of physiologically mediated nitrosative
damage to cellular proteins. These differences in the
effects of solutions were probably due to their physical

and chemical properties that determined the ability to
cross a cell membrane and / or trap ROS / RNS in the
solution.

CDI133 (prominin) is a stem cell marker present
in various tissues, but it can also be detected in adult
differentiated cells. It is believed that its expression is
high in the endometrium [15; 16]. It is known that a
decrease in CD133 expression is a consequence of an
increase in the activity of the mTOR protein which, in
turn, is activated by oxidative stress [17]. However,
the observed decrease in the number of CD133+ cells
under the effect of plasma-activated DMSO cannot
be explained by oxidative stress (with no signs of
oxidative DNA damage or general cytotoxicity).
Presumably, it is associated with a decrease in VEGF
expression. It is known that CD133" cells are very
sensitive to the effects of this growth factor in various
tissues, and CD133 can control the release of VEGF
[18]. Hypoxia [19] and oxidative stress [20] are known
to be powerful triggers of VEGF expression. Increased
expression of VEGF was recorded in endometriosis
[21]. In addition to stimulating angiogenesis, VEGF
activates the mitochondrial biogenesis through
the mTOR-dependent pathways as a response to
insufficient mitochondrial activity due to oxygen
deficiency, damage to mitochondria, or an increased
demand for cells to produce ATP [22]. Thus, the
increase in VEGF expression in cells under the effect
of plasma-activated water might be associated with the
development of mitochondrial dysfunction, oxidative
stress, and hypoxia in the tissue. Indeed, plasma-
activated water caused a cytotoxic effect accompanied
by the formation of 8-OHdG, so an increase in VEGF
expression is expected.

The two tested solutions had different effects on
cell proliferation. Plasma-activated water had no
significant effect, while plasma-activated DMSO
inhibited Ki67 expression in tissue samples. On the
one hand, this effect could be associated with the fact
that actively proliferating cells predominantly die
under the effect of plasma-activated DMSO. However,
taking into consideration that DMSO generally showed
no cytotoxic effect, we may assume that a decrease in
the number of Ki67" cells in the tissue was associated
with a decrease in the number of CD133* cells and
suppression of VEGF expression.

CONCLUSION

Plasma-activated water and plasma-activated
DMSO exhibited various biological effects in the
uterine tissue samples of experimental animals at
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ABSTRACT

Aim. To study the associations of blood proteins with the presence of unstable atherosclerotic plaques in the
arteries in patients with coronary artery disease using the quantitative proteomic analysis.

Materials and methods. The study included patients with coronary artery disease (n = 40); the average age of
patients was 58 + 7 years. Material for the study was blood serum. Protein concentrations in serum samples were
determined using the PeptiQuant Plus Proteomics Kit (Cambridge Isotope Laboratories, USA). Protein fractions
were identified using the liquid chromatograph and tandem mass spectrometer Q-TRAP 6500.

Results. Mass spectrometry revealed an increased concentration of proteins, such as fibrinogen, fibulin-1, and
complement factor H, in the serum samples of patients with unstable atherosclerotic plaques. It took place with a
simultaneous decrease in the levels of o 2-antiplasmin, heparin cofactor I, coagulation factor XII, plasminogen,
prothrombin, vitronectin, complement proteins (C1, C3, C7, C9), and complement factor B. The differences were
considered significant at p < 0.05. It was revealed that the presence of unstable atherosclerotic plaques was associat-
ed with the level of fibulin-1 (Exp(B) = 1.008; p = 0.05), plasminogen (Exp(B) = 0.995; p = 0.027), and coagulation
factor X (Exp(B) = 0.973; p = 0.037).

Conclusion. An increased concentration of fibulin-1 can be considered as a potential biomarker of unstable
atherosclerotic plaque development in coronary artery disease. The possibility of using the studied proteins as
biomarkers of unstable atherosclerotic plaques requires further studies on their potential role in the development
of this disease.
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N3yueHue accoumaumin 6enkoB B KpOBU C HAaIMYMEM HeCTabUNbHbIX
aTepoCKNepoTNUYeCKNX 6naweK B KOPOHapHbIX apTepusax METOZ40M
KONNYeCTBeHHON NPOTeOMUKN
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PE3IOME

Henws. M3yuenne acconuanuii OEJIKOB KPOBH C HAIMYMEM HECTAOMJIBHBIX aTEPOCKJICPOTHYECKUX OJISIIEK B
apTepusX y MAIMEHTOB C KOPOHApHBIM aTEPOCKIEPO30M C HCIOJIb30BAHMEM KOJIMYECTBEHHOTO MPOTEOMHOTO
aHaIM3a.

Marepuajabl H MeToAbl. B HccienoBaHHe y4acTBOBANIM HAIMEHTHl C HIIEMUYCCKOH OOJE3HBIO cepana H
KOpOHapHBIM aTepockiepo3oM (n = 40), cpeqHuil Bo3pact manueHToB 58 + 7 jer. MaTtepuan McCIeIoBaHus —
ceIBOpOTKa KpoBH. KoHIeHTpammu 6e1xoB B 00pa3nax CbIBOPOTKH OIpe IeIsUIH C HOMOIIbio Habopa PeptiQuant Plus
Proteomics Kit (Cambridge Isotope Laboratories, CIIIA). Unentudukanuio 6enKkoBbIX (Gpakiuil 0CyIIeCTBISIH
METO/JJOM MOHHTOPHHTAa MHO>KECTBEHHBIX peakiuii Ha Macc-criekrpomerpe Q-TRAP 6500, koMOuHNpOBaHHOM ¢
JKHJJKOCTHBIM XPOMAaTOTpagoM.

Pe3yabTaThl. Macc-criekTpoMeTpryeckasi HACHTH(HUKALUS BbISIBUJIA B 00pa3iiaX CBIBOPOTKH KPOBH y MAIIUCHTOB
C HEeCTaOMJIBHBIMHU aTEPOCKIEPOTHYECKUMHE OJISIIIKAMH TOBBIIICHHYIO KOHLICHTPALUIO O0elKoB: GpuOpuHOTeH, (u-
OynuH-1 u pakrop xkomruiementa H. I1pu oqHOBpeMEHHOM CHMKEHHOM YPOBHE OENTKOB: BUTPOHEKTHH, O-2-aHTH-
IUTa3MUH, KOPaKTop renapuna 2, KoaryssuuoHHbIH paktop XII, mazMHHOTEH 1 TPOTPOMONH, OEITKH KOMIUIEMEHTA
(Cl1, C3, C7, C9) u daxrop xomruiemenTa B. Pazmuumst cuntanu 3Haunmeivu npu p < 0,05. BeigBieHo, 4to
HECTaOMIIBHOCTB aTePOCKIEPOTHYECKHX OJISIIEK aCCOUMMPOBaHa ¢ KoHneHTpanuei pudynmna-1 (Exp(B) =1,008;
p =0,05), mmazmunorena (Exp(B) =0,995; p = 0,027) n koarynsmuonHoro ¢akropa X (Exp(B)=0,973; p =0,037).

3akiouenne. [ToBbinieHHas KoHIEHTpalys GuOyIHHA-1 B KPOBH MOXKET pacCMaTPUBATHCS KaK MOTSHIMAIBHbIN
OroMapkep HeCTaOMJIBHOCTH aTepOCKICPOTHYECKHX OJSIIEK IPH KOPOHAPHOM aTepockiepo3e. Bo3MOXHOCTH
MCIIOJIb30BaHMsI UCCIICIOBAHHBIX OCJIKOB KaK OMOMapKepOB HECTAOMIBHOCTH aTePOCKICPOTHUSCKUX OJISIIIEK MPH
KOPOHApHOM aTepoCKiIepo3e TpedyeT AalbHeHIINX UCCIeI0BaHUN MX NOTCHIUAIBHON PO B pa3BUTUU JaHHOTO
3a0051eBaHMs.

KiroueBble cj10Ba: NPOTEOMHBIH aHAIN3, MACC-CIIEKTPOMETPHS, KOPOHAPHBIH aTepOCKIICPO3

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

Hcrounuk punancupoBanus. PaboTa BeImoHEeHa B paMKax OI0KETHOH TeMbI 1o ["ocy1apCTBEHHOMY 3aTaHUIO
Ne 122031700094-5 u B pamkax rpanta PH® Ne. 21-15-00022.

CooTBeTcTBHE NMPUHIMIAM 3THKH. Bce ydyacTHUKM moamucany HHGOPMHPOBAHHOE COIVIaCHE Ha y4acTHE B
uccienosanuu. Mcenenosanue onodpeno stnueckum komurerom HUUTIIM — punman Uul” CO PAH (mporo-
kost Ne 7 o1 26.09.2017).
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0363-2022-4-121-129.
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INTRODUCTION

Research in the field of etiology and pathogenesis
of coronary atherosclerosis, which predetermine
complications of this pathology, is currently
relevant due to high prevalence and mortality
from this disease. Atherosclerosis as the dominant
cause of cardiovascular diseases (CVD) includes
a number of pathological processes, namely:
endothelial dysfunction, excessive lipid deposition
in the intima, exacerbations of innate and adaptive
immune responses, proliferation of smooth muscle
cells, and remodeling of the extracellular matrix,
eventually leading to the formation of atherosclerotic
plaques (AP).

AP instability aggravates the pathological
atherosclerotic process, leading to the development of
complications of CVD. The composition of the plaque
and internal hemorrhage in the atherosclerotic plaque
are independent risk factors for stroke and CAD [1].
Genetically determined inhibition of fibrinogen a-, -
and y-chains, factor II, and factor XI was associated
with a reduced risk of venous thromboembolism
(» < 0.001). Inhibition of fibrinogen B- and y-chains
was associated with a reduced risk of stroke in large
arteries (p = 0.001) [2]. Various biomechanical and
hemodynamic factors contribute to AP instability. The
intact vascular endothelium is thromboresistant, and
the damaged endothelium releases increased amounts
of procoagulants. Hemostasis is carried out by blood
cells and a plasma enzyme system represented by
closely interacting protein components. In order
to study the involvement of various proteins in
the pathogenesis of coronary atherosclerosis, it is
necessary to investigate the specific contribution of
proteins with pro- or anticoagulation activity to the
development of plaque instability in the coronary
arteries.

Accumulation of data on the pathogenesis of
coronary atherosclerosis and its complications and the
development of modern research methods contribute to
the search for proteins which may be used as prognostic
and diagnostic biomarkers of CVD. A quantitative
proteomic analysis which is used for identification and
quantification of biological molecules using tandem
mass tag mass spectrometry is a useful method in the
accurate quantitative simultaneous determination of
proteins in various biological samples. Despite the
fact that the number of candidate proteins under study
is constantly increasing, their role in the pathogenesis
of coronary atherosclerosis is not completely clear.

Understanding the changes in blood proteins in
atherosclerosis will help identify new biomarkers that
will give an insight into the conditions underlying the
development of complications of this disease.

The aim of this study was to investigate the
association of certain blood proteins with unstable AP
in the arteries in men with coronary atherosclerosis
using quantitative proteomic analysis.

MATERIALS AND METHODS

The study included patients with CAD and coronary
atherosclerosis who were referred to coronary artery
bypass surgery and who had intraoperative indications
for coronary endarterectomy which was carried out
during the surgery. Exclusion criteria were as follows:
myocardial infarction (less than 6 months ago), acute
and chronic infectious and inflammatory diseases or
their exacerbations, renal failure, active liver diseases,
cancer, hyperparathyroidism. The protocol of the study
was approved by the Ethics Committee at the Research
Institute of Internal and Preventive Medicine, branch
of the Institute of Cytology and Genetics, SB RAS
(Protocol No. 7 0of 26.09.2017). All patients signed an
informed consent to participate in the study.

Blood serum samples were the study material.
In all patients, blood was taken from the ulnar vein
in the morning on an empty stomach. Blood serum
samples of 40 men were selected for the quantitative
proteomic analysis. All patient samples were divided
into two groups of 20 patients each. Group 1 consisted
of patients (average age 58 + 4 years) with stable
AP only, which was determined by the histologic
analysis. Group 2 consisted of 20 patients (average
age 57 = 10 years) with unstable AP only, which
was also determined by the histologic analysis. We
used the PeptiQuant Plus Proteomics Kit (Cambridge
Isotope Laboratories, USA) to determine protein
concentration in the serum samples according to the
method suggested by the manufacturer with some
modifications.

The technique of performing trypsinolysis was the
following: 20 ml of a solution containing 9 M urea,
20 mM dithiothreitol, and 300 mM Tris-HCI (pH 8.0)
was added to 10 ml of a serum sample. We added
10 pul of a bovine serum albumin (BSA) solution to
a separate test tube, which was later used as a matrix
solution for calibration points. The samples were
incubated for 30 min at 37 °C. We added 20 ul of
100 mM iodoacetamide solution to all test tubes. Then
the test tubes were incubated for 30 minutes in the
dark at room temperature. Later we added 272 ul of
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100 mM Tris-HCI (pH 8.0) and 35 pl of a trypsin
solution. The test tubes were then incubated for
18 hours at 37 °C. Proteolysis was stopped by adding
343 ul of 2% formic acid.

A mixture of light (unlabeled) peptides was
diluted in 60 pl of a solution of 30% acetonitrile and
0.1% formic acid. We prepared a series of dilutions
for calibration according to the scheme. A mixture
of peptides labeled with heavy stable isotopes was
diluted in 450 ul of 30% acetonitrile and 0.1% formic
acid and used as an internal standard.

We added 40 pl of serum samples to the test tubes
after trypsinolysis and 40 pl of BSA solution after
trypsinolysis. Then 10 pl of a labeled peptide solution
was added to all tubes. We added 10 ul of diluting
standards to the tubes with BSA to create a calibration
curve. We added 10 pl of 30% acetonitrile and 0.1%
formic acid to the test tubes with serum samples. Then
540 pl of 0.1% formic acid was added to all tubes.

The samples were purified with the Oasis HLB so-
lidphase extraction cartridges (Waters, USA), 10 mg.
The cartridges activated 600 pl of methanol and
balanced 600 pl of 0.1% formic acid. We took 510 pl
ofthe sample and rinsed it with 600 pl of water 3 times.
Peptides were eluted with 300 pl of 50% acetonitrile
and 0.1% formic acid. The obtained samples were
frozen at —80 °C and dried using the FreeZone 2.5
Dryer designed for lyophilizing light sample loads
(Labconco, USA). Dry sediments were diluted in 34 pul
of 0.1% formic acid and then used for the analysis.

Peptides were detected by multiple reaction
monitoring (MRM) on the Q-TRAP 6500 mass
spectrometer (AB Sciex, USA) coupled with the
high-performance liquid chromatograph Infinity 1290
(Agilent, USA). Chromatographic separation was

carried out on the column Titan C18, 1.9 pm (Supelc,
USA) in several stages. The flow rate was 0.4 ml /
min, the separation temperature was 45 °C.
Positively charged ions obtained by electrospray
ionization in the lonDrive Turbo V Ion Source were
detected. We used the Multiquant 3.0.2 software (AB
Sciex, USA) to create calibration curves and determine
protein concentrations based on the peak area of the
MRM transitions specific to each studied peptide.
Statistical data processing was carried out using
the SPSS 20.0 software for Windows. The statistical
analysis consisted in applying the Kolmogorov —
Smirnov testand the Mann— Whitney Utest to normally
distributed data. The age of patients was presented as
the mean and the standard root-mean-square deviation
(M £ o). The results in the table were presented as the
median and the interquartile range (Me [Q,;0..]). A
multivariate logistic regression analysis was carried
out to determine associations. The differences were
considered statistically significant at p < 0.05.

RESULTS

Proteomic profiling of the blood serum samples
was performed using the PeptiQuant Plus Proteomics
Kit. A total of 125 proteins were identified. The
identification of proteins was carried out by MRM
using a triple quadrupole ultra-high resolution
time-of-flight mass spectrometer with electrospray
ionization coupled with a high-performance liquid
chromatograph.

The differential protein expression analysis was
carried out by two technical replicates for each sample.
Following the comparative analysis, we isolated
proteins, the concentration of which had a statistically
significant difference in the study groups (p < 0.05).

Table
Quantitative mass spectrometry-based protein identification in the blood, Me [Q,;0. .|
. Protein concentration, fmol / pl
Protein P
Group 1 Group 2

Fibrinogen, a-chain 143.5[139.4;147.7] 254.4 [243.6;284.9] 0.006
Fibrinogen, y-chain 45.9[40.9;52.1] 120.9 [45.4;165.8] 0.005
Fibulin-1 663.9 [576.1;748.6] 735.2 [600.4;796.0] 0.038
Fibronectin 429.6 [234.0;522.5] 256.2 [197.9;402.3] 0.161
Thrombospondin-1 75.0 [63.0;95.2] 75.1[53.8;89.8] 0.419
Vitronectin 2,839.5[2,166.2;3,362.2] 2,151.0 [1,654.0;2,878.0] 0.005
02-antiplasmin 522.2 [427.2;649.4] 472.2 [323.4;599.2] 0.034
02-macroglobulin 4,885.0 [4,342.5;5,345.5] 4,714.5 [3,324.5;5,868.2] 0.376
Antithrombin 111 3,880.0 [2,460.75;4,845.75] 3,272.5[3,017.5;4,291.0] 0.844
Heparin cofactor 11 4,274.5 [4,057.7;4,577.5] 3,803.0 [3,055.0;4,233.0] 0.0001
Coagulation factor IX 87.8[67.7;107.9] 74.1 [48.2;124.0] 0.166
Coagulation factor X 136.0 [107.5;142.4] 105.3 [92.3;123.3] 0.065

124
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Table (continued)

. Protein concentration, fmol / pl
Protein P
Group 1 Group 2
Coagulation factor XII 419.4 [294.9;525.0] 291.1[265.8;380.6] 0.0001
Kininogen-1 178.3 [162.5;205.7] 175.5[154.9;192.1] 0.346
Complement component C1q, subunit B 67.1[53.3;95.9] 68.5[57.2;80.2] 0.538
Complement component C1q, subunit C 106.2 [93.8;143.3] 112.1[92.4;146.5] 0.939
Complement component Clr 251.2 [169.7;273.6] 194.0 [164.2;242.5] 0.106
Complement component Cls 47.4 [42.8;54.0] 43.8 [34.0;74.8] 0.729
Complement Component C3 586.8 [469.1;717.1] 471.8 [408.7;572.0] 0.008
Complement component C7 75.9 [56.4;82.0] 60.4 [54.2;74.9] 0.006
Complement component C9 191.3 [113.9;212.5] 137.7 [75.4;185.5] 0.026
Complement factor B 4,985.0 [3,585.0;6,251.2] 3,980.5 [3,698.0;4,358.7] 0.017
Complement factor H 526.4 [463.3;587.8] 581.4 [531.9;626.6] 0.018
Plasma protease C1 inhibitor 2,037.0 [1,565.0;2,294.0] 1,651.5[1,092.0;2,234.7] 0.041
Plasma serine protease inhibitor 51.4 [48.2;62.1] 49.4 [46.5;74.6] 0.769
Plasminogen activator inhibitor-1 27.6 [21.1;36.4] 24.1[19.2;32.1] 0.102
Plasminogen 933.1[833.2;1,050.5] 803.5 [695.6;879.2] 0.001
Prothrombin 902.2 [711.1;1,044.2] 788.4[718.7;821.1] 0.047

Fibrinogen, which is one of the main proteins in the
coagulation system, differed significantly in the study
groups. In the group of patients with unstable plaques,
the concentration of each of the two fibrinogen
isoforms (a- and y-chain) was 1.8 and 2.5 times higher,
respectively (Table). At the same time, the level of
fibulin which binds to fibrinogen and incorporates into
clots, was also higher in the group of patients with
unstable plaques. In addition, the multivariate logistic
analysis showed that the instability of atherosclerotic
plaques was associated with the concentration of
fibulin-1 (Exp(B) = 1.008; 95% confidence interval
(CI) 1.000-1.015; p = 0.05).

In our study, the level of plasminogen, which is the
main component of the fibrinolytic system, was higher
in the group of patients with stable plaques (p < 0.05).
Also, the multivariate logistic analysis showed that
the instability of atherosclerotic plaques was reversely
correlated with the levels of plasminogen (Exp(B)
= 0.995; 95% CI 0.990-0.999; p = 0.027), heparin
cofactor II (Exp(B) = 0.999; 95% CI 0.998-1.000;
p =0.010), and coagulation factor X (Exp(B) = 0.973;
95% CI 0.949-0.998; p = 0.037). Fibrinolytic activity
of the blood also depends on fibrinolysis inhibitors.
The concentration of plasminogen activator inhibitor-1
(PAI-1) was 13% higher in the group of patients with
stable plaques, but did not reach the level of statistical
significance (p = 0.102).

In addition, the concentration of proteins, primary
anticoagulants (o2-antiplasmin, o2-macroglobulin,
heparin cofactor II), was significantly higher in
patients with stable plaques (Table). At the same time,

the level of the anticoagulant antithrombin III was
higher in the blood of patients with unstable plaques.
Antithrombin III is a universal inhibitor of thrombin
and almost all clotting factors, which is confirmed by
our study; the levels of coagulation factors 1X, X, and
XII were lower in group 2.

At the same time, the level of coagulation factor
XII was significantly higher in the group of patients
with stable plaques. Highly activated factor XII in
combination with kininogen activates fibrinolysis.
In our study, the level of kininogen was higher in the
group of patients with stable plaques, but it did not
reach the level of statistical significance.

Blood clotting mechanisms are linked with the
activation of the immune system. In our study, there
was no significant difference between the C1 (Clg;
Clr; Cls) complement components in the study groups
(Table). However, the total level of the complement
component C1 was higher in the group of patients with
stable AP and amounted to 471.37 fmol / ul vs. 446.48
fmol / pl, compared with the group of patients with
unstable AP (»p <0.0001). The content of complement
components C3, C7, C9, and complement factor B
was higher in the group of patients with stable AP
(»p < 0.05). The level of the complement factor H
involved in C3b inactivation was 10% higher in the
group of patients with unstable AP (Table).

Fibronectin, thrombospondin, and vitronectin are
also involved in the coagulation cascade, promoting
platelet adhesion. In our study, no significant
difference was revealed in the content of fibronectin
and thrombospondin between the study groups. The
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concentration of vitronectin was significantly higher
in patients with stable plaques (p = 0.005).

DISCUSSION

Atherosclerosis is associated with inflammation
and vascular endothelial dysfunction. The intact
vascular endothelium is thromboresistant, and the
damaged endothelium releases increased amounts of
procoagulants.

In our study, the levels of fibrinogen and fibulin-1,
which is related to it, differed significantly in the
study groups. The concentrations of each of the two
fibrinogen isoforms (o- and y-chain) and fibulin-1
were higher in the group of patients with unstable
plaques. The multivariate logistic analysis showed that
AP instability was associated with the concentration
of fibulin-1. Previously, we found that the maximum
amount of fibrinogen was in the tissue of stable
fibrous AP, and the protein level was slightly lower
in unstable AP [3]. Thus, the study suggests that high
concentrations of fibrinogen and fibulin-1 may be a
promising biomarker of AP instability in the blood of
patients with coronary atherosclerosis.

Fibronectin, thrombospondin, and vitronectin
are involved in the coagulation cascade. Platelet
activation caused a local release of fibrinogen,
fibronectin, vWF, thrombospondin, vitronectin, and
clotting factors, promoting platelet adhesion and
increased coagulation [4]. In our study, no significant
difference was revealed in the content of fibronectin
and thrombospondin between the study groups.

Vitronectin is the main glycoprotein of cell
adhesion contained in plasma and extracellular matrix.
Increased expression of vitronectin may contribute to
the development of chronic vascular diseases, such as
atherosclerosis, playing an important role in vascular
homeostasis and pathological vascular remodeling.
Plasminogen activator inhibitor-1 (PAI-1) stimulated
vitronectin expression by binding low-density protein
receptor-related protein-1 (LRP1). The concentration
of vitronectin in the blood plasma was significantly
reduced in mice with PAI-1 deficiency compared with
the control [5]. When binding to PAI-1, vitronectin
participates in the activation of fibrinolysis. In
atherosclerosis of the carotid arteries, it was shown
that the level of PAI-1 in blood plasma was reduced
in the experimental group compared with the controls.
At the same time, the level of PAI-1 was positively
correlated with the level of vitronectin in the group
of patients with atherosclerosis, which may be due to
increased fibrinolytic activity and disease progression,

promoted by increased vascular remodeling [6]. The
level of vitronectin was significantly higher in the
blood of patients with CAD than in the control group.
Vitronectin is assumed to be a marker of CAD [7].
In our study, the concentration of fibronectin in the
blood was significantly higher in patients with stable
plaques.

Earlier, a prospective cohort study revealed that
high levels of factors IX and XI and a2-antiplasmin
were associated with an increased risk of CAD, and
did not depend on other coronary risk factors [8].
Correlations between the level of factor XII in the
blood and the presence of vulnerable atherosclerotic
plaques in the coronary arteries were shown [9].

In our study, the concentrations of proteins a2-
antiplasmin, o2-macroglobulin, heparin cofactor
I, and coagulation factor XII were significantly
higher in patients with stable plaques than in group
2. Antithrombin III (AT-III) is a universal inhibitor
of thrombin and almost all clotting factors, but in our
study, the concentration of antithrombin III in the
blood was higher in patients with unstable plaques,
although the level of statistical significance was not
reached.

The levels of coagulation factors IX, X, and XII
were lower in group 2. At the same time, the logistic
regression analysis showed that the instability of AP
was negatively correlated with the concentrations
of coagulation factor X, heparin cofactor II, and
plasminogen.

Previously, it was shown that the level of AT-
IIT was reduced in the high-risk subgroup of acute
coronary syndrome (ACS) compared with the control
group (p < 0.05). The logistic regression model
demonstrated that AT-11I was a protective factor (odds
ratio (OR) = 0.958; p = 0.012) for ACS. The level of
AT-III demonstrated prognostic value in patients with
ACS and was associated with the severity of CAD
[10]. At the same time, a reduced level of antithrombin
I is not an independent risk factor for myocardial
infarction [11].

Highly activated factor XII in combination with
kininogen activates fibrinolysis. Kininogen is a
precursor of bradykinin and kallidin, proteins that
cause vasodilation and smooth muscle contraction.
Besides the fact that kinins are known for their ability
to induce nitric oxide and prostacyclin, which mediate
cardioprotection, bradykinin promotes inflammation,
fibroplasia, and fibrosis after myocardial infarction in
rats [12]. Thus, kininogen is involved in inflammation,
blood pressure control, coagulation, and emergence
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of pain. With kininogen deficiency, the level of
bradykinin decreases, which does not affect the
function of the left ventricle, but affects the risk of
CAD [13]. In our study, the level of kininogen did
not differ in the study groups. However, high levels
of plasminogen and fibrinolysis inhibitor PAI-1 were
found in the group of patients with stable plaques.

There is a relationship between the activation of
the immune system, inflammation, and blood clotting
mechanisms. The complement system is not only a
component of the innate immune response, but also
a key mediator of inflammation [14]. Complement
system proteins have been repeatedly associated with
vascular remodeling and atherosclerosis [15, 16].

Research data indicate that the anomaly
of complement components and the resulting
excessive complement activation are associated with
atherogenesis. C3b / iC3b and MAC deposition in
the clogged arteries indicates increased complement
activation [17]. The complement system can modulate
platelet activation and subsequent formation of blood
clots. It was reported that several components of the
complement system, including C3 and the membrane
attack complex, are associated with platelets and
become functionally active when platelets are
activated [18]

The complement system can be activated through
three pathways: classical, lectin, and alternative.
All three pathways converge at the C3 level to form
the C5 convertase, which ultimately leads to the
polymerization of C9 and the formation of membrane
attack complexes. The classical pathway is triggered
by the recognition of Clq antibodies or apoptotic
cells associated with antigens or microbial surfaces.
Exposure of Clq to its target results in activation
of serine proteases Clr and Cls, followed by Cls-
mediated cleavage of C4 into anaphylatoxin C4a and
opsonin C4b. [14, 18]. Platelets can also release Clq
upon activation, thereby activating other platelets
[19]. There are several points of interaction in the
complement cascade and the blood coagulation
system. For example, factor Xlla can activate
Clq and, consequently, the classical complement
pathway [20].

In our study, no significant difference was found
between the Cl1 (Clg; Clr; Cls) complement
components in the study groups. However, the total
content of the complement component C1 was higher
in the group of patients with stable AP. The levels of
complement components C3, C7, C9 and complement
factor B were higher in the group of patients with

stable AP (p <0.05) (Table). The level of complement
factor H involved in C3b inactivation was higher in
the group of patients with unstable AP (Table).

Earlier ELISA studies showed high levels of C5b-
9 in intimal thickening and fibrous plaques compared
with normal tissue. At the same time, the levels of
C5b-9 in intimal thickening were higher than in fibrous
plaques, which allowed the authors to assume that
complement activation occurs directly in the artery
wall and plays an important role in atherogenesis [16].

Inflammation and activation of the C5b-9
complement system predispose to rupture of an
intracranial aneurysm [21]. In an animal experiment,
it was shown that the complement factor C5a and
its receptor C5aR are expressed in vulnerable
atherosclerotic plaques. A significant increase in C5aR
in the plaque was found in mice treated with C5a, while
local treatment with C5a led to a significant increase
in plaque destruction with concomitant bleeding.
In addition, the authors demonstrated that smooth
muscle cells and endothelial cells after C5a treatment
in vitro showed a marked increase in apoptosis, which
may contribute to the instability of the lesion in vivo
[22]. It was also found that the membrane attack
complex can play a crucial role in the formation of
plaques and rupture of aneurysms [23]. In our study,
the concentration of complement components C7 and
C9 involved in the formation of the membrane attack
complex did not increase in the blood of patients with
unstable plaques. Apparently, this process is local in
the tissue of the atherosclerotic plaque.

CONCLUSION

The possibility of using the studied proteins
as biomarkers of AP instability in coronary
atherosclerosis requires further research devoted to
their potential role in the development of this disease.
The data of this study, obtained using a modern
method of quantitative proteomics, revealed elevated
concentrations of complement factor H, fibrinogen,
and fibulin-1 in the blood serum samples of patients
with unstable AP. When the levels of proteins
which are involved in the coagulation cascade and
fibrinolysis and proteins related to them functionally
(a2-antiplasmin, a2-macroglobulin, heparin cofactor
11, coagulation factor XII, prothrombin, plasminogen,
PAI-1, vitronectin) reduced simultaneously, the
concentrations of complement proteins (C1, C3,
C7, C9) and complement factor B associated with
coagulation and fibrinolysis were also found to be
reduced in the group of patients with unstable AP.
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Our data showed that the inhibition of coagulation

and fibrinolysis in the blood of patients with unstable
AP significantly increased the concentrations of
fibulin-1 and fibrinogen. This was confirmed by the
multivariate logistic regression analysis, which showed
the relationship of instability with the concentration of
fibulin-1 (Exp(B) = 1.008; p = 0.05).

Thus, an increased concentration of fibulin-1

in the blood may be considered as a promising
potential biomarker of AP instability in coronary
atherosclerosis.
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Prognostic value of short-term trajectories of left ventricular ejection
fraction in patients with first myocardial infarction and percutaneous
coronary intervention
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2 Vinogradov City Clinical Hospital
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ABSTRACT

Aim. To assess periprocedural dynamics of left ventricular ejection fraction (LVEF) in patients with first acute
myocardial infarction (AMI) and percutaneous coronary intervention (PCI) without heart failure (HF) in the medical
history, as well as its prognostic value in the development of cardiovascular complications in the postinfarction
period.

Materials and methods. A prospective, single-center observational study included 131 patients with first AMI
without HF in the past medical history and successful PCI. LVEF was assessed before PCI at admission and before
discharge. In patients with reduced baseline LVEF of less than 50%, the criteria for its periprocedural improvement
were chosen: 1) LVEF > 50%; 2) ALVEF of more than 5%, but EF < 50%. The endpoints were hospitalization for
the development of HF and death from cardiovascular disease in combination with the development of HF. The
average follow-up period was 2.5 years.

Results. At admission, LVEF was < 50% in 74 (56.5%) patients. At discharge, according to the criteria for LVEF
improvement, the proportion of patients in this group was 40.5 and 14.9%, respectively. In 44.6% of cases, no
increase in LVEF was noted.

The predictors of the absence of periprocedural dynamics in LFEF included impaired regional contractility index
> 1.94, left ventricular end-systolic volume > 57 ml, left ventricular end-diastolic diameter > 5.1 cm, pulmonary
artery systolic pressure >27 mm Hg, NT-proBNP > 530 pg/ ml, and E / A ratio > 1.06. During the follow-up period,
28 (21.4%) patients were hospitalized for the development of HF, 33 (25.2%) patients had a combined endpoint.

The absence of periprocedural improvement in left ventricular contractility was independently associated with
higher odds of hospitalization for HF (relative risk (RR) 3.5; 95% confidence interval (CI) 1.63-7.55; p = 0.001)
and the combined endpoint (RR 2.6; 95% CI 1.28-5.48; p = 0.009) in the postinfarction period.

Conclusion. In patients with first AMI and left ventricular systolic dysfunction, periprocedural evaluation of LVEF

is reasonable to stratify the risk of adverse cardiovascular outcomes.
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MporHocTnyeckoe 3HauYeHNe nepunpoueaypHoOin AMHaMuKN ppakumm
BblGpOCa 1eBOro Xenyaouka y naLyneHToB C NepBbiM MHGapPKTOM
MMnOKapAa N YpeCcKOXKHbIM KOPOHapPHbIM BMeLLaTeIbCTBOM

TumodeeBa T.M."?, Kob6anasa ».[.", Ca¢papoBa A.D."?, Kabenbo M.®.3.", Turan XK.I'."

I Poccutickuil ynusepcumem opyawcovt hapooos (PYIH)
Poccus, 117198, . Mockea, yr. Muknyxo-Maxkaas, 8

2 l'opoockas knunuyeckas oonvnuya (I'KB) um. B.B. Bunozpadosa
117292, Poccus, 2. Mockea, yn. Basunosa, 61

PE3IOME

Henr ucciaenoBanusi. OneHKa MepUpoLneypHol TUHAMUKN (pakiun BeiOpoca sieBoro xenynodka (OB JIK)
y MAaMEeHTOB C MEPBBIM OCTPbIM HH(papkToM Muokapaa (OMM) i 4pecKoKHBIM KOPOHAPHBIM BMELIATEIbCTBOM
(UKB) 6e3 anamue3a cepaeunoi Hegoctarounoctd (CH) U ee mporHocTuyeckoe 3HAUCHHE B Pa3BUTHU CEpley-
HO-COCYANCTBIX OCJIO)KHEHHH B TOCTUH(APKTHBIN MIEPHOLI.

MarepuaJjbl 1 MeTOABL. B IMpocnekTHBHOE OJHOIEHTPOBOE HAOIIOATENBFHOE HCCleioBaHne BKimodeH 131 ma-
et ¢ nepBeiM OVIM 6e3 anamue3a CH u ycnemasiv UKB. @B JIXK onennBanacek 1o UKB npu noctymiennn n
nepe]] BEIMUCKOH. Y marnmeHToB ¢ ncxoaHo cHmkeHHoi OB JIXK menee 50% Obutn BEIOpaHEI KPUTEPHH MIEPHUITPO-
nexypHoro ee yayumenus: 1) @B JIDK > 50%; 2) AOB JIXK 6omee 5%, Ho @B < 50%. KoHeyHBIME TOUKaMHU SIBIISI-
JIICH TOCTIMTANIN3ANnus 110 noBoay pa3sutus CH U cMepTh OT cepiedHO-COCYUCTEIX 3a00JIeBaHI B KOMOHHAIINH
¢ pazsutreM CH. Cpenauit nepros HaOIIOSHHUS COCTaBHII 2,5 TOa.

PesyasTatsl. [Ipn noctymnenun y 74 (56,5%) nanuentos ormeuena OB JIK menee 50%. IIpn BeImmcke B 3TOM
rpymme mo kpurepusim yydmerns OB JDK gons manuentos coctasuna 40,5 u 14,9% coorserctenno. B 44,6%
ciyqaes npupoct OB JDK orcyrcTBOBa.

[Ipeauxkropamu nepunpouerypHoro otrcyreTsust tuHamMuky @B JDK sBumuch nHAEKC HApYIIEHHs JOKAIbHOU CO-
KpatumocTtu >1,94, xoHeuHo-cucroanueckuid 00beM JDK >57 mu, koHeuHo-auacTonnueckuil pasmep JOK >5,1
CM, CHCTOJIMYECKOE JaBJICHHE JISTOYHON apTepun >27 MM pT. cT, ypoBeHb NT-proBNP > 530 nr/mi, cootHoe-
HHE CKOPOCTEH TPaHCMHUTPAIBLHOTO KPOBOTOKA B (ha3y paHHEro HAMOJIHEHUS K KPOBOTOKY B CHCTONy Ipejcep-
nuit >1,06. 3a nepuon Habmonenus 28 (21,4%) nanuueHToB ObLIM TOCIUTAIM3UPOBAHBI 110 T0BOAY pa3Butus CH,
y 33 (25,2%) 3apeructpupoBaHa KOMOMHMPOBAHHAsI KOHEYHAS TOUKA.

OTCyTCTBYE MEPUIIPOLIEAYPHOTO YIIYUIIEHHsT COKPaTUTENILHON criocobHocTn JIXK He3aBHCHMO accoMHMpOBaHO
OoJiee BBICOKOH BEpOSTHOCTBIO rocruranu3anuu no nosogy CH (otHocurensHslil puck (OP) 3,5; 95%-it nose-
purenbHbIi nHTepBa (1) 1,63-7,55; p = 0,001) 1 HacTyuieHns: KOMOMHUpPOBaHHON KoHeuHOH ToukH (OP 2,6;
95%-ii 1IN 1,28-5,48; p = 0,009) B mocTUH()APKTHOM MEPUOJIC.

3akiouenne. Y manueHToB ¢ nepBeiM UM 1 cucrommueckoit nuchynkuuein JOK nenecoobpaszna mepumpoiie-
nypuast onenka @B JDK s ctpatndukanmu prucka pa3BUTHs HEOIArONPUATHBIX CEPJIETHO-COCYAUCTBIX HCXOIOB.

KonroueBble cioBa: ocTpblii nHApKT MHOKapAa, MEPUIPOLeAypHAas AMHAMUKA, (pakiuus BEIOpoca, cepiedHast
HEI0CTaTOUYHOCTh

KoHdmKT uHTEepecoB. ABTOPHI IEKIAPUPYIOT OTCYTCTBHE SIBHBIX M NMOTEHIUAIBHBIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHBIX C MyOIMKalUel HaCTOsIIEeH CTaTbu.

Hcerounnk ¢QunancupoBanusi. ABTOpB 3asBISIOT 00 OTCYTCTBUM (DMHAHCHPOBAHUS NPH IPOBEJICHUH
HCCIIEI0BAHMS.

CooTBeTcTBHE MPUHIMIAM ITUKH. Bce manueHTs! moanucam HHGOPMUPOBAHHOE COTTIACHE HA y4acTUE B HC-
cienoBannu. VcecnenoBanue o100peHO KOMUTETOM 110 dTHKe MeauuuHcekoro naerutyta PYJIH.

Jst uutupoBanus: Tumodeena T.M., Kobanasa XK. /1., Capaposa A.®., Kabenso M.®.D., Turaii XK.I'". [IporHo-
CTHYECKOE 3HAa4YCHUE MEPUINIPOLEAYPHOH AMHAMHUKH (pakIuK BEIOpOCA JIEBOTO JKEIyJ0YKa y MaleHTOB C Hep-
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BBIM MH(APKTOM MHOKap/a U YPECKONKHBIM KOPOHAPHBIM BMEIIATEIbCTBOM. Broniemens cubupckoi meouyumbol.
2022;21(4):130—139. https://doi.org/10.20538/1682-0363-2022-4-130-139.

INTRODUCTION

Left ventricular (LV) systolic dysfunction is one
of the key negative prognostic factors in patients with
acute myocardial infarction (AMI) [1]; therefore, an
assessment of left ventricular ejection fraction (LVEF)
is recommended for all patients in this group [2, 3].
At the same time, LVEF is the only echocardiography
parameter which is currently used as a predictor of
the outcome in patients with ST-elevation myocardial
infarction (STEMI) [4]. Depending on the value of
LVEF after the first myocardial infarction (MI) at
discharge, the authors recommend to identify groups
with a high risk of mortality with follow-up periods of
1 year [5, 6] and 3 years [7]. However, several studies
showed that a significant proportion of MI patients
with reduced baseline LVEF may improve over time
[8, 9], which results in a reduced risk of cardiovascular
events in the postinfarction period. Conversely,
patients who do not show an improvement in LVEF
values after MI have an increased risk of adverse LV
remodeling [10], life-threatening arrhythmias, cardiac
arrest, cardiovascular disease, and all-cause mortality,
regardless of revascularization, drug therapy, peak
troponin level, and baseline LVEF [11, 12]. Studies on
the dynamics of left ventricular contractility revealed
the association of an improvement in LVEF with
baseline levels of natriuretic peptide and MB-creatine
kinase and the affected artery [13, 14]. Patients, whose
LVEF improved from 2 weeks to several months after
MI, had a better disease prognosis [11, 12, 15]. The
rate of improvement in LVEF within a shorter period
after percutaneous coronary intervention (PCI) and
its relationship with distant outcomes are not well
understood in patients with the first MI and without
heart failure (HF) in the past medical history.

Despite recent advances in diagnosis and treatment,
the incidence of complications after MI remains
high [16-18]. Moreover, a lack of compliance and
a possibility of long-term follow-up in such patients
indicates relevance of assessing the role of short-term
trajectories of LVEF after PCI at discharge and their
impact on the development of HF and cardiovascular
mortality. Since much attention is paid to the
development of HF in the distant postinfarction period,
the aim of this study was to assess the periprocedural
dynamics of LVEF in patients with first MI and PCI

without HF in the medical history, as well as its
prognostic value in the development of cardiovascular
complications in the postinfarction period.

MATERIALS AND METHODS

Our prospective, single-center observational study
included 131 patients hospitalized in the Intensive Care
Unit (ICU) of Vinogradov City Clinical Hospital. The
average age was 61.85 £ 11.3 years; 68% of patients
were men. STEMI was diagnosed in 74% of patients;
the average LVEF at admission was 46 (44; 50)%. In
57 (43.6%) patients, LVEF was more than 50%, in
56 (42.7%) patients, it was 40-49%, in 18 (13. 7%)
patients, it was less than 40%.

Inclusion criteria were the following: the first
AMI diagnosed according to the Fourth Universal
Definition of MI [19]; successful primary PCI in
patients with STEMI, early (within 24 hours) PCI in
patients with non-ST elevation myocardial infarction
(NSTEMI), i.e. achieving TIMI grade III blood flow
in the affected vessel; the sum of B-lines of less than
5 during lung ultrasound; no history of HF and dyspnea
at admission, Killip 1.

Exclusion criteria were the following: intake of
diuretics and vasopressors, the presence of primary
pathology of the lungs (pneumonia), lung cancer,
development of AMI complications (ventricular septal
rupture, papillary muscle rupture with detachment),
severe arrhythmia at the time of inclusion, including
atrial fibrillation and(or) flutter.

The study was performed in compliance with
the ethical principles of the Declaration of Helsinki
developed by the World Medical Association “Ethical
Principles for Medical Research Involving Human
Subjects” and Rules of Clinical Practice in the Russian
Federation.

Allpatientsunderwentaroutinephysical examination,
electrocardiography, chest X-ray, echocardiography
(EchoCG), lung ultrasound, coronary angiography, and
coronary angioplasty with stenting. Laboratory studies
were performed in accordance with Russian standards
of medical care. Complete blood count and blood
biochemistry were performed, including measurement
of the troponin level twice (at admission and 6—12 hours
after hospitalization) and additional measurement of
N-terminal pro-brain natriuretic peptide (NT-proBNP).
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EchoCG was performed at admission to the
ICU before PCI and at discharge, followed by post-
processing using the EchoPAC station (General
Electric Healthcare, USA) with an automatic
assessment of LVEF [20-22]. LV diastolic function
was assessed by the following parameters: E, E / A,
e’lat, E / ¢’lat, left atrial volume index, peak tricuspid
regurgitation velocity [23].

Patients with the baseline LVEF of less than 50%
were additionally stratified based on the periprocedural
dynamics of LV contractility. In patients with
baseline LVEF of less than 50%, criteria for short-
term improvement of LVEF were selected: 1) > 50%;
2) ALVEF of more than 5%, but EF < 50% [15].

To assess pulmonary edema, eight-point lung
ultrasound at admission was performed along the
anterior surface of the chest. The sum of B-lines of
less than 5 corresponded to the absence of pulmonary
edema [4, 22]. During the hospital stay and within
a year after the discharge, all patients received
standard dual antiplatelet therapy before and after the
intervention.

Endpoints. The main endpoints were hospitalization
for HF and death from cardiovascular disease. These
data were collected in a unified medical information
and analytical system, as well as via telephone
interviews with patients during a follow-up period of
2.5 years.

Statistical analysis. A data analysis was performed
using SPSS software (version 23.0) and MedCalc
Version 19. Quantitative variables were presented as
the arithmetic mean and the standard deviation M + SD
(for normal distribution) and as the median and the
interquartile range Me (Q; Q,) (for non-normal
distribution). Qualitative variables were described by
absolute and relative values n (%). The distributions

were checked using the Kolmogorov — Smirnov test.
The Spearman’s rank correlation coefficient was used
to measure rank correlation. To assess the differences
in quantitative variables between two independent
samples, the Mann — Whitney U test was used. The
Pearson’s chi-square test (y2) was used to compare
the frequencies of qualitative variables. Results
were considered statistically significant at two-tailed
p < 0.05. The impact of a lack of improvement in
LVEF on the risk of developing endpoints was asses-
sed by the univariate and multivariate Cox regression
model. Using logistic regression, predictors of changes
in LVEF were studied, the odds ratio (OR) and 95%
confidence interval (CI) were determined. Threshold
values for quantitative predictors were set based on
the ratio of marginal probabilities with the selected
cut-off score. The cut-off score was chosen for the
optimal trade-off between sensitivity and specificity.
The primary criterion for evaluating survival was
cumulative survival — the interval between the date of
discharge and the date of the endpoint. The survival
probability was estimated by constructing Kaplan-
Meier survival curves; comparison was made using
the log-rank test.

RESULTS

Comparative characteristics of patients with
LVEF of more and less than 50% at admission are
summarized in Table 1. Patients were matched by
sex and age. In the group of patients with LVEF of
less than 50%, atrial fibrillation in the past medical
history was significantly more frequent; laboratory
tests revealed significantly higher levels of troponin
and NT-proBNP at admission and 612 hours after
hospitalization. In addition, they had a higher risk of
mortality according to the GRACE score.

Table 1
Characteristics of patients with AMI, n = 131
Parameter LVEF 50%, n =157 (43.5%) LVEF < 50%, n =74 (56.5%) P
Age, years, M + SD 57+10.97 62.5+11.8 0.172
Men / women, 1 (%) 39(68)/18(32) 50(68)/24(32) 0.917
Body mass index, kg / m?, M + SD 28.03 £4.26 28.71 £4.56 0.375
Atrial fibrillation in the past medical history, n (%) 2(3.5) 10 (14) 0.049
NT-proBNP, pg / ml, Me (Q,; O,) 330.70 (199; 988) 785 (314; 1768) 0.011
Troponin 1, ng/ ml, Me (Q; O,) 0.11 (0.03; 0.73) 0.39 (0.07; 2.93) 0.005
Troponin 2, ng / ml, Me (Q,; O,) 3.64 (0.68; 19.73) 23.68 (3.45; 61.24) <0.000
STEMI / NSTEMLI, n (%) 38(67)/19(33) 59(80)/15(20) 0.090

Note: Troponin 1 —at admission in the ICU; Troponin 2 — 6—12 hours after the hospitalization.
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In a repeated EchoCG study before discharge of
patients with baseline LVEF of less than 50%, an
improvement in LV systolic function was observed
in 55.4% of cases, which was assessed as 1)
improvement in LVEF > 50% (in 30 patients); 2) A
LVEF of more than 5%, but not reaching 50% (in
11 patients). There was a slight decrease in LVEF in
4.6% of cases, and these patients were assigned to the
group without changes in LVEF, which consisted of
33 patients.

Comparative characteristics of patients with
improved LVEF and patients with no changes in this
parameter are presented in Table. 2.

Predictors of the absence of short-term recovery of
LVEEF are listed in Table 3.

The relative risk of developing HF and the
combined endpoint, obtained by univariate and
multivariate analysis, was statistically significant in
the group of patients with no short-term recovery of
LVEF (Table 4).

Table 2
Comparative characteristics of patients with recovered LVEF and patients without changes in LVEF, n =74
Patients Patients with improved LVEF, n = 41 Patients without changes in LVEF, n =33 p
IRCL, M + SD 1.87+£0.15 1.96 +0.15 0.025
LVESV, ml 41 (35; 56) 58 (42;71) 0.0055
SV, ml 47 (41;59) 41 (37, 47) 0.040
LVRWT 0.47 +0.1 0.53 +0.1 0.041
Patterns of LV geometry, n (%)
Normal 6 (14.6) 2 (6) 0.244
CR 9(22) 7(21.2) 0.937
CH 24 (58.5) 15 (45.5) 0.293
EH 2 (4.9) 9(27.3) 0.006
E,cm/s 0.44 (0.40;0.60) 0.56 (0.42;0.66) 0.197
E/A 0.70 (0.60;0.82) 0.77 (0.57;1.36) 0.002
LAVI, ml / m? 28.4 (24; 33) 30 (23.5; 40) 0.333
PTRV,m/s 1.9 (1.40; 2.20) 2.5(2.2;2.8) <0.000
Systolic pressure in the pulmonary artery, 20 (14:227) 30 (25:37) <0.000
mm Hg

Note: A — rate of transmitral blood flow in the atrial systole; E — rate of transmitral blood flow in the early filling phase; PTRV — peak
tricuspid regurgitation velocity; IVLC — impaired regional contractility index; LAVI — left atrial volume index ; CH — concentric hypertrophy;
CR — concentric remodeling; ESV — end-systolic volume; LVRWT — left ventricular relative wall thickness; SV — stroke volume; EH — eccentric

hypertrophy.
Table 3
Predictors of the absence of short-term recovery of LVEF
Parameter OR 95% CI p
IRCI> 1.94 7.86 2.57-24.06 0.0001
LVESV > 57 ml 6.94 2.82-17.05 <0.0001
LVEDD > 5.1 cm 8.45 2.99-23.87 <0.0001
Systolic pressure in the pulmonary artery >27 mm Hg 5.39 2.31-12.56 0.0001
NTproBNP > 530 pg / ml 3.22 1.42-7.29 0.0044
E/A>1.06 6.32 1.81-22.0 0.004
PTRV>2.1m/s 10.87 3.57-33.04 0.000

Note: IRCI — impaired regional contractility index; LVESV — left ventricular end-systolic volume; LVEDD — left ventricular end-diastolic
diameter; E / A — ratio of transmitral blood flow rates in the early filling phase to blood flow in atrial systole; PTRV — peak tricuspid regurgitation

velocity.

Table 4

Risk ratio for development of heart failure and a combined endpoint in patients, depending on the periprocedural dynamics of LVEF

Development of HF Combined endpoint
P Frequency | Univariate Multivariate Frequen- | Univariate Multivariate
arameter . . . .
of the analysis, p analysis, 95% p | cyofthe analysis, p analysis, p
events,% 95% CI CI events,% 95% CI 95% CI
0.50 0.75 0.73 0.69
>50%, n=
LVEF 2 50%, n =30 0272189 | %70 | 028205 | ¥ P | 0s0-177) | O | 027-174) | O
Increase in LVEF > 5%, 0.75 0.53 0.62 0.41
n=11 17 (0.18-3.18) 0.70 (0.12-2.35) 040 2 (0.14-2.61) 0.51 (0.09-1.81) 0.24
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Table 4 (continued)

Development of HF Combined endpoint
P Frequency | Univariate Multivariate Frequen- | Univariate Multivariate
arameter . . . .
of the analysis, Y4 analysis, 95% p | cyofthe analysis, P analysis, P
events,% 95% CI CI events,% 95% CI 95% CI
No dynamics of LVEF, 3.1 B 2.3 (1.17- 2.6 (1.28-
n=33 39 (1.46-6.47) 0.003 | 3.5(1.63-7.55) | 0.001 42 4.86) 0.017 5.48) 0.009

Note: the multivariate analysis included sex, age, atrial fibrillation, diabetes mellitus, multivessel damage.

Patients without changes in LVEF at discharge after
AMI were significantly more likely to develop end-

First MI and PCI
n=131
_

[ Atdischarge |

points (hospitalization for HF and CVD) than patients
with normal baseline and improved LVEF (Fig. 1).

Improved LV EF (n =41

LVEF <50%,
n=174(56.5%)

(55.4%)) (56.5%)
LV EF > 50%, 1 = 30
$LVEF > 5%, n=11

Endpoints (average follow-up of 674 days)
HF - 28 (21.4%)
Death from CVD — 6 (4.6%)
Combined endpoint (HF + death from CVD) — 33 (25.2%)

No improvement in LVEF,
n =33 (44.6%)

LVEF > 50% upon
admission, n = 57
(43.5%)

50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

HF

p=001;7=8.65 30.4%

14.0% 17.0%
.0%

LV EF
>50%

Improved
LVEF

No improvement
in LVEF

50.0%

HF + Death from CVD

42.4%

40.0%

p=0.03;7=69

30.0%

20.0%

10.0%

0.0%

0
19.3% 22.0%

LV EF > 50% Improved LVEF No improvement in LVEF

Fig. 1. Distribution of patients with AMI and PCI by LVEF at admission and discharge. Kaplan — Meier curves for cumulative
survival probability depending on the improvement in LVEF at discharge are presented on fig. 2,3
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Fig. 2. Kaplan — Meier curves for cumulative
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combined point) depending on the improvement in
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135

Bulletin of Siberian Medicine. 2022; 21 (4): 130-139



Timofeeva T.M., Kobalava Zh.D., Safarova A.F. et al. Prognostic value of short-term trajectories of left ventricular ejection fraction

é 1.0 B

— |

2 S ;

g L T }

= 08 —

S Bk

s -

E L

o +.

= 0.6 Log-Rank 0.002

2

=

E 0.4 x?9.69

g

5

w

L 0.2 —I"1 with periprocedural dynamics in LVEF

=

é —r1 without periprocedural dynamics in LVEF

=)

o 00 }— 0 —censored
0 200 400 600 g00 T 1 censored

Duration of follow-up, days
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DISCUSSION

Our study is the first attempt to assess the
prognostic value of short-term improvement in LVEF
in patients after the first MI and PCI. We demonstrated
the association between the absence of improvement
in LVEF at discharge according to the selected criteria
and a significantly increased risk of developing HF and
a combined endpoint. At the time of admission, more
than half of the patients had LV systolic dysfunction
and 44.6% of them did not recover at discharge.

Patients with and without positive dynamics in
LVEF were comparable in terms of sex, age, risk
factors for cardiovascular diseases, and the extent of
coronary lesion. However, patients without LVEF
dynamics had significantly higher LVESV, LVRWT,
higher systolic pressure in the pulmonary artery, and
eccentric LV hypertrophy, which emphasizes more
significant structural and functional damage to the
heart [23, 24].

Our data are consistent with the study by M.F
Minicucci et al. [14], who revealed the recovery of
LV function in the period from 2 weeks to 6 months in
25% of patients after MI. Y.Wu Wanda et al. [15, 25]
demonstrated 8-fold reduction of all-cause mortality
and a 10-fold decrease in the CVD risk in young AMI
patients with improved LVEF. D.S.Chew et al. [11,
12] also found that elderly patients with MI and an
improvement in LVEF of > 40% within 2 weeks had
a 4-fold lower risk of future adverse events, all-cause
mortality, and CVD compared with patients without
changes in LVEF.

It was noted in the earlier studies that low LVEF at
discharge in elderly patients after MI was correlated
with an increased risk of mortality and rehospitalization
[26]. In our study a decrease in baseline LVEF below
50% was not significantly associated with higher rates
of hospitalization for HF and CVD per se (p = 0.070).
However, we found an association of the absence of
short-term dynamics in LV contractility with high
frequency of hospitalizations for HF during the follow-
up, as well as with the development of a combined
endpoint. In addition, we identified predictors of the
absence of LVEF dynamics in patients with the first
MI, such as IRCI > 1.94, LVESV > 57 ml, LVEDD >
5.1 cm, systolic pressure in the pulmonary artery > 27
mm Hg, concentration of NT-proBNP > 530 pg / ml,
and the E / A ratio > 1.06.

We did not find studies on periprocedural
dynamics of LVEF in patients with the first MI and
successful PCI and its effect on the prognosis of CVD.
A detailed study of the contractility dynamics before
and after PCI during hospitalization may be of great
importance, since there is no decrease in the incidence
of MI, and patients’ compliance with follow-up, as
well as its possibility, is not always optimal.

Assessmentof LV EF isrecommended in all patients
presenting with AMI (grade 1 recommendation);
however, recommendations are less clear in terms of
the dynamic assessment of LVEF [2, 3]. It has been
shown that many traditional EchoCG parameters,
such as LV volumes, LVEF, and IRCI, can be used
as prognostic markers [27]. Our work demonstrates
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that in patients with the first AMI, assessment of
LV linear dimensions, LV diastolic function, and
dynamic assessment of LVEF before and after PCI
can provide valuable information on long-term
prognosis, outcomes, and potential ongoing need for
drug therapy.

Limitations and prospects of the study. Our study
was limited by a small sample size and a relatively short
follow-up period. There were also inherent limitations
to the evaluation of LVEF using echoCG. However,
echoCG has shown its accuracy in the assessment of
LVEF compared with other imaging modalities and is
widely used in clinical trials. In our work, all echoCG
studies were performed by one doctor using one
device, followed by post-processing on the EchoPAC
station (General Electric Healthcare, USA) with an
automatic assessment of LVEF, which allowed to
minimize errors [20, 21]. There is an obvious need
for a multicenter clinical study that would research
the significance of short-term dynamics of LVEF in
patients with the first AMI in relation to long-term
prognosis.

CONCLUSION

In patients with the first M1, the frequency of LV
systolic dysfunction at admission was 58.8%. 44.6%
of patients had no improvement in LV contractility
after successful PCI. The absence of improvement
in LVEF is associated with a significantly increased
risk of hospitalization for HF and a combined point.
Therefore, in patients with the first AMI and LV
systolic dysfunction, a short-term assessment of
LVEF is reasonable to stratify the risk of developing
adverse cardiovascular outcomes.
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ABSTRACT

The aim of the study was to evaluate the expression of scavenger receptors (CD163, CD204, CD206) on
macrophages in patients with pulmonary tuberculosis, depending on the clinical form of the disease and sensitivity
of the pathogen to anti-tuberculosis drugs.

Materials and methods. 64 patients with pulmonary tuberculosis (TB) were examined: 26 patients with
disseminated pulmonary tuberculosis (DTB) and 38 patients with infiltrative pulmonary tuberculosis (ITB). Of
these, 42 patients secreted Mycobacterium tuberculosis (MBT) sensitive to basic antituberculosis drugs (ATBD),
and 22 patients secreted MBT resistant to first-line anti-TB drugs. Material for the study was venous blood.

To isolate monocytes from the whole blood in order to transform them into macrophages, Ficoll density gradient
centrifugation with a density of 1.077 g / cm® was used followed by immunomagnetic separation of CD14+
cells. Monocytes were cultured in the X-VIVO 10 medium with gentamicin and phenol red with the addition of
macrophage colony-stimulating factor (M-CSF) (5 ng / ml) at a concentration of 1x10° cells / ml with stimulators:
interleukin (IL)-4 (10 ng / ml) and interferon (IFN) y (100 ng / ml). Immunophenotyping of macrophages was
performed using monoclonal antibodies to CD163, CD204, and CD206 on the Beckman Coulter CytoFLEX LX
Flow Cytometer. The analysis of the obtained data was carried out using the CytExpert 2.0 software. The results
were analyzed using statistical methods.

Results. Switching the phenotype of macrophages from the M1-like proinflammatory phenotype to M2-like anti-
inflammatory one contributes to the chronic course of pulmonary TB, dissemination, and persistence of infection.
In the present study, we analyzed the features of the expression of CD163, CD204, and CD206 scavenger receptors
on macrophages in patients with pulmonary TB. An increase in the number of macrophages carrying markers of
the M2 subpopulation (CD163, CD204, and CD206) on their surface was noted, regardless of the clinical form of
pulmonary TB and drug resistance of M. tuberculosis.

Conclusion. Studying the mechanisms underlying M1 or M2 activation of macrophages is necessary for a deeper
understanding of the immunopathogenesis of TB and the role of innate immunity cells in protecting the body from
mycobacteria. The analysis of the expression of scavenger receptors CD163, CD204, and CD206 on macrophages
allowed to conclude that, in pulmonary TB, especially in patients with drug resistant M. tuberculosis and infiltrative
TB, regulatory mechanisms that suppress the activation of innate immunity are implemented together with
polarization of macrophage differentiation towards the M2 phenotype. It may be the cause of immune deficiency
induced by the pathogen.

Keywords: macrophages, pulmonary tuberculosis, innate immunity, immune response, scavenger receptors, [L-4,
IFNy, CD163, CD204, CD206
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JKcnpeccna ckaBeHmKep-peuentopos CD163, CD204 n CD206
Ha makpodarax y 60abHbIX Ty6epKyne3om nerkmnx

Yypuna E.I.""% NonoBa A.B.', Ypasosa O.W.', MaTbiwesa M.P.> 3, Kono6osHukosa 0.B.’,
Yymakosa C.M."

I Cubupcruii 2ocyoapcmeennuvlii meouyunckuil ynusepcumem (Cuo6l’ MY)
Poccus, 634050, e. Tomck, Mockosckuii mpaxm, 2

2 Hayuonanvnuwiil uccredosamenvckuti Tomcxuil 2ocyoapemeennulit ynusepcumem (HU TI'Y)
Poccus, 634050, e. Tomck, np. Jlenuna, 36

3 Hayuno-uccaeoosamenvckuit uncmumym (HUHU) onxonoeuu, Tomckuil HAYUOHAIbHBIIL UCCAE008AMENbCKULL
meouyunckuti yewmp (HUMI]) Poccutickoii akademuu Hayk
Poccus, 634009, 2. Tomck, nep. Koonepamugnuiii, 5

PE3IOME

Hesb paboTsl — OLIeHKA SKCHpeccuu ckaBeHmkep-penentopos (CD163, CD204, CD206) na makpodarax y 60b-
HBIX TYOEpKYJIC30M JIETKHX B 3aBUCHUMOCTH OT KIMHUYECKOH (OpMbI 3a00JICBaHUS M 4yBCTBUTEIBHOCTH BO30Y /11~
TeJIst K IPOTUBOTYOEPKYJIE3HBIM CPEICTBAM.

Marepnainl n Metoabl. O0cnenoBansl 64 nanuenTa ¢ Tyoepkyinesom jerkux (Th): 40 MyxuuH U 24 SKSHIIUHEL,
N3 KOTOPBIX 26 YeNOBEK C JMCCEMHHHPOBaHHBIM TyOepkyie3om yerkux (ATB) m 38 — ¢ mHQUIBTpAaTHBHBIM
TyOepkynezom aerkux (UTB). M3 uux Obuio 42 nanumenta, Beiaesionx Mycobacterium tuberculosis (MBT),
YyBCTBHUTEJILHBIE K OCHOBHBIM NPOTUBOTYOepKyie3HbM cpeactBaM (I1TC), u 22 nanuenta, Beyenstonmx MBT,
YCTOMYUBBIE K JIGKAPCTBEHHBIM CPEJCTBAM OCHOBHOTI'O psijia MPOTHBOTYOEPKYNIe3HOH Tepanuu. Marepuaiom uc-
CJI€ZIOBaHMUS SIBJISIACH BEHO3HAs! KPOBb.

J11st BBIZIETICHUSI MOHOITUTOB U3 LIEJIBHOM KPOBH C LENBI0 UX TpaHC(OpPManK B Makpo(ard NCIIOIb30BaId METOL
ueHTpU(yrupoBanust B rpagueHte ¢Gukouia mwioTHOCThio 1,077 r/cM® ¢ mocienyromieii “MMyHOMArHUTHON
cenapanueir CD14+ xirerok. MOHOIMTHI KyJIbTUBHPOBAIN B IOJHON muTaTensHoi cpene X-VIVO 10 with gen-
tamicin and phenol red ¢ no6aBieHneM KomoHUECTHMYyNHUpYyIOmero dakropa Makpodaros (M-CSF) (5 ur/min) B
koHIeHTparmu 1 x 10° kierok/mi co crumyisitopamu: narepaeiikuaom (IL) 4 (10 ur/mn) u uarepdeponom (IFN) y
(100 ur/m). UmmyHOdeHOTHIIHPOBaHE MAaKpO(aroB IIPOBOAMIHN C HCIIOIb30BAHUEM MOHOKIIOHAIBHBIX AaHTUTEI
k CD163, CD204, CD206 na mporounom muromerpe Beckman Coulter CytoFLEX LX. AHanu3 moixydeHHBIX
JTAHHBIX OCYIIECTBILSUTH MPH TOMOIIH mporpaMmuoro npuiokenus CytExpert 2.0. [Tomyuennsle pe3ynbpTaThl aHa-
JIM3UPOBAIN CTATUCTHYECKUMHU METOIaMU.

PesyabTatsl. [lepexirouerne gpeHoTuma Makpoharos ¢ mpoBOCHaIUTEIbHOT0 M1 Ha MPOTHBOBOCIATIUTEILHBIN
M2, ycTaHOBIEHHOE HAaMH B XOJi¢ HACTOSIIIETO MCCIIEIOBAHMS, CIOCOOCTBYET XPOHNIECKOMY TEIEHHIO TyOepKy-
J71e3a JIETKHUX, TUCCEMUHAINN 1 IEPCUCTEHINH HHPEeKIuH. MBI poaHaTN3UPOBAIN 0COOCHHOCTH SKCIPECCHH CKa-
BeHKep-penentopoB CD163, CD204 u CD206 na makpodarax y O0NbHBIX TyOepKyJie30M JeTKuX. AHAIH3 IKC-
MIPECCHU CKaBEHKEP-PEIETITOPOB Ha Makpodarax moka3al 3HaunMoe yBennuenue yrnciaensoctu CD163, CD204
1 CD206-1103UTHBHBIX KIIETOK y 00nbHBIX Th He3aBUCHMO OT KIMHUYECKOH (OpMBI 3a00JIeBaHNS U JIEKAPCTBCH-
HoOU uyBcTBUTENbHOCTH M. tuberculosis x IITC mo cpaBHEHHIO C TPYyMIION 30POBBIX JOHOPOB.

3akiouenne. VccienoBanne MeXaHU3MOB, JIeKaluX B ocHoBe M1- win M2-aktuBanun Makpodaros, Heo0Xo-
MO JTst ©oJiee rryGOKOro MOHMMaHUsI UMMYHONIATOreHe3a TyOepKyne3HOit HH(EKIMU U POJTH KIETOK BPOXK/ICH-
HOI'0 UIMMYHHTETA B 3aLIUTE OpPraHM3Ma OT MUKOOAKTepUil. AHAIM3 KCIIPECCHH CKaBeHIkep-penentopos CD163,
CD204 u CD206 Ha makpodarax mo3BoJINII HaM IPUHTH K 3aKITIOYEHHIO, YTO TIPH TyOepKyIie3e Jerkux, 0COOCHHO
y OOJBHBIX C JIEKapCTBEHHOU yCTOH4YMBOCTBIO M. tuberculosis n nipun MHQUIBTpaTUBHOW (opMe 3aboseBaHus,
PEATH3YIOTCS MEXaHU3Mbl PETYJISINY, OAABISAIONINE aKTHBALUIO BPOXKACHHOTO MMMYHHTETA, C TOJpU3aLHeil

Bulletin of Siberian Medicine. 2022; 21 (4): 140-149

141



Churina E.G., Popova A.V., Urazova O.l. et al.

i depeHpoBKH Makpodaros B HanpasieHHH M2-(eHoTuIIa, 4T, BEPOSITHO, SBJISIETCS IPUIHHON GopMupoBa-
HUSI IMMYHOIC(UIITA, HHAYLHPOBAHHOTO BO30YAUTEICM.

KuiroueBble ciioBa: makpodaru, TyOepKyIie3 JISTKUX, BPOJKACHHBIH HMMYHUTET, AMMYHHbIH OTBET, CKaBeHDKEp-
peuentopsr, IL-4, [FNy, CD163, CD204, CD206

Kondaukt unrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIHAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIeH CTaThH.

Hcrounuk ¢punancupoBanus. lcciaenoBaHnue BBHIONHEHO NMpH (HUHAHCOBOH momuepixkke CoBeTa Mo TpaHTam
[Ipesunenta Poccuiickoit denepannu ans Bexymmx HaydHbix mion (HII-2690.2018.7) u PODU B pamkax
Hay4yHOTro mpoekta Ne 19-315-90018.

CoorBercTBue mnpuHUMOAM 3THKH. OT KakJIOro oOCIEOBAaHHOIO OBLIO TONYYeHO JOOPOBOIBLHOE
MH(QOPMUPOBAHHOE COTIaCHE Ha MPOBEJIEHHE HCCenoBaHus. MccnenoBanie 0JJ00pEHO JTOKAIbHBIM STHIECKUM
xomuteToM CubI'MYV (mportoxon Ne 5648 ot 27.11.2017).

Jos nurupoBanus: Uypuna E.I'., [Tomosa A.B., Ypazosa O.U., [1ateimesa M.P., Kono6osaukosa 10.B., Uymako-
Ba C.I1. Dxcnpeccus ckaBenmxep-penentopos CD163, CD204 u CD206 Ha Makpogarax y O0JIBHBIX TyOepKyIe30M
nerkux . broanemens cudbupckou meouyunvl. 2022;21(4):140-149. https://doi.org/10.20538/1682-0363-2022-4-140-
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INTRODUCTION

Macrophages play a crucial role in the defense
of the body from Mycobacterium tuberculosis. They
are involved in both innate and adaptive immune
responses and also regulate remodeling and repair
processes in damaged tissues [1, 2]. Macrophages
are characterized by versatility and plasticity; they
are capable of switching a functional phenotype in
tissues [3—6]. This heterogeneity is determined by
the ability of macrophages to implement different
activation programs in response to different stimuli,
such as cytokine signals, damage-associated
molecular patterns, or pathogenicity patterns in the
body.

According to the recent WHO Global Tuberculosis
Report, there was a decline in deaths from tuberculosis
(TB) in 2018: 1.5 million people died in comparison
with 1.6 million in 2017. However, the incidence of
TB remains high: about 10 million people worldwide
were diagnosed with TB in 2018 [7]. M. tuberculosis
develops resistance to anti-tuberculosis drugs
(ATBD), which is an important problem. A variant
of extensively drug-resistant tuberculosis (XDR-
TB), when M. tuberculosis does not respond to any
of the existing antibiotics, has been registered in 117
countries [8].

Dysregulation of the immune response during the
development of pulmonary tuberculosis (TB) occurs
even at its earliest stages, primarily at the stage of
macrophage activation and antigen presentation to
T-helper cells. Macrophages play an important role

in successful immune defense when M. tuberculosis
components penetrate into mucous membranes
of the respiratory tract. M1 macrophages trigger
acute lung inflammation and rapidly activate the
mechanisms of innate immunity, inflammatory and
cytotoxic T-cell responses. It causes the development
of acute destructive, clinical and pathogenetic
forms of pulmonary TB, such as infiltrative and
disseminated TB [9]. Later an immune control of the
M. tuberculosis infection depends on the direction of
the macrophage differentiation and the effectiveness
of the inflammatory response implemented by CD4+
type 1 T-helper cells (Th1l) [10-12]. Switching the
phenotype of macrophages to the M2-like anti-
inflammatory one leads to chronic and persistent
TB infection. Mechanisms of innate immunity in
pulmonary TB require more detailed consideration,
first of all, through analyzing the receptor profile of
macrophages. The scavenger receptors of monocytes
and (or) macrophages, which include CD206 mannose
receptor, scavenger receptor A — SR-A (CD204),
and CD163 membrane marker, are of the greatest
interest [12, 13—16]. Many questions remain open
related to the plasticity, polarization, and activation of
macrophages in various clinical forms of pulmonary
TB and depending on the resistance or sensitivity of
M. tuberculosis to ATBD.

Therefore, the aim of the study was to evaluate the
expression of scavenger receptors (CD163, CD204,
CD206) on macrophages in patients with pulmonary
TB depending on its clinical form and sensitivity of
the pathogen to ATBD.
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MATERIALS AND METHODS

We examined 64 patients (40 men and 24 women)
aged 23-50 years (average age 43.10 £ 10.00 years)
with newly diagnosed pulmonary TB. The disease
was diagnosed at Tomsk Phthisiopulmonology
Medical Center. The diagnosis was established based
on the past medical history, clinical presentation of the
disease, as well as the results of the X-ray examination
of the lungs and bacteriological and microscopic
examination of the sputum. All patients were examined
before the initiation of anti-TB chemotherapy. The
clinical form of the disease was diagnosed using an
X-ray examination of the lungs. In most patients, both
lungs were affected by the pathological process. In ITB,
the examination detected one or more heterogeneous
infiltration shadows (3—6 cm in diameter) in the lungs.
In DTB, multiple small- and medium-sized foci with
heterogeneous structures were detected. Bacterial
excretion (MTB+) was registered in all patients.
Mycobacterium tuberculosis (MTB) was identified
by Ziehl — Neelsen stained sputum smear microscopy
as well as by fluorescence microscopy of auramine-
stained sputum smears. To determine the species of
M. tuberculosis and MBT sensitivity to ATBD, the
absolute concentration method and sputum culture in
Lowenstein — Jensen and Finn-2 solid nutrient media
were used.

TB patients were divided into two groups
depending on the clinical form of the disease: 26
patients with disseminated pulmonary tuberculosis
(DTB) and 38 patients with infiltrative pulmonary
tuberculosis (ITB). In all examined TB patients,
the causative agent had drug sensitivity to basic
ATBD. This criterion was used to identify 42
patients secreting M. tuberculosis (MBT), sensitive
to the basic ATBD, and 22 patients secreting MBT
resistant to the first-line drugs (isoniazid, rifampicin,
streptomycin, ethambutol). Exclusion criteria for
TB patients to participate in the study were: 1)
cancer, diabetes mellitus, allergies and autoimmune
diseases, viral hepatitis, and HIV; 2) treatment with
ATBD and immunosuppressants. The comparison
group consisted of 30 healthy donors (20 men and 10
women) aged 23—50 years (average age 41.31 + 7.47
years) without past medical history of pulmonary TB.
All patients signed an informed consent to participate
in the study.

Immunomagnetic separation of blood monocytes.
The material for the study was venous blood taken
from healthy donors and patients with pulmonary TB.

Blood sampling was carried out once, during the most
intense phase of the disease, before the initiation of
the anti-TB chemotherapy. To isolate monocytes from
the whole blood for their further transformation into
macrophages, the method of magnetic separation of
CD14+ monocytes (MACS MultiStand, Germany)
was used according to the manufacturer’s instructions
for the Monocyte isolation kit, Miltenyi Biotec
GmbH (Germany). 30 ml of whole venous blood was
collected into vacuum blood collection systems with
an anticoagulant (K3-EDTA). The blood was diluted
with phosphate — buffer saline (PBS) at a ratio of 1:1
and layered on 15 ml of the Ficoll cushion with a
density of 1.077 g/ cm?. The samples were centrifuged
for 30 min at 0.016 g. The resulting mononuclear
fraction was collected and washed from PBS twice.
After that, 5 ml of PBS was added and mixed; then the
number of mononuclear cells was counted using the
automated cell counter Scepter 2.0 (Merck Millipore,
Germany). The cell suspension was centrifuged, the
supernatant was removed, and the appropriate volumes
of MACS Separation Buffer (containing bovine serum
albumin (BSA), EDTA, and 0.09% sodium azide) and
CD14+ magnetic particles (Micro Beads, Germany)
were added based on the number of cells, and the
suspension was incubated for 40 min. The resulting
suspension underwent positive magnetic separation
according to the manufacturer’s protocol (Miltenyi
Biotec, Germany).

Cultivation of macrophages in vitro. Monocytes
were cultivated in the X-VIVO 10 complete growth
medium with gentamicin and phenol red (Lonza,
Switzerland) at a concentration of 1 x 10°cells / ml
with the addition of macrophage colony stimulating
factor M-CSF (5 ng / ml; R&D Systems, USA).
Recombinant cytokines IL-4 (10 ng / ml; PeproTech,
USA) (for M2 macrophage activation) and IFNy
(100 ng / ml; PeproTech, USA) (for M1 macrophage
activation) were used for additional cell induction.
The samples were cultured for 6 days in the CO,-
incubator set to 7.5% CO, at 37 °C without additional
stimulation and with the addition of cytokines for M1
and M2 macrophage activation.

Immunophenotyping of macrophages.
Macrophage phenotyping was performed on day
6 of cultivation. To collect cells, a plate with a cell
culture was placed on ice and held for 10 minutes,
and then the cells were harvested using a cell scraper
(Cell-scraper, USA). For immunophenotyping of
macrophages, monoclonal antibodies to CD163,
CD204, and CD206 (eBioscience, USA) were added.
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Cell suspensions were measured on the Beckman
Coulter CytoFLEX flow cytometer (Beckman
Coulter, USA). The obtained data were analyzed
using the CytExpert 2.0 software application
(Beckman Coulter, USA).

SPSS Statistics 17.0 and Microsoft Excel were
used for statistical analysis of the obtained results. The
data were presented as the median and the interquartile
range Me (Q ~Q,). To perform a comparative analysis,
the non-parametric Mann — Whitney test with the
Benjamini — Hochberg correction was applied.
The results of statistical analysis were considered
significant at p < 0.05.

RESULTS

Expression of CD163, CD204, and CD206
scavenger receptors on macrophages transformed
in vitro from CD14+ blood monocytes in TB
patients depending on the clinical form of the
disease

The analysis of the expression of scavenger
receptors on macrophages showed a significant
increase in the number of CD163- and CD206-
positive cells in TB patients compared with the group
of healthy donors, regardless of the clinical form of
the disease and sensitivity of M. tuberculosis to ATBD
(Table 1, 2; Fig. 1, 2).

Table 1

The expression of scavenger receptors on macrophages in patients with pulmonary tuberculosis depending on the clinical
form of the disease, %, Me (0-0.)

Markers of macro- Groups of examined Conditions for in vitro cultivation of macrophages
phages persons No stimulation IL-4 stimulation IFNy stimulation
13.24 (7.41-16.71)
Healthy donors 12.43 (6.51-22.33) 411 (i' 1)7(;181'34) p,=0.511
P p,=0014
26.70 (14.74-38.02)
A 44.23 (24.14-64.35) 48.55 (27.31-59.54) p,=0.010
CD163 ITB patients p,=0012 p,=0.015 p.=0.011
p,=0.027
26.30(17.11-41.72) 27.83 (16.01-34.73)
. 40.81 (25.42-61.27) p,=0.025 5
DTB patients = o p,=0.010
p,=0.010 p,=0.027 o014
p,=0.011 P
Healthy donors 11.31 (6.75-20.14) 8.05 (4.11-17.76) 10.26 (7.11-19.33)
3 40.83 (24.35-59.21) 32.19 (16.14-50.36)
ITB patients 24.52 (1:4'02(7) 414'36) p,=0.017 p,=0.010
= p,=0.037 p,=0.013
CD204 19.62 (11.38-35.17)
- -~ p,=0.017
DI patens 636 (602 203 891 (563 21.30) oot
P, =% P, =% p,=0.045
p,=0.037
Healthy donors 17.16 134 4.4111 (i' (1)5(; 197.37)
_ ! 3 .
(9.17-28.43) (6.35-22.45) b= 0035
. 57.59 (28.12-68.18) 58.27 (27.01-66.22) 46.31 (26.45-61.27)
CD206 ITB patients p,=0014 p,=0.037 p,=0.020
33.01 (18.34-52.43) 29.37 (19.17-44.36) 23.44 (1:3'012;7’46)
DTB patients p,=0.021 p,=0.012 P
= 0.021 .= 0.021 p,= 0014
= 2 p,=0.012

Note: the level of statistical significance of differences compared with healthy donors — p,; in ITB patients — p,; in in vitro cell cultivation with no

stimulation — p,; in in vitro cell cultivation with IL-4 (M2 stimulation) —p,.

After adding IL-4 to the cell culture (M2
macrophage activation), the expression of CD163 in
ITB patients did not significantly change in comparison
with its value in the absence of cytokine stimulation.

In the group of healthy donors, the number of CD163-
positive macrophages in M2 macrophage activation
was 3.2 times lower relative to the number of cells in
M1 macrophage activation (when cells were induced
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by IFNy). In DTB patients, the CD163 expression on
macrophages was almost 1.5 times lower than that
in the absence of stimulation both in M1 and M2
macrophage activation (Table 1, Fig. 1).

70 1
60 4
50 4
40 4
30 .
20
oL
2

0

HD IPTB DPTB
Omo Omi COm2
Fig. 1. The expression of the CD163 scavenger receptor on
macrophages in patients with pulmonary tuberculosis, Me
(0~0,): HD — healthy donors, ITB — infiltrative pulmonary
tuberculosis, DTB — disseminated pulmonary tuberculosis,
DR TB - drug-resistant pulmonary tuberculosis, DS TB —
drug-sensitive pulmonary tuberculosis, MO — cell culture of
macrophages without stimulation by cytokines, M1 — cell
culture of macrophages stimulated by IFNy, M2 — cell culture

of macrophages stimulated by IL-4 (here and in Fig. 2, 3)

DS-PTB DR-PTB

In cytokine stimulation, the number of CD206-
positive macrophages in ITB patients did not change
significantly in comparison with its basal level. In
healthy donors and DTB patients, the expression of
the CD206 molecule on macrophages significantly
decreased in response to the IFNy stimulation of cells,
compared with the intact culture (Table 1, Fig. 2).
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Fig. 2. The expression of the CD206 scavenger receptor
on macrophages in patients with pulmonary tuberculosis,

Me (Q,-0Q))

In patients with ITB, the induced expression of
the CD204 scavenger receptor on macrophages more
significantly increased after IL-4 stimulation of the
cell culture than after IFNy stimulation, compared
with that in the intact cell culture. In the case of 1L-4
stimulation, it increased by 5.1 times compared with
its value in healthy donors and by 4.6 times compared
with DTB patients. In DTB patients, the number of
CD204-positive macrophages increased to a greater
extent (by more than 2 times) in response to IFNy
stimulation of cells compared with that in the control
group and after IL-4 stimulation (Table 1, Fig. 3).
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Fig. 3. The expression of the CD204 scavenger receptor
on macrophages in patients with pulmonary tuberculosis,

Me (0,0,

Expression of CD163, CD204, and CD206
scavenger receptors on macrophages transformed
in vitro from CD14+ blood monocytes in TB
patients depending on drug sensitivity of the
pathogen to ATBD

The expression of M2 macrophage activation
markers in TB patients, depending on the sensitivity
of the pathogen to ATBD, was analyzed. It was found
that the highest expression (basal and with stimulation
by both cytokines) of the CD163 molecule on
macrophages was observed in patients with DR TB.
In DS TB patients, the cytokine-stimulated CD163
expression did not significantly change compared
with the basal level, but it was higher (as in DR TB
patients) than in healthy donors (Table 2, Fig. 1).

In cell cultivation without stimulation and with
stimulation by cytokines, patients with DR TB
also had the maximum number of CD206-positive
macrophages. It was higher than in the control group
and in patients with DS TB. However, in DR TB in
both M1 and M2 stimulation by cytokines, the number
of CD206+ macrophages was smaller than in the
unstimulated cell culture (Table 2, Fig. 3).
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Similarly, the highest expression of CD204 on
macrophages was registered in DR TB. When cells
were cultured without stimulation, the expression was
higher than in the control group and in patients with
DS TB. At the same time, it remained at the same
level when cells were induced by cytokines. However,

after adding IFNy to the macrophage culture (M1
macrophage activation), patients with DS TB showed
an increase in the expression of the CD204 receptor —
by 1.6 times compared with its basal level and by 3.1
times compared with M2 macrophage activation and
the control group (Table 2, Fig. 2).

Table 2

The expression of the scavenger receptors on macrophages in patients with pulmonary tuberculosis depending on the sensitivity

of M. tuberculosis to ATBD, %, Me (Q,-0,)

Markers . Conditions for in vitro cultivation of macrophages
Groups of examined persons - - - - - -
of macrophages No stimulation IL-4 stimulation IFNy stimulation
12.43 4.11 13.24
CD163 Healthy donors © 51_'22 33) (2.17-8.34) (7.41-16.71)
: ' p,=0.012 p,=0.015
32.52 27.25 30.56
DS TB patients (24.45-51.23) (18.12-32.65) (21.65-40.28)
p,=0.031 p,=0.012 p,=0.024
54.23 48.77 47.32
‘ (44.23-60.56) (37.56-56.44) (39.11-51.22)
DRTB patients p,=0.021 p,=0.024 ,=0.035
p,=0.012 p,=0.043 p,=0.044
11.31 8.05 10.26
Healthy donors (6.75-20.14) (4.11-17.76) (7.11-19.33)
31.33
© 29'223 11) 10.26 (25.440‘8'3112)
DS TB patients .54-29. ’ p,=0.
CD204 p,=0.032 (6.23-18.25) p;: 0.012
p,=0.032
31.23 32.44 28,56
DR TB patients (22.56-40.12) (23.56-44.36) (23.54-44.2)
p,=0.034 p,=0.025 b =0.037
p,=0.011 p,=0.023 o
441
17.16 13.40 (2.15-9.37)
Healthy donors (9.17-28.43) (6.35-22.45) p,=0.017
p,=0.035
1013 3643 (16 2435 47)
DS TB patients (29.14-65.45) (26.17-51.45) A
CD206 = 0012 = 0,07 p,=0.015
L L p,=0.014
7736 58.36 53.27
. (56.45.83.12) (33.47-75.16) (30.45-65.44)
DR TB patients = p,=0.010 p,=0.014
p,=0.031 " "
p.=0.022 p,=0.025 p,=0.042
2 p,=0.013 p,=0.014

Note: the level of statistical significance of differences compared with values in healthy donors — p,; in DS TB patients — p,; in in vitro cell
cultivation with no stimulation — p.; in in vitro cell cultivation with IL-4 (M2 stimulation) — p,.

DISCUSSION

High efficiency of innate immunity activation
in TB plays a crucial role in the development of
the disease and its outcomes. Abnormalities in the
immune response induction are often associated with
the development of tolerance to the antigen already
at the stage of its presentation. In this case, instead of

macrophage activationand differentiationinto M1 cells,
a tolerogenic and anti-inflammatory M2 phenotype is
formed. Mobilization of monocytes and their entry
into the systemic circulation from the bone marrow
are always caused by an increased antigenic load and a
need for resident macrophages for the immune system
during lung inflammation. More and more studies on
the macrophage population heterogeneity indicate that
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a timely switch of the macrophage phenotype from
the M1-like proinflammatory phenotype to the M2-
like anti-inflammatory one and vice versa affects the
clinical outcome of TB [17-20].

The analysis of the expression of scavenger
receptors on macrophages showed, in general, an
increase in the number of cells carrying markers of
the M2 phenotype (CD163, CD204, and CD206) on
their surface, regardless of the clinical form of the
disease and sensitivity of M. tuberculosis (Table 1, 2,
Fig. 1-3).

We registered the largest number of CD163-
positive macrophages in ITB patients, especially in
M2 macrophage activation. In case of M1 macrophage
activation, on the contrary, the number of CD163+
macrophages decreased compared with that in the
absence of cytokine stimulation of cells. In DR TB, the
number of CD163-positive macrophages was higher
than in DS TB in both the intact culture of cells and in
the cells stimulated with [L.-4 and IFNy (Table 1, 2, Fig.
1). It is known that the hemoglobin scavenger CD163
receptor is expressed by monocytes and mainly by M2
macrophages [21]. The surface CD163 receptor on
macrophages functions as an innate immunity receptor
for recognizing patterns of bacterial pathogenicity.
Its overexpression may be a mechanism to reduce an
acute severe inflammatory response [22]. It is logical
that macrophages expressing CD163 should have a
regulatory and regenerative potential in order to timely
suppress the immune response that damages tissues.

When evaluating the CD204 expression on
macrophages in TB patients, we determined its highest
intensity in ITB compared with DTB. In DTB, the
CD204 expression increased only in M1 macrophage
activation. Drug sensitivity or drug resistance of MBT
did not affect the expression of the CD204 molecule —
it increased in both cases (Table 1, 2, Fig. 2).

CD204 is a scavenger receptor A (SR-A). It is
mainly expressed on macrophages, dendritic cells,
and epithelial cells of the respiratory tract. It is a
multifunctional receptor with a big ligand-binding
potential [23, 24]. The CD204 molecule recognizes
modified lipid proteins, apoptotic cells, and pathogen-
associated molecules [25]. Studies of CD204 knockout
mice have shown that the CD204 expression plays
an important role in polarizing the differentiation of
macrophages towards the M2 phenotype by inhibiting
TLR signaling [26].

The CD206 molecule is a C-type lectin or mannose
receptor type 1 (MR1), which is usually expressed on
tissue macrophages, dendritic cells, and endothelial

cells. It binds structures with a high mannose content
on the surface of potentially pathogenic bacteria,
viruses, and fungi [27]. The CD206 molecule plays
an essential role in immune homeostasis. Cells in the
microenvironment of malignant tumors have high
expression of this receptor. An increase in CD206-
positive tumor-associated macrophages is associated
with a poor disease prognosis and indicates the
development of chronic inflammation in metastatic
niches [28]. In the examined patients, the CD206
expression on macrophages was the most significant
in ITB and DR TB. However, in the latter, the number
of CD206-positive cells decreased when the culture
was induced with both M1 and M2 stimulators (Table
1, 2, Fig. 3).

There is evidence in the literature that the population
of macrophages involved in the fight against M.
tuberculosis is heterogeneous [29, 4]. Studies have
examined various mechanisms by which the antigen
transforms M1 macrophages into M2 macrophages
with immunoregulatory activity, creating a favorable
environment for its existence. The study conducted
on a model of the staphylococcal lung infection
in mice concluded that Staphylococcus aureus
induced the Aktl signaling pathway (Aktl — protein
kinase B), shifting the phenotype of macrophages
from the anti-microbial M1 phenotype towards the
functionally dormant MO phenotype [30]. Another
work showed that M. tuberculosis secretes LAM
(lipoarabinomannan) and ESAT-6 virulence factors,
which inhibit M1 macrophage activation by blocking
maturation of phagolysosomes and activation of
nuclear factor kB (NF-xB) [17].

Therefore, high expression of scavenger receptors
on macrophages in pulmonary TB may be associated
with predisposition of patients to the implementation
of regenerative and anti-inflammatory functions of
macrophages and their polarization towards the M2

phenotype.

CONCLUSION

Studying the mechanisms underlying the Ml
or M2 macrophage activation is necessary for a
deeper understanding of TB immunopathogenesis
and the role of innate immune cells in protecting
the body from MBT. The analysis of the expression
of CD163, CD204, and CD206 scavenger receptors
on macrophages allowed to make the following
conclusion. In pulmonary TB, especially in DR TB and
ITB, there are regulatory mechanisms that suppress
the activation of innate immunity with polarization
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of macrophages towards the M2 phenotype. It might
cause immune deficiency induced by the pathogen.
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Lung ultrasound in the diagnosis of COVID-19-associated pneumonia

Balabanova A.A., Kurazhov A.P., Zavadovskaya V.D.
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2, Moscow Trakt, Tomsk, 634050, Russian Federation

ABSTRACT

Over the past decades, lung ultrasound in the diagnosis of lung diseases has become widespread. Ultrasound
examination has a number of advantages (no radiation exposure, real-time imaging, clear visualization of
the subpleural lung regions and costophrenic angles), which make it possible to use ultrasound to monitor the
dynamics of pneumonia in children and pregnant women. Currently, in the context of the COVID-19 pandemic,
lung ultrasound is widely used due to its high diagnostic efficiency, which is comparable with classical radiography
and X-ray computed tomography (CT) by a number of parameters.

The article describes the method of lung ultrasound and the radiographic pattern of COVID-19-associated
pneumonia. It also provides a review of the literature, according to which the severity of pneumonia was determined,
depending on the radiographic pattern, and the need for a lung ultrasound was identified.

The article indicates that information on assessment of the radiographic pattern of the lungs at runtime in different
variants of the course of coronavirus infection, as well as many methodological issues, including the frequency of
second-look lung ultrasound, has not been sufficiently studied.

Keywords: ultrasound, pneumonia, COVID-19, interstitial syndrome, white lung, consolidation, B-lines, pleural
line
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JUISl TMHAMMKH TTHEBMOHHUHM Yy JieTell 1 OepeMeHHbIX skeHIMH. B ycnoBusx mannemun COVID-19 V3U nerkux
HOJIy4YHIIO IIHPOKOE MPUMEHEHHE B CBS3M C BBICOKOW JMarHOCTHYECKOH 3((EKTHBHOCTHIO, COIOCTABUMOI IO
psiy ToKasaTesiel ¢ KilacCHYeCKol peHTreHorpadueii 1 peHTIeHOBCKOM KOMIIBIOTEpPHOH ToMorpaduei.

W3znaraercs meronuka ¥Y3U nerkux, ynpTpasBykoBas kapruHa COVID-19-acconunpoBanubix nHeBMOHUM. [Ipe-
JIOCTaBJICH 0030p JINTEPATypHl, COTJIACHO KOTOPOU BBISBIICHBI CTEIICHH TSHKECTU ITHEBMOHUH B 3aBUCHMOCTH OT
YIIBTPa3ByKOBOI KapTHHBI © HEOOXOAUMOCTh HCIIONIb30Banus Y3 nerkux.

VYka3aHo, 9TO HEAOCTATOYHO M3Yy4eHBI MH(OpPMAIHsa 00 OIEHKE yIbTPa3BYKOBOW KapTHHBI JIETKHX B JHHAMHUKE
IPU Pa3IWYHBIX BapHAHTaX TEUCHUS KOPOHABUPYCHOM MH(EKIUH, a TaK)Ke MHOTHE BOIPOCHI METOANYECKOTO
XapakTepa, BKIoUast IEPHOJUIHOCTD U 9acTOTy AnHammudeckoro Y3 merkux.

KuroueBble cioBa: ynbTpa3BykoBoe uccienoBanue, nHeBMoHus, COVID-19, unTepcTUIMANBHBIA CHHIPOM,
Oernoe Jierkoe, KOHCOIUIANus, B-TuHIH, MIeBpabHAas JINHUS

KonpaukTt uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTCHIMAIBHBIX KOH()JINKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKaLel HaCTOsIIEeH CTaTby.
Hcrounuk puHAHCHPOBaHUS. ABTOPHI 3asBISIOT 00 OTCYTCTBUU ()MHAHCHPOBAHHUS TP MPOBEICHUN UCCIIEI0-

BaHUA.

s nuruposBanus: banmaGanoBa A.A., Kypaxos A.Il., 3aBamoBckas B.J[. YipTpa3zBykoBas IMarHOCTHKA
COVID-19-acconuupoBaHHbIX MTHEBMOHUU. broiemens cubupckou meduyunsi. 2022;21(4):150-159. https://doi.

0rg/10.20538/1682-0363-2022-4-150-159.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) [1-3]
is a potentially severe acute respiratory infection
caused by SARS-CoV-2 (2019-nCoV) [4]. It is a
dangerous disease [3], which can occur both as mild
[5, 6] and severe [7] acute respiratory infection. The
most common complication of the disease is viral
pneumonia, which can result in acute respiratory
distress syndrome and subsequent acute respiratory
failure, most often requiring oxygen therapy and
respiratory support [8].

Medical imaging methods are used to identify
COVID-19-associated  pneumonias and their
complications, to carry out differential diagnosis
with other lung diseases, to determine severity
of the disease and its progression, and to assess
therapy effectiveness [6]. The main medical imaging
methods for detecting chest pathologies in patients
with suspected or confirmed COVID-19-associated
pneumonia include lung computed tomography (CT),
plain chest radiography (CR), and lung and pleural
ultrasound (US).

CT is the gold standard imaging modality for
examining patients with suspected or confirmed
COVID-19-associated pneumonia. For example, it
has been determined that specificity of CT versus US
and CR can reach 100% in certain patient groups [9].
At the same time, it should be taken into account that
many infectious and non-infectious diseases, such as

various HIV-associated lung lesions and interstitial
lung disease, can reduce CT specificity in the
diagnosis of COVID-19-associated lung lesions [10,
11]. Typical CT changes in the lungs in COVID-19-
associated pneumonia are bilateral subpleural ground-
glass opacities in the lung tissue or lung consolidation
areas of an irregular, sometimes rounded shape with
predominantly peripheral distribution in the lungs,
which emerge in case of bacterial coinfection [12].

In the Russian Federation, according to the
Temporary Guidelines of the Russian Society of
Radiologists and Russian Association of Specialists
in Ultrasound Diagnostics in Medicine, in the context
of'the COVID-19 pandemic, the so-called “empirical”
visual scale for a rapid assessment of pathological
CT changes in the lungs is recommended. It is
based on the visual assessment of the approximate
volume of the damaged lung tissue and the nature
of lung changes [13]. This scale has 5 grades
(Table 1).

Table 1

Visual scale for assessing the degree of lung damage
detected on CT

Degree
of lung
damage

Characteristics

Normal pattern and the absence of CT signs of viral
CT-0 pneumonia despite typical clinical manifestations and
relevant epidemiological history
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Table 1 (continued)

Degree
of lung Characteristics
damage
Mild degree — ground-glass opacities. Lung parenchyma
CT-1 .
involvement < 25%
CT2 Moderate degree — ground-glass opacities. Lung paren-
chyma involvement of 25-50%
CT:3 Severe degree — ground-glass opacities, lung consolida-
tion areas. Lung parenchyma involvement of 50-75%
Critical degree — diffuse ground-glass opacities and lung
CT-4 consolidation in combination with reticular changes.
Hydrothorax. Lung parenchyma involvement > 75%.

To date, this scale is the mainstay for determining
the severity of morphological changes in the lungs
in patients with COVID-19-associated pneumonia.
Its high efficiency has been proven by its wide use in
clinical practice. The only limiting factor for CT is
the impossibility of its use in intensive care units and
mechanically-ventilated patients.

Another frequently used diagnostic radiology
technique in detecting COVID-19-associated
pneumonia is plain chest radiography (CR) [14].
This method has lower diagnostic efficiency, but
due to its greater availability and lower cost, it
has become widespread during the COVID-19
pandemic [15]. Typical CR changes in COVID-19
are multiple diffuse, peripheral, irregularly shaped
opacities, localized mainly in the lower lobes of both
lungs [16].

Over the past decades, one of the topical issues in
diagnostic US hasbeen the assessment ofits information
value in lung diseases [17-20]. It has been determined
that this modality has a high diagnostic value in the
assessment of some lung diseases and, in certain
clinical situations, outperforms CR in sensitivity and
specificity [21]. For example, the results of the study by
Russian researchers indicated greater accuracy of US
compared with CR in the diagnosis of pneumonia in
children, and the same authors provided evidence that
in some cases US can compete with CT, for example,
in the diagnosis of lung abscess [22]. In addition,
lung US has been quite widely used in monitoring
pathologies associated with lung tissue, including
cardiogenic pulmonary edema, pneumothorax, pleural
effusion, atelectasis, pneumonia, and peripheral lung
nodules [23-27]. A number of other publications also
indicate that, in recent decades, US has been in great
demand in the diagnosis of various lung diseases,
including, in addition to the above, emphysema and
pleural diseases [17-19, 28-30].

Itis believed that lung US in patients with suspected
or confirmed COVID-19-associated pneumonia is
an additional imaging method that does not replace
or exclude CR and CT as traditional diagnostic
modalities with high information value, proven by
many years of clinical practice. In this regard, lung US
is not included in the clinical guidelines and standards
for the diagnosis and treatment of community-
acquired pneumonia [5, 13]. This is partly because
the effectiveness of US is largely dependent on the
experience and qualifications of the doctor performing
the study.

Many researchers provide evidence that US can
compete in accuracy with CT in the diagnosis of
COVID-19-associated pneumonia [31, 32], and in
some aspects it outperforms CR [33]. So, according to a
study by R. Gibbons et al. [33], the sensitivity of US in
detecting intrapulmonary changes in COVID-19 was
97.6%, while that of CR was only 69.9%. However,
lung US was less specific than CR (33.3 and 44.4%,
respectively). This study included 143 patients aged
18 years and older with symptoms of COVID-19 (all
registered patients had a body temperature of 38 °C or
higher, a heart rate of 100 beats per minute or higher,
a respiratory rate of 16 breaths per minute or more,
SpO, less than 94% with cough, dyspnea, myalgia,
malaise, ageusia, and anosmia).

It was also previously found that lung US makes it
possible to control the course of pneumonia directly
at the bedside, including mechanically-ventilated
patients [34]. An additional advantage of lung US due
to the absence of radiation exposure is the ability to
examine pregnant women [35], who may have a more
severe course of COVID-19-associated pneumonia
[28, 36, 37]. Lung US reveals initial signs of lung
damage caused by SARS-CoV-2, which is especially
important when triaging patients in the emergency
rooms of medical institutions. An increase in the
intensity of interstitial changes in the lungs up to
the emergence of a white lung in the US scan may
be a predictor of a need for intubation and transfer
of patients to mechanical ventilation [31]. In such
cases, lung US strongly affects the treatment strategy,
reducing decision-making time, which is crucial,
since the condition of patients with COVID-19 can
deteriorate rapidly [34].

LUNG ULTRASOUND TECHNIQUE

Routine lung US is performed using the B-mode
with a microconvex transducer with a frequency of 5
MHz. At the same time, it is possible to use linear or
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convex transducers in the frequency ranges of 5-15 and
3-5 MHz, respectively [17, 38]. The linear transducer
is used to detail and better visualize pleural sliding and
search for alveolar consolidation [18]. Depending on
the severity of the patient’s condition, the examination
is performed in an upright, sitting or lying position. It
is believed that if the patient is mechanically ventilated
or in the prone position, then it is necessary to scan the
accessible chest areas and note this feature of the US
examination in its protocol [39].

To date, a standard technique for lung US has
been developed and is actively used [40]. In 2008,
D. Lichtenstein developed the so-called BLUE pro-
tocol, which is an algorithmic approach to examining
the lungs in acute respiratory pathology [18]. Its
advantages are simplicity and speed, since it allows to
get the main diagnostic information with the maximum
ease of performing the study in a short period of
time. The basic principle of the BLUE protocol is
a simple sonographic evaluation of the lungs. If
pulmonary embolism (PE) is suspected, this protocol
is extended by a simplified study of lower extremity
veins and echocardiography performed to detect
extrapulmonary thrombi as possible causes of PE. The
study of only anterior lung regions makes it possible to
confirm or exclude such conditions as pneumothorax
and pulmonary edema within a few seconds. In the
absence of US signs of pneumothorax and pulmonary
edema, further, according to the diagnostic algorithm,
a study of the lower extremity veins and lateral
and posterior lung regions is performed in order to
diagnose possible pulmonary infarction and pleural
effusion [18]. Sonographic signs of PE are pulmonary
consolidation, predominantly wedge-shaped or
rounded, fluid located directly above the subpleural
lung lesion, and local interstitial changes [41].

According to the BLUE protocol [18], when
performing a routine lung US examination to diagnose
intrapulmonary lesions, the chest is arbitrarily divided
into 12 zones. On the right and left, the chest surface
is divided into anterior, lateral, and posterior regions,
each of which, in turn, is subdivided into upper
and lower zones (Table 2). Then the US transducer
is placed perpendicular to the ribs or parallel to the
intercostal spaces, and all regions accessible for
inspection are scanned [18].

To minimize the risk of COVID-19 for medical
personnel, lung US is preferably performed directly
in the patient’s ward quickly and according to a
pre-verified protocol, using a portable device. In
the study of patients with mild or moderate disease

severity, to reduce the time of the examination, lung
US is performed in a vertical, hands-behind-the-head
position of the patient.

Table 2
Zones and anatomical landmarks in lung US
Surface | Vertical borders Zones Horizontal borders
From the para- Upper From the supraclavw}l-
. sternal to the lar region to the IV rib
Anterior . . -
anterior axillary Lower From the IV rib to the
line diaphragmatic sinus
From the anteri- Upper From axillary .fossa to
Lateral | ©F axillary to the the IV rib
posterior axillary Lower From the IV rib to the
line diaphragmatic sinus
From the II rib to the
From the poste- Upper inferior angle of the
i i scapula
Posterior | 1T axillary to . p :
the paravertebral From the inferior angle
line Lower of the scapula to the
diaphragmatic sinus

NORMAL LUNG US PATTERN

In normal conditions, lung tissue is visualized in
the intercostal spaces and is represented on diagnostic
images by multiple parallel hyperechoic lines (called
A-lines) due to lung sliding and movements of the
visceral pleura [18]. A-lines are located directly below
the pleural line, which, in turn, has the form of a thin
hyperechoic strip in normal conditions (Fig. 1). Also,
in normal conditions, US examination reveals single
B-lines (no more than 3 in 1 intercostal space), which
are linear vertical hyperechoic comet tail artifacts,
coming from the pleural line [17, 18] (Fig. 2). B-lines
are formed due to reverberation between the visceral
pleura and air in the alveoli on the lung surface and
because of thickening of the subpleural interlobular
septa [18].

Fig. 1. US pattern of unchanged lung tissue: 4 — pleural line,
B — multiple parallel white A-lines
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Fig. 2. US pattern of unchanged lung tissue with a single
vertical B-line: 4 — pleural line, B — single B-line

US PATTERNS OF LUNG CHANGES IN
PATIENTS WITH COVID-19-ASSOCIATED
PNEUMONIA

For the first time, US patterns of lung lesions
in COVID-19 were described by scientists from
China [42]. According to their results, the main
US signs of lung damage in COVID-19-associated
pneumonia were: 1) thickening and uneven costal
pleura; 2) different variants of B-patterns in the
form of focal, confluent or multifocal B-lines; 3)
subpleural and lobar lung consolidation, sometimes
with air bronchograms (hyperechoic bright elements
representing air trapped in the bronchioles); 4) small
rare pleural effusion [42].

To date, it is believed that qualitative US signs
of lung tissue damage in COVID-19-associated
pneumonia are: 1) interstitial lung disease, 2) white
lung, and 3) lung consolidation [43, 44] (Fig. 3-5).

The US pattern of interstitial lung disease is
visualization of more than three vertical B-lines in
one intercostal space. It is believed that the interstitial
syndrome is a consequence of an infectious and
inflammatory process that affects the interstitium [45].
In this case, B-lines are usually more pronounced in
the lower zones with the same distribution on both
sides, and the anterior and upper lateral lung zones
are affected to a lesser extent. Besides, in interstitial
lung disease, in addition to multiple B-lines, lung US
reveals thickening of the pleural line (Fig. 3) [18].
This syndrome occurs due to local changes in the
acoustic properties of the lung, caused by changes
in the density and subpleural interlobular septa
thickening [46—438].

Fig. 3. US pattern of the interstitial syndrome in a patient with
COVID-19-associated pneumonia: A — thickened pleural line
with uneven contours, B — multiple vertical B-lines

The US pattern of the white lung is commonly
understood as visualization of multifocal confluent
B-lines, since it was found that an increase in
their number reflects an increase in the amount
of extravascular lung water, which is observed in
interstitial pulmonary edema [49, 50]. Diffuse white
lung is characterized by the alveolar — interstitial
syndrome, which implies both alveolar and interstitial
pulmonary edema [18] (Fig. 4).

Fig. 4. US pattern of the white lung in a patient with COVID-
19-associated pneumonia: 4 — thickened pleural line, B —
multiple merging vertical B-lines

The alveolar — interstitial syndrome has no physical
basis and is well detected by CT scan, as well as by
lung US [51-53]. The alveolar — interstitial syndrome
occurs in many pathological conditions, including
cardiogenic pulmonary edema, bacterial, viral and
fungal pneumonia, and chronic interstitial lung disease
during an exacerbation [21, 51, 53].
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In addition to the visualization of multifocal
confluent B-lines, lung US detects an uneven,
thickened, interrupted pleural line. This also includes
visualization of single hypoechoic areas in the
subpleural regions of the lungs corresponding to the
alveoli completely filled with fluid [46—48].

Lung consolidation occurs when inflammation
spreadstothe subpleural lung areas and sonographically
manifests itself as uneven thickening and discontinuity
of the costal pleura. In addition, hypoechoic areas
appear in the subpleural lung regions, which are
formed due to the filling of the alveoli with fluid (Fig.
5). The emergence of these hypoechoic areas indicates
a loss of lung tissue airiness. Acoustic properties of the
lungs become the same as in soft tissues, significantly
different from the lungs containing air [46—48].

Fig. 5. US pattern of lung consolidation in a patient with

COVID-19-associated pneumonia: 4 — thickened interrupted

pleural line, B — hypoechoic areas in the subpleural lung
regions

A study by Chinese scientists [54] showed that
in patients with confirmed severe SARS-CoV-2
infection, bacterial and fungal coinfection develops
in 25.5 and 10.9% of cases, respectively. In studies
by Italian scientists [55], it was found that in 16,654
patients who died from COVID-19, bacterial and
fungal coinfection occurred in 11% of cases.

When bacterial coinfection develops, typical
US signs of pneumonia are lung consolidation, air
bronchogram, pleural effusion, subpleural destruction
foci, and compressive atelectasis in combination with
pleural effusion [56-58] (Fig. 6).

Another direction of research in the use of US
in the diagnosis of COVID-19-associated pneumonia

is developing US semiotics of lung damage, depen-
ding on the stage of the disease. So, Q.Y.Peng et al.
[42] revealed certain correlations of the US pattern
with stages of pneumonia caused by SARS-CoV-2
(Table 3).

Fig. 6. US pattern of compressive atelectasis in the lower

lung regions combined with pleural effusion in a patient with

COVID-19-associated pneumonia complicated by bacterial

coinfection: 4 — pleural effusion, B — area of compressive
atelectasis

Table 3

US pattern of lung tissue damage in COVID-19-associated
pneumonia depending on the disease severity according
to Q.Y. Peng et al. [42]

Stages of

. tt
pneumonia US pattern

Initial stage or Unevenly distributed focal B-lines and an

mild form unevenly thickened pleural line are visualized
The number of B-lines in the affected lung
Stage of zones increases, primarily in the basal lung

progression or
moderate form

regions, and then it spreads to other lung
zones. The number of B-lines increases and
they merge.

Lung consolidation areas are visualized.
Lung «hepatization» is noted, and pleural
effusion emerges

Severe form

Reduction of the number of B-lines, emergence

Resolution stage of A-lines in the affected lung area

Apart from identifying qualitative US signs of lung
damage in COVID-19, attempts were made to perform
a semi-quantitative assessment of pathological lung
changes in this disease. For example, G. Soldati et
al. proposed a scoring scale for assessing the severity
of pneumonia caused by SARS-CoV-2, according
to lung US data [58]. In accordance with this scale,
a semi-quantitative assessment of the degree of lung
damage is performed on the scale from 0 to 3 for each
of the 12 examined areas (Table 4) [58].
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Table 4

US pattern of lung tissue damage in COVID-19-associated
pneumonia depending on the degree of lung damage according
to G. Soldati et al. [58]

Degree of

lung damage US pattern

Normal, the pleural line is smooth and continuous,

0 . R
A-lines are visualized

The pleural line has serrated margins; three or more
1 vertical B-lines are visualized under the altered
pleural line in one zone

The pleural line is interrupted; under the altered
pleural line, lung consolidation areas of different

2 . R .
sizes are visualized; below them, multiple confluent
B-lines (white lung) are detected

3 In the scanned area, increased white lung is detected

with or without larger consolidation areas

In this paper [58], the average scores calculated
according to the method proposed by the authors was
29.2 £ 7.3 and 20.4 + 8.5 in patients with and without
deterioration of the clinical condition, respectively.
Therefore, when conducting the univariate and
multivariate analyses, it was found that the total score
calculated from the US data was directly associated
with the likely deterioration of the patient’s condition.
Moreover, an overall mean US score above 24 was
associated with an almost 6-fold increase in the odds
for the deterioration of the patient’s condition.

Another foreign study [39] showed that lung US
in patients with COVID-19 can be used as a predictor
of the disease course and outcome. In this work [39],
lung US was performed only in six zones (anterior,
anterolateral, and posterolateral on both sides), since
the examined patients were in the intensive care unit,
and to interpret the US data, a scoring scale for the
assessment of the lung damage severity was also
proposed (Table 5).

Table 5

US pattern of lung damage in COVID-19-associated
pneumonia depending on the degree of severity according to Y.
Lichter et al. [39]

Degree of

lung damage US pattern

Normal, A-lines are visualized due to normal lung

0 .
aeration

Three or more vertical B-lines are visualized in one
1 zone due to a moderate loss of lung aeration; the
pleural line is altered

Multiple confluent B-lines are visualized due to a
2 severe loss of lung aeration; the pleural line is al-
tered

Lung consolidation areas are visualized; the pleural
line is altered

In this study [39], the median scores for patients
with mild, moderate, and severe lung damage were 12,
19, and 23, respectively. As a result, the authors of
this study obtained a survival curve for patients with
COVID-19-associated pneumonia, based on which
patients with a score of more than 18 had a 2.6-fold
higher mortality risk compared with mortality in
patients with a lower score [39].

In turn, another study [59] demonstrated that
lung US in the diagnosis of COVID-19 associated
pneumonia is comparable to chest CT in terms of
sensitivity, which is 93-94%. However, given that
lung US can only assess peripheral lung areas [60],
this method turned out to have low specificity (less
than 50%). In addition, lung US is limited when used
in obese patients [61] and depends on the experience
and skill of the operator [62].

At the same time, a poorly studied field of lung
US in COVID-19-associated pneumonia is a dynamic
assessment of the lung sonographic pattern in different
forms of coronavirus infection, as well as many
methodological issues, including the frequency of
second-look lung US.

CONCLUSION

Therefore, in the context of the COVID-19
pandemic, lung US plays an essential role in the
diagnosis of COVID-19-associated lung lesions
caused by SARS-CoV-2 due to its relatively high
diagnostic efficiency (which is comparable in a
number of parameters to that of CR and CT) and a
possibility of examining non-transported patients and
patients with reduced mobility (including pregnant
women) during their stay in specialized medical
institutions in the absence of radiation exposure.
Lung US can also be used as a predictor of the course
and outcome of COVID-19-associated pneumonia.
At the same time, US patterns of lung damage in
this disease and practical methodological aspects
of US application require more in-depth study and
clarification.
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ABSTRACT

The article presents a systematic review of publications devoted to the study of genetic markers of severe pneumonia.

The aim of the study was to compile a list of genetic markers that contribute to a severe course of pneumonia on
the basis of the published data.

In the current study, we searched for and analyzed articles published between January 2000 and April 2021.
Following the search for and subsequent selection of articles, a list of 10 publications was compiled, which
demonstrated a clear association of certain gene variants with severe and complicated pneumonia. Finally, we
made a list of genetic markers of severe pneumonia consisting of 16 polymorphisms in 12 genes (CD86, IL6, IL10,
PAIl, TNFo, HMGBI, ATGI6L1, AGTRI, GCLC, CAT, IFNy, FCGR24).

These genetic markers of severe and complicated pneumonia are responsible for various innate immune responses.
The odds ratio for complicated pneumonia with a risk allele in the polymorphisms in the mentioned genes ranges
from 1.39 to 4.28. To understand molecular and genetic mechanisms of severe pneumonia, further investigation of
the effect of these genetic factors on the outcomes of pneumonia in different groups of patients with a simultaneous
assessment of the cumulative effect of genetic variants and genetic interactions is required.
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PE3IOME

IpencraBnen cucreMaTHIECKHi 0030p MyOIUKAIN, TTOCBAIMICHHBIX TOUCKY T€HETHYECKUX MapKepOB THKEIOTO
TEUeHNUS THEBMOHHM.

Ienn uccsie10BaHUsI: HA OCHOBAHUM OITyOJIMKOBAaHHBIX JAHHBIX CHOPMHUPOBATH TEPeUEHb I'EHETHUECKUX MapKe-
POB, CHOCOOCTBYIOIIUX TSXKEIOMY TEYEHHIO THEBMOHMH.

B xoze nccieoBaHus BBINOJIHEH IIOMCK U aHAIN3 CTaTeH, OIyOIMKOBaHHBIX B iepuo/ ¢ stuBaps 2000 r. 1o anpens
2021 r. B pe3ynbraTe MpoBEAESHHOIO MOUCKA M MOCIEIYIOMEero oToopa crateid chopMupoBaH crucok u3 10 my-
OnMKanuii, B KOTOPBIX IPOJEMOHCTPHPOBAaHA YSTKasi aCCOL[MAaTHBHAS CBSI3b ONPE/ICNICHHBIX TeHHBIX BAPHAHTOB C
TSDKEJIBIM M OCJIOXKHEHHBIM TeUEHHEM ITHEBMOHUH, U CIIMCOK T'€HETHYECKUX MapKePOB TSHKEIIOr0 TEUEHHS THEBMO-
HUH, COCTOSIIUI n3 16 momumopdusmos B 12 renax (CD86, IL6, IL10, PAIl, TNFo, HMGBI, ATG16L1, AGTRI,
GCLC, CAT, IFNy, FCGR24).

[IpuBeneHHbIe TeHETHYECKHE MapKephl TSDKENIOrO M OCIOKHEHHOTO TEUCHUS ITHEBMOHHMH OTBEUAIOT 33 Pa3HO-
o0pa3HbIe peakuy BPOXKACHHOTO NMMyHHTeTa. OTHOIIEHNE MAHCOB NP HAIMYUH PHCKOBOTO aJUIENS II0 COOT-
BETCTBYIOIIUM MOTMMOP(HBIM JIOKyCaM 3TUX TeHOB Kosebnercs ot 1,39 no 4,28. HeoOxoanmo nanpHelinee u3y-
YEeHHUE BIMSHUS JAHHBIX TeHETHIECKUX (PaKTOPOB HA MCXOABI THEBMOHHUHU B IPYMIAX MAlUEHTOB PA3INIHBIX MO-
MYJISIHN C OTHOBPEMEHHO! OIEHKON COBOKYITHOTO BIIMSIHUSI TeHETHUECKUX BapHAHTOB M B3aHMO/ICHCTBUSI TEHOB
MEXIy COOOI.

KawueBsble cji0Ba: THEBMOHUS, T€HbI, TOTUMOP(PH3M, BPOXKICHHBII UMMYHHUTET, KPUTEPHUHU TSKECTH, IIMTOKUHBI,
CeKpeTHpyeMble OCITKU

KoHduuKkT HHTEpecoB. ABTOPbI ACKIAPUPYIOT OTCYTCTBUE SBHBIX M IOTCHIUAIBHBIX KOH(JINKTOB HHTEPECOB,
CBSI3aHHBIX C IMyOIMKaLUel HACTOsIIEeH CTaTbu.

HUcTounuk q)HHaHCI/IPOBaHHH. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCPIpOBaHI/IH py MPOBECACHUN UCCIIEN0-
BaHUA.

Jsi uurnpoBanmsi: Kapraymxuna M.A., CupugoB @.C., Kopuarnn B.U., Canamaiikuna C.A., Bacuibe-
Ba U.C., JlurBunoa M.M., Bamuk-I'oposmenxas M.B. T'eneruueckne (GaxkTopbl puCKa TSIKEIOTO TEUSHHUS
IIHEBMOHHUH: CHCTEMAaTHUYECKUi 0030p. bromemens cubupckoti meduyunst. 2022;21(4):160-169. https://doi.
0rg/10.20538/1682-0363-2022-4-160-169.
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INTRODUCTION

Pneumonia is a form of acute respiratory infection
characterized by focal parenchymal lung lesions with
intra-alveolar exudate [1]. In 2019, pneumonia and
other lower respiratory infections were ranked fourth
among the leading causes of death as the deadliest
group of infectious diseases [2]. According to the
World Health Organization, pneumonia is currently
one of the three main causes of death in the world,
and among respiratory diseases, pneumonia accounts
for 41.5% of deaths [3]. The incidence of community-
acquired pneumonia in Russia in 2019 was 410 per
100,000 population according to the data of official
statistics of the Russian Federation [4].

Pneumonia is a typical multifactorial disease as
it can be caused by a wide range of bacteria, viruses,
and fungi. Its course and prognosis are determined by
human genetic characteristics, environmental factors,
and the features of the pathogen. Numerous multicenter
clinical trials discovered a large number of risk factors
for a severe course of pneumonia and development
of its complications in order to optimize treatment
regimens and prevent the incidence of pneumonia.
However, additional risk factors remained undetected
in a significant proportion of patients [5]. In this regard,
identifying reliable predictors of severe and complicated
pneumonia is an urgent issue in modern medicine.

Researchers have made repeated attempts to solve
this issue by identifying candidate genes and their
variants associated with susceptibility to pneumonia
and the course and clinical outcomes of the disease.
Currently, a large number of studies devoted to this
problem have been published. Particularly, in a
systematic review, A.T. Kloek et al. (2019) analyzed
1,219 studies published from 2000 to 2018 [5].
When conducting a meta-analysis, the authors found
a statistically significant association between the
alleles in the MBL2 and CDI4 genes and the risk
of developing pneumococcal pneumonia. As it was
noted in the research, there were contradictory results
in the literature on the role of gene polymorphisms
in susceptibility to pneumonia and the course and
outcome of the disease. This fact can be explained by
methodological flaws and poor reproducibility of the
studies [5].

In this article, we provided a systematic analysis
of the effect of genetic factors on the severity of
pneumonia, compiled a list of genetic markers
contributing to its severe course, and discussed
possible directions for further research in this field.

The aim of the study was to compile a list of
genetic markers that contribute to a severe course of
pneumonia based on the published data on genetic
aspects that determine the features of the course of
this disease.

MATERIALS AND METHODS

In this study, we searched for and analyzed
articles from the database of medical and biological
articles PubMed (https://pubmed.ncbi.nlm.nih.gov/)
which were published from January 2000 to April
2021 and then analyzed the publications found. The
search query contained the words “pneumonia” and
derivatives, “gene” and derivatives, “polymorphism”
and derivatives. To narrow down the search, articles
containing the words “children” and “covid” with
their variations were excluded. So, the search
algorithm looked like this: (“pneumonia”’[MeSH
Terms] OR  “pneumonia”[All  Fields] OR
“pneumoniae”[All Fields] OR “pneumonias”[All
Fields] OR “pneumoniae s”[All Fields]) AND
(“genes”’[MeSH Terms] OR “genes”[All Fields]
OR “gene”[All Fields]) AND (“polymorphic”[All
Fields] OR “polymorphics”[All  Fields] OR
“polymorphism s”[All Fields] OR “polymorphism,
genetic’[MeSH Terms] OR (“polymorphism”[All
Fields] AND ‘“genetic”’[All Fields]) OR “genetic
polymorphism”[All Fields] OR “polymorphism”[All
Fields] OR “polymorphisms”[All Fields])) NOT
(“child”[MeSH Terms] OR “child”’[All Fields] OR
“children”[All Fields] OR “child s”[All Fields] OR
“children s”[All Fields] OR “childrens”[All Fields]
OR “childs”[All Fields])) NOT (“sars cov 2”’[MeSH
Terms] OR “sars cov 2”[All Fields] OR “covid”[All
Fields] OR “covid 19”[MeSH Terms] OR “covid
19”[All Fields])) AND (2000:2021[pdat]). When
applying the presented search algorithm, we initially
found 795 articles. After further investigation, 761
articles were excluded because they did not fully
meet the aim of this study as they were devoted to
genetic characteristics of microorganisms causing
bronchopulmonary diseases or studied the odds for
the disease, but not its course. Therefore, the list was
reduced to 34 articles.

After a thorough analysis of these publications,
several articles were additionally excluded from the
study, as they examined groups of patients unsuitable
for our study or did not contain data relevant to the
aim of this study. Particularly, several excluded
works studied patients under the age of 18, and
other publications did not analyze the association
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of genetic markers with the severity of pneumonia,
but with predisposition to pneumonia. In addition,
studies that demonstrated a statistically insignificant
(p > 0.05) association of a gene polymorphism
with a severe course of pneumonia were eliminated
from the list.

The number of publications found as a
result of a search in the PubMed database

(https://pubmed.ncbi.nlm.nih.gov /)
January 2000 — April 2021, n =795

SEARCH

Number of reviewed publications, n =34

l

Full-text articles evaluated for inclusion in
the analysis,
n=734

|

Studies included in the quantitative
analysis, n =10

REVIEW

ASSESSMENT

INCLUDED

Thus, at the last stage of the detailed evaluation,
24 publications were excluded from 34 articles. As
a result, we formed a list of 10 publications, which
demonstrated a clear association of certain gene
variants with a severe and complicated course of
pneumonia (Figure).

Excluded publications which did not fully comply with the aim of
this study. Articles (n = 761) which are devoted to:
e genetic features of microorganisms that cause
bronchopulmonary diseases;
» research of the odds for developing pneumonia, and not the
features of its course

Excluded full-text articles, n = 24, due to:
* examination of unsuitable groups of patients;
» lack of data necessary to achieve the aim of this research;
« the absence of a clinically significant association of the gene
variant with the severity, complications, and (or) outcome of
pneumonia

Figure. Schematic representation of the selection of publications devoted to the identification of genetic markers associated with
severe pneumonia in accordance with PRISMA guidelines

The contribution of various polymorphisms to the
development of the disease was determined using the
odds ratio (OR), which is a traditional parameter for
such studies. The results obtained were interpreted as
follows: if the OR was equal to 1, then there was no
correlation between a gene polymorphism and clinical
and laboratory features of the course of pneumonia;
if the OR was > 1, then there was an increased risk
of severe pneumonia; if the OR was < 1, then there
was a protective marker against the complicated
course of pneumonia. Associations with p <0.05 were
considered statistically significant.

Furthermore, genetic databases and genomic
browsers dbSNP  (https://www.ncbi.nlm.nih.gov/
snp/), Ensembl (https://www.ensembl.org/index),

SNPedia (https://www.snpedia.com/), and OMIM
(https://www.omim.org/) were analyzed to assess
the results of the identified genetic associations,
clarify the frequency characteristics of gene
polymorphisms, and determine their biological
role in the processes responsible for innate immune
responses.

According to the Russian clinical guidelines for
the diagnosis, management, and prevention of severe
pneumonia in adults, it is advisable to use the IDSA
/ ATS criteria, containing two major and nine minor
criteria, to determine the severity of the disease
(Table 1) [6]. The presence of one major and three
minor criteria in a patient indicates a severe course of
pneumonia [7].
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Table 1

IDSA / ATS criteria for the severity of pneumonia
Severe respiratory failure requiring MV

Septic shock requiring vasopressors

RR > 30 per min

Pa0O,/ FiO, <250

Multilobar infiltration

Impaired consciousness

Uremia (blood urea nitrogen > 20 mg / dl)

Leukopenia (leukocytes <4 x 10°/1)

Thrombocytopenia (platelets < 100 x 10 ?/1)

Hypothermia (< 36 °C)

Hypotension requiring aggressive fluid resuscitation

Major criteria

Minor cri-
teria

Note: IDSA — Infectious Diseases Society of America; ATS —
American Thoracic Society; MV — mechanical ventilation; RR —
respiratory rate; PaO,/ FiO, — partial pressure of arterial oxygen /
fraction of inspired oxygen; WBC — white blood cells.

RESULTS

As a result of a systematic literature review,
we have formed a list of genetic markers of severe
pneumonia, consisting of 16 polymorphisms in 12 ge-
nes (Table 2).

These genetic markers of a severe and complicated
course of pneumonia are responsible for various
innate immune responses. In general, the selected
genes can be grouped according to the functional
principle: extracellular cytosolic opsonizing proteins
(proinflammatory cytokines) (IFNG, IL6, ILI0,
TNFa), secreted proteins (genes of the complement
system and Fc receptors) (FCGR2A4) and genes
encoding synthesis of other proteins (CA7, GCLC,
AGTRI, PAIl (SERPINE])).

Table 2
Genetic factors associated with the risk of severe and complicated pneumonia
Gene Polymorphism OR for allele and / or genotype (complication Features of the sample under study Source (I"ubMed D),
of pneumonia) population features
Chinese population, 192 patients
_ 0 . - -
117281995 G/c | Allele €= 175 (95% CL; 1.04-2.95). Geno- | (uy oo/ onia and sepsis and 201 25129060 [8]
type GC — 1.85 (95% CI; 1.07-3.20) (sepsis) o
CBS6 healthy individuals
Allele G — 1.65 (95% CI; 1.21-2.24). Chinese population, 186 patients
152332096 T/G Genotype GG —2.75 with pneumonia and sepsis and 196 25912130 [9]
(95% CI; 1.46-5.16) (sepsis) healthy individuals
Allele C — 2.83 (95% CI; 2.1-3.78). Chinese population, 188 patients
151800795 G/C Genotype CC — 4.45 with pneumonia and sepsis, 162 pati-| 7300776 1)
(95% CIL: 2.69-5.37) (sepsis) ents with pneumonia, and 200
1L6 T ) healthy individuals
Chinese population. The group of
Allele C —2.42 277 patients was divided into two
151800795 G/C (95% CI; 1.08-5.45) (septic shock) subgroups depending on the severity 26025100 [11]
of sepsis and its outcome
Chinese population, 188 patients
Allele A—2.08 with pneumonia and sepsis, 162 pa-
IL10 rs1800896 A/G (95% CI; 1.15-2.80) (sepsis) tients with pneumonia, and 200 27388228 [10]
healthy individuals
4G/5G and 4G/4G genotypes — 2.74 208 'Caucas1an pa}tlents Wlth pneu-
rs1799768 monia and sepsis. Patients were
PAII (95% CI; 1.34-5.60) . .
4G/5G and . . stratified depending on the presence 20429897 [12]
(SERPINET) (multiple organ dysfunction syndrome), 2.57 . :
4G/4G (95% CI: 1.18-5.62) (septic shock) of multiple organ dysfunction syn-
> ’ drome, septic shock or death
Chinese population.The group of 277
Allele A—4.28 patients was divided into two sub-
INFa 151800629 G/A (95% CI; 2.24-8.18) (septic shock) groups depending on the severity of 26025100 [11]
sepsis and its outcome
Genotype TC — 1.74 . . . .
(95% CI; 1.025-2.958) (severe course). Chinese populatlgn, 328 patlent.s with
rs1412125 T/C Genotype CC — 4.73 community-acquired pneumonia (de-
% CI: 2.24-10. pending on the severity of the con-
HMGBI O5%C ’Genotype (fc)i(jelvere course) dition, patients were divided into 30562142 [13]
o ) . : severe (125) and non-severe com-
1s2249825 C/G ©5% CIC’}I'OZ 3.0(1})C§sexgeir;e7wurse). munity-acquired pneumonia (203)
enotype UG = 3. groups) and 317 healthy individuals
(95% CI; 1.58-9.58) (severe course)
Allele A—2.4 (95% CI; 1.06-5.60)
ATGI6LI 2241880 G/A (septic shock and failure of at least one Greek population, 155 patients with 24791954 [14]
organ in patients with ventilator-associated | ventilator-associated pneumonia
pneumonia)
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Table 2 (continued)

Gene Polymorphism OR for allele and / or genotype (complication Features of the sample under study Source (PubMed ID),
of pneumonia) population features
Allele C - 1.86
AGTRI rs5186 A/C (95% CI; 1.31-2.64) (complications of
pneumonia)
Allele T—1.90 Russian population, 350 patients
GCLC rs17883901 C/T (95% CI; 1.15-3.15) (complications of with ventilator-associated pneumo- 24068433 [15]
pneumonia) nia, 432 healthy individuals
Genotype AA —1.85
CAT rs17880664 T/A (95% CI; 1.06-3.25) (complications of
pneumonia)
Allele T —1.39 (95% CI; 1.03—1.89) (sepsis).
1s2069705 T/C Genotype TT — 1.22 (95% CI; 0.58-2.57) . . .
o . . | Chinese population, 196 patients
IFNy TC+TT - 1.84 5% CL 1.24°2.73) (sepsis) | o™ ois and pneumonia, 213| 24475220 [16]
Allele A —1.49 (95% CI; 1.05-2.12) (sepsis). healthy individuals
1s2430561 A/T Genotype AA—1.70 (95% CI; 0.61-2.12)
TA+AA—1.68 (95% CI; 1.11-2.54)
Allele C — 1.57 (95% CI; 1.00-2.45) Netherlands, 200 patients with venti-
FCGR24 151801274 T/C Genotype CC —2.55 lator-associated pneumonia and sep- 19494086 [17]
(95% CI; 1.30-5.00) (sepsis) sis, 313 healthy individuals

Note: SNV —single nucleotide variant; OR — odds ratio; 95% CI — 95% confidence interval.

According to Table 1, the OR in the presence of a
risk allele for the presented polymorphic loci ranges
from 1.39 to 4.28.

Here we would like to provide more detailed
information on the genetic associations found in the
literature. The CD&6 gene is located on the long arm
of chromosome 3 (3q13.33) and encodes a membrane
protein of the immunoglobulin superfamily expressed
by antigen-presenting cells. CD86 protein acts as a co-
stimulatory signal for the activation and survival of T
lymphocytes [18]. A study by H. Song et al. (2015)
which included 192 patients with pneumonia-induced
sepsis showed that the frequency of the rs17281995
G/C gene variant in these patients was significantly
higher than in the control group. The OR for allele C
and genotype GC was 1.75 and 1.85, respectively. In
the study by C. Wang et al. (2015), where 186 patients
with pneumonia-induced sepsis were examined, a
correlation was found between the rs2332096 T/G
gene variant and the severe course of the disease. The
OR for allele G and genotype GG was 1.65 and 2.75,
respectively [8, 9].

The IL6 gene is located on the short arm of
chromosome 7 (7p15.3) and encodes interleukin (IL)-
6. IL-6 is a proinflammatory cytokine and one of the
most important mediators of the acute-phase response.
It stimulates synthesis of acute-phase proteins,
proliferation and differentiation of B and T cells and
leukopoiesis, and is involved in the development of
oxidative stress. IL-6 is secreted by macrophages,

fibroblasts, vascular endothelial cells, T cells, glial
cells, and epithelial and skin keratinocytes after
their activation by pathogen-associated molecules
mediated by toll-like receptors [10]. The study by
Z.-R. Mao et al. (2017), which included 188 patients
with pneumonia-induced sepsis and 162 patients with
pneumonia, showed that the rs1800795 G/C variant
increases the risk of sepsis. The OR for allele C and
genotype CC was 2.83 and 4.45, respectively. B. Feng
et al. studied 277 patients with pneumonia-induced
sepsis and found a correlation between the rs1800795
G/C gene variant and the development of septic shock.
The OR for allele C was 2.42 [11].

The IL-10 gene is located on the long arm of
chromosome 1 (1g32.1) and encodes IL-10. IL-10
has multiple pleiotropic effects on immunoregulation
and inflammation. It reduces the expression of Thl
cytokines, MHC class II antigens, and co-stimulatory
molecules on macrophages, increases the survival of
B cells, their proliferation and antibody production,
blocks NF-«xB activity, and regulates the JAK-STAT
signaling pathway [20]. The study by Z.-R.Mao et al.
(2017) which examined 188 patients with pneumonia-
induced sepsis and 162 patients with pneumonia
showed an increased risk of severe pneumonia in the
rs1800896 A/G variant. The OR for allele A was 1.58
[10].

The PAIl gene (SERPINEI) is located on the
long arm of chromosome 7 (7q22.1) and encodes
plasminogen activator inhibitor 1 involved in
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fibrinolysis. Polymorphisms in this gene are usually
considered as risk factors for the development
of cardiovascular diseases [21]. K. Madach et al.
conducted a study involving 208 patients with
pneumonia-induced sepsis and demonstrated the
relationship between the genotypes 4G/5G and 5G/5G
of the PAIl gene (SERPINEI) and the development
of multiple organ dysfunction syndrome and septic
shock. The OR for these two genotypes was 2.74 and
2.57, respectively [12].

The TNFo (TNF) gene is located on the long
arm of chromosome 7 (6p21.33) and encodes tumor
necrosis factor alpha. This extracellular protein is a
multifunctional proinflammatory cytokine synthesized
mainly by monocytes and macrophages. TNFa affects
lipid metabolism, coagulation, insulin resistance,
endothelial function, stimulates the production of IL-
1, IL-6, IL-8, interferon gamma, activates leukocytes,
and plays a pivotal role in the protection against
intracellular parasites and viruses [22]. In the article
by B. Feng et al., which studied 277 patients with
pneumonia-induced sepsis, a correlation was found
between the rs1800629 G/A gene variant and the
development of septic shock. The OR for allele A was
428 [11].

The HMGBI gene is located on the long arm of
chromosome 13 (13q12.3) and encodes the HMGB1
protein (amphoterin), which is secreted by activated
macrophages and monocytes as a cytokine mediator.
In addition, as a nuclear protein, HMGB1 can be
released during cell and tissue necrosis. In the
extracellular compartment, it can bind to the innate
immune receptor TLR4, activating cytokine secretion
by macrophages and a subsequent inflammatory
response. The HMGB1 protein is highly toxic when
released in large amounts, so it is considered as one of
the possible therapeutic targets for sepsis [23]. In the
study by W. Song et al. which involved 328 patients
with pneumonia, a relationship was found between the
rs1412125 T/C and rs2249825 C/G gene variants and
the severity of pneumonia. When OR for genotype TC
was equal to 1.740, OR for genotype TT was 4.728
(rs1412125 T/C). When OR for genotype CG was
1.754, OR for genotype GG was 3.869 (rs2249825
C/G) [13].

The ATGI6L1 gene is located on the long arm
of chromosome 2 (2q37.1) and is responsible for
synthesis of an intracellular protein involved in the
autophagy process which interacts with other proteins
of this complex [24]. The research by A. Savva et
al. examined 200 patients with sepsis caused by

ventilator-associated pneumonia and showed that the
1s2241880 G/A gene variant affects the severity of
ventilator-associated pneumonia. The OR for allele A
was 2.4 [14].

The AGTRI gene is located on the long arm of
chromosome 3 (3¢24) and encodes production of
angiotensin II type 1B receptor, which mediates the
main cardiovascular effects of angiotensin II [25].
L. Salnikova et al. studied 350 patients (Slavs,
including Russians) with pneumonia and found a
relationship of the rs5186 A/C gene variant with
complications of pneumonia, as well as with the
development of acute respiratory failure (ARF). The
risk of complicated pneumonia in the presence of
allele C is quite high; OR is 1.862 [15].

The GCLC gene is located on the short arm of
chromosome 6 (6pl2.1) and encodes glutamate-
cysteine ligase catalytic subunit, which is involved
in synthesis of glutathione from L-cysteine and
L-glutamate [26]. In the previously discussed study
by L. Salnikova et al., where 350 patients (Slavs,
including Russians) with pneumonia were examined, a
relationship was found of the rs17883901 C/T variant
with complications of pneumonia, as well as with the
development of ARF. OR for complicated pneumonia
for allele T was 3.36, and OR for ARF was 1.33 [15].

The CAT gene is located on the short arm of
chromosome 11 (11pl13) and encodes catalase,
an enzyme involved in cellular respiration and in
converting reactive oxygen species hydrogen peroxide
into water and molecular oxygen [27]. L. Salnikova et
al. (2013) studied a population of 350 patients (Slavs,
including Russians) with pneumonia and described a
relationship between the rs17880664 T/A variant and
pneumonia complications. OR for genotype AA was
1.85[15].

The IFNG gene is located on the long arm of
chromosome 12 (12ql5) and encodes a soluble
cytokine. It is a member of the interferon type II
class. It is secreted by cells of both adaptive and
innate immunity. In its active form, this protein binds
to the interferon gamma receptor and activates the
cellular response to viral or bacterial infection [28].
The study by D. Wang et al. (2014), which involved
196 patients with pneumonia-induced sepsis, showed
that the rs2069705 T/C and rs2430561 A/T gene
variants are associated with the development of sepsis
in patients with pneumonia. For a single-nucleotide
substitution rs2069705 T/C, OR for TC, TT, and TC +
TT genotypes was 1.99, 1.22, and 1.84, respectively.
OR for T allele was 1.39. For a single-nucleotide
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substitution rs2430561 A/T, OR for TA, AA, and TA+
AA genotypes was 1.68, 1.70, and 1.68, respectively.
OR for A allele was 1.49 [16].

The FCGR2A gene is located on the long arm of
chromosome 1 (/¢23.3), encodes the low-affinity
immunoglobulin Fc¢ receptor Ila (CD32A), and
participates in the activation of the cellular response
[29]. H. Endeman et al. (2009) examined 201 patients
with pneumonia and pneumonia-induced sepsis and
found a correlation between the rs1801274 T/C gene
variant and the development of severe sepsis. OR for
CC genotype was 2.55 [17].

DISCUSSION

According to the analyzed studies, the severity
of pneumonia and its outcome are determined
by the development of complications through a
systemic inflammatory response [8—17]. Systemic
inflammatory response syndrome, acute respiratory
distress syndrome, multiple organ failure syndrome,
as well as pleurisy, empyema, and the development
of necrotizing pneumonia are the most significant
complications in terms of the most unfavorable
prognosis and outcome [30].

As it was shown in our systematic review, at least
12 genes and polymorphisms in them were proven
to be associated with a severe course of pneumonia.
These genes mostly include the ones responsible for
various innate immune responses.

Despite the rigorous selection of genes, which
polymorphisms are associated with a risk of severe
pneumonia, it is worth noting that the selected
genes included the ones responsible for synthesis
of multifunctional, often nonspecific factors, such
as proteins regulating vascular homeostasis (PA//
and AGTRI). This fact significantly reduces the
significance of the interpretation of the role of these
polymorphisms as predictors of clinical features of
pneumonia and requires further in-depth study.

In addition, each of the presented gene variants
does not act in isolation, but contributes to the risk
of developing the disease in the context of the overall
genetic constitution of the patient. Several years ago,
a number of researchers put forward a hypothesis
that a combination of two or more risk alleles in
candidate genes is of greater importance for assessing
the prognosis and the course of pneumonia. So,
J.N. Siebert et al. (2018) demonstrated that a
combination of nucleotide polymorphisms in 7LR/
or TLR6 and TIRAP was associated with decreased
release of IL-6 and predisposition to pneumonia [31].

In this regard, special attention should be paid
to studying genetic interactions and the role of the
combination of polymorphisms in receptor genes
and opsonizing proteins involved in innate immune
responses. Therefore, approaches to determining the
presence of genetic associations should include a
variety of genetic markers.

In this review we deliberately did not discuss
human genetic characteristics that contribute to the
development of an infectious process associated
with certain types of microorganisms; this issue
requires in-depth research. Currently, studies have
described more than 100 microorganisms that can
cause pneumonia under certain conditions. In most
cases, these include S. pneumoniae, M. pneumoniae,
C. pneumoniae, H. influenzae, respiratory viruses,
enterobacteriaceae (K. pneumoniae and E. coli), and
S. aureus [30].

The question of the influence of genetic factors on
the course of pneumonia, depending on the causative
agent, requires a detailed review and analysis of the
available data from the literature.

CONCLUSION

We analyzed data published from 2000 to 2021
and identified a list of 16 polymorphisms in 12 human
genes that can affect the severity of pneumonia. The
OR for severe pneumonia in the presence of these
risk alleles is 1.4—4.3. There is a need for further
research of the influence of these genetic factors on
the outcomes of pneumonia in groups of patients from
different populations with a simultaneous assessment
of the cumulative effect of genetic variants and genetic
interactions. Therefore, molecular marker systems for
the detection of relevant genetic variations should be
developed.

In addition, in order to understand the genetic
predisposition to severe pneumonia in Russia, it is
essential to analyze allele frequencies of the related
polymorphisms in Russian populations. The next step
in studying the influence of gene polymorphisms on
the development of respiratory diseases should be
investigation of their molecular effects in combination
with large-scale clinical trials involving patients with
pneumonia.
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Methods for assessing the effect of microRNA on stemness genes
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ABSTRACT

According to the latest concepts, for micrometastasis to develop into macrometastasis, differentiated cancer cells
must revert to a dedifferentiated state. Activation of stemness genes plays a key role in this transition. Suppression of
stemness gene expression using microRNAs can become the basis for the development of effective anti-metastatic
drugs. This article provides an overview of the existing methods for assessing the effect of microRNAs on stemness
genes and cancer cell dedifferentiation.
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doi.org/10.20538/1682-0363-2022-4-170-182.

INTRODUCTION

The study of fundamental mechanisms of
carcinogenesis and the search for new drugs for
therapy of malignant neoplasms are some of the
leading tasks in oncology [1]. Metastatic cancer
is a serious problem that complicates successful
treatment of malignant neoplasms. Depending on the
localization of the tumor and the stage of the disease,
the proportion of patients who develop metastases
ranges from 15 up to 90%. In the vast majority of tumor
localizations, cancer patients die from metastases [2,
3]. At relatively early stages of tumor development,
some cancer cells enter blood vessels and are further
carried to various organs and tissues via the circulatory
system, which leads to the formation of the so-called
micrometastases. In micrometastases, cancer cells
can remain dormant for a long time and under certain
conditions trigger macrometastases. According to up-
to-date concepts, for transition from micrometastasis
to macrometastasis, differentiated cancer cells revert
to a dedifferentiated state. Stemness genes play a key
role in this transition.

It has been shown that stem cell plasticity is
associated with the expression of a number of genes
(SOX2, MYC, OCT, NANOG, etc.) [4-6]. Changes in
the expression of these genes can be mediated by a
wide range of factors, including non-coding RNAs
(long non-coding RNA, short interfering RNA,
microRNA) [7-9]. Currently, there are many studies
on approaches to changing the expression of genes
contributing to stem cell plasticity using microRNAs
[10], since they can provide the basis for developing
an effective anti-metastatic drug. This article provides
an overview of existing methods for assessing
the effect of microRNAs on stemness genes and
dedifferentiation of cancer cells.

STEMNESS GENES

Transcription factors associated with stemness
play a key role in the carcinogenesis. SOX2, OCTH,
NANOG, and MYC genes are required for self-renewal
and reprogramming of stem cells, as well as for
maintenance of stem cell homeostasis. Overexpression
of these transcription factor genes is associated with
the development and progression of a wide range of
cancers — breast cancer [11-14], melanoma [15-17],
osteosarcoma [18-20], head and neck squamous
cell carcinoma [21-23], colorectal cancer [24-26],
cervical cancer [27, 28], pancreatic cancer [29-31],
and stomach cancer [32-35]. At the same time, the
highest level of SOX2, OCT4, NANOG, and MYC
expression is typical of aggressive, metastatic, and
chemoresistant tumors [17, 35-42].

Expression of stemness genes ensures maintenance
of the phenotypic profile, self-renewal of cancer
stem cells (CSCs), and proliferation of cancer
progenitor cells and stimulates dedifferentiation of
non-stem cancer cells [43, 44]. Stemness-related
genes implement their functions by participating in
almost all signaling pathways related to proliferation
(WNT / B-catenin, Notch, Hedgehog (HH) and Sonic
Hedgehog (SHH), NRF2, PI3K / AKT / mTOR, etc.)
[45]. Activation of the self-renewal program is an
integral part of CSC stemness, actively contributing
to tumor progression and metastasis and causing high
cell turnover and production of progenitor cells [46].
Moreover, the ability of CSCs to self-renew in the long
term is one of the main reasons for the development
of resistance to antitumor drugs [47, 48]. For example,
the development of SOX2-mediated chemotherapy
resistance was demonstrated for colorectal cancer,
squamous cell carcinoma of the head and neck,
pancreatic ductal adenocarcinoma, and breast cancer

Bulletin of Siberian Medicine. 2022; 21 (4): 170-182 171



Pershina A.G., Nevskaya K.V., Morozov K.R., Litviakov N.V.

Methods for assessing the effect of microRNA on stemness genes

[21, 38, 49, 50]. Ectopic co-expression of Oct4 and
Nanog results in non-small cell lung cancer (NSCLC)
cells acquiring the properties of CSCs, including self-
renewal, drug resistance, epithelial — mesenchymal
transition (EMT), and high tumor-initiating activity
[51]. Directly in the focus of possible metastasis,
ectopic expression of stemness-related genes can
provide acquisition of metastatic potential by
differentiated cancer cells due to their dedifferentiation
to CSCs [5, 52]. Thus, stemness-related genes can be
considered key factors in tumor metastasis, resistance
of cancer cells to treatment, and maintenance of the
CSC population.

EFFECT OF microRNAS ON STEMNESS
GENES

MicroRNAs (miRNAs) are short double-stranded
RNAs containing 20-23 nucleotides which have a
unique seed sequence of 6—7 nucleotides at 5 end.

A

This sequence binds to mRNA, implementing post-
transcriptional regulation of gene expression (Fig. 1, a).
Currently, more than 2,500 miRNAs are known to be
present in the human genome. These miRNAs regulate
normal processes of development and homeostasis
in cells. Information about miRNAs can be obtained
from databases, such as https://www.mirbase.org/,
where the description of the published miRNA
sequences can be found, or https://miR TarBase.cuhk.
edu.cn/ for experimentally confirmed target genes for
miRNAsS, etc.

Extracellular miRNAs in microvesicles, when
getting into target cells, are capable of acting as
autocrine, paracrine, and / or endocrine regulators of
cellular processes [53]. Taken together, they can affect
up to 60% of the cell transcriptome with a significant
impact on both protein expression and on the function
of'the cell as a whole [54—56]. More information about
the biogenesis and mechanism of action of miRNA
can be found in the articles [57, 58].
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Fig. 1. Post-transcriptional regulation of gene expression: a — structure of immature miRNA; » — structure of mature miRNA,
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Global microRNA dysregulation is observed in
cancer cells [59]. There are published studies that
confirm the involvement of miRNAs in the regulation
of all processes leading to changes characteristic of
cancer cells (Fig. 2) [60] — maintenance of proliferative
signaling, avoidance of cellular growth suppression,
resistance to cell death, unlimited cell division (cell
immortality), induction of angiogenesis (growth of
new vessels), activation of invasion (penetration into
surrounding tissues) and metastasis, reprogramming
of energy metabolism, avoidance of destruction by
the immune system, epigenetic reprogramming,
influence of polymorphic microbiomes, cellular
aging, phenotypic plasticity, and closely related to it
regulation of stemness genes.

It should be noted that identification of pro- or
anti-oncogenic properties for each specific microRNA
is a rather difficult task, since the patterns of their

miR-202

miR-145

miR-101 i
miR-222- 5p

expression are tissue specific. Each type of miRNA
can bind to multiple mRNA and, at the same time, one
type of mRNA can be a target for a subset of miRNAs
[61]. Moreover, one miRNA is able to regulate several
targets that control different signaling pathways [62]
(Fig. 1, d). The role of specific miRNA depends on
the context — it can act as a tumor suppressor in one
situation and as an oncogene in another. Miscellaneous
tissues / cells express different sets of long non-
coding RNAs (ncRNAs) and circular RNAs, as well
as RNA-binding, RNA-modifying, and RNA-editing
proteins [63]. Interaction with these proteins allows for
microRNA binding sites on mRNA to become available
or unavailable. Long ncRNAs and circular RNAs with
a miRNA binding site can act as RNA sponges or traps
that remove miRNA from the process. An additional
factor is alternative polyadenylation, which affects the
presence of a miRNA binding site [63].

miR-221
miR-222
4

miR

4

miR-210 sl
miR-132  miR-93
miR-195 5 : _ « MiR-128a
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miR-107 Tk % MiR-21
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Fig. 2. Examples of microRNAs involved in the regulation of processes in the cell which are responsible for the difference between
a normal cell and a cancer cell (adapted from [60])

METHODS FOR ASSESSING THE EFFECT
OF MIRNAS ON TARGET GENES

The ability of miRNAs to maintain stem plasticity
and regulate EMT, autophagy, resistance, and
dedifferentiation of cancer cells is studied using a
relatively small range of in vifro and in vivo methods
(Table). At the first stage, to confirm the possible effect

of'a specific microRNA on a specific gene, researchers
use a bioinformatic analysis of the presence of binding
sites and a luciferase reporter assay allowing to
validate microRNA target genes. The second phase
includes an assessment of the effect of microRNA on
the expression of the target gene (for example, by a
real-time PCR) and, as a result, on protein production
(for example, by the Western blotting). The third stage
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includes an assessment of the effect of miRNAs on the
functional cell activity — proliferation, mammosphere
formation, migration, etc.

To predict the target genes of specific miRNAs,
online analysis tools in databases, such as TargetScan
(https://www.targetscan.org/) and miRDB (https:/
www.mirdb.org) [83, 84] are used. After conducting
the bioinformatic analysis of the data to check for
functional relevance of the predicted miRNA —mRNA
pairs in the target gene, different modifications of the
luciferase reporter assay are used, where luciferase acts
asareporter protein [85]. By gene cloning, the sequence
of the 3’-untranslated region of the mRNA in the gene
of interest is added at the 3” end of the luciferase gene.
If the cell has successfully synthesized a reporter
protein (luciferase), the addition of a substrate leads
to a chemical reaction. The course of the reaction can
be registered by the emergence of bioluminescence,
and the intensity of bioluminescence is proportional
to the number of successfully translated mRNAs [86].
Thus, the decrease in bioluminescence after miRNA
treatment of cells indicates its interaction with mRNA.

To determine the level of gene expression under
the effect of miRNAs, real-time PCR is widely used.
It allows to evaluate gene expression based on data on
the amount of mRNA in the sample [87]. The protein
product of the target gene is determined mainly by
the Western blotting. This method includes SDS-
PAGE electrophoresis of the biosample, transfer
of target proteins on a hydrophobic membrane, and
their detection using specific antibodies [88]. To
analyze the proliferative activity of cells under the
effect of microRNA, different cell counting methods
are used, ranging from basic techniques with trypan
blue stain to more complex multi-stage protocols.
One of the most common methods for assessing
cell proliferative activity is an MTT assay based on
enzymatic reduction of 3-(4,5-dimethyl thiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (yellow soluble
tetrazolium dye) with mitochondrial dehydrogenases
to purple — violet formazan crystals. The crystals are
dissolved in DMSO, after which the optical density of
the obtained samples is analyzed [89]. Analogs of the
MTT assay are the MTS assay, which uses a different
type of tetrazolium dye — (3- (4,5-dimethyl thiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium)), and the CCK-8 test using
the tetrazolium salt WST-8. These types of dyes are
water soluble and do not require a solubilization
step, which reduces the probability of error in the
analysis [90].

Another approach to assessment of the proliferative
activity of cells is the analysis using the nucleoside
analog BrdU, which is able to incorporate into
a replicating DNA and can be determined using
specific antibodies [91]. The impedance-based RTCA
iCELLIgence instrument is a new technology for
assessing cell proliferation and cell death in real
time. This technique requires no dyes, and cells can
be observed for a long time. However, this method
is applicable only to adherent cell cultures [92]. To
analyze survival of cells and their ability to proliferate
after miRNA treatment, the clonogenic assay is used,
which measures the capacity of single cells to form
colonies. Cells are seeded at very low density and
incubated for 1-3 weeks, after which formed colonies
are fixed and stained with crystal violet, and their
number is counted [93].

Cell viability in a number of studies is assessed
by the presence or absence of flow cytometry signs
of necrosis, apoptosis, and secondary necrosis
using appropriate fluorescently labeled antibodies,
such as Annexin V, caspase-Glo 3/7, and DNA-
binding dyes, such as propidium iodide or
7-aminoactinomycin D [94]. It is also possible to use
flow cytometry to determine the effect of miRNAs
on phases of the cell cycle in pre-fixed cells using
DNA-binding dyes [95].

To assess the phenotypic profile of cells, the
expression of CSC markers CD24, CD44, CD133, and
ALDH is studied using fluorescently labeled antibodies
[96]. The expression of stem cell plasticity markers
CD44,CD24,CD133, LGRS and EMT markers Snail,
Slug, Zebl, Cloudinl, B-catenin, E-cadherin, and
vimentin is estimated by immunocytochemistry and
Western blotting.

Several tests are used to study cell migration. In
one of the migration assay variations, after cells reach
the monolayer, a streak is made across the bottom
of the plate with the use of a cell scraper or pipette
tip, and then the dynamics of cell migration and
recovery confluency are assessed [97]. A Transwell
cell migration assay is also quite popular. The bottom
of Transwell inserts has pores that allow cells to
move from the insert to the well of the plate. Thus,
the assessment of cell migratory ability is based on
the number of cells that have passed through the pores
of the insert and reached the well of the plate [97].
Transwell inserts are also used to evaluate the ability
of cells to invade. Before testing, the bottom of the
insert is coated with solubilized extracellular matrix
protein mixture Matrigel. During polymerization of
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the matrix, a structure similar in composition and
properties to the basement membrane is formed. As
a result, the number of cells which are able to pass
through Matrigel and end up in the main well correlates
with their ability to invade [97].

The ability of cancer cells to initiate tumor
growth is determined by the spheroid formation
assay (for breast cancer cells — mammospheres). For
this purpose, a suspension of single cells is placed
in wells with hydrophobic coating of the bottom in
a serum-free medium supplemented with growth
factors or MammoCult medium. After 5-14 days,
the number of formed spheroids with a diameter of
35-100 um is assessed, depending on the cell line
used and the design of the experiment [98, 99].
The formation of spheroids in this case is an in
vitro prototype of metastasis. It is also possible to
evaluate the ability of cells in the spheroids to self-
renew by disaggregating primary spheroids and
placing them again on low surface energy plastic in
a serum-free medium for the formation of secondary
and, similarly, tertiary spheroids [100]. To prevent
migration of spheroids and their aggregation, spheroid
formation in soft agar, a modification of the method,
is used [101].

Several studies on the role of miRNAs in
carcinogenesis are based on in vivo experiments on
immunodeficient mice (nude, NOD / SCID). For a
tumorigenicity assessment, cells transfected with
miRNA mimics or genetically modified cell lines that
express the target miRNA are used. After subcutaneous
injection of cells, the rate of tumor growth, the
histological structure of the tumor, and expression of
markers of interest via immunohistochemical staining
are evaluated [69, 71, 73, 75].

MicroRNAs IN THE REGULATION
OF STEMNESS GENES

Over the past 5-7 years, microRNAs have been
widely studied as a component of tumor suppressor
and oncogenic pathways. There are separate studies
on stemness gene regulation using miRNAs in tumor
tissues of various localizations. SOX2 knockdown
inhibits invasion and migration of breast cancer cells
via antisense RNA [8]. MiR-302b, P21, and miR-
145 miRNAs suppress expression of stemness genes
SOX2 and MYC in intestinal and diffuse gastric cancer
[102]. Overexpression of miR-145 inhibits stem cell
transcription factors SOX2, NANOG, and OCT4
in cervical CSCs and also reduces tumor invasion
and colony formation in vitro. Knockdown of miR-

145 leads to a significant decrease in cervical tumor
growth in nude mice [9].

It has been shown that miR-148a inhibits stemness
properties of glioblastoma cells and the metastatic
potential of glioma through inhibition of SOX2 and
OCT4. In addition, decreased expression of pre-miR-
29a, pre-miR-181, pre-miR-let7b, and pre-miR-124a
is observed in CSCs expressing SOX2 and OCT4.
MiR-148a has been recognized as one of the most
significant microRNAs that negatively regulate in
response to co-expression of Oct4 and Sox2. MiR-
148a expression inhibits induced Oct4 / Sox2 CSC
phenotypes in glioma, including in vitro sphere-
formation and tumor formation in vivo [103]. It was
shown that targets for miR-221-3p and miR-221-5p
are 3’-untranslated regions of mRNA transcripts in the
main transcription factors maintaining pluripotency
(OCT4, Nanog, and Sox2) in mouse embryonic cells
[104]. MiR-296, miR-470, and miR-134, as well as
many others, regulate mouse embryonic stem cells
by inhibiting Nanog, OCT4, and Sox2 [105]. MiR-
371-5p is capable of suppressing EMT associated
with stemness induction via the Wnt / beta-catenin
signaling pathway. MiR-371-5p reduces spheroid
formation by colorectal cancer cells. Demethylation
of the SoxI7 gene induces miR-371-5 expression,
which is suppressed by Sox2 expression. The Wnt
inhibitory factor 1 (WIF1) is a member of the protein
family that binds Wnt and inhibits transmission of
the Wnt signaling pathway. WIF1 stimulates miR-
200c expression, which reduces the expression of
pluripotency and stemness markers OCT4, ¢-MYC,
c-KIT, and MYB, as well as BMI11, ZEBI and ZEB?2,
which results in an increase in the expression of
E-cadherin [106].

CONCLUSION

Currently, there are microRNAs known for their
ability to regulate expression of stemness genes in
embryonic stem cells, as well as in CSCs in different
localizations. Extensive research in this area has been
conducted since tumor origin from CSCs was proven.
Significant achievements have been made in this
area, which hopefully will result in the development
of drugs that will regulate the activity of CSCs
and thereby control tumor growth. In general, the
current stage of research involves accumulation of
knowledge about the mechanisms of regulation of the
metastatic cascade and identification of targets for the
development of RNA-based drugs for suppression of
metastasis.
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Pathogenetic aspects of the development of psoriatic arthritis in people
with generalized chronic periodontitis
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ABSTRACT

The pathogenetic mechanisms of progression of chronic periodontitis and psoriatic arthritis have common
components in immune and inflammatory responses.

The pathogenesis of chronic periodontitis involves interaction of microbial and immunological components. As a
chronic immune-mediated inflammatory disease and a consequence of an infectious trigger that originally affects
gingival soft tissue, periodontitis is typically characterized by periodontal destruction and damage to adjacent
connective tissues. Neutrophils contribute to the development of periodontitis and participate in its progression by
recruiting T helper 17 cells and stimulating synthesis of the receptor activator of the nuclear factor kappa-3 ligand
(RANKL), contributing to bone resorption.

Macrophages as producers of proinflammatory cytokines (interleukin (IL)-1p, IL-6, IL-22, IL-23, tumor necrosis
factor (TNF)), free radicals, and matrix metalloproteinases contribute to the chronic course of the disease. Tissue
destruction results in generation of reactive oxygen species by neutrophils, which, against the background of a de-
crease in the antioxidant potential, leads to development of oxidative stress. These processes together lead to tooth
mobility, formation of periodontal pockets, and bone resorption.

The key factors in the formation of psoriatic arthritis against the background of periodontitis are overproduction
of proinflammatory cytokines in target tissues (skin, joints, gingival microflora) and development of an excessive
systemic immune response to the microbiota inhabiting the epithelial and periodontal tissues. A statistically
confirmed correlation of the progression of periodontal destruction with the presence of psoriatic arthritis proves
the significance of the effects of inflammation as a background for the progression of a comorbidity. Increased
IL-17 synthesis plays a crucial role in the development of immune responses of pathological bone remodeling and
bone resorption in periodontitis and psoriatic arthritis.

Keywords: periodontitis, psoriatic arthritis, cytokines, free radical oxidation, inflammatory response, bone
resorption
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MaToreHeTnYyeckne acneKkTbl B3aMOCBA3N XPpOHN4YeckKkoro
reHepajsn3oBaHHOro NapoAoOHTUTa U NCcoOpuaTNYeCKoro apTpuTta

MopapuH I'.B.", 3axBaToB A.H.?, MapwuHa A.10.2

I Poccutickuil HayuoHanbhblll ucciedosamenbekuti meouyunckuu yuusepcumem (PHUMY) um. H 1. [Tupoeosa
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PE3IOME

ITaToreHeTH4YecKOEe €IMHCTBO MEXaHU3MOB MpOrpeCcCUpoOBaHrs XPOHUYICCKOI'0 NapOAOHTUTA U IICOPUATHICCKOI'O
apTpuTa NOATBEPIKAACTCA 06IIII/IMI/I 3BCHbAMU UMMYHOBOCIIAJIUTCIIbHBIX pCaKHHfI.

ITaToreHe3 XpOHHYECKOTO MapoJIOHTHTA 3aKII0YACTCS BO B3aMMOJCHCTBMH MUKPOOHOTO M MMMYHOJIOTHYECKOTO
KOMITOHEHTOB. Kak XpoHHYeckoe MMMYHOBOCIIAJINTENILHOE 3a00JI€BaHNE U CICACTBUE HHPEKIIMOHHOTO TPHUITEPA,
KOTOPBIIf EPBOHAYAIBHO MOPAKAeT MATKHE TKaHHU JECEeH, MAPOJOHTHT KJIACCHYECKH XapaKTepH3yeTcsl pa3pylie-
HHEM IIEPUOIOHTA ¥ OKPYKAIOIINX COCAMHUTEIbHBIX TKaHeH. HefTpohuiibl criocoOCTBYIOT pa3BUTHIO APOJOHTH-
Ta M y4acTBYIOT B €TI0 IIPOTrPECCUPOBaHUHM, peKpyTHUPYs T-xenmneps! 17 U CTUMYJIHPYsI CHHTE3 aKTHBaTOpa MeMOpa-
HOCBSI3aHHOTO perienTopa simepHoro ¢pakropa kanmna-f3 (RANKL), criocoGcTByst ocTeope30pOLun.

Makpodaru Kak npo/yLeHThI TPOBOCIIAMTEIBLHBIX INTOKHHOB (MHTepielikuH (IL)-1, IL-6, IL-22, IL-23, pakTop
HEKpO3a OIyXOJIH), CBOOOIHBIX PaJNKaIOB, MAaTPHKCHBIX METAJUIONPOTEHHA3 CHOCOOCTBYIOT XPOHU3ALNH TPO-
necca. JlecTpykumsi TKaHel BiedeT 3a coOOM reHeparuio HeWTpo(huiIaMu akTUBHBIX (GOpPM KHCIOPOJA, YTO Ha
(hoHE CHIKEHHMST aHTHOKCHJIAHTHOTO TIOTEHIINAJa BeJIeT K Pa3BUTHIO OKCHUIATHBHOTO cTpecca. JlaHHbIe mpolecch
B COBOKYITHOCTH BeIYT K ()OPMHPOBAHUIO MATOJOTMYECKOH MOJABMKHOCTH 3y0OOB, NMapOJOHTAIBHBIX KAPMAHOB,
IpoleccaM 0CTeope30pOLHH.

KiroueBsiM (akTopoM B ()OPMHPOBAHUH IICOPHATHUECKOTO apTpHUTa Ha (POHE MAPOTOHTHTA SBISIETCS THIEPIIPO-
JIYKIUS IPOBOCIATIHUTEIBHBIX IIUTOKHHOB B TKAHSIX-MHUIICHSX (KOXKa, CYCTaBBl, MUKpPOCpea IECCH) M Pa3BUTHE
YpPEe3MEPHOTO CHCTEMHOTO MMMYHHOTO OTBETa Ha MHKPOOMOTY, HACEISIONIYI0 OBEPXHOCTh SHUTEIHS U TKaHH
napogoHTa. CTaTUCTUYECKU IOATBEPKACHHAS KOPPEIALU pa3BUTUSA ACCTPYKLUUYU MapOJOHTA C HAJIIMYUEM IICO-
PHATHYIECKOTO apTpUTa JOKA3bIBaeT 3HATMMOCTH 3P ()EKTOB BOCIAIUTENHFHOTO Iponecca Kak (oHa UL PA3BUTHUS
koMopOuHOH natonoruu. [ToBsimennsit cuare3 IL-17 BHIIONHSIET KIIOYEBYIO POJIb B Pa3BUTHN UMMYHHBIX pe-
aKIUi MaTOJIOTHYECKOr0 KOCTHOTO PEeMOJECIHPOBAHHS H OCTEOPE30pOINH IPH MAapOIOHTUTE U IICOPUATHISCKOM
apTpuTe.

KiroueBble cjioBa: MapoIOHTUT, TICOPUATHUCCKUI apTPHUT, IIUTOKUHBI, CBOOOTHOPAJIUKAIBHOE OKUCIICHUE, BOC-
MATUTEBHBIA OTBET, OCTCOPE30POITHS

Konpaukt nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMANBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEeH CTaThH.

HUcTounuk q)HHaHCHpOBaHI/ISI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OpOBEACHUU UCCIIEI0-
BaHUA.

[ uurupoBanus: [lopsaun I'.B., 3axBatoB A.H., [lapmuna A.1O. [laTorenernueckue acrekTsl B3aUMOCBSI3U
XPOHUYECKOTO I'eHEePAIM30BaHHOTO MapOJIOHTHTA M NICOPHATHYECKOTO apTpuTa. broanemens cubupckoi meouyu-
Hot. 2022;21(4):183—192. https://doi.org/10.20538/1682-0363-2022-4-183-192.

Pathogenetic aspects of the development of psoriatic arthritis in people with

INTRODUCTION

Currently, inflammatory periodontal diseases are
some of the urgent and socially sensitive problems
of health care [1]. About 95% of the adult population
in the world suffer from this pathology, which, in
the absence of proper and timely treatment, leads

to defects in the dentition, thereby reducing the
ability to work and decreasing the quality of life of
the population [2—6]. The prevalence of periodontal
disease in Russia is about 85%, 53% of the population
have initial manifestations of inflammations, and 12%
have moderate and severe inflammation [7-9].
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In chronic periodontitis, systemic lesions occur
that involve not only periodontal tissues, but also
other organs and systems, which leads to disruption
of various components of homeostasis, including the
immune system [10]. The inflammatory process and
increased synthesis of proinflammatory cytokines
result in the development of a number of systemic
autoimmune pathologies, of which rheumatic diseases
and severe forms of psoriasis with joint damage have
the greatest significance [11].

Despite the widespread interest in periodontitis
and systemic disorders over the past decade, only a
few studies have considered the association between
psoriatic arthritis (PsA) and chronic periodontitis
[12, 13].

The analysis of the conducted studies showed an
increase in the frequency of periodontitis in patients
with PsA. For example, in Denmark, a large cohort
study of 6,428 patients who were diagnosed with PsA
revealed that the frequency of periodontitis in this
group of patients was significantly higher than in the
control group [14]. C. Ancuta et al. (2017) showed
a significant decrease in the intensity of the disease
and an improvement in the periodontal condition in
patients with PsA 6 months after the initiation of anti-
cytokine therapy [15].

The association between chronic periodontitis and
PsA is bidirectional. An increased risk of psoriasis was
noted in patients with chronic periodontal diseases
[13, 15-17]. This suggests the existence of common
mechanisms that determine mutual aggravation of the
course of these common diseases.

IMMUNOPATHOGENESIS OF CHRONIC
GENERALIZED PERIODONTITIS

The pathogenesis of chronic generalized
periodontitis is multifactorial and is considered to be
a result of an ongoing cross-interaction of bacterial,
immunological, inflammatory, and genetic factors
[18]. As a chronic immune-mediated inflammatory
disease and a consequence of an infectious trigger that
originally affects gingival soft tissue, periodontitis is
typically characterized by periodontal destruction and
damage to adjacent connective tissues [19].

Microbiological aspects of the development of
chronic periodontitis consist mainly in colonization
of the periodontal pockets by gram-negative
microorganisms, the most significant of which
are Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Tannerella forsythia, and
Treponema denticola [17].

The inflammatory response is triggered by the
interaction of resident cells with bacterial biofilm
attached to the tooth surface, which, via fixation, makes
it impossible for the immune system to destroy gram-
negative microorganisms, thereby increasing damage
to periodontal tissues [20]. The epithelium of the
periodontal ligamnent is the first periodontal structure
to experience bacterial exposure [21]. Production
of the main enzymes (proteinase, peptidyl-arginine
deiminase (PPAD), hemolysins) and metabolites
(methyl mercaptan and dimethyl sulfide) by gram-
negative anaerobic microorganisms contributes to
destruction of fibronectin and laminin and hydrolysis
of collagen. It facilitates passage of bacteria through
the periodontium into the gingival connective
tissue, where they stimulate gingival epithelial cells

and fibroblasts to trigger initial inflammatory
responses [22].
Resident periodontal cells detect bacterial

pathogen-associated molecular patterns (PAMP)
[23], which connect to toll-like receptors (TLR4/2),
triggering the recruitment of protein kinases. It
ultimately causes activation of proinflammatory
transcription factors, such as nuclear factor kappa B
(NF-kB) and activator protein-1 (AP-1), stimulating
the expression of genes responsible for synthesis of
proinflammatory cytokines, thereby leading to an
increase in inflammation [24]. In addition, gingival
fibroblasts stimulate destruction and disorganization
of the fibrous component of the extracellular matrix
by increasing the production and activity of matrix
metalloproteinases (MMP) [25].

Due to migration of immunocompetent cells into
the subgingival space, infiltration of periodontal
tissues by neutrophils occurs, which leads to an
increase in synthesis of cytokines and chemokines with
proinflammatory and anti-inflammatory properties
[22]. Neutrophils induce recruitment of CD4+ T helper
17 (Th17) cells responsible for the production of IL-
17 and stimulate synthesis of the receptor activator of
the nuclear factor kappa-p ligand (RANKL), which
leads to bone resorption by osteoclasts [25].

Macrophages are important sources of pro-
inflammatory cytokines, such as interleukin (IL)-1,
tumor necrosis factor (TNF), MMP, and prostaglandin
E2 [26], which are elevated in the gingival tissue of
patients with chronic periodontitis [25]. Studies have
shown a direct correlation of macrophage infiltration
with the severity of periodontitis, which significantly
contributes to the degradation of the collagen matrix
in the connective tissue of the periodontium [27].
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Macrophages can undergo classical (M 1) or alternative
(M2) activation. M1 macrophages are induced by
microbial agents or Thl cytokines and exhibit high
phagocytic capacity and increased expression of
proinflammatory cytokines and costimulatory and
antimicrobial molecules. In contrast, M2 macrophages
are induced by Th2 cytokines and secrete high levels
of IL-10 and transforming growth factor-p1 (TGF-B1).
Consequently, they have immunoregulatory properties
and promote cell proliferation and tissue regeneration
[28]. In experimental models of periodontitis, the
presence of both M1 and M2 macrophages was noted,
but with the predominance of M1 macrophages,
which indicates the activation of the immune response
with increased production of proinflammatory cyto-
kines [27].

When the inflammatory process becomes
chronic, lymphocytes penetrate into periodontal
tissues, releasing inflammatory and immune
molecular mediators that change the balance of bone
metabolism, determining the transition from gingivitis
to periodontitis [25]. Activation of adaptive immunity
has a great impact on bone loss associated with B and
T lymphocytes, since these cells are the main cellular
sources of RANKL during periodontal inflamma-
tion [28].

RANKL is a cytokine belonging to the TNF family
that can bind to receptors on membranes and stimulate
osteoclast differentiation, cell fusion and activation,
which results in bone resorption [28]. Osteoblasts
and bone marrow stromal cells predominantly
express membrane-bound RANKL which induces
osteoclastogenesis through cell contact with osteoclast
precursors. Activated T and B cells produce both
membrane-bound and soluble RANKL [22]. Soluble
RANKL can induce osteoclastogenesis independently
of the direct contact between infiltrating lymphocytes
and osteoclast precursors on the bone surface. RANKL
is an osteoclast activator and a molecular signal
directly responsible for bone resorption. It interacts
with the associated RANK receptor on the surface
of osteoclasts and their precursors, which triggers
its recruitment on the bone surface with subsequent
activation of cells [29].

Osteoprotegerin (OPQG) is a soluble protein that has
the ability to block biological functions of RANKL
by competitive inhibition [30]. In periodontitis, an
increase in RANKL / OPG promotes the recruitment
of osteoclast precursors, which contribute to bone
resorption via the interaction with proinflammatory
cytokines expressed by Th1 lymphocytes [29].

In addition, Thl lymphocytes play an important
role in the emergence and progression of periodontitis
by increasing the level of interferon y (IFNy) [24].
IL-1B and TNF secreted by Thl lymphocytes cause
vasodilation, stimulate activation of endothelial cells,
increase the production of chemokines, participate in
activation of neutrophils, and stimulate secretion of
MMP [25]. Th2 lymphocytes are the main cellular
source of IL-4, which promotes secretion of IgE by
plasma cells and alternative activation of macrophages
via the IFN-dependent pathway.

Lipid peroxidation processes play a significant
role in the pathogenesis of chronic periodontitis [31].
Progressive periodontal destruction entails generation
of reactive oxygen species (ROS) by neutrophils and
subsequent peroxidation of lipid structures in cell
membranes [32]. Insufficient antioxidant potential of
cells, manifested by the inability to neutralize ROS,
leads to development of oxidative stress, formation of
metabolic disorders, and development of secondary
destructive changes [32]. In such conditions, a
violation of regeneration, formation of periodontal
pockets, and progression of bone resorption are
noted [30].

IMMUNOPATHOGENETIC ASPECTS
OF PSA DEVELOPMENT

Psoriatic arthritis is a chronic progressive
inflammatory process associated with psoriasis,
characterized by predominant localization in the
tissues of the musculoskeletal system and leading to
the development of erosive arthritis, intra-articular
osteolysis, and spondyloarthritis [33].

Etiological factors underlying the development of
PsA are currently insufficiently studied. The disease
develops following a complex interaction of genetic,
immunological, and environmental factors [34].
About 40% of patients with PsA have this disease
in the family history, and, therefore, the risk of
developing this disease in such patients increases by
27-50times [35, 36]. Inrecent years, studies have been
conducted to identify genetic markers of PsA, during
which the antigen of the histocompatibility complex
HLA-B27 was detected in every third patient [33-36].
Genetic associations in PsA include HLA-B*08:01,
HLA-B*27:05, HLA-B*38:01, HLA-B*39:01,
HLA-B*57:01, and HLA-C*06:02 [36]. HLA-B27
is associated with axial lesion, wherecas HLA-B38
and HLA-B39 are associated with polyarthritis
[37]. Non-HLA genes associated with PsA include
IL-23R [34].
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Bacterial infection, smoking, obesity, stress, and
trauma are environmental factors that increase the risk
of developing PsA, especially in young people [38].
PsA is considered a T-cell-mediated disease in which
cellular immunity is activated in the skin and synovia,
followed by overproduction and imbalance of key pro-
and anti-inflammatory cytokines, such as TNF, IL-18,
IL-6, IL-12, IL-17, IL-23, and chemokines [39].

A genetic predisposition in combination with
environmental factors (bacterial infection, mechanical
injury) initiate a chronic inflammatory process
affecting primarily the tissues of the joints [38].
Repeated mechanical injury contributes to formation
of inflammatory infiltrates consisting of monocytes,
dendritic cells, neutrophils, and T cells in the synovial
membrane [40]. Dendritic cells release IL-12 and IL-
23, which leads to differentiation of naive T cells into
Th1l and Th17, respectively, and to a decrease in the
production of regulatory T (Treg) cells [41]. Abnormal
activation of the IL-23 / Th17 axis is the dominant
pathology in PsA. IL-23 triggers the activation of
tyrosine kinase 2 (TYK2) and Janus kinase 2 (JAK2)
signaling pathways, which promote phosphorylation
and activation of the signal protein STAT3 (signal
transducer and activator of transcription 3). It increases
the expression of the transcription factor RORyt,
which stimulates the production of 1L-17, IL-21, IL-
22, granulocyte-macrophage colony stimulating factor
(GM-CSF), and tumor necrosis factor (TNF), thereby
contributing to tissue inflammation [42]. In addition
to IL-23, the differentiation of naive T cells into Th17
cells is stimulated by IL-18, IL-6, and transforming
growth factor  (TGFB) [41].

In PsA, enthesis is considered to be the initial focus
of inflammation, which spreads to other periarticular
and articular structures, leading to the development of
synovitis, dactylitis, spondylitis, and osteitis [43]. An
important early mediator of enthesitis is prostaglandin
E2 (PGE2), which causes vasodilation and facilitates
recruitment of neutrophils from the bone marrow to
tendon-to-bone attachment sites. Neutrophils increase
inflammation by releasing proteases and ROS. PGE2
also promotes IL-17 production by T cells [44].

Inflammation in extra-articular structures, i.e.
extensortendonenthesitisandperitendoninflammation,
progresses to intra-articular inflammation, taking
the form of synovitis [43]. Synovitis in PsA is
characterized by hyperplasia of the mucous layer
with an increase in the number of fibroblast-like
synoviocytes and macrophages, hypervascularization
of tortuous arteries, and the presence of hyperemic

villi and subsynovial infiltrate consisting of T cells,
B cells, neutrophils, mast cells, and monocytes /
macrophages. Elongated, dilated, thick, and tortuous
vessels indicate increased angiogenesis [45, 46]. In
the synovial membrane in PsA, high expression of IL-
17A and IL-17 receptors is noted, where the cytokine
IL-17A is directly involved in bone and cartilage
destruction [44].

Remodeling is a unique feature of PsA [46]. In PsA,
IL-17 enhances osteoclastogenesis, whereas 1L-22
promotes osteoblastogenesis. Thus, the presence of a
balance between IL-17, IL-22, and IL-23 is necessary
to maintain bone homeostasis [47]. Prominent signs of
PsA are subchondral perienthesial edema and diffuse
bone marrow edema [45]. The subenthesis bone in PsA
exhibits increased vascularity and hyperosteoclastic
cystic and erosive changes [47]. Physiologically,
bone homeostasis is maintained by a balance between
osteoclasts capable of bone resorption and osteoblasts
responsible for osteoblastogenesis. In systemic
inflammation, stimulation of CD14+ monocytes by
macrophage colony stimulating factor (M-CSF),
TNF, and RANKL leads to the formation of osteoclast
precursors in peripheral blood.

In addition, IL-23 and IL-17 independently induce
osteoclast formation in myeloid cells [43]. In the
subchondral bone, binding of the receptor activator
of nuclear factor kappa B (RANK), present on the
surface of monocytes / macrophages, to membrane-
bound RANKL, present on the surface of Th17 cells,
stimulates differentiation of monocytes / macrophages
into osteoclasts [47]. Activated osteoclasts begin to
secrete enzymes of bone matrix degradation: acid
phosphatases, matrix metalloproteinase-9 (MMP-
9), and cathepsin K (CatK), which promote bone
resorption. In addition, the osteoclast-associated
receptor (OSCAR) located on the surface of monocytes,
after TNF induction, potentiates the action of RANKL,
thereby enhancing osteoclastogenesis [46]. RANKL
also increases the activation of T cells and their
production of proinflammatory cytokines, including
TNF, IL-1B, IL-6, IL-15, IL-17, and 1L-23 [45].

In PsA, IL-22 induces osteoproliferation in the
enthesis and periosteum by activating STAT3 on
osteoblasts, causing the formation of new bone
tissue, manifested by fusion of peripheral joints,
enthesophytes, spurs, ankylosis, syndesmophytes in
the axial skeleton, and changes in the sacroiliac joints
[43, 47].

Proinflammatory cytokines secreted in PsA
can stimulate chondrocytes to produce destructive
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proteases, which leads to proteoglycan loss, damage
to collagen bundles with concomitant release of
cartilaginous oligomeric matrix protein (COMP).
COMP, a glycoprotein belonging to the family of
thrombospondins, is one of the components of the
articular cartilage extracellular matrix. An increased
level of COMP in the synovial fluid and serum
contributes to remodeling and restoration of cartilage
[48].

PATHOGENETIC RELATIONSHIP BETWEEN
CHRONIC PERIODONTITIS AND PSORIATIC
ARTHRITIS

A number of authors consider joint damage in
PsA in the context of periodontitis to be a complex
interaction of immunological and inflammatory
phenomena involving bacterial infection [12, 35].
Psoriasis can occur in genetically predisposed people
with an abnormal innate and / or adaptive immune
response to components of oral microbiota in chronic
periodontitis (such as Porphyromonas gingivalis),
which can cause various psoriasis manifestations [49].
In addition, a certain composition of the microbiota in
the body folds in patients with inverse psoriasis may
also play a role in triggering local inflammation in the
periodontium [50].

A closer look indicates an association between
the immunopathogenesis of diseases: hypersecretion
of proinflammatory cytokines produced by activated
T lymphocytes and other mononuclear cells
(monocytes, macrophages); increased proliferative
activity of fibroblasts in the synovial membrane and
periodontium, their ability to secrete platelet growth
factors; increased collagenolytic activity of MMR and
increased tissue proteolysis, disruptions in humoral
immunity (autoantibodies to nuclear antigens,
cytokeratins); pathological remodeling of bone tissue
[49, 51].

The interaction between innate and adaptive
immunity in chronic periodontitis, which maintains
chronic inflammation, leads to dysregulation
and overproduction of various proinflammatory
cytokines, such as TNF, IL-17, IL-1p, IL-22, and IL-
23 [49, 52]. Activation of IL-23R receptors induces
phosphorylation of Jak2 and Tyk2 protein kinases,
which mediate activation of STAT3 and RORy
transcription factors, thereby contributing to Th17 cell
differentiation. The resulting Th17 cells produce IL-
17, a powerful proinflammatory cytokine [52].

IL-17 and TNF induce synthesis of MMP in the
synovial fluid and cartilage, which mediates loss of

collagen structures and erosion-like changes in the
cartilage surface. It also stimulates production of
IL-1 and TNF by macrophages, induces secretion of
IL-6 and IL-8 by synovial fibroblasts, and promotes
recruitment of neutrophils and other immune cells
into the synovial membrane [53]. IL-17 stimulates
synthesis of RANKL in osteoblasts and its ligation
with RANK in osteoclast precursors, contributing to
the differentiation and activation of osteoclasts [30].
Mature osteoclasts, being bone resorbing cells, secrete
lysosomal enzymes, thereby leading to destruction
of the bone matrix. [53]. Therefore, Th17-mediated
induction of osteoclastogenesis plays an important role
in the pathogenesis of bone and cartilage destruction
in PsA [49].

In addition, lymphocytic infiltration in PsA is
localized not only on the skin or joints, but also in
isolated blood cells, thereby confirming the presence
of a systemic inflammatory response in such
patients [55].

The production of TNF by macrophages promotes
activation and recruitment of immune cells to the
synovial membrane and synovial hyperplasia and
induces secretion of MMR involved in cartilage
degradation. Besides, together with other angiogenic
factors, it promotes formation of new blood vessels
[56]. TNF is responsible for regulation of genes
responsible for synthesis of IL-1, interferon v,
granulocyte — macrophage colony stimulating factor
(GM-CSF), IL-6, proinflammatory chemokine IL-8,
and other inflammatory mediators [53]. It is assumed
that angiogenesis and development of oxidative
stress due to an increase in ROS production are
apparently present in the early phase of diseases and
can be considered as important processes linking
periodontitis and PsA [50].

Therefore, PsA and periodontitis are chronic
inflammatory diseases with similar pathophysiological
mechanisms: overproduction of proinflammatory
cytokines in target tissues (skin, joints, gingival
microenvironment) and development of an excessive
systemic immune response to the microbiota inhabiting
the surface of the epithelium and periodontium [52].
Impaired interaction of innate and adaptive immunity
present in chronic periodontitis leads to systemic
overexpression of proinflammatory cytokines (TNF,
IL-17, IL-1pB, IL-22, and 1L-23) and differentiation of
ThO into Th17, which play an important role in mutual
aggravation of these pathologies. In addition, among
the common pathophysiological mechanisms in the
development of these pathologies, pathological bone
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remodeling and bone resorption can be distinguished
[49, 54].

CONCLUSION

Based on the studies listed above, it is possible to
confirm the presence of a pathogenetic relationship
between chronic periodontitis and PsA. Significance
of the prevalence of the hyperergic systemic
inflammatory response in both cases and the unity
of the cytokine profile and bone resorption processes
also confirm this statement.

A key factor in the formation and progression
of PsA against the background of periodontitis
is a disturbance in the interaction of innate and
adaptive immunities, leading to overexpression of
proinflammatory cytokines (TNF, IL-17, IL-18, IL-

proteinkinases Jak2, Tyk2

IL-1B
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22, and IL-23) and differentiation of ThO into Th17.
It further leads to increased synthesis of IL-17, which
plays a significant role in the initiation of immune
responses in PsA. IL-17 stimulates production of IL-1
and TNF by macrophages, secretion of neutrophil-
attracting IL-6 and IL-8 by synovial fibroblasts, and
induces synthesis of RANKL by them and osteoblasts,
thus mediating secretion of osteoclastogenic
factors (TNF and IL-18) and pathological bone
remodeling and bone resorption (Figure) [31, 33,
45-47]. The statistically confirmed correlation
between the development of periodontal destruction
and the severity of PsA proves the commonality of
immunological and inflammatory processes in the
development and mutual aggravation of the studied
comorbidity [6, 7, 9, 14].
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Figure. Pathogenetic relationship of chronic generalized periodontitis and psoriatic arthritis [31, 33, 45-47]. IL-1p — interleukin-1§;

IL-1 —interleukin-1; IL-6 — interleukin-6; IL-8 — interleukin-8; IL-22 — interleukin-22; IL-23 — interleukin-23; TNF — tumor necrosis

factor; ThO — undifferentiated T helper cell; Th17 — T helper 17 cell; IL-17 — interleukin-17; MMP — matrix metalloproteinase;
MP — macrophage; RANKL — receptor activator of nuclear factor kappa-§
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Therefore, the  established  pathogenetic
relationship makes it possible to develop new methods
of early diagnosis, treatment, and prophylaxis for early
detection and prevention of the progression of these
pathologies. Close collaboration between dentists and
rheumatologists for prescribing complex therapy for
these diseases, as well as screening immunological
examinations of people (especially working-age
population) with chronic periodontitis will allow for
early detection and prediction of the development of
psoriatic arthritis.

REFERENCES

1. Tibarcio-Machado C.S., Michelon C., Zanatta F.B., Go-
mes M.S., Marin J.A., Bier C.A. The global prevalence of api-
cal periodontitis: a systematic review and meta-analysis. Int.
Endod. J. 2021;54(5):712—735. DOI: 10.1111/iej.13467.

2. Jakovljevic A., Nikolic N., Jacimovic J., Pavlovic O., Mili¢i¢ B.,
Belji¢-Ivanovi¢ K.R. et al. Prevalence of Apical Periodontitis
and Conventional Nonsurgical Root Canal Treatment in Gener-
al Adult Population: An Updated Systematic Review and Me-
ta-analysis of Cross-sectional Studies Published between 2012
and 2020. J. Endod. 2020;46(10):1371-1386. DOI: 10.1016/j.
joen.2020.07.007.

3. Nijakowski K., Gruszczynski D., Surdacka A. Oral Health
Status in Patients with Inflammatory Bowel Diseases: A Sys-
tematic Review. International Journal of Environmental Re-
search and Public Health. 2021;18(21):11521. DOI: 10.3390/
jerph182111521.

4. Gonzalez-Febles J., Sanz M. Periodontitis and rheumatoid ar-
thritis: What have we learned about their connection and their
treatment? Periodontology 2000. 2021;87(1):181-203. DOI:
10.1111/prd.12385.

5. Xiao F.,LiC, Lin Y., Peng Z., Xu X., Wen Y. et al. Increased
risk of periodontitis occurrence in patients with rheumatoid ar-
thritis and its association with the levels of IL-1B and TNF-a
in gingival crevicular fluid. Annals of Palliative Medicine.
2021;10(8):9078-9087. DOI: 10.21037/apm-21-1782.

6. Dannewitz B., Holtfreter B., Eickholz P. Periodontitis-thera-
py of a widespread disease. Bundesgesundheitsblatt, Gesund-
heitsforschung, Gesundheitsschutz. 2021;64(8):931-940. DOI:
10.1007/s00103-021-03373-2.

7. Blashkova S.L., Martyanova M.V. The role of preventive hy-
giene in the prevention of caries and periodontal disease in
young age. Russian Stomatology. 2016;9(4):51-53 (in Russ.).
DOI: 10.17116/rosstomat20169451-53.

8. Sabirova A.IL., Akramov .A., Ramazanova Z.D., Sergeeva V.V.,
Ibisheva L.K. Modern aspects of epidemiological issues
of periodontal tissue diseases. The Scientific Heritage.
2021;73(2):31-38 (in Russ.). DOI: 10.24412/9215-0365-2021-
73-2-31-38.

9. Avanesov A.M., Kulchenko A.A., Meladze Z.A., Arzuni V.A.,
Tsvetkova E.P., Marinicheva E.G., Chibisov S.M. Assessment of
periodontal condition against the background of vitamin E use in
a complex of therapeutic measures for generalized periodontitis.
Scientific review. Medical Sciences. 2014;1:23-24 (in Russ.).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Barros F.C., Sampaio J.N., Figueredo C.M., Carneiro S.,
Fischer R.G. Higher prevalence of periodontitis and decayed,
missing and filled teeth in patients with psoriasis. European
Journal of Dentistry. 2020;14(3):366-370. DOI: 10.1055/S-
0040-1713465.

Madianos P.N., Bobetsis Y.A., Offenbacher S. Adverse
pregnancy outcomes (APOs) and periodontal disease: patho-
genic mechanisms. Journal of Clinical Periodontology.
2013;40(14):170-180. DOI: 10.1111/jcpe.12082.

Monson C.A., Silva V., Porfirio G., Riera R., Tweed J.A.,
Petri V., Atallah A.N. Oral Health Issues in Psoriasis: An
Overview of the Literature. International Journal of Clin-
ical Dermatology & Research. 2016;4(4):94-98. DOI:
10.19070/2332-2977-1600025.

Monson C.A., Porfirio G.J., Riera R., Tweed J.A., Petri V.,
Nagi A. et al. Periodontal Aspects for Psoriasis: A System-
atic Review. Journal of Clinical Research in Dermatology.
2016;3(1):1-8. DOI: 10.15226/2378-1726/3/4/00141.
Egeberg A., Mallbris L., Gislason G., Hansen P.R., Mrowietz U.
Risk of periodontitis in patients with psoriasis and psoriatic
arthritis. J. Eur. Acad. Dermatol. Venereol. 2017;31(2):288—
293.DOLI: 10.1111/jdv.13814.

Ancuta C., Ancuta E., Chirieac R.M., Anton C.R., Surlari Z.,
Iordache C. TNF inhibitors and periodontal inflammation in
psoriatic arthritis. Rev. Chim. 2017;68(8):1914-1918. DOI:
10.37358/RC.17.8.5790.

Esberg A., Johansson L., Johansson I., Dahlqvist S.R. Oral mi-
crobiota identifies patients in early onset rheumatoid arthritis.
Microorganisms. 2021;9(8):1657. DOI: 10.3390/microorgan-
isms9081657.

Lundmark A., Hu Y.0.0., Huss M., Johannsen G., Anders-
son A.F., Yucel-Lindberg T. Identification of salivary micro-
biota and its association with host inflammatory mediators
in periodontitis. Front. Cell Infect. Microbiol. 2019;(9):216.
DOI: 10.3389/fcimb.2019.00216.

Banjar W., Alshammari M.H. Genetic factors in pathogen-
esis of chronic periodontitis. Journal of Taibah Universi-
tyv Medical Sciences. 2014;9(3):245-247. DOI: 10.1016/j.
jtumed.2014.04.003.

Yousef A. Allehani. Risk Factors of Periodontal Disease:
Review of the Literature. International Journal of Dentistry.
2014;2014:182513. DOI: 10.1155/2014/182513.

Fadel H.T., Flytstrom I., Calander A., Bergbrant LM., Heijl L.,
Birkhed D. Profiles of dental caries and periodontal disease in
individuals with or without psoriasis. Journal of Periodontol-
ogy. 2013;84(4):477-485. DOI: 10.1902/jop.2012.120119.
Noguchi S., Ukai T., Kuramoto A., Yoshinaga Y., Nakamu-
ra H., Takamori Y. et al. The histopathological comparison
on the destruction of the periodontal tissue between normal
junctional epithelium and long junctional epithelium. Journal
of Periodontal Research. 2017;52(1):74-82. DOI: 10.1111/
jre.12370.

Cavalla F., Osorio C., Paredes R., Valenzuela M.A., Garcia-
Sesnich J., Sorsa T. et al. Matrix metalloproteinases regulate
extracellular levels of SDF-1/CXCLI12, IL-6 and VEGF in
hydrogen peroxide-stimulated human periodontal ligament
fibroblasts. Cytokine. 2015;73(1):114—121. DOI: 10.1016/j.
cyt0.2015.02.001.

190 BlonneteHb cMbupckoi MeguunHbl, 2022; 21 (4): 183-192



Reviews and lectures

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Han M.X., Ding C., Kyung H.M. Genetic polymorphisms
in pattern recognition receptors and risk of periodontitis:
Evidence based on 12,793 subjects. Human Immunology.
2015;76(7):496-504. DOI: 10.1016/j.humimm.2015.06.006.
Song B., Zhang Y., Chen L., Zhou T., Huang W., Zhou X. et
al. The role of Toll-like receptors in periodontitis. Oral Dis-
eases. 2017;23(2):168-180. DOI: 10.1111/0di.12468.
Hajishengallis G., Korostoff J.M. Revisiting the Page &
Schroeder model: The good, the bad and the unknowns in the
periodontal host response 40 years later. Periodontology 2000.
2017;75(1):116-151. DOI: 10.1111/prd.12181.

Cekici A., Kantarci A., Hasturk H., Van Dyke T.E. Inflamma-
tory and immune pathways in the pathogenesis of periodon-
tal disease. Periodontology 2000. 2014;64(1):57-80. DOI:
10.1111/prd.12002.

Gupta M., Chaturvedi R., Jain A. Role of monocyte chemoat-
tractant protein-1 (MCP-1) as an immune-diagnostic biomark-
er in the pathogenesis of chronic periodontal disease. Cyto-
kine. 2013;61(3):892-897. DOI: 10.1016/j.cyt0.2012.12.012.
Braga T.T., Agudelo J.S., Camara N.O. Macrophages during
the fibrotic process: M2 as friend and foe. Front. Immunology.
2015;6:602. DOI: 10.3389/fimmu.2015.00602.

Huang N., Dong H., Luo Y., Shao B. Th17 Cells in Peri-
odontitis and Its Regulation by A20. Front. Immunology.
2021;12:125-137. DOI: 10.3389/fimmu.2021.742925.
Kikuta J., Wada Y., Kowada T., Wang Z., Sun-Wada G.H.,
Nishiyama I. et al. Dynamic visualization of RANKL and
Th17-mediated osteoclast function. The Journal of Clinical
Investigation.2013;123(2):866—873. DOI: 10.1172/JCI165054.
Belibasakis G.N., Bostanci N. The RANKL-OPG sys-
tem in clinical periodontology. Journal of Clinical Peri-
odontology. 2012;39(3):239-248. DOI: 10.1111/.1600-
051X.2011.01810.x.

Almubarak A., Tanagala K.K.K., Papapanou P.N., Lalla E.,
Momen-Heravi F. Disruption of monocyte and macrophage
homeostasis in periodontitis. Front. Immunol. 2020;11:330.
DOI: 10.3389/fimmu.2020.00330.

Smirnova S.V., Smolnikova M.V. Immunopathogenesis
of psoriasis and psoriatic arthritis. Medical Immunology.
2014;16(2):127-138 (in Russ.).

Fang C., Wu L., Zhao M.J., Deng T., Gu J.M., Guo X.P.
et al. Periodontitis exacerbates benign prostatic hyperpla-
sia through regulation of oxidative stress and inflamma-
tion. Oxid. Med. Cell Longev. 2021;2021:2094665. DOI:
10.1155/2021/2094665.

Korotaeva T.V., Korsakova Yu.L., Loginova E.Yu.,
Gubar E.E., Chamurlieva M.N. Psoriatic arthritis. Clinical
guidelines for diagnosis and treatment. Modern Rheumatology
Journal. 2018;12(2):22-35 (in Russ.). DOI: 10.14412/1996-
7012-2018-2-22-35.

Mease P., Hall S., FitzGerald O., van der Heijde D., Mero-
la J F., Avila-Zapata F. et al. Tofacitinib or adalimum-
ab versus placebo for psoriatic arthritis. N. Engl. J. Med.
2017;377(16):1537-1550. DOI: 10.1056/NEJMoal615975.
FitzGerald O., Haroon M., Giles J T., Winchester R. Con-
cepts of pathogenesis in psoriatic arthritis: genotype deter-
mines clinical phenotype. Arthritis Research and Therapy.
2015;17(1):115. DOI: 10.1186/s13075-015-0640-3.

Bulletin of Siberian Medicine. 2022; 21 (4): 183-192

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Kavanaugh A., Gladman D.D., Edwards C.J., Schett G., Gue-
rette B., Delev N. et al. Long-term experience with apremilast
in patients with psoriatic arthritis: 5-year results from a PAL-
ACE 1-3 pooled analysis. Arthritis Res. Ther.2019;21(1):118.
DOI: 10.1186/s13075-019-1901-3.

Coates L.C., Savage L.J., Chinoy H., Laws P.M., Lovell C.R.,
Korendowych E. et al. Assessment of two screening tools
to identify psoriatic arthritis in patients with psoriasis.
Journal of the European Academy of Dermatology and Ve-
nereology: JEADV. 2018;32(9):1530-1534. DOI: 10.1111/
jdv.14971.

Emmungil H., flgen U., Direskeneli R.H. Autoimmunity in
psoriatic arthritis: pathophysiological and clinical aspects.
Turk. J. Med. Sci. 2021;51(4):1601-1614. DOI: 10.3906/sag-
2011-235.

. Chimenti M.S., Triggianese P., De Martino E., Conigliaro P.,

Fonti G.L., Sunzini F. et al. An update on pathogenesis of
psoriatic arthritis and potential therapeutic targets. Expert
Review of Clinical Immunology. 2019;15(8):823—-836. DOI:
10.1080/1744666X.2019.1627876.

Tateiwa D., Yoshikawa H., Kaito T. Cartilage and Bone De-
struction in Arthritis: Pathogenesis and Treatment Strategy:
A Literature Review. Cells. 2019;8(8):818. DOI: 10.3390/
cells8080818.

Eder L., Aydin S.Z. Imaging in psoriatic arthritis-insights
about pathogenesis of the disease. Current Rheumatology Re-
ports. 2018;20(12):77. DOI: 10.1007/s11926-018-0793-6.
Coras R., Kavanaugh A., Boyd T., Huynh Q., Pedersen B.,
Armando A.M. et al. Pro- and anti-inflammatory eicosanoids
in psoriatic arthritis. Metabolomics: Official Journal of the
Metabolomic Society. 2019;15(4):65. DOI: 10.1007/s11306-
019-1527-0.

Adebajo A., Boehncke W.H., Gladman D.D., Mease P.J. Pso-
riatic arthritis and psoriasis: pathology and clinical aspects.
Springer. 2016;45:52. DOI: 10.1007/978-3-319-19530-8.
Celis R., Cuervo A., Ramirez J., Cafiete J.D. Psoriatic synovi-
tis: singularity and potential clinical implications. Front. Med-
icine. 2019;6:14. DOT: 10.3389/fmed.2019.00014.

Paine A., Ritchlin C. Bone remodeling in psoriasis and pso-
riatic arthritis: an update. Current Opinion in Rheumatology.
2016;28(1):66-75. DOI: 10.1097/BOR.0000000000000232.
Bartosinska J., Michalak-Stoma A., Juszkiewicz-Borowi-
ec M., Kowal M., Chodorowska G. The Assessment of select-
ed bone and cartilage biomarkers in psoriatic patients from
Poland. Mediators of Inflammation. 2015;2015:194535. DOI:
10.1155/2015/194535.

Mishra S., Johnson L., Agrawal S., Rajput S. Assessment of
Periodontal status in Patients with Psoriatic Arthritis: A retro-
spective, case-control study. Journal of Clinical and Experimen-
tal Dentistry. 2021;13(8):776-783. DOI: 10.4317/jced.58125.
Wojcik P., Biernacki M., Wronski A., Luczaj W., Waeg G.,
Zarkovié N. et al. Altered lipid metabolism in blood mononu-
clear cells of psoriatic patients indicates differential changes
in psoriasis vulgaris and psoriatic arthritis. International Jour-
nal of Molecular Sciences. 2019;20(17):4249. DOI: 10.3390/
ijms20174249.

Ustiin K., Sezer U., Kisacik B., Senyurt S.Z., Ozdemir E.C.,
Kimyon G. et al. Periodontal disease in patients with psoriatic

191



Poryadin G.V., Zakhvatov A.N., Parshina A.Yu.

Pathogenetic aspects of the development of psoriatic arthritis in people with

52.

53.

54.

arthritis. Inflammation. 2013;36(3):665-669. DOI: 10.1007/
$10753-012-9590-y.

Carvalho A.L., Hedrich C.M. The Molecular pathophysi-
ology of psoriatic arthritis — the complex interplay between
genetic predisposition, epigenetics factors, and the microbi-
ome. Front. Molecular Biosciences. 2021;8:190-205. DOI:
10.3389/fmolb.2021.662047.

Zakhvatov A.N.,BelyaevA.N., TarasovaT.V., AvanesovA.M.,
Zakharkin I.A., Chekmaeva A.A. Pathogenetic correction of
cytokine imbalance in experimental post-traumatic arthritis.
Ulyanovsk Medical and Biological Journal. 2018;3:101-108
(in Russ.) DOI: 10.23648/UMBJ.2018.31.17221.

Hawkes J.E., Chan T.C., Krueger J.G. Psoriasis pathogen-

Authors information

192

55.

56.

esis and the development of novel targeted immune ther-
apies. The Journal of Allergy and Clinical Immunology.
2017;140(3):645-653. DOI: 0.1016/j.jaci.2017.07.004.
Blauvelt A., Chiricozzi A. The Immunologic role of IL-17
in psoriasis and psoriatic arthritis pathogenesis. Clinical Re-
views in Allergy & Immunology. 2018;55(3):379-390. DOI:
10.1007/s12016-018-8702-3.

Seeling M., Hillenhoff U., David J.P., Schett G., Tuckermann J.,
Lux A. et al. Inflammatory monocytes and Fcy receptor IV on
osteoclasts are critical for bone destruction during inflamma-
tory arthritis in mice. Proceedings of the National Academy of
Sciences of the United States of America.2013;110(26):10729—
10734. DOI: 10.1073/pnas.1301001110.

Poryadin Gennady V. — Dr. Sci. (Med.), Professor, Corresponding Member of RAS, Department of Pathophysiology and Clinical
Pathophysiology, Pirogov Russian National Research Medical University, Moscow, poryadin_gv@rsmu.ru, http://orcid.org/0000-0003-
2010-3296
Zakhvatov Alexey N. — Dr. Sci. (Med.), Professor, Department of General Surgery named after Professor N. I. Atyasov, Medical
Institute, National Research Ogarev Mordovia State University, Saransk, zachvatan78@mail.ru, http://orcid.org/0000-0003-1433-0337

Parshina Alina Yu. — Student, National Research Ogarev Mordovia State University, Saransk, alinaparshina2000@gmail.com, http://
orcid.org/0000-0003-0415-1132

(P<) Zakhvatov Alexey N., zachvatan78@mail.ru

Received 04.02.2022;
approved after peer review 16.05.2022;
accepted 09.06.2022

BlonneteHb cMbupckoi MeguunHbl, 2022; 21 (4): 183-192



REVIEWS AND LECTURES

YAK 616.12-005.4:616.894-053.8:577.2.08
https://doi.org/10.20538/1682-0363-2022-4-193-204

Bioinformatic analysis of biological pathways in coronary heart disease
and Alzheimer’s disease
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ABSTRACT

Aim. Using bioinformatic tools, to perform a pathway enrichment analysis in Alzheimer’s disease and coronary
heart disease (CHD).

Materials and methods. Genes contributing to susceptibility to CHD and Alzheimer’s disease were obtained from
the public database DisGeNET (Database of Gene — Disease Associations). A pathway enrichment analysis was
performed in the ClueGO Cytoscape plug-in (version 3.6.0) using hypergeometric distribution and the KEGG and
Reactome databases.

Results. The identified genes contributing to susceptibility to Alzheimer’s disease and CHD are included in 69
common signaling pathways, grouped into the following subgroups: cell death signaling pathways (1); signaling
pathways regulating immune responses (2); signaling pathways responsible for fatty acid metabolism (3); signaling
pathways involved in the functioning of the nervous system (4), cardiovascular system (5), and endocrine system
(6)-

Conclusion. Following the performed analysis, we identified possible associations between processes involving
genetic factors and their products in CHD and Alzheimer’s disease. In particular, we assumed that susceptibility
genes involved in the implementation of these pathways regulate apoptosis, production of inflammatory cytokines
and chemokines, lipid metabolism, 3-amyloid formation, and angiogenesis.

Keywords: coronary heart disease, Alzheimer’s disease, ClueGO Cytoscape plug-in, susceptibility genes, pathway
enrichment analysis
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[ensl npeapacnonoxeHnoctTy k UBC n reHbl npeapacnonoXkeHHOCTH K 00e3HH AJblreiiMepa M3BICYECHBI U3
nyOnnuHo# 6a3bl nqanHbXx DisGeNET (6a3za maHHBIX accolpanuii reHoB U 3abosieBaHui). AHamH3 00OTaIieHns
6uosnornueckux myteii nposezeH B maruie ClueGO Cytoscape version 3.6.0 mpy TOMOIIM THITEPreOMeTPUYECKO-
ro tecta ¢ ucnonb3oanueM 6a3 nanusix KEGG u REACTOME.

BEIsIBIIGHHBIE TeHBI TPEAPACIIONOKEHHOCTH K Ooe3Hu Anbrreiivepa n MbC BritoueHs! B 69 00IUX CUTHAIBHBIX
nmyTel, OObeIMHEHHBIX B CIIEIYIOIIUE ITOrPYIIbl: CUTHAIBHbIE ITyTH, Y4acTBYIOIUe B rudenu kierok (1); cur-
HaJIbHBIC IIyTH, BOBJIEYEHHBIE B ITPOLECCHl HUMMYHHOM CHCTEMBI (2); CHTHAIBHBIE ITyTH, OTBETCTBEHHEIE 32 METa00-
JIM3M KHUPHBIX KUCIOT (3); CUTHAJBHBIC ITyTH, IPHHUMAIOIINE yJacTHe B (YHKIMOHUPOBAHUN HEPBHON CHCTEMBI
(4), cepaedHo-cocyIUCTOl cHCTeMBI (5), JHIOKPUHHOH cHcTeMBI (6).

B pesynbTaTe MpoBEeAEHHOTO aHANMN3a BBISBICHBI BO3MOXKHBIE OOIIHE MPOLECCH], B KOTOPHIE BOBJICUCHBI T€HETH-
geckne (akToOphl U MX MPOIYKTHI MPH HIIEMUYECKOW OOJIe3HU cepama u Oone3Hn AsplreiiMepa. B gactHocTH,
MIPEMONIATaeTCs, YTO TE€HBI NMPEAPACIIONIORKEHHOCTH, YIaCTBYOIINE B pealn3aliyl JaHHBIX ITyTeH, PeryaupyroT
MIPOIECCHI ATIONTO3a, HAPAOOTKH BOCTIANUTENHHBIX [TUTOKUHOB M XeMOKHHOB, METa00IN3Ma JTUIH0B, (OPMHPO-
BaHMS J-aMHIION/A, aHTHOTeHE3a.

KiroueBsble ci1oBa: niemMideckas 00J1e3Hb cep/aia, one3ns Aunbireiimepa, ClueGO Cytoscape, reHbI ipepacio-
JIOKCHHOCTH, aHAJIN3 00O0TAICHUSI Iy Tei

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

Hcrounuk puHaHcHpoBaHusi. ABTOPHI 3asBILIIOT 00 OTCYTCTBUM (PMHAHCHPOBAHUSI IIPH ITPOBEICHUH HCCIICJOBAHMSL.
Jns uutupoBanus: Yacosckux H.1O., Ymwkuk E.E. buonnpopManonHelii aHann3 OHOJIOTHYECKAX MyTeH Tpu

WIIEMIYECKON Oone3Hu cepima u Oone3Hu AnblreiiMepa. broiiemens cubupckou meouyunvt. 2022;21(4):193—
204. https://doi.org/10.20538/1682-0363-2022-4-193-204.

Bioinformatic analysis of biological pathways in coronary heart disease and alzheimer’s disease

INTRODUCTION

Currently, Alzheimer’s disease (AD) is a serious
health problem. According to the estimates by
Alzheimer’s Disease International in 2019, more
than 50 million people suffer from this disease
worldwide [1]. Numerous studies on the genetic
basis of AD have identified genes contributing
to the development of this disease [2, 3]. Besides,
the results of genetic association studies of various
diseases showed that AD manifestations can be
combined with other pathologies, for example,
with cardiovascular diseases, such as myocardial
infarction [4] and atrial fibrillation [5]. According
to M.K.Aronson et al., who studied the association
between dementia and coronary heart disease (CHD)
in elderly patients, CHD, especially long-term, is
associated with a smaller cortical thickness and brain
volume (according to magnetic resonance imaging
data) [6]. In addition, a number of epidemiological
studies showed that patients with CHD have higher
incidence of AD [7, 8].

However, the association between AD and
CHD remains debatable, since data of some studies
suggest that CHD 1is associated with cognitive
impairment [9], while other studies suggest that there
is no relationship between these conditions [10]. For

example, the Rotterdam Study (a prospective cohort
study that started in 1990 in the Netherlands and
is aimed at finding the causes of chronic diseases
common among elderly people and increasing with
the population aging) showed that unrecognized
(asymptomatic) myocardial infarction was associated
with a risk of developing AD, whereas recognized
MI was not [5, 11].

In 2014, G. Liu et al. integrated data of three
GWAS using a gene-based meta-analysis to identify
new risk factors for AD. The pathway analysis was
performed using the Kyoto Encyclopedia of Genes
and Genomes and the gene ontology database [12].
The authors revealed for the first time the involvement
of signaling pathways associated with cardiovascular
diseases, cellular processes, and infectious diseases
in the development of AD. However, there are no
other studies describing joint processes of signal
transduction in AD and CHD. Thus, a pathway
enrichment analysis, which makes it possible to
assess the involvement of susceptibility genes in
possible mechanisms of simultaneous presentation
of these pathologies, is of particular interest.

The aim of this work was to identify signaling
and metabolic pathways involved in the processes of
signal transduction in both AD and CHD.
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Genes contributing to susceptibility to CHD
and AD were extracted from the public database
DisGeNET [13]. DisGeNET is a platform containing
a complete catalog of genes and their variants related
to human diseases. The catalog combines data from
expert databases, such as CTD, UniProt, ClinVar,
Orphanet, GWAS, GAD, with information obtained
by the scientific literature analysis [13]. The pathway
enrichment analysis presumably involved in the
mechanisms of simultaneous presentation of CHD
and AD was carried out in the ClueGO Cytoscape
plug-in (version 3.6.0) [14] using the KEGG [15] and
Reactome [16] databases.The studied susceptibility
genes for CHD and AD in the ClueGO Cytoscape
plug-in were presented in the form of clusters 1 and
2, respectively. For the analysis, the hypergeometric
test with p < 0.05 and kappa K = 0.4 was used.

Susceptibility gene sets for AD and CHD were
formed on the basis of the DisGeNET data analysis.

For AD, the set consisted of 446 genes, and for
CHD - 324 protein-coding genes. Following the
pathway enrichment analysis, we revealed 90
pathways which include susceptibility genes for AD,
28 pathways which include susceptibility genes for
CHD, and 69 pathways associated with both diseases
(the latter are presented in the Table).

These pathways were grouped into the following
blocks by their involvement in biological processes
and functioning of body systems: cell death signaling
pathways (1); signaling pathways regulating immune
responses (2); signaling pathways responsible
for fatty acid metabolism (3); signaling pathways
involved in the functioning of the nervous system (4),
cardiovascular system (5), and endocrine system (6).
In addition, pathways that include genes required for
implementing physiological processes and changes in
typical pathological processes (such as inflammation
and hypoxia) were considered separately.

Table

Common biological pathways associated with CHD and AD

Biological pathways

Genes that are common to diseases and are included in the signaling pathway

1. Cell death signaling pathways

Apoptosis

NFKBI1, TNF

Necroptosis

ILIA, IL1B, TLR4, TNF

TNF signaling pathway

CCL2, IL1B, IL6, MMP3, MMP9, NFKB1, PTGS2, TNF

p53 signaling pathway

SERPINE]

2. Signaling pathways regulating immune responses

Hematopoietic cell lineage

ILIA, IL1B, IL6, IL6R, TNF

Innate immunity

AGER, CFH, CRP, F2, IGF2R, ILI1B, MMP9, MPO, NFKB1, NOS3, OLR1, PLA2G24,

PLCG2, TLR4

Signaling by interleukins

AGER, CCL2, CCRS5, HMOX1, ICAM1, IL10,IL18, ILIA, ILIB, ILIRN, IL6, IL6R, IRS1,
MMP3, MMP9Y, NFKB1, PTGS2, TGFBI, TNF, VEGFA

Complement cascade

CFH, CRP, F2

Fc y R-mediated phagocytosis

PLCG2

Phagosome

MPO, OLRI, TLR4

Cell surface interactions at the vascular wall

F2, OLRI, TGFBI

Leukocyte transendothelial migration

MMP9, PLCG2

Interleukin (IL)-4 and IL-13 signaling pathways

CCL2, HMOXI,IL10,IL18, ILIA, ILIB, IL6, IL6R, MMP3, MMP9, PTGS2, TGFB1, TNF,

VEGFA

IL-17 signaling pathway

CCL2, IL1B, IL6, MMP3, MMP9, NFKB1, PTGS2, TNF

PI3K-Akt signaling pathway

BDNF, IL6, IL6R, IRS1, NFKBI1, NOS3, TLR4, VEGFA

Fc ¢ RI-mediated signaling pathway

PLCG2

C-type lectin receptor signaling pathway

IL10,ILIB, IL6, NFKBI, PLCG2, PTGS2, TNF

Toll-like receptor signaling pathway

IL1B, IL6, NFKBI, TLR4, TNF

Clathrin-mediated endocytosis

IGF2R, LDLR

3. Signaling pathways responsible for fatty acid metabolism

Plasma lipoprotein assembly

ABCAI, APOAI, APOE

Plasma lipoprotein remodeling

ALB, APOAI, APOE, CETP, LPL
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Table (continued)

Biological pathways

Genes that are common to diseases and are included in the signaling pathway

Plasma lipoprotein assembly, remodeling, and
clearance

ABCAI, ALB, APOAl, APOE, CETP, LDLR, LPL, NPCI

Cholesterol metabolism

ABCAI, APOAIL, APOE, CETP, LDLR, LPA, LPL, LRP1, NPC1, SORTI

Ether lipid metabolism

PLA2GIB, PLA2G24

Fat digestion and absorption

ABCAI, APOAI, PLA2GI1B, PLA2G2A4

Bile secretion

ABCBI1, HMUGCR, LDLR

Sphingolipid signaling pathway

NFKBI, NOS3, TNF

4. Signaling pa

thways involved in the functioning of the nervous system

Signaling by NTRKs BDNF, IRS1

Signaling by NTRK2 (TRKB) BDNF

Neurotrophin signaling pathway BDNF, IRS1, NFKB1, PLCG2, SORTI
Amyloid fibril formation APOAI

Axon guidance MMP9, UNC5C
Serotonergic synapse PTGS2
Neurotransmitter clearance ALDH?2

Endocrine and other factor-regulated calcium ESRI. VDR

reabsorption

5. Signaling pathw

ays involved in the functioning of the cardiovascular system

VEGFA — VEGFR2 Pathway

NOS3, VEGFA

Signaling by VEGF

NOS3, VEGFA

Complement and coagulation cascades

F2, PLG, SERPINE]

Platelet activation, signaling, and aggregation

ALB, APOAIL, F2, PLCG2, PLG, SERPINE1, TGFB1, VEGFA

Platelet activation

F2,NOS3, PLCG2

Signaling by PDGF PLG

Fluid shear stress and atherosclerosis CCL2, HMOXI, IL1A, ILIB, MMP9, NFKB1, NOS3, TNF, VEGFA
Platelet homeostasis NOS3

Apelin signaling pathway NOS3, SERPINE]

Aldosterone synthesis and secretion AGT, LDLR

6. Signaling pathways involved in the functioning of the endocrine system

Ovarian steroidogenesis LDLR, PTGS2
Peptide hormone metabolism ACE, AGT
Aldosterone-regulated sodium reabsorption IRS1

7. Signaling pathways involved in processes in normal conditions and in pathology

Signal transduction

AGT, APOAl, APOE, BDNF, CCRS, ESR1, ESR2, F2, IL6, IL6R, IRSI, LDLR, LPL, LRPI,
MMP3, MMP9, NFKBI, NOS3, NR3C1, PLCG2, PLG, PPARG, SERPINE!, TGFBI, TNF,
VEGFA

Cellular responses to stress

ILIA, IL6, NFKBI, NR3CI, VEGFA

Signaling by receptor tyrosine kinases

BDNF, ESR1, IRS1, MMP9, NOS3, PLG, VEGFA

FOXO-mediated transcription

NR3CI

FoxO signaling pathway

IL10, IL6, IRSI, TGFBI

MAPK signaling pathway

BDNF, ILIA, ILIB, NFKBI, TGFBI, TNF, VEGFA

Phospholipase D signaling pathway

AGT, F2, PLCG2

TGF-p signaling pathway

TGFBI1, TNF

HIF-1 signaling pathway

HMOXI, IL6, IL6R, NFKB1, NOS3, PLCG2, SERPINE1, TLR4, VEGFA

Biological oxidation

ALDH2, HPGDS

Extracellular matrix organization

MMP3, MMP9, PLG, SERPINEI, TGFBI

Degradation of the extracellular matrix

MMP3, MMP9, PLG

Focal adhesion

VEGFA
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Table (continued)

Biological pathways

Genes that are common to diseases and are included in the signaling pathway

Regulation of insulin-like growth factor (IGF)
transport and uptake by insulin-like growth factor
binding proteins (IGFBPs)

ALB, APOAI, APOE, F2,IL6, PLG

RAS signaling pathway

BDNF, NFKBI, PLA2G1B, PLA2G2A4, PLCG2, VEGFA

G-o(1) signaling events

AGT, APOAl, APOE, LDLR, LPL, LRP1

Circadian clock

NR3C1, SERPINE]

ABC transporters

ABCAI, ABCB1

SUMOylation of intracellular receptors

ESRI, NR3C1, PPARG, VDR

G-a (q) signaling events

AGT, F2, MMP3

Glycolysis / gluconeogenesis

CELL DEATH SIGNALING PATHWAYS

These pathways include genes associated
with AD and CHD. The TNF signaling pathway
[KEGG:04668] initiates apoptotic or necroptotic
pathway implementation. Namely, TNFR1 signaling
pathway triggers the NF-xB signaling pathway,
as well as apoptosis and necroptosis [17]. In
addition, apoptosis can be triggered following the
implementation of the p53 signaling pathway [18].
The necroptosis signaling pathway [KEGG:04217]
is involved in the pathogenesis of many diseases,
including neurological diseases, ischemic injury, and
viral infections [19].

Changes in the regulation and activation of
these pathways are of great importance for the
development of both CHD and AD. However,
the role of apoptosis in AD is ambiguous. Some
researchers report that AD activates caspases, in
particular caspase-6, which initiates apoptosis in
the brain [20]. Other researchers argue that the
theory of apoptotic cell death in AD and the clinical
presentation of the disease are incompatible, since
cells that are to undergo apoptosis die within a few
days, maintaining a high level of caspase-3, which
should lead to acute and massive neuronal loss. In this
case, clinical symptoms of AD should be identified
at an early stage of the disease, and not decades after
its onset [21]. It is also known that apoptosis is a key
component in the CHD pathogenesis [22].

SIGNALING PATHWAYS REGULATING
IMMUNE RESPONSES

The signaling pathway of the hematopoietic cell
lineage [KEGG:04640] reflects the transition of
blood cells from hematopoietic stem cells to mature

ALDH?2

blood cells, including immune cells. It is known that
an increase in the total number of leukocytes and in
each of their subtypes separately makes it possible
to predict the development of CHD. In addition,
almost all cellular elements of blood, including
leukocytes, erythrocytes, and platelets, are involved
in the pathogenesis of atherosclerosis [23]. It is also
known that platelets are involved in the development
of the amyloid precursor protein, and their functional
similarity with neurons makes it possible to use
platelets as a model for AD studies [24].

Signaling by interleukins (ILs) [R-HSA:449147]is
associated with their pleiotropic effect on cells (which
affects tissue growth and repair, hematopoietic stem
cell homeostasis, as well as multiple lines of body
defense against pathogens) [25]. For example, IL-13
is the main mediator in the implementation of the
acute phase response at the level of the entire body,
as well as in the development of a local inflammatory
response [26]. It is known that impaired coronary
circulation with myocardial ischemia increases its
concentration in the blood [27]. What is more, an
increased level of this interleukin is observed in AD,
which is associated with inflammation during the
disease progression [28].

IL-4 and IL-13 signaling [R-HSA:6785807] in
the central nervous system is associated with the
neuroprotective effect of IL-4 and IL-13, which
suppress the production of inflammatory mediators.
It was confirmed by the results of the experiment
with an animal AD model [29].

IL-17 signaling pathway [KEGG:04657] includes
a family of cytokines consisting of IL-17A-F
and plays an important role in acute and chronic
inflammatory responses [30]. The IL-17 family
cytokines transmit signals through their respective
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receptors and activate downstream pathways, which
include NF-xB, MAPK, and C/EBP, inducing the
expression of antimicrobial peptides, cytokines, and
chemokines [31].

Phagocytosis is an important process in the
implementation of the protective function of the body
against infectious pathogens. The Fc y R-mediated
phagocytosis pathway [KEGG:04666] implements
this function via y receptors on Fc cells, opsonized
by antibodies that recognize foreign substances.
Cross-linking of Fc-y receptors initiates a series
of signals mediated by tyrosine phosphorylation
of several proteins, which, in turn, lead to the
formation of phagosomes following cytoskeletal
actin rearrangement and membrane remodeling [32].
The phagosome signaling pathway [KEGG:04145]
is triggered when specific receptors on the surface
of phagocytes recognize ligands on the surface of
foreign particles. The acquisition of lysosomal
proteases by phagosomes during maturation and the
release of reactive oxygen species are important for
the breakdown of foreign substances contained in
them [33].

The Fc &-RI signaling pathway [KEGG:04664]
in mast cells identified by the bioinformatic
analysis is initiated by antigen interaction with
IgE bound to the extracellular domain of the Rc
e-RI a-chain. Mast cells activate the release of
preformed granules containing biogenic amines
and proteoglycans. Activation of phospholipase
A2 causes the release of membrane lipids with
subsequent development of lipid mediators, such
as leukotrienes, namely LTC4, LTD4, LTE4, and
prostaglandins, in particular PDG2. Cytokines are
secreted; the most important cytokines are TNF-a,
IL-4, and IL-5 [34, 35].

The C-type lectin receptor signaling pathway
[KEGG:04625] is responsible for the functioning
of CLRs as pattern recognition receptors (PRRs)
for pathogen-derived ligands in dendritic cells,
macrophages, neutrophils, etc. After ligand binding,
CLRs stimulate intracellular signaling cascades,
which induce the production of inflammatory
cytokines and chemokines, and therefore trigger
innate and adaptive immunity to pathogens [36].

The involvement of common susceptibility genes
for the studied diseases in the above biological
pathways can affect:

the production of cytokines and chemokines
involved in inflammation in nervous and

cardiovascular systems. Microglia have been shown
to play the key role in the activation of inflammation.
The amount of microglia increases in people with AD
and in the experimental model of AD in transgenic
mice [37]. In vitro studies showed that cytokines
secreted by microglial cells, in particular IL-1f3, IL-
6, TNF-a, and INF-y, and chemokines can increase
the immune response [37]. It is also known that
many cytokines, for example, IL-12, 1L-23, IL-6,
and IL-1, are involved both in neurodegeneration
and in neuroinflammation mediated by leukocyte
invasion of the brain [38]. In CHD, an increase in
the levels of IL-6 and C-reactive protein indicates
an increase in the damage to coronary arteries
[39, 40];

a change in the immune response when exposed to
pathogens. In the experimental model of AD in mice,
it was found that the administration of microbial
mimics, apart from inducing a strong systemic
inflammatory response, enhances neurodegeneration
[41]. In CHD, various pathogenic microorganisms
can reside in the atherosclerotic plaque and support
the local inflammatory response [42]. However,
regardless of the pathogens found in the plaque,
systemic inflammation develops due to the release
of cytokines. For example, periodontal pathogens,
such as P. gingivalis and Actinomycetemcomitans,
promote Thl7 responses in both the spleen and
atherosclerotic plaques, which, in turn, increases the
release of a variety of powerful cytokines, such as
IL-1B, IL-6, and IL-17 [42].

SIGNALING PATHWAYS RESPONSIBLE
FOR FATTY ACID METABOLISM

The identified common susceptibility genes for
the studied diseases are also involved in plasma
lipoprotein assembly [R-HSA:8963898] and plasma
lipoprotein remodeling [R-HSA:8963899]. Very-
low-density lipoproteins (VLDL) are produced in
the liver and transport triacylglycerol synthesized
there to other tissues in the body. High-density
lipoproteins (HDL) are generated mainly in the liver
and transport several types of lipids between tissues
and other lipoproteins [43]. Plasma lipoprotein
remodeling is a sequence of events that begins with
circulating chylomicrons acquiring apolipoprotein
C and E molecules; interacting with endothelial
lipases, they often lose most of their triacylglycerol.
Under the effect of the described changes, they
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become chylomicron remnants, which bind to LDL
receptors, primarily on the surface of liver cells.
As chylomicrons circulate, VLDLs are exposed to
lipoprotein lipases located on the endothelium of
blood vessels and secreting fatty acids and glycerol.
Then they are absorbed by tissues, and VLDLs are
converted first into intermediate-density lipoproteins
(IDL) and then into low-density lipoproteins (LDL)
[44]. HDL remodeling includes conversion of HDL-
bound cholesterol to cholesterol esters (spherical
HDL remodeling), transfer of HDL into target cells
with regeneration of pre-BHDL, and conversion of
pre-3 HDL to discoidal HDL [45].

Impaired functioning of the identified biological
pathway of cholesterol metabolism [KEGG:04979]
can lead to an increased risk of various endocrine
disorders and cardiovascular diseases [46]. Common
susceptibility genes for CHD and AD PLA2GIB,
PLA2G24 are involved in the implementation of
ester metabolism [KEGG:00565].

The identified pathways of fat digestion and
absorption [KEGG:04975] and bile secretion
[KEGG:04976] are pathways that are involved
in lowering cholesterol levels. The sphingolipid
signaling pathway [KEGG:04071] reflects the role of
sphingomyelin and its metabolic products as second
messengers in various metabolic processes.

Thus, a change in lipid metabolism with
the participation of these signaling and metabolic
pathways can violate the state of the vascular
wall, lead to infiltration of arterial walls with
atherogenic lipoproteins, formation of sclerotic
plaques and stenosis, and formation of blood clots,
and be a key component in the pathogenesis of
CHD [47].

In the brain in AD, impaired lipid metabolism,
namely, an increase in cholesterol levels, promotes
the integration of f-amyloid into the cell membrane,
which ultimately increases the level of cytosolic
calcium in astrocytes and leads to neuronal death
[48]. A high level of plasma cholesterol under
certain conditions can destroy the blood — brain
barrier, which allows systemic macrophages to
penetrate into the brain parenchyma and initiate
neuroinflammation [49]. A high level of LDPs
enhances BACE-1 activity, affects the amyloid
precursor protein, and impairs synaptic activity
[49]. Besides, apolipoprotein E, which acts as a
cholesterol transporter, can bind to cell surface

receptors and allow for the production of cholesterol
oxidation products [50]. Disturbances in sphingolipid
metabolism, in particular, its hydrolysis, can lead to
the formation of ceramide, which causes apoptosis
of brain cells in AD [51].

SIGNALING PATHWAYS INVOLVED
IN THE FUNCTIONING OF THE NERVOUS
SYSTEM

The susceptibility genes for CHD and AD
are involved in signaling via NTRK2 (TRKB)
[RHSA:9006115] and in the neurotrophin signaling
pathway [KEGG:04722], where signaling via
NTRK2 (TRKB) [RHSA:9006115] is a component
of the identified NTRK pathway [R-HSA:166520].
NTRK signaling pathway transduces signal from
neurotrophins (NGF, BDNF, NTF3, and NTF4)
via NTRK tyrosine kinase receptors, which have
a preferred neurotrophin ligand, and via the
p75NTR death receptor, which interacts with all
neurotrophins [52].

The identified biological pathway for amyloid
fibril formation [R-HSA:977225] was originally
described as a nucleation-dependent polymerization
mechanism [53], but now it is thought to be more
complex, with multiple events outside the pathway
leading to the formation of multiple oligomeric
structures, in addition to fibrils [54].

Thus, the signaling pathways considered in this
block affect the formation of amyloid fibrils and
signal transmission via neurotrophins, which can
mediate changes in the nervous system in AD and in
the cardiovascular system in CHD.

In AD, the amyloid fibril formation pathway is
responsible for the formation of B-amyloid (Ap),
which underlies the amyloid cascade hypothesis
in AD. It suggests that AB,, fragments accumulate
in the brain with age [55]. Neurotrophic factors
modulate synaptic plasticity and are involved
in memory formation; their reduced levels, for
example, BDNF, can contribute to the degeneration
and progressive atrophy of neurons in the brain
affected by AD [56].

In patients with AD, the level of A, is
increased and the accumulation of this protein in the
myocardium is also observed [57, 58]. Circulating
AP, aggravates atherosclerosis and predicts disease
progression and cardiovascular mortality in patients
with diagnosed CHD [58].
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SIGNALING PATHWAYS INVOLVED
IN THE FUNCTIONING OF THE
CARDIOVASCULAR SYSTEM

The biological pathway VEGFA — VEGFR2
[R-HSA:4420097] is an integral part of VEGF
signaling [R-HSA:194138] and is related to
angiogenesis. VEGFA signaling via VEGFR?2 is the
main pathway that activates angiogenesis through
induction of proliferation, survival, sprouting, and
migration of endothelial cells, as well as by increasing
endothelial permeability [59]. Dysfunction of VEGF
is associated with inflammatory diseases, including
atherosclerosis [60, 61].

The identified biological pathway of complement
and coagulation cascades [KEGG:04610] combines
the complement system and blood coagulation.
The main consequences of complement activation
are opsonization of pathogens, recruitment of
inflammatory and immunocompetent cells, and
direct destruction of pathogens [62].

The biological pathways of platelet activation,
signaling, and aggregation [R-HSA:76002] and
platelet activation [KEGG:04611] are analogs and
are implemented using common susceptibility genes
for CHD and AD. Activation of integrin allbp3
(glycoprotein IIb / Illa), the most common platelet
receptor, enhances adhesion and leads to platelet
interaction and aggregation [63].

Susceptibility genes for the studied diseases
are involved in PDGF signaling [R-HSA:186797].
Platelet-derived growth factor (PDGF) is a potent
stimulator of growth and motility of connective
tissue cells (fibroblasts, smooth muscle cells),
capillary endothelial cells, and neurons. PDGF binds
and activates a and P protein tyrosine kinase (PTK)
receptors, which, in turn, dimerize and undergo
autophosphorylation. Phosphorylation sites then
recruit downstream effectors for signal transduction
into the cell [64].

The biological pathway of platelet hemostasis
[R-HSA:418346] is regulated by susceptibility
genes for CHD and AD. Under normal conditions,
vascular  endothelium  supports  vasodilation,
inhibits platelet adhesion and activation, inhibits
coagulation, enhances fibrin breakdown, and is anti-
inflammatory in nature. In acute vascular injury,
vasoconstrictor mechanisms predominate, and the
endothelium becomes prothrombotic, procoagulant,
and proinflammatory. This is achieved by reducing

endothelial dilating agents (adenosine, NO, and
prostacyclin), as well as through the direct effect
of ADP, serotonin, and thromboxane on vascular
smooth muscle cells, which causes their contraction.
Under normal conditions, laminar flow induces COX-
2 expression and prostacyclin (PGI2) synthesis,
which, in turn, stimulates endothelial nitric oxide
synthase (eNOS) activity. PGI2 and NO counteract
platelet activation and aggregation, as does CD39
ecto-ADPase, which reduces platelet activation and
recruitment by metabolizing platelet-released ADP
[65].

Thus, susceptibility genes common for AD
and CHD are involved in signal transduction,
which affects angiogenesis, blood coagulation, and
production of inflammatory cytokines. Impairment
of these processes plays an essential role in the
development of CHD and AD.

Elevated levels of VEGF, a hypoxia-induced
vascular endothelial growth factor, have been found in
blood vessel walls, perivascular deposits, astrocytes,
and the intrathecal space of patients with AD and are
consistent with chronic cerebral hypoperfusion and
hypoxia that have been observed in these individuals
[66]. Also, in addition to VEGF, cerebral vessels in
AD release molecules that can affect angiogenesis,
including IL-1B, IL-6, IL-8, TNF, TGFp, MCPI,
thrombin, angiopoietin 2, integrins aVp3 and a V5,
and HIF la [66].

SIGNALING PATHWAYS INVOLVED
IN THE FUNCTIONING OF THE ENDOCRINE
SYSTEM

Peptide hormone metabolism [R-HSA:2980736]
includes modification of peptide hormones after
secretion and their degradation by extracellular
proteases. For example, insulin metabolism proceeds
in 4 stages: formation of intramolecular disulfide
bonds, formation of proinsulin — zinc — calcium
complexes, proteolytic cleavage of proinsulin by
PCSK1 (PC1/3) and PCSK2 to form insulin, and
translocation of granules through the cytosol to
the plasma membrane. During the metabolism
of angiotensinogen to angiotensin, renin cleaves
angiotensinogen to form angiotensin I. The two
C-terminal amino acid residues of angiotensin I are
then removed by an angiotensin-converting enzyme
(ACE) located on the surface of endothelial cells to
form angiotensin II — an active peptide that causes
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vasoconstriction, sodium and chloride resorption,
potassium excretion, water retention, and aldosterone
secretion. [67].

The biological pathway of aldosterone-regulated
sodium reabsorption [KEGG:04960] reflects the role
of aldosterone in sodium and potassium metabolism
by binding to epithelial mineralocorticoid receptors
in renal collecting duct cells located in the distal
nephron, promoting sodium reabsorption and
potassium excretion [68].

The pathway enrichment analysis also identified
pathways thatare ubiquitous under normal conditions;
changes in the regulation of these pathways are
observed in a large number of different diseases.
This group included the following pathways:
signal transduction [R-HSA:162582], cellular
responses to stress [R-HSA:2262752], signaling
by receptor tyrosine kinases [R-HSA:9006934],
MAPK signaling pathway [KEGG:04010], FoxO
signaling pathway [KEGG:04068] and FOXO-
mediated transcription [R-HSA:9614085],
phospholipase D signaling pathway [KEGG:04072],
TGF-B signaling pathway [KEGG:04350], HIF-
1 signaling pathway [KEGG:04066], biological
oxidations [R-HSA:211859], extracellular matrix
organization [R-HSA:1474244], degradation of
the extracellular matrix [R-HSA:1474228], focal
adhesion [KEGG:04510], regulation of insulin-
like growth factor (IGF) transport and uptake
by insulin-like growth factor binding proteins
(IGFBPs) [R-HSA:381426], RAS signaling pathway
[KEGG:04014].

The role of the ApoE4 gene in the development
of the diseases under study should be described
separately. A study investigating the association
between postmortem neuropathology of AD and
CHD revealed a significant association in carriers
of the ApoE4 allele [69]. Apolipoprotein E (ApoE),
which is involved in AD susceptibility, regulates
lipid transport and metabolism [44]. Also, in 2018,
an article was published by W. Chen et al., who
considered the ApoE4 gene as atarget for the treatment
of CHD and AD. It was shown that mutation in the
apolipoprotein E gene leads to impaired cholesterol
metabolism, which can result in the development of
CHD and AD; mutation in the ABCAI gene leads to
the same result [6].

The obtained results are consistent with those in
a study that investigated gene variants promoting

inflammation and cholesterol metabolism due to
acute myocardial infarction and AD. As a result,
it was found that acute myocardial infarction and
AD have common genetic prerequisites associated
with cholesterol metabolism and upregulation of
inflammation [70].

Thus, the study of signaling and metabolic
pathways demonstrated that the genes contributing
to AD and CHD are involved in processes associated
with cell death, maintenance of inflammation, and
fatty acid metabolism, as well as with the functioning
of the nervous, cardiovascular, and endocrine
systems.

CONCLUSION

As a result of the study, 69 biological pathways
common for AD and CHD were identified. Among
them, pathways involved in cell death; associated
with the innate immunity; responsible for fatty
acid metabolism; as well as for signal transduction
processes that affect the functioning of the nervous,
cardiovascular, and endocrine systems, can play an
important role in changing intra- and intercellular
interactions in cellular homeostasis. The obtained
results suggest the presence of a number of
mechanisms of influence in genetic factors of AD
and CHD that affect the development of these
diseases.

Based on the involvement of signaling
pathways in the processes described above, it can
be assumed that susceptibility genes involved in
the implementation of these pathways regulate the
following processes:

— apoptosis of both neurons and cardiomyocytes;

— production of inflammatory cytokines and
chemokines, and, as a result, maintenance of
inflammation;

— lipid metabolism, which, when changed, can
form sclerotic plaques on the blood vessel walls
and lead to the development of CHD; under certain
conditions, neuroinflammation in the brain can
occur;

— formation of B-amyloid, both in the brain and in
the myocardium;

— angiogenesis, in particular, the level of VEGF
in the walls of blood vessels increases in AD.

The results of this study provide a deeper
understanding of the molecular genetic mechanisms
of the combined development of the studied diseases
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and their proper treatment. The results of this
study are prerequisites for further study of these
pathologies.
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ABSTRACT

Cystic fibrosis is one of the urgent medical and social problems of health care systems in most countries due to
fairly high prevalence, development of multi-organ lesions, and poor outcomes.

Due to modern advances in the diagnosis and treatment of cystic fibrosis, not only has the average life expectancy
of patients increased, but their quality of life has also improved, and it has become possible to maintain pregnancy
and childbearing. Since cystic fibrosis can adversely affect the course of pregnancy, childbirth, and health of
both mother and child, proper management of women with cystic fibrosis during pregnancy and childbirth is of
particular relevance. The presented clinical case is an example of competent supervision at all stages of monitoring
of a patient with cystic fibrosis during pregnancy and childbirth.

Keywords: cystic fibrosis, maintenance of pregnancy, childbearing, CF

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: Teteneva A.V., Chernyavskaya G.M., Bespalova 1.D., Skorokhodova T.V., Koshchavtseva Yu.l.,
Radionov D.I.1, Kalyuzhina E.V., Romanov D.S., Radionova E.V., Ustyuzhanina E.A., Varfolomeeva L.A.,
Stepanov I.A., Karmanova A.V., Golubyatnikova E.V. Clinical features of the course of cystic fibrosis during

pregnancy and childbirth. Bulletin of Siberian Medicine. 2022;21(4):205-211. https://doi.org/10.20538/1682-
0363-2022-4-205-211.

P4 Bespalova Inna D., innadave(@mail2000.ru

Bulletin of Siberian Medicine. 2022; 21 (4): 205-211 205



Teteneva A.V., Chernyavskaya G.M., Bespalova I.D. et al.

Clinical features of the course of cystic fibrosis during pregnancy

KnnHnyeckne oco6eHHOCTUN TeYUeHUA MyKOBUCLMA03a

Ha ¢poHe 6epeMeHHOCTU 1 poAoB

TeteHeBa A.B." 3, YepHaBckasa M., becnanoBa U.A1.", CkopoxogoBa T.B." 4,

KowaBuesa 0.1.", Pagnonos [.WU.", KanioxxuHa E.B.', Pomanos A1.C.", PagunoHoBa E.B.’,

YctioxkaHuHa E.A.%, CrenaHos U.A.%, KapmaHoBa A.B.%, lony6aTtHukosa E.B.*

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

2 Tomcexras obnacmuas knunuvecxas 6onvnuya (TOKE)
Poccus, 634063, 2. Tomck, ya. Heana Yepnovix, 96

3 Meouxo-canumapnas ywacmo (MCY) Ne 2
Poccus, 634040, 2. Tomck, yn. bena Kyna, 3

* Obnacmnoti nepunamanvuvitl yenmp (OITL]) um. U J]. Esmywenko
Poccus, 634063, e. Tomck, yn. Heana Yepuwix, 96/1

PE3IOME

Myxkosuciuno3 (MB) mpezacTasmsier co6oil 0JHy M3 aKTyalbHBIX MEIHKO-COIMANBHBIX IIPOOIEM CHCTEM 3/pa-
BOOXpPAHEHHsI OOJBIINHCTBA CTPAH B CBSI3H C JOCTATOUHO BBHICOKMM YPOBHEM PacHpOCTPAHEHHOCTH, Pa3BUTHEM
TIOJTMOPTaHHbIX MTOPAKEHUH U HeOIarONPUATHBIMH HCXOJaMU.

braronapst cOBpeMEeHHbBIM TOCTHKEHNSIM ANArHOCTHKY M JISUEHUS] MyKOBHCIIU103a B HACTOSIIIIEE BPEMST HE TOJIBKO
YBEIMYUIIACh CPEIHSS MPOAOIDKUTENLHOCTD )KU3HH MAlIMEHTOB, HO M YIIyUIIHIOCh €€ KauecTBO, MOSBUIACH BO3-
MOXKHOCTb COXpaHEHHsI OEPEMEHHOCTH U IETOpOKAeHHs. B cBsa3u ¢ Tem, uto MB MoxeT He6maronpuaTHO BIUSTh
Ha TeueHne OepeMEeHHOCTH, POJIOB, COCTOSIHUE 3/10POBbs KaK MaTepH, Tak M peOeHKa, BONPOCHI MPABIUIBHOTO Be-
JieHHs1 OONTBHBIX BO BpeMsi OEpEeMEHHOCTH U POJIOB Y JKEHIIUH, cTpagaronmx MB, npruobperatoT ocoOyro akTyanb-
HOCTb. [IprMepoM rpaMOTHOM Kypaluy Ha BCEX 3Tanax HaONIoAeHNs 3a MAI[MEeHTKON B MepHoJ| 6epeMEHHOCTH U
ponoB Ha ¢oHe MB siBisieTcst mpecTaBICHHbIA KIMHAYECKUH Cliydail.

KioueBble cjioBa: MyKOBUCIINI03, COXpaHEHHE OEpEeMEHHOCTH, JIeTopokaeHne, MB.

KOH(I).]'IP[KT HHTEPECOB. ABTOpI)I JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/IGI71 HaCTOHIJ.[efI CTaTbU.

Hcrounuk ¢puHAHCHPOBAHHUSA. ABTOPHI 3asBISIIOT 00 OTCYTCTBHM (\HHAHCHPOBAHUS IPH NPOBEICHHN HUCCIENO0-
BaHMSI.

Jast uutupoBanusi: TereneBa A.B., Uepnsisckas .M., becnanosa U./1., Cxopoxonosa T.B., Komasuesa 10.1.,
Pamuonos /.M., Kamoxuna E.B., Pomanos /[.C., Paguonoa E.B., Ycrioxkanuna E.A., Crenanos U.A., Kapma-
HoBa A.B., l'onmyOsitHrkOBa E.B. KimHuueckre 0cOOCHHOCTH TeUeHHs MYKOBHCIHI03a Ha (hOHE OEpEMEHHOCTH
U ponoB. broanemensv cubupckou meduyunsvt. 2022;21(4):205-211. https://doi.org/10.20538/1682-0363-2022-4-
205-211.

INTRODUCTION

Cystic fibrosis (CF) is one of the urgent medical and
social problems of health care systems in most countries
due to fairly high prevalence, development of multi-organ
lesions, and poor outcomes [1-3]. CF is a genetic disease
caused by a mutation in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene and is characterized
by damage to exocrine glands in a number of vital
organs: respiratory tract, gastrointestinal tract, liver,

pancreas, salivary and sweat glands, reproductive organs
[2-6]. At the same time, pathology of the respiratory
tract is the most common cause of complications and
mortality; it is accompanied by persistent infection and
inflammation in the respiratory tract, with formation of
viscous bronchial secretions [2, 5, 6 —8]. The first clinical
symptoms usually appear in early childhood [2, 9]. A
chronic, pronounced pathological process contributes
to formation of bronchiectasis and development of
pulmonary hypertension and cor pulmonale. However,
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lower respiratory tract infection is considered to be the
key factor which underlies the severity of CF and its
prognosis [2, 10].

Due to modern advances in the diagnosis and
treatment of CF, not only has the average life expectancy
of patients increased to an average of 36.8 years, but
their quality of life has also improved, and it has become
possible to maintain pregnancy and childbearing [9, 11].
However, it should be understood that in women with
CF, pregnancy is associated with an increased risk for
disease decompensation up to death, and decompensated
liver pathology can contribute to an unfavorable course
of pregnancy and childbirth [4, 12, 13].

Recent studies have confirmed that fertility in
women with CF is not impaired, except for cases when
more viscous secretion accumulates in the cervical canal
[12, 14]. Often, patients with CF are characterized by
multifetal pregnancies, gestational diabetes mellitus,
preterm labor, and indications for operative delivery
[13, 15]. Severe respiratory disorders underlie
pneumonia, with the development of acute respiratory
failure and a need for invasive mechanical ventilation
[13]. Nevertheless, a sufficient number of observations
have shown that most pregnancies in women with CF
end in spontaneous childbirth through the birth canal;
caesarean section is resorted to in cases of complications
associated with a risk to the health of the mother or the
baby [15, 16].

Therefore, considering that CF can adversely affect
the course of pregnancy, childbirth, and the health of both
the mother and the child, proper management of women
with CF during pregnancy and childbirth is of particular
relevance. The presented clinical case is an example of
competent supervision at all stages of monitoring of a
patient with CF during pregnancy and childbirth.

CLINICAL CASE

Patient P., 22 years old, was routinely admitted
to the pulmonology department of the Regional
Clinical Hospital on October 10, 2019 for a follow-up
examination and inpatient treatment and for resolving
the issue of maintaining pregnancy. The pregnancy was
first and desired.

From the anamnestic data: at the age of 1.5
months, the patient experienced right-sided lower lobe
pneumonia; since childhood, she had been experiencing
rare dry cough, sometimes with a difficulty in clearing
the chest of viscous sputum, which intensified after
hypothermia. She was followed up by a pediatrician with
the diagnosis of chronic bronchitis. For the first time,
CF was diagnosed at the age of 4 years 10 months; the
examination revealed an increase in the sweat chloride
level up to 119 mEq / . The patient has been followed

up at the Research Institute of Medical Genetics with the
diagnosis: Cystic fibrosis, mixed form (affects the lungs
and the intestines), a moderately severe, continuously
relapsing course. Compound heterozygous for Dele
2.3/E92,K. Chronic pancreatic insufficiency.

In 2011, a thoracoscopic lobectomy was performed
for bronchiectasis in the right lower lobe in S8—10. The
patient constantly receives basic therapy: Pulmozyme
(dornase alfa) 1 ampule per day using a jet nebulizer,
Bramitob 300 mg 2 times a day using a jet nebulizer in
courses (28-day administration / 28 day-break, the last
course was completed on October 9), Kreon 25,000 TU
(6,000 IU /kg of body weight), 10 capsules per day with
meals, Ursofalk 250 mg, 5 capsules per day. The patient
undergoes inpatient treatment 1-2 times a year and
receives antibiotic therapy (ABT). The last hospitalization
in the pulmonology department was in December 2018,
during which the patient received another course of
ABT with Co-trimoxazole, Piperacillin / Tazobactam
following the microbiological examination of the sputum
(St. aureus 10°, Stenotrophomonas maltophilia 10°).

Two weeks before the current hospitalization, the
patient noted an increase in coughing with light yellow
sputum in the volume of up to 20 ml per day (the amount
and color of the sputum did not change), decreased
exercise tolerance, low-grade body temperature in the
evenings, once up to 38 °C (took Paracetamol). On
October 09, 2019, a pelvic ultrasound was performed,
and an early intrauterine pregnancy was detected.

Past medical history: appendectomy in 2010, removal
of the lower lobe of the right lung due to bronchiectasis
in 2011, removal of nasopharyngeal polyps in 2014. The
patient suffered from chicken pox as a child. Menstruation
started at the age of 14, is regular, moderate, pain-free;
the menstrual cycle is 30 days; bleeding lasts 5 days; the
patient denies menstrual irregularities.

The patient has disability group 3.

Family history of CF is positive: the middle sister (the
patient is the elder sister) also has CF, she is followed up
at the Research Institute of Medical Genetics.

Upon admission: the patient’s condition was
satisfactory. The skin was pale, clean, moist, with no
cyanosis of the lips. Height — 165 c¢cm, weight — 51 kg,
BMI — 18.7, blood pressure — 100 / 60 mm Hg, pulse —
80 beats per minute, body temperature — 37.1 °C,
respiratory rate — 20 breaths per minute. Oxygen
saturation (SpO,) in the ambient air was 98%, after a
six-minute walk test — 96%. The chest had a cylindrical
shape and was elastic upon palpation. Percussion sound
was resonant and the same over symmetrical areas.
Auscultation of the lungs revealed rough vesicular
breathing without wheezing. The borders of cardiac
dullness were not changed. Heart sounds were loud
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and rhythmic. The abdomen was soft and not tender on
palpation in all departments. The liver and spleen were
not enlarged. No dysuria was noted. The Murphy’s
punch sign was negative.

Complete blood count: hemoglobin — 122 g / 1,
leukocytes — 17.8 x10°/ 1: band neutrophils — 6%,
segmented neutrophils — 78%, eosinophils — 1%,
lymphocytes — 13%, monocytes — 2%. Platelets 180 x
10°/1, ESR — 27 mm / h. Biochemical blood parameters
were without significant deviations from the normal
values: glucose — 4.25 mmol / 1, total protein — 68 g / 1,
albumins — 33.9 g / I, bilirubin — 13.3 / 3.5 umol / |,
alanine aminotransferase (ALT) — 11.2 IU, aspartate
aminotransferase — 7.1 IU, alpha-amylase — 91.6 IU /1,
creatinine — 66.3 pmol / 1, C-reactive protein (CRP) —
57.8 mg /1, fibrinogen — 7.4 g/ L.

10.15.19. Blood culture for sterility testing revealed
no growth of bacterial flora.

The microbiological examination of the sputum of
10.12.19: Acinetobacter baumanii 10° (pan-drug resistant
strain, insensitivity to carbapenems); the examination of
07.15.19: Stenotrophomonas maltophilia 10°, St.aureus
10, candida albicans 10° (pan-drug resistant); the
examination of 10.24.19: Stenotrophomonas maltophilia
102, candida albicans 10° (pan-drug resistant).

10.12.19. Spirometry. Forced expiratory volume in
one second (FEV1) — 78%, forced vital capacity (FVC)
— 84%, FEV1 / FVC — 82.8. Impression: vital capacity
of the lungs is within the conditional norm. Stage 0-1
obstructive ventilation abnormalities.

10.11.19. ECG: sinus tachycardia, heart rate — 92
beats per min. Right axis deviation. A turn around the
longitudinal axis with the right ventricle facing forward.

10.11.19. Echocardiography: cardiac cavities were
not enlarged, no hypertrophy was noted. The contractility
of the left and right ventricles was within normal values.
Violations of local contractility were not revealed. Left
ventricular diastolic dysfunction with the pseudonormal
filling pattern. The valves were unchanged. Mild tricuspid
valve regurgitation, right ventricular systolic pressure
was not increased. The pericardium was unchanged, no
fluid was detected.

10.12.19. Abdominal ultrasound: the liver was not
enlarged, the contours were even, the edge was sharp,
echogenicity was within normal values, the structure
was homogeneous, the bile ducts were not dilated, the
walls were dense, the vascular pattern was without
irregularities; the portal vein — 8 mm. Gallbladder:
dimensions: 80 x 30 mm, wall density 3 mm, biliary
sludge was detected. The pancreas was not enlarged,
the contours were even, the echogenicity was normal,
the structure was homogeneous. The pancreatic duct
— 1 mm. The spleen was not enlarged, the structure

was homogeneous. The kidneys were not enlarged,
the thickness of the renal parenchyma was normal, the
contours were even, the mobility was preserved, the
position was normal, the structure of the parenchyma was
homogeneous, the boundaries of the renal sinuses were
fuzzy, no signs of urodynamic disturbances were noted.
Impression: signs of chronic cholecystitis. Moderate
diffuse changes in the kidneys.

10.14.19. Thyroid and parathyroid ultrasound.
Impression: no pathology detected.

The patient categorically refused to undergo a chest
X-ray, despite the physician’s explanation of its necessity
and safety.

17.12.18. Spiral computed tomography of the chest.
Impression: Condition after right-sided lower lobe
lobectomy. Infiltrative areas, focal infiltrative changes
in the lungs with interstitial thickening along the contour
in the lobes of the lungs on both sides. Bronchial wall
thickening. Small saccular bronchiectasis, a few calcified
pulmonary nodules on both sides. Small areas of stringy
fibrosis on both sides.

Taking into account chronic excretion of
Pseudomonas aeruginosa from the sputum in the past
medical history, the presence of other non-fermenting
gram-negative bacteria (Acinetobacter baumannii,
Stenotrophomonas maltophilia) in the bacteria culture
tests, the presence of clinical and laboratory signs of
exacerbation of bronchopulmonary infection, and an
unfavorable prognosis in the absence of ABT, ABT was
prescribed for health reasons. The prescription of ABT
and further management of the patient were carried out
taking into account pregnancy, with an informed consent
obtained from the patient. The prescribed initial therapy
(Meronem 1.0 g, 3 times a day via intravenous drip
infusion) had no effect: the body temperature remained
low-grade, leukocytosis was up to 21.3 x 10°/ 1 with a
left shift. Therefore, ABT was changed to a combination
of Cefoperazone / Sulbactam 6 g (Cefoperazone 3 g +
Sulbactam 3 g) per day via intravenous drip infusion
and Fosfomycin 2.0 2 times a day via intravenous drip
infusion. In the context of the therapy, the patient’s
condition improved: the body temperature did not exceed
37 °C, the volume of yellow sputum was about 15 ml
per day. In the CBC, a positive trend was observed —
a decrease in leukocytosis (as of 24.10.2019, leukocytes
— 9.43 x 10°/ 1. band neutrophils — 6%, segmented
neutrophils — 71%, eosinophils — 0.5%, lymphocytes —
16.8%, monocytes — 5.7%; the level of CRP decreased
to4.3mg/ 1.

A consultation was held with the participation
of pulmonologists, geneticists, and obstetricians —
gynecologists in order to choose further treatment strategy
and decide on the possibility of maintaining pregnancy.
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Taking into account the patient’s condition, the features
of the clinical presentation of CF were the following:
moderate course, no significant changes in the pulmonary
ventilation parameters (they are close to normal values),
no signs of respiratory failure (SpO2 in the ambient air —
98%), no pulmonary hypertension, and right ventricular
hypertrophy, childbearing is possible. At the same time,
the presence of vital indications for massive ABT at the
present time (the first trimester of pregnancy) is associated
with a risk of negative effects on the fetus. The patient
and relatives were informed about this in order to make a
decision. In addition, they were explained that after birth,
given the condition of the patient, she may be hospitalized
and may need help in caring for the baby. The patient
decided to maintain the pregnancy.

Obstetric and gynecological status upon admission.
10.12.19. Examination by a gynecologist. The external
genital organs are developed correctly, without
pathological changes. The vaginal mucosa is not
changed, the cervix is not visually changed. The cervix
is positioned posteriorly from the pelvic axis, it is not
shortened, its shape is cylindrical, the consistency is
normal, the cervical os is closed, the uterus is enlarged
up to 5-6 weeks of pregnancy; the uterus is normotonic,
mobile, and not tender. At the time of examination, there
are no data for acute obstetric pathology. The patient is
6—7 weeks pregnant.

10.14.19. Transvaginal ultrasound of the uterus
and appendages. The uterus is positioned in the center
and is retroverted; the contours of the uterus are even;
the structure of the myometrium is homogeneous; in
the uterine cavity, a fetal egg (d 24 mm) is visualized;
pregnancy 6 weeks and 3 days. Cervix: the structure is not
changed; no masses projected at the uterine appendages
are detected. There is no free fluid in the posterior cul-
de-sac. Impression: Pregnancy 6 weeks and 3 days.

10.21.19. Gynecological status. The external genitalia
are developed correctly. Female pattern hair growth. The
vagina is narrow, the folds are preserved. The cervix
is posterior, up to 3.0 cm long, dense; the cervical os
is closed. The uterus is enlarged because of pregnancy
(up to 8 weeks), spherical in shape, soft, and not tender.
Appendages on both sides are without pathology.

Dynamic transvaginal ultrasound of the uterus and
appendages: 10.21.19. Following fetometry, the patient
is 7 weeks 3 days pregnant.

The patient was discharged against medical advice on
31.10.19.

Diagnosis at discharge: 9 weeks pregnant. Cystic
fibrosis, mixed form (affects the lungs and the
intestines), a moderately severe, continuously relapsing
course. Compound heterozygous for Dele 2.3/E92,K.
Chronic infection of the respiratory tract with St

aureus, Pseudomonas aeruginosa, Stenotrophomonas
maltophilia,  Acinetobacter ~ baumannii.  Chronic
bronchitis. Bronchiectasis of both lungs, condition
after thoracoscopic lobectomy for bronchiectasis in the
right lower lobe (03.04.2011). Fibrosis of the upper
lobe of the right lung. Chronic pansinusitis. Exocrine
pancreatic insufficiency. Chronic erosive antral gastritis,
duodenitis HP(-), insufficiency of the gastric cardia.
Gastroesophageal reflux disease (GERD). Bacterial
overgrowth syndrome. Secondary intestinal dysbiosis.
Asthenic syndrome.

Pregnancy follow-up was carried out in the Regional
Perinatal Center from 13 weeks pregnant. The follow-
up was carried out by an obstetrician — gynecologist
together with a pulmonary internist. The patient’s high
adherence to follow-up and treatment was noted.

There were no exacerbations of the disease that
required ABT prescription. No significant negative trend
in spirometry parameters and oxygen saturation values
was noted.

During pregnancy, shortness of breath on exertion,
most pronounced in the last trimester of pregnancy,
nausea, and repeated vomiting were common.

During pregnancy, in accordance with the
recommendations, the patient received: vaginal
Utrogestan 200 mg 1 time per day, vitamin D 2,000 U,
Calcemin Advance 1 capsule per day (500 mg calcium),
Ursofalk 5 capsules per day in 2 doses, Kreon 10 capsules
per day in 3 doses, Pulmozyme inhalations 1 time per
day, lodomarin 200 mcg / day, Tobramycin inhalation
(28-day therapy — 28-day break), on-demand Salbutamol
inhalation.

Weight gain during pregnancy was 9 kg.

The following ultrasound screenings were
carried out:

1. 12 weeks pregnant (Research Institute of Medical
Genetics) — no pathology was detected.

2.19.6 weeks pregnant (Research Institute of Medical
Genetics) — no pathology was detected.

3. 30 weeks pregnant (Regional Perinatal Center) —
no pathology was detected.

At 35.2 weeks pregnant, the patient was admitted to
antenatal hospital unit to resolve the issue of delivery. A
plan for childbirth was drawn up: high degree of risk (15
points), estimated fetal weight was 2,600 g +\- 26 g.

Due to the appearance of shortness of breath on
minimal exertion and the gestational age close to full
term (35.2 weeks), a decision was made on elective
operative delivery on 04.30.2020. The patient agreed
with the strategy. Regional anesthesia with antibiotic
prophylaxis were planned: Ampicillin + Sulbactam 1.5
g parenterally, further prescription of ABT according to
indications.
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On 04.30.2020, elective operative delivery was
performed. A premature boy was born (weight 2,620
g, height 49 cm, the Apgar score of 8/8). During
the operation, delayed umbilical cord clamping was
performed. Amniotic fluid was light (400 ml). Blood loss
was 600 ml.

The caesarean section went without technical
difficulties.

The postoperative period proceeded without
complications. The new mother was discharged on
day 13 (delay in discharge due to the condition of the
child). The newborn was in the Neonatal Intensive
Care Unit for 7 days and in the Neonatal and Premature
Infant Pathology Unit for 10 days. Primary diagnosis:
late preterm baby (35.3 weeks). Postconceptional age
37.4 weeks. Secondary diagnosis: newborn respiratory
distress syndrome of moderate severity. Incomplete
ureteral duplication in the left kidney. Premature infant
jaundice. Right-sided choroid plexus cyst.

The condition at birth was severe due to respiratory
disorders. The Silverman Andersen Respiratory Severity
Score of 4-5 points. Infusion therapy and respiratory
support were carried out (6 days): n"CPAP was performed
in the delivery room, CPAP with positive dynamics
and phototherapy were carried out in the intensive care
unit for newborns (increased jaundice, unconjugated
hyperbilirubinemia). A positive trend was noted in the
context of the therapy. The condition at discharge was
satisfactory. The neurological status corresponded to the
gestational age.

Bottle-feeding  with
Attachment to the breast.

Nasal breathing was free, the pharynx was not
irritated. The skin was subicteric, pink, and clean. The
umbilical wound was epithelialized. Breath sounds were
heard throughout all lung fields, no wheezing was heard.
Heart sounds were clear and rhythmic. The abdomen
was soft and not tender on palpation. The liver and
spleen were not enlarged. Urination. No vaccinations
were given.

Currently, the child is followed up in the pediatric
hospital: he develops according to age, no abnormalities
and developmental delays have been identified.

expressed breast milk.

CONCLUSION

Modern advances in pulmonology, obstetrics, and
neonatal and anesthetic services have enabled women
with CF to have successful pregnancies without
apparent significant impairment of their lung function.
When considering the use of drugs during pregnancy,
the known and unknown risks of the effects of drug
treatment on the fetus must be weighed against the risk
to the mother’s health resulting from discontinuation of

therapy. The choice of a method for delivering a baby
is determined by the state of the mother’s health, and in
case external respiration deteriorates, a decision can be
made to perform a caesarean section.

A number of conditions underly a successful
pregnancy and successful delivery in this clinical case:
firstly, the patient was diagnosed with CF in childhood,
she has been followed up by pulmonologists and
geneticists for her disease for a long time; secondly, the
patient had no disorders of external respiration at early
stages of pregnancy and no obstetric and gynecological
diseases in the past medical history; and, thirdly, the
coordinated work of specialists (pulmonologists,
obstetrician — gynecologists, and neonatologists) in
patient’s management and delivery support.
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On the 70th birthday of Evgeny L. Choynzonoyv,
the member of the Russian Academy of Sciences

On December 14, 2022, Evgeny L. Choynzonov,
Doctor of Medical Sciences, Professor, Academician of
the Russian Academy of Sciences, Honored Scientist
of Russia, Director of the Cancer Research Institute of
Tomsk NRMC, turned 70 years old.

Evgeny L. Choynzonov is an outstanding Russian
scientist and a talented organizer who has made a
significant personal contribution to the development of
medical science.

Evgeny L. Choynzonov was born in the village of
Zhargalantuy in the Buryat ASSR. After graduating
from the General Medicine Department of Tomsk
Medical Institute in 1976, he entered clinical residency
at the Otorhinolaryngology Division of the same
institute.

At the opening of the Siberian branch of the All-
Union Cancer Research Center of the Academy of
Medical Sciences of the USSR in Tomsk, Evgeny
L. Choynzonov was offered the position of a junior
researcher at the Head and Neck Cancer Unit. In 1984,
he successfully defended his PhD thesis on the topic
“Treatment of patients with oral cancer and its effect
on the parameters of the immune system” and was

promoted to senior researcher. After defending his
doctoral dissertation in 1995 on the topic “Cancer of the
upper respiratory and digestive tract (epidemiological,
immunological, and virological aspects, evaluation
of the treatment effectiveness)”, he became a leading
researcher at the same department of the Cancer
Research Institute. In 2002, he was awarded the
academic title of Professor of Oncology. Since 2002,
Evgeny L. Choynzonov has been the Director of the
Cancer Research Institute of the SB RAMS.

Evgeny L. Choynzonov has outstanding organi-
zational skills. He is able to determine the prospects
for the development of modern medical science and is
engaged in social activities. So, he managed to merge the
academic institutes of the Tomsk Research Center into
the current Tomsk National Research Medical Center
(NRMC) of the Russian Academy of Sciences in order
to achieve breakthrough scientific results that ensure the
competitive global position of Russia in biomedicine
and transfer them into healthcare. Tomsk NRMC,
the director of which in 2016-2018 was academician
Evgeny L. Choynzonov, is one of the largest and
most authoritative medical research institutions in
Russia, which cooperates with international research
organizations in the fields as oncology, cardiology,
pediatric cardiology, medical genetics, pharmacology,
and psychiatry.

Academician Evgeny L. Choynzonov makes a great
contribution to the training of senior biomedical staff. In
2006, he promoted the establishment of the Oncology
Division at Siberian State Medical University (SibMed)
on the basis of the Institute, the head of which he has
been ever since. Evgeny Choynzonov is the Chairman of
the Dissertation Committee 24.1.215.02 in the specialty
“3.1.6. Oncology, Radial Therapy (medical sciences)”
at the Cancer Research Institute of Tomsk NRMC and
is a member of the Dissertation Committee 24.1.215.03
in the specialty “21.5.7. Genetics (Medical Sciences)”
at the Research Institute of Medical Genetics of Tomsk
NRMC.

Academician Evgeny L. Choynzonov is the founder
ofthe scientific school “Malignant tumors of the head and
neck. Development of personalized approaches to the
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implementation of modern treatment and rehabilitation
methods for patients with malignant neoplasms based
on the study of clinical, morphological, and molecular
genetic features of the tumor”. The representatives
of this scientific school include renowned scientists,
professors who hold high positions in research,
educational, and medical institutions, and young
professionals who mastered modern high-tech methods
of scientific research and treatment of patients. Under
his scientific supervision, 16 doctoral and 21 candidate
dissertations were completed and defended.

Evgeny L. Choynzonov is a recognized leader in
Russia in the field of treatment and rehabilitation of
patients with malignant neoplasms of the maxillofacial
region, which is one of the most difficult groups of
cancer patients. Back in the 1980s, he began to develop
a new direction in the rehabilitation of patients with
head and neck cancers to preserve their quality of life
and social and labor adaptation. Today the Cancer
Research Institute is one of the main organizations in
Russia, providing assistance to patients from all over
Siberia, the Far East, and the Far North.

Evgeny L. Choynzonov and his students developed
methods of reconstructive surgeries using the latest
achievements in the field of medical materials science
and additive technologies. New high-tech methods of
organ-preserving and reconstructive plastic surgical
interventions using microsurgical equipment and
biocompatible implants have been developed and
introduced into clinical practice, which allows to ensure
high quality of life for patients, their ability to work,
and successful social adaptation. A unique technology
was developed for creating artificial individual implants
with a functionalized surface which could be integrated
into bones and soft tissues of the body.

The proposed technologies reduce disability rate and
improve the quality of life of patients and their social
and labor adaptation, with more than 70% of patients
being able to live their lives fully.

Evgeny L. Choynzonov made a huge contribution
to the development of practical healthcare, providing
scientific and methodological guidance to medical and
prevention institutions of the Siberian Federal District
on oncology issues and actively introducing advanced
scientific developments into the practical healthcare
in the region. He is a highly qualified specialist in
oncosurgery and has been recognized as the leading
professional in Russia in the treatment of socially
sensitive tumors with complex localization. He is an
actively operating oncologist of the highest category.
He has conducted about 3,000 surgical interventions.
Evgeny L. Choynzonov performs the most complex

operations, and patients with the most severe course of
cancer are treated under his personal supervision.

He introduced into clinical practice unique surgical
interventions using simultaneous replacement of
postoperative defects with endoprostheses made
of porous titanium nickelide and microsurgical
autotransplantation of tissues, which eliminates the
need for repeated surgery. He has developed and
implemented new approaches to the treatment of
thyroid, parotid gland, nasal and paranasal sinus cancer
based on organ-preserving operations in combination
with intraoperative electronic and remote neutron
therapy.

Having worked in this field for many years,
Evgeny L. Choynzonov published 27 monographs,
1 manual for doctors, 1 methodological manual, and
7 clinical guidelines. He obtained 53 Russian patents
for inventions, 25 certificates of state registration of
software products, 5 license agreements granting the
right to use patents, which proves the high priority of
his research. He is the author of more than 1,000 printed
works, about 350 Russian and foreign articles indexed
in the Russian and foreign citation databases of the
RSCI, Scopus, and Web of Science.

Being one of the leading oncologists in Russia,
Evgeny L. Choynzonov actively participates in the
publishing of many Russian and foreign scientific
journals. He is the editor-in-chief of “Siberian Journal
of Oncology”, a member of the editorial board of
the journals: “P.A. Herzen Journal of Oncology”,
“Problems in Oncology,” “Oncosurgery”, “Head and
Neck Tumors”, “Siberian Scientific Medical Journal”,
“The Siberian Journal of Clinical and Experimental
Medicine”’; member of the editorial board of the journals
“Annals of Oncology. New Approaches in Oncology”,
“Bone and Soft Tissue Sarcomas, Tumors of the
Skin”, “Head and Neck Journal”, “Eurasian Journal of
Oncology”, “Journal of Oncology”, “Creative Surgery
and Oncology”, “The Territory of Intelligence”, and
“CA: A Cancer Journal for Clinicians. Russian Edition”.

Academician Evgeny L. Choynzonov is a member
of the Presidium of the Russian Academy of Sciences,
a member of the Council of the Russian Academy
of Sciences on Evolutionary Medicine and Medical
Heritage, an expert of the Russian Academy of
Sciences, a member of the Presidium of the Association
of Oncologists of Russia, the Council on the priority
scientific and technological development of the Russian
Federation “Transition to personalized medicine,
high-tech healthcare, and health-saving technologies,
including through the rational use of drugs, primarily
antibacterial drugs”, Deputy Chairman of the task group
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“Head and Neck Cancers” of the Scientific Council
on Malignant Neoplasms of the Russian Federation,
Chairman of the task group “Oncology” of the
Scientific Council on Medical Problems of Siberia, the
Far East and the Far North of the Russian Federation;
member of the commission under the Governor of
Tomsk region for monitoring the achievement of goals
in socioeconomic development in the Tomsk region,
determined by the President of the Russian Federation;
chief freelance oncologist of the Siberian Federal
District, Chairman of the Tomsk Regional Society of
Oncologists, representative of the Russian Federation
in the International Federation of Head and Neck
Oncology Specialists (IFHNOS, USA) and the Eurasian
Community of Specialists in Head and Neck Tumors;
he is a member of the Coordinating Council (Board of
Directors) and Academic Council of Tomsk NRMC;
the Chairman of the Academic Council of the Cancer
Research Institute of Oncology of Tomsk NRMC.

Under the leadership of academician Evgeny L.
Choynzonov, the following works and research were
successfully completed: 10 projects within federal
targeted programs (2006-2007, 2010-2012, 2016), 6
grants of the Russian Foundation for Basic Research
(2008-2015), the integration project of Siberian Branch
of the Russian Academy of Medical Sciences (2006—
2007), the grant of the Tomsk City Administration
(2008), 3 major grants of the Russian Science Foundation
(20162018, 20192021, 2022-2024), a project
within the federal targeted program “Development of
Pharmaceutical and Medical Industry of the Russian
Federation up to 2020 and beyond” (2017-2019), 2
projects within the federal targeted program “Research
and Development in Priority Areas of Development of
the Scientific and Technological Complex of Russia in
2014-2020” (2017-2019, 2019-2020).

The long-term research, organizational, and
pedagogical activity of Evgeny L. Choynzonov has been
highly appreciated and recognized. He was awarded the
title of “Honored Scientist of the Russian Federation”.
In 2021, Evgeny L. Choynzonov and a group of authors
won the State Prize of the Russian Federation in the field
of science and technology for 2020 for the creation of
a fundamental interdisciplinary biomedical approach to
the treatment, reconstruction, and rehabilitation of head
and neck cancers. He won the Tomsk Region Prize in
education, science, health, and culture (2012). Evgeny
L. Choynzonov was awarded the medal of the Order
“For Merit to the Fatherland” II class (2015), the badge
“Excellent Health Worker” (2004), the jubilee medal
“400 Years of Tomsk” (2004), the Certificate of Honor

of the State Duma of the Tomsk Region (2004), the R.
Virkhov Medal of Honor (2005), the Certificate of Honor
of the Trade Union of Health Workers of the Russian
Federation (2009), the medal “For Merit to Siberian
State Medical University” (2011), the Certificate of
Commendation of the Department of Healthcare of
the Tomsk Region (2011), the Certificate of Honor
of the Tomsk Region (2012), the Certificate of Honor
of the Russian Academy of Medical Sciences (2012),
the silver badge “Coat of Arms of the Tomsk Region”
(2012), the Honorary Silver Order “Public Recognition”
(2012), the badge of the Federation of Independent
Trade Unions of Russia “For the Fellowship” (2012),
the medal “For Achievements” (2014), the Certificate
of Honor of the Tomsk City Administration (2014), the
jubilee medal “120 Years of TPU” (2016), the honorary
title “Honored Veteran of the Siberian Branch of the
Russian Academy of Sciences” (2017), the badge of
merit of the Federal Agency of Research Organizations
of Russia “For Merits in the Development of Science”
(2017), the badge of honor “Pride of Tomsk™ (2017), the
badge of merit “For Merit to the Tomsk Region” (2017),
the Certificate of Honor of the Federation Council
of the Federal Assembly of the Russian Federation
(2017), the diploma of the Tomsk City Chamber of the
Public (2017), the Certificate of Honor of the Federal
Agency of Research Organizations of Russia (2018),
the commemorative jubilee sign “Legislative Duma
of the Tomsk Region: 25 Years” (2019), the jubilee
badge “75 years of the Tomsk Region” (2019). Evgeny
L. Choynzonov was listed in the Book of Honor of the
Federation of Trade Union Organizations of the Tomsk
Region (2013); awarded the title of chevalier of the
golden badge of honor “Heritage of Siberia” (2016)
and the title “Honorary Professor of Siberian State
Medical University” (2017). He received the Certificate
of Commendation from the President of the Russian
Federation, the Certificates of Commendation from the
Head of the People’s headquarters of public support for
the presidential candidate of the Russian Federation and
the plenipotentiary representative of the President of
the Russian Federation in the Siberian Federal District
(2012), and the Certificate of Commendation of the
Council of Rectors of Universities of the Tomsk Region
(2019). Evgeny L. Choynzonov was awarded the medal
“For Outstanding Achievements in Oncology” named
after the founder of Russian oncology, Professor
N.N. Petrov (2021), and the medal named after
P.A. Herzen for outstanding achievements in the
development of oncology (2022). He was awarded the
title of Honorary Citizen of the Tomsk Region (2022).
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