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Pesrome

AkrtyanbHocTh: [Touck meronos sedenuss COVID-19 ¢ ucnonp3oBaHMEeM MeHETUYECKUX JTOCTHXKE-
HUM MOXET CTaTb OCHOBOM s 3(hpekTrBHON OOpHOBI ¢ TaHHOW BUpYCHOUM MH(pekuen. TapreTHas
Tepanus ¢ npuMeHeHrneM Hekogupyromux PHK oreeuaer ycnoBusM coBpeMEHHOHN NIEPCOHATN3HPO-
BaHHOW MEMIIMHBI, TIOCKOJIBKY TTO3BOJIUT JHArHOCTHPOBATh BoBlieueHHBIE B martoreHes COVID-19
MOJIEKYJISIPHBIE MEXaHU3MBbl U TOYHO BO37clcTBOBaTh Ha HuX. Ileab mccaenoBanus: Onpenenursb
HanOoJlee 3HAYMMBIEC dITUTEHETHUYECKUe 3BeHbs matorenesa COVID-19, Bo3zaelicTBie Ha KOTOpBIE
NEePCHEKTUBHO AJIs pa3pabOTKH TapreTHoi Tepanuu. MaTepuaJjbl M MeToAbl: Vcrionb30BaHbl 6a3bl
naHHbIX Scopus, WoS, PubMed st ananuza ponu mukpoPHK, muaHBIX Hekoaupyronmx PHK, pe-
TpossieMeHTOB B pa3BuTuu COVID-19. Pesyabrathi: CoracHO npoaHaIu3UpOBaHHOM JauTEpaType,
mrHHble Hekoaupytomue PHK u npu-mukpoPHK cniocoOHbI TpaHcinpoBaTbes ¢ 00pa3oBaHHEM
(YHKIMOHATBHBIX MENTHI0B, KOTOPbIE PEryIUPYIOT SKCIIPECCUI0 COOCTBEHHBIX U IPYTHUX T'eHOB. B
natoreneze COVID-19 BaxxHy0 poJib HTPAIOT MUTEHETHIECKHE (PAKTOPHI, YTO OTPAKAECTCS B H3Me-
HEHUU JKCIIPECCUU OlpeeneHHbIX Hekoaupytomux PHK y manueHToB B 3aBUCMMOCTH OT CTENIEHU
TSOKECTH U XapakTepa TeueHHs 00JIe3HH. DTO MOXKET ObITh 00YCIIOBIEHO YYaCTHEM PETPOIIIEMEHTOB
B IIPOTMBOBUPYCHOM OTBETE U €ro Hed((EKTUBHOCTH MPH cTapeHuu. Pe3ynbraToM sSBisitoTcs 6osee
Tsoxernsie popmbl COVID-19 y moKMITBIX JI0JIEH ¢ pa3BUTHEM IUTOKHHOBOTO IITOPMA, HECMOTPS Ha
HaJIM4YKMe (PU3MOIOTHYECKOro UMMYHOAepuInTa. 3aka0o4eHue: I10ckobKy 0COOEHHOCTH KCIIpec-
cnn cnenuduaecknx Hekoaupyromwx PHK y moxumnsix 60mpHBEIX COVID-19 oTpaxarot peryistop-
HBIA AucOanaHC TPAHCIO30HOB, MEPCHEKTHUBHA pa3pabdOTKa MENTUAOB, BIUAIONIMX HAa SKCIPECCHIO
MukpoPHK, nnunnbix Hexonupytomux PHK u petposnemenTos. JlanHbli m0aX04 MOT OBl CTaTh OC-
HOBOHM HE TOJBKO JUIs 3(PPEKTUBHOTO JIEYEHUs] BO3PACTHBIX MAIlMEHTOB, HO W JUIS MPOJJICHUS UX
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KU3HU B CBSI3U C BIUSHUEM Ha AMHUTCHETUYECKHE MEXaHU3MBI cTapeHus. J[s 3Toro HeoOX0auMo
ompeJielIeHUE CIIEKTpa ACUCTBUS cuHTe3upyeMbIx 1yt Tepanuun COVID-19 nentunos.
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Abstract

Background: The search for methods to detect COVID-19 using genetic advances can become the
basis for an effective fight against this viral infection. Targeted therapy using non-coding RNAs meets
the conditions of modern personalized medicine, since it will allow diagnosing the molecular mech-
anisms involved in the pathogenesis of COVID-19 and specifically affecting them. The aim of the
study: To determine the most significant epigenetic links in the pathogenesis of COVID-19, the im-
pact on which is promising for the development of targeted therapy. Materials and methods: We
used the Scopus, WoS, PubMed databases to analyze the role of miRNAs, long non-coding RNAs,
and retroelements in the development of COVID-19. Results: According to the analyzed literature,
long noncoding RNAs and pri-miRNAs can be translated into functional peptides that regulate the
expression of their own and other genes. Epigenetic factors play an important role in the pathogenesis
of COVID-19. This is reflected in changes in the expression of certain non-coding RNASs in patients
depending on the severity and nature of the course of the disease. This may be due to the involvement
of retroelements in the antiviral response and its ineffectiveness in aging. The result is more severe
forms of COVID-19 in elderly and senile people with the development of a cytokine storm, despite
the presence of physiological immunodeficiency. Conclusion: Since the features of the expression
of specific non-coding RNAs in elderly patients with COVID-19 reflect the regulatory imbalance of
transposons, the development of peptides that affect the expression of microRNAs, long non-coding
RNAs, and retroelements is promising. This approach could become the basis not only for the effec-
tive treatment of age-related patients, but also for prolonging their life due to the effect on the epige-
netic mechanisms of aging. To do this, it is necessary to determine the action spectrum of peptides
synthesized for the treatment of COVID-19.

Keywords: viruses; long non-coding RNAs; miRNAs; peptides; COVID-19; SARS-CoV-2
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Beenenue. KopoHaBUpyChl OTHOCATCA K
nojacemerictey  Coronavirinae, cemeiictBa
Coronaviridae, orpsima Nidovirales u siBiisi-
I0TCA KPYMHEHIIMMU U3 WU3BECTHBIX OJHOIIE-
IIOYEUHBbIX «IUIroc-HuTeBbIX» PHK-BUpyCOB
(MCTIONIB3YIOT CBOM F€HOM HETOCPEICTBEHHO B
kayectBe MPHK). Mx nuamerp nocturaer 160
HM, a oOmas jamuHa renoma B cpeadem 32000
n.H. [ToncemeiictBo Coronavirinae Bxiroyaer
ponsl  Alphacoronavirus, Betacoronavirus,
Gammacoronavirus u  Deltacoronavirus.
SARS-CoV-2, BebiBaromuii COVID-19 (hu-
man coronavirus disease 19), otHocuTcs K
poxay Betacoronavirus [1]. Ctpykrypa SARS-
CoV-2 cooTBeTCTBYET CcIenU(pUIECKUM Xa-
paKTEepUCTUKAM HU3BECTHBIX KOPOHABHPYCOB:
0oree 67% reHoMa Ha 5°-KOHIIE BXOAWT B CO-
cTaB OTpHITON pamku cuuThiBanus ORF1ab u
koaupyet orfl-ab-nmomunporennsl. OcranbHas
yactb PHK Bupyca Ha 3’-KOHLE COIEPKUT
TeHBbI CTPYKTYpPHBIX OEIKOB: MOBEPXHOCTHBIC
(S), membpannsie (M), obonoueunsie (E) u
nykieokancugasie (N), a Takke 6 10NOJHU-
TEIbHBIX OENKOB, MPOAYKTOB TPAHCISAIIUU
ORF3a, ORF3b, ORF6, ORF7a, ORF7b wu
ORF8 [2].

COVID-19 xapaxrepusyercsi BBICOKOU
CMEPTHOCTbIO U OOJBIIUM  KOJIWYECTBOM
ocnoxkHeHui. Haumbonee XapakTepHbIMH U3
HUX SIBJISIIOTCSI TUIIEPUMMYHHbBIE PEaKIuu, Ta-
KHUE KaK «IMUTOKWHOBBIM IITOPM», IETCKUU
MYJIbTUCUCTEMHBIA  BOCHAIUTEIBHBIA  CHH-
JPOM, MMMYHOOIIOCPEIOBAHHBIE KOXKHBIE U
HEBpOJIOTHYECKHEe 3a00JeBaHUS HapALy C
ayTOMMMYHHBIMH TIPOSIBJICHUSIMH C HapyIe-
HUEM PeryJisiui MEXaHH3MOB CBEPTHIBAHUSA
kpoBu [3]. JlaHHBIE M3MEHEHUS MOTYT OBITh
O0yCIIOBJICHBI BIUSHUEM BHPYCHBIX HH(EK-
MI Ha TPAHCIIO30HBI (MOOUIIbHBIE T€HETHYE-
ckue sneMeHnTsl (MI'3)), KoTopbie y4acTBYIOT
B PETYJISIIUN UMMYHHOU CHCTEMBI M DKCITPEC-
CUU TeHOB Xxo03auHa [4]. MI'D saBnstoTcs crie-

OU(PUUIECKUMH  CTPYKTYPHO-(PYHKIIMOHAIIb-
HBIMU YYaCTKaMU F€HOMa, KOTOPbIE CIIOCOOHBI
repeMeniaTbCsi B HOBBIM JIOKYC ITyTEM «BbIpE-
3aHus W BcTtaBku» (JIHK-Tpancmo3onsr) wmm
«KOMUPOBAHUS U BCTABKU» (PETPOIIEMEHTHI
(PD)). [locnennue Hanboiee pacpoCTPaHECHBI
Yy MJICEKOTUTAIONIUX U UCIOJIb3YIOT IPOMEXKY-
tounyro MPHK nist oOpaTHO# TpaHCKpumuu
u BctpauBanus k/IHK B renom xo3siuna [5].

MI'D sBIAIOTCS HEOTHEMIIEMOM YACThIO
JHK npakTryecku BCeX 3YKApUOT U COCTaB-
nstoT 6onee 40% renoma uenoseka [6]. Co-
XpaHeHue Takoro koiuuectBa MI'D B xoxe
SBOJIIOIMH CBSA3AHO C UX MCIIONIB30BAHUEM IS
KOHTPOJISI SKCIIPECCUH (MCTIONb3YIOTCS B Kade-
CTBE CAlTOB CBA3BIBAHUS C TPAHCKPUIILIHOH-
HBIMU (akTopamu [7, 8]) M SMUTreHeTHIECKOM
PEryJAlUUA Pa3TUYHBIX TEHOB C IOMOIIBIO
MPOIIECCUPYEMBIX U3 UX TPAHCKPHUITOB HEKO-
mupytonmx PHK (axkPHK): muxpoPHK [9] u
nmuaaelx - HKPHK  [10].  OmomantnuBanue
MI'D B 3BOMIOIMY IPUBENIO K 00Pa30BaHHIO U3
HUX aJIbTEPHATUBHBIX HK30HOB [11] Genok-ko-
mupytonux reHoB (BI'K) u, cooTBeTcTBEHHO,
BO3HUKHOBEHHMS HOBBIX ()yHKIIMOHATBHBIX JI0-
MeHOB OenkoB. KpoMe TOro, reHbl KpymHBIX
MI'D B sBONIONHMM OKa3JIMUCh WCTOYHHUKAMHU
0OJIBIIOTO KOJTUYECTBA 3BOJIOIMOHHO MOJIO-
IOpIX Oenok-konupyromux reHos [7, 12].
HyXHO OTMETHTh Takke CIIOCOOHOCTH
HKPHK, oOpa3yembix u3 MI'D, nomMmumo cob-
CTBEHHOW pEryIsaTOpHOM (YHKINHU, CBS3bI-
BaTthcs ¢ pubocomamu ¥ (GHOPMHPOBATH TIETI-
THUJIBI, YYACTBYIOIIHE B TEX K€ OMOIOTUUECKUX
npoueccax, yto nu ux HKPHK-npenmecTsen-
Huku (Puc. 1). Tak, npu-mukpoPHK Tpancnu-
pytorcs ¢ oopazoBanrem MIPEP (microRNA-
encoded peptides), koTopbie CIOCOOHBI pery-
JUPOBATh HE TOJILKO ONpesiesieHHbIe OMOI0TH-
YECKUE PEAKIIUHU, HO TAK)KE TPAHCKPHUIILUIO T'e-
HOB MUKpOPHK, MCTOYHHMKOB COOCTBEHHBIX
npu-mukpoPHK [13].
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Puc. 1. Cxema nonudyHKIHOHATBHOCTH MPOAYKTOB dKcnpeccrn MI'D
(MOOMITBHBIX T€HETHYECKUX DJIEMEHTOB).
Fig. 1. Scheme of multifunctionality of transposable elements.

Hens wuccaenoanmsa. Onpenenutsd
HanboJiee 3HaYNMBbIC SITUTEHETHYECKHIE 3BEHBS
matorene3a COVID-19, Bo3aelicTBHe Ha KOTO-
pble MEPCHEKTUBHO Ji1 pa3pabOTKU Taprer-
HoOM Tepanuu. [Tockonsky PO sBistoTcsa Baxk-
HbIMU ucTOYHHKaMu MUKpOPHK u mnmHHBIX
HKPHK, caemaH akuneHT Ha NOUCK B3auMO-
cBs3u PO ¢ naHHBIMM MOJIEKyJIaMU U C BUPY-
com SARS-CoV-2.

Marepunanbsl U MeTOAbl HCCJeI0Ba-
Hus. Vcnonb3oBanbl 6a3bl JaHHBIX SCOPUS,
WoS, PubMed st ananusa ponu mukpoPHK,
JUIMHHBIX Hekopupyrommx PHK, perpoane-
MeHTOB B pa3Butuu COVID-19. Jlns Haxox-
JIeHHs1 Heo0X0AMMOM MH(OpMaIUK B MOUCKO-
BUKE ObUIM BBEIEHBI COYETAHUSI TEPMUHOB
«SARS-CoV-2 retroelements», «SARS-CoV-
2 transposons», «SARS-CoV-2 transposable
elements», «<SARS-CoV-2 HERV», «SARS-
CoV-2 LINE-1», «SARS-CoV-2 Aluy,
«COVID-19 miRNA», «COVID-19 IncRNAY,
«SARS-CoV-2 miRNA», «SARS-CoV-2
INCRNA», «retroelements MIRNAY,
«retroelements IncRNA», «transposable ele-
ments mMIRNA», «transposable elements
INCRNAY. TIpoBenen ananu3 987 HCTOYHUKOB

JUTEpaTyphl, U3 KOTOPBIX JIJIsl HAITMCAHUS JJaH-
HOM cTaThu ObUIM UCIIOJIB30BaHbI 97 HCTOYHU-
KOB.

Pe3yabTaThl 1 HX 00CyKIeHHe

PoJsib MOOMJIBHBIX T€HETHYECKHUX JJIe-
MeHToB B pa3Butuu COVID-19

BozneiictBue MI'D Ha Teuenne COVID-
19 orMedueHO Ha Bcex dTamax O0oJIe3HU, HaYH-
Hasi ¢ IPOHUKHOBEHUS BUpYCa B KJIETKU. AH-
THOTEH3UH-TIpeBpalalouii ~ gpepMeHT 2
(ACE2 - angiotensin-converting enzyme 2)
SIBJIIETCS PELENTOPOM Uil  MPOXOKICHUS
SARS-CoV-2 B osuumorenmuouuthl [14]. B
Hopme ACE2 wHeoOxoaum i Jierpajaiuu
anurorensuHa-l. Ilostomy nepuuur ACE2
(ucToIieHne BCIEACTBUE CBA3BIBAHUS C BUPY-
COM) BeZIeT K M30bITOYHOH CTUMYJSAILUM pe-
uentopoB anruotensuna 2 (AT1R) u nocneny-
IOLLIUM MTOBPEKIEHUAM YHAOTENNATIBHBIX Kile-
TOK C BacKyJIOlaTueH, a Takxke TpomMOo3aM ¢
KoaryJjomnaruei. 910, B CBOIO 04€pe/ib, IPUBO-
JTUT K CUCTeMHOMY Bocmayienuto [15]. B un-
tponax reHa ACE2 pacnonaratorcs Alu-
anemMeHTHl (HeaBToHOMHBIE PD) [14], a Takke
P3 MIRD, ciyxammii mpomoTopom aist oopa-
30BaHUA aJIbTEPHATUBHON HECTaOMIBHON U30-
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dopmbl 6enka MIRb-ACE2, BeipaboTKa KOTO-
poro unayuupyercs uatepdeponom (IFN). B
TO e BpeMsi, ocHOBHas nzopopma ACE2 ne-
gyBcTBUTEIbHA K IFN [16], XOTS mpoayKThI
OKCHPECCHH OTKPBITHIX PAaMOK CUUTHIBAHHS
ORF3b, ORF6, ORF7, ORF8 Bupyca SARS-
CoV-2 unrubupyror cunares IFNI u IFNII, uro
ABIIAeTCS ocHOBaHueM Juist ipumenenus IFN B
neyennu COVID-19 [17].

HeoOxoaumMo OTMETUTH, UTO TSIKETIbIE
¢opmbr COVID-19 1 HUTOKMHOBBINA MITOPM
yalle BCTPEYAIOTCS y JIIOJEH MOXKUIIOTO0 U
crapueckoro Bo3pacrta [18] (uto orpaxaercs
Ha cmeptHOCTH OT 0,01% B 25 net 1o 15% B
85 net [19]), Ay KOTOPBIX XapaKTEPHO pa3BU-
THE acCeNTUYECKOro BOCHAJICHUS! BCIEACTBHE
noselieHHON BbIpaboTKoi IFNI. Ctumynom
s skcnpeccuu IFNI cnyxaT akTuBupyromu-
ecst ipu crapeHnu HERV [20] — ux OenkoBbie
MPOJYKTHl pacro3HatoTcss Tomn-nogo0HbIMH
peuentopamu (TLR) B xauecTBe maroren-ac-
COLIMMPOBAHHOTO MOJIEKYJIIPHOTO MaTTepHa
[21]. C sTuUX mo3uIUi C BO3PACTOM JOJKHA
CHIDKAThCS BOCIIPUUMUYUBOCTD K UH(PUIIPOBa-
Huto SARS-CoV-2, KOTOpBIN YyBCTBUTEICH K
npotuBoBUpycHOMY Bosaeiicteuio IFNI [17].
OnHako KIMHUYECKHE MCCIIEIOBAHUS TIOKA3bI-
BatoT Oosee yactoe pazsutue COVID-19 y no-
xwibIx [22]. KpoMe Toro, npu crapeHuu u-
BOTHBIX [23] u uenoBeka [24, 25] cHMXaroTCs
(GYHKIMM UMMYHHUTETa, 9TO TaK)Ke HE COrjia-
cyeTcst ¢ OoJblleil pacpOCTPaHEHHOCTBIO Y
MOYKWJIBIX MAalMEHTOB IIUTOKMHOBOTO MITOpMa
[26], mposiBASIOIIErOCS TOBBIILIEHHBIMUA YPOB-
HSIMH TIPOBOCTIAJIUTEIBHBIX ITUTOKUHOB CO
CHIDKeHHEM KonndecTBa T-mum¢ouutos [27].
[lepeunciiennbie, Ka3ajloch ObI, MPOTHBOPE-
qus, B JEHCTBUTEIBHOCTH OTPAXalOT CIIOXK-
Hble MyTH (QyHKUIMOHMpoBaHus MI'D B pery-
JSIMM 9KCIPECCUM TeHOB B OHTOreHese. Jlo
Hayaja crapeHus aktuBauus MI'D crporo 3a-
IpOrpaMMHUpPOBaHa, U BUPYCHbIE MH(EKIUH B
HOpPME CITOCOOCTBYIOT 3P PEKTUBHOMY UMMYH-
HOMY OTBETY. Y JIo/Ieil TIOXKHJIOTO U CTapye-
CKOT'O BO3pacTa MPOMCXOIUT MaTOJIOTHYeCKast
aktuBauug MI'D, koTtopas Benmer K aucOa-
JAHCY BO BCEX OpraHax M CHUCTEMax, B TOM
quCclie SHAOKPUHHOHN [28] U MMMYHHOM, 4TO,
HecMoTps Ha runepnpoaykuuto IFN u ¢pusno-
JIOTHYECKUI BO3PACTHOM HMMYHOJE(UIINT,

CIOCOOCTBYET NMATOJIOTUIECKOMY HUMMYHHOMY
OTBETY. DTO CBS3aHO ¢ poiibio MI'D B (yHK-
LMOHUPOBAaHUU MMMYHHOH cucreMmbl. Hanpu-
mep, RAG1 u RAG2 V(D)J pekomOuHaImu
npousonuiu ot JHK-Tpancnozonos [29].

OunoreHnsie perpoBupycel (ERV), xo-
topeie oTHOcaTcss kK LTR (long terminal re-
peats) conepxxkamum PO (LTR-PD) [5], 3anu-
Mas 8% reHoma denoBeka [3], chopmupoBaiu
B 9BOJIIOIMH TPAaHCKPUIIIMOHHBIE CETH, JIEKa-
e B OCHOBE MHTEP(HEpPOHOBOrO oTBeTa. B
Pa3IUYHBIX (PUIOTEHETUYECKHX BETBSIX MIle-
KOIMUTAIONINX, HE3aBUCUMO Jpyr OT Jpyra,
ERV o6pazoBeiBamu mHorouncieHubie |FN-
uHAymoensHbIe 3axancepsl [30]. ERV yuact-
BYIOT TAK)K€ B PETryJISIIUU UMMYHHON CHUCTEMBI
YeIIOBEKa, TaK KaK SIBJISIOTCS JHXAaHCEpPaMH
s rena HLA-G [31]. HERV-K102 skcmpec-
CUPYIOTCS aKTUBUPOBAHHBIMH MOHOIIUTAMH H
BBIXOJAT B BaKyOJIHM, CBSI3aHHBIMH C WX IIO-
BEPXHOCTSIMH, TIpeBpamias KJICTKH B «IICHH-
cteie». BeicBoboxknenne HERV-K102 mpowc-
XOJUT TOJBKO MpH Jm3uce Makpodaros. [Tpu
3toM HERV-K102 3ammmarT KJIETKU Yelio-
BEKa OT BHPYCHBIX HH(EKIUHA U 3JI0Kade-
CTBEHHBIX HOBOOOpa3zoBaHuii [24]. IlaTomoru-
yeckas skcnpeccus HERV-W monomuramu u
aumdonrTaMu HaOII0AaeTCs PU PACCETHHOM
ckiepos3e [32], B aTHOMATOreHe3e KOTOPOTO
IIpeIoIaraeTcs posib KOpoHaBupycos [33], B
toM uuciie SARS-CoV-2 [34].

Bausinne ungexnun SARS-CoV-2 na
peTpo3JieMeHThbI

HERV sBnsiroTcst ocTaHKaMu JApEeBHUX
9K30TE€HHBIX PETPOBUPYCOB, BHEPUBIIUXCS B
TeHOM JKMBOTHBIX B Xoze sBomonuu. [lpu
3TOM HekoTopsle reHbl HERV Op11n oomar-
HEHBI KJIETKaMH X035I€B /IS BBIMOJTHEHUS BaXK-
HeHmMXx (yHKIUH, TakMX Kak oOpa3oBaHME
rianeHThl. K HUM OTHOCHTCS TIPOU3O0IIE IIITHIA
or ENV (xomupyer 000104Ky peTpoBHpyca)
reH Syncytin, KOTOpbIi OKa3aJicsi BOBJICYCH B
natoreHes neuxuueckux cummnromo COVID-
19 [35]. beuto npoBeeHO MCCICIOBAHNE BITH-
SIHUS KOPOHABUPYCHBIX MHpeKkuui Ha MI'O B
MEePBUYHBIX 00pa3lax MalueHTOB U KIETOY-
HBIX JIMHUSX C TOMOIIBI0 CEKBEHHWPOBAHHUS
PHK. B pe3ynbTare BBIABIEHO, UTO B 3aBUCH-
MOCTH OT THIa WHQHUIMPOBAHHBIX KJICTOK H

unpexauonHoro areara (SARS, MERS, RSV,
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HPIV3 umu 1AV) ycunuBaercst nuinm ocinalis-
eTcsl TpaHcKpunus crenududeckux PO. Tlpu
3ToM auddepeHInaIbHO IKCIPECCUPYEMbIC
MI'D npu nadexknun SARS-CoV-2 6su1n 060-
raiieHbl CalTaMu CBSI3bIBAHUSI C TPAHCKPHII-
MOHHBIMU (PaKTOpamMu, KOTOpbIE Y4acTBYIOT
B UMMyHHOM oT1BeTe. Y Gonpupix COVID-19
BBISIBJICHO CHIDKEHUE YpPOBHEH HE TOJBKO
HERV, 1o u L1 B nepudepniyeckux MOHOIIH-
Tax ¥ 3HAYUTEIHbHOE YCUJIEHHE SKCIIPECCHH
3TX PD B XKUAKOCTH OPOHXO0ATLBEOJIIPHOTO
naBaxa [4]. bonee Toro, ObUIO MOKa3aHO yCH-
nenue skcrpeccun HERV kietkamu 6poHxu-
QJIIBHOTO SIUTENNS C HHIYIIUPOBAHHBIM B HUX
CTapEHUEM, UTO CBUJIETEIILCTBOBAJIO O BEPOSIT-
HOM POJIM MaTOJ0TUYeCKON akTruBauuu PO kak
dakropa 6omee Tsokenoro teueruss COVID-19
[36]. AHanu3 TpaHCKPUNTOMA KJIETOK, IOJIY-
YCHHBIX U3 TKAHEH JIETKOTO JIFOICH, HHPUITH-
poBannbix MERS-CoV, SARS-CoV u SARS-
CoV-2 nokazan ycuiieHHYI0 dKcrpeccuro PO ¢
aktuBanuei renoB TET (ten-eleven transloca-
tion). benkoBeie mpoaykTel TET kaTamusu-
pytot aemerunupoBanue JIHK — mpespaie-
HHE S-METUJIMUTO3MHA B S-THAPOKCUMETHIILIH-
TO3WH. B KjeTkax KUIIeYHHKa MOPa’KeHHBIX
SARS-CoV-2 nrozeii TakKe BBISBIICHA aKTH-
Banusa P3. DTuM MOKHO OOBSICHUTH pa3BUTHE
6os1ee TspKeIbIX (GOpM HHPEKIIUU Yy TAIUEHTOB
C W3HAYaJIbHO TMOBBILIEHHBIM YPOBHEM OHKC-
npeccun PO (Hampumep, OHKOJOTHUYECKHUX
OOJIBHBIX WU TIOXKWIIBIX JIOACH) [6].
AxtuBanmsi PO mopx Bimstaem SARS-
CoV-2, naubomnee BepOsITHO, MEPBOHAYATHHO
ABIeTCs (YHKIMEW, HalpaBJIeHHON Ha 3a-
mMTy OT BHUpycHOUW wuHpekuuu. CooTBeT-
CTBEHHO, UCTOIlleHue PO y manueHToB ¢ HOP-
MaJIbHOM uX ¢yHKUMeH (pacTyume opra-
HU3MBI) B X0/1€ MH(MEKINH JTOJKHO KOppEeu-
poBath ¢ Xyamum nporHozom COVID-19.
JlelicTBUTENBHO, TPU HCCICIOBAHUU JIETEM,
uHpumpoBanHeix SARS-COV-2, BbIsSBICHO
noBbimieHne skcnpeccun HERV nHapsiny ¢
IENI, IENII, TRIM28, SETDB1 mpu snerkom
TEUEHUH, U UX CHIDKCHHE MPHU THKENIbIX (pop-
max COVID-19 [37]. BaxxHO OTMETUTH, YTO
ERV BBIMONHSIOT 3aluTy XO035€B OT BHPYC-
HBIX WH(EKIHA, BBI3BAHHBIX SBOJIOIHOHHO
Haubosee poxactBeHHbIMH HERV »sk30ren-
HBIMH peTpoBUpycaMu. [IpoayKTel T€HOB €NV

UCTOJIB3YIOTCS B KaUeCTBE (PaKTOPOB PECTPHK-
IIUU [IPOTUB 3K30TEHHBIX PETPOBUPYCOB Y KYD,
OBell, MbImeH u Komek. [Ipenmonaraercs
HaJIMYUe MOJOOHBIX MEXaHU3MOB U B TEHOMAX
JIPYTHX OPTaHU3MOB, B TOM YHCJIE YEIIOBEKa
[38]. B skcniepuMeHTax Ha MbIIIAX C HOKJAY-
HOM TreHOB peuentopoB [LR omnpenenena
takke posb ERV B 3ammTe oT BHpyca mnpo-
croro reprneca HSV-2 [39]. [IpotuBoBupycHas
s dextuBHOCTh PO cBsi3ana Takxke ¢ dpdek-
tom HKPHK, oOpasyrommxcs npu mporec-
CUHTE WX TpaHCKpunToB. Tak, y mpimeir ERV
SIBJIIFOTCS MCTOYHKMKaMu JunHHOM HKPHK Inc-
EPAV, kotopass MOBBIIIAET SKCIPECCHIO Te-
HOB IMPOTHBOBHPYCHOTO OTBETA ITyTEM CTUMY-
mupoBanuss NF-kB [40]. Ilpoucxoasmmii ot
reHa (ag »dHAOTEHHBIX pPETPOBUPYCOB pe-
CTPUKIMOHHBIN reH FV1 akTHBHO MHTHOUpYET
BUpYyC Jieliko3a Meleit MLV, a Takxe Bupyc
nHdekmonHoi anemun jJomaneit EIAV, cun-
IUTHaIBbHBIM BUpyc Komek FFV, nentusu-
pychl U ciymaBupychl [41].

HERV aktuBupyroTcsi B OTBET Ha WH-
(heKIMOHHBIE areHThI, CIOCOOCTBYS HE TOJIBKO
3aIIUTe OT BUPYCOB, HO U TIPUBOS K Pa3jidy-
HBIM HUMMYHOMNATOJOTHYEeCKUM 3 dexTam.
Bruta ompeneneHa MOBBIMICHHAS SKCIPECCHS
rera env HERV-W B neiikorurax kpoBu 00J1b-
HeIXx COVID-19 1o cpaBHEHHUIO CO 3I0pPOBBIM
KOHTpojeM. IIpu 3TOM ypoBeHb SKCHpPECCHH
KOPPETUPOBAIT C KOHIICHTPAITUSIMU ITUTOKMHOB
B KpoBHU, MU PepeHITUPOBKON U UCTOIIICHUEM
T-num¢onutoB. bonee Tsxkenoe TedeHue
MTHEBMOHHH M BBIpa0OTKa MapKepoB BoOCIaje-
Hust pu COVID-19 pa3BuBanucek y namnueH-
TOB C BbIcOKOH nomeir HERV-W env-
MO3UTUBHBIX JIuMporuToB. Ta ke 3akoHOMEp-
HOCTH BBISIBJIEHA B OTHOIIIEHWUHU DPECIUPATOp-
HBIX OCJIOXHEHHHA Yy TOCHHTAIU3UPOBAHHBIX
00JbHBIX. B cBsI3u ¢ UMMyHO- U Helpomnaro-
reHHocThio Oenka HERV-W ENV, npennomna-
raercs €ro HCIOJb30BaHHE B KadecTBe OHO-
mapkepa Tshxkectr Teuenns COVID-19 [3, 32].
[TaTonmornyeckas aktuBaius PO, mpuBoasias
K IIATOKHHOBOMY IITOPMY U IPYTHM OCJIOXKHE-
HusaM nox BiusaueM SARS-CoV-2, nanboiee
BEpOSITHA JUISL JIIOJEH TOKWIIOTO W CTapue-
CKOTO BO3pacTa, MOCKOIBKY MpPH CTApCHHUH
npoucxomut aepenpeccuss HERV [20], a ux
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IPOAYKTHl  CIOCOOCTBYIOT —aCENTHYECKOMY
BOCMAJICHUIO B TKaHsX [21].

[TomMMMO HENOCPENCTBEHHOIO BIIUSHUSA
SARS-CoV-2 na PD, BUpyC MOXKET U3MEHSATH
UX DKCIPECCUI0 3a CYET BO3JCUCTBUA Ha
HKPHK, MuneHssMu MHOTMX 13 KOTOPBIX SBJISI-
10TCA TpaHCKpUNTHI PO. OT0 CBSA3aHO ¢ 3BOIIIO-
IIUOHHBIM NIPOUCXOXKJCHUEM I'€HOB JUIMHHBIX
HkPHK [10, 42] u muxkpoPHK [43] ot MI'D.
HccnenoBanue IaHHBIX MEXaHU3MOB HamOo-
Jie€ MEPCHEKTUBHO B CBSA3M C BO3MOYKHOCTBIO
moxayiupoBanusi tedeHuss COVID-19 myrem
TapreTHoro Bo3aencTeus ¢ nomoupo HKPHK.
3HaYUTEIbHBIM IOTEHIIMAIOM B 3TOM OTHOILIE-
Huu obmamaer MIR-200c, koropas HeobOXo-
JMMa Ul IPOHUKHOBEHUS BHpYCa B KIICTKH.
Hannas mukpoPHK mnopaBnsier skcnpeccuro
rena ACE2 3a cuer npucoenunenus x 3’-He-
TpaHcaupyemoit oonactu ero MPHK [44]. He
MeHee BakHa MiR-98-5p, MUIIIEHBIO KOTOPOi
spisiercss MPHK rera TMPRSS2, skcnipeccu-
PYEMOro 3HJOTEJNANbHBIMU KJIETKaMU U He-
00XOMMOTO JUIS CIHMSHUS BUPYCHOM W KIle-
TouHOM MemOpaH [45]. B 2020 roxy B chiBO-
potke kpoBH 601pHEIX COVID-19 (B cpaBHe-
HUHM CO 3/I0POBBIM KOHTPOJIEM) OBLIO BBISB-
JIEHO MOBBILIEHUE YPOBHEN 35 U CHUKEHHE —
38 paznmnunbix MukpoPHK no cpaBrenuto co
3IOPOBBIM KOHTpPOJIEM. MUIIEHSIMHU JTaHHBIX
MOJIEKYJI SIBJIIFOTCSI TPAHCKPHUITHI F€HOB TET-
TH/AA3, TPOTEUHKNHA3 ¥ YOUKBUTHHOBOH CH-
cTemsl [46].

Okcnpeccusi  CHELUMPUUECKUX  MHK-
poPHK pasnuuaercst y manueHToB ¢ pa3HOU
sokecTbio COVID-19, uro roBoputr 00 ux
BJIIMSIHUM Ha TeueHue 0ose3Hu. beum naenrtu-
¢dunmpoBanbl Oojiee BBHICOKHME YypoBHH MIR-
15b-5p, miR-486-3p, miR-486-5p u OGonee
Huskne — MiR-181a-2-3p, miR-31-5p, miR-
99a-5p TONBKO TPU  TKEIOM TEUEHHUH
COVID-19 (6e3 ux n3MEHEHUH TIPU JIETKOM H
CpPEIHEHN TAKECTH) 10 CPABHEHHUIO C KOHTPO-
nem [47]. B 2022 rony omy0JIMKOBaHbI pe3yJib-
TaThl HccnenoBanuss MUkpoPHK B muazme
kpoBH 96 60mpHBEIX COVID-19, st koTophIx
Obula XapakTepHa BelpaskeHHas auddepeHuu-
anbHas okcopeccuss 200 pas3IMYHBIX MUK-
poPHK, 75 u3 xoTopbIx OKazaiuch crenupuy-
HBIMH JUISl JIETKOTO U OE€CCUMITOMHOTO Teue-
HUS uHeKmu. s manueHToB ¢ TsHKeNoi

¢dopmoii COVID-19 onpenenen BEICOKHIA ypo-
BeHb dkcnpeccuu 137 mukpoPHK no cpaBhe-
HUIO C MAIIMEHTaMHU CO CPEHEH TKECThIO 00-
ne3nu [48]. Kpome Toro, naeHTHGUIIIPOBAHBI
Beicokocnienupuunbie 111 COVID-19 muk-
poPHK, koTtopsie MOTYT OBITH HCITOJIB30BaHbI
B KayecTBe OMOMAapKepoB JaHHOW MH(EKIHU.
K vum otHocutcs MIR-155 (90% uyBcTBH-
tesnbHOCcTH U 100% crienmpuvaHoCcTH), ypOBEHb
9KCIIPECCUM KOTOPOH MPSMO KOPPEIUpyeT CO
CTETIEHBIO TSKECTH W CMEPTHOCTBIO IMPH
COVID-19 [49]. CxonHBIMU CBOWICTBAMH 00-
nagaror MiR-320b u mMiR-483-5p [50]. Ilep-
CIEKTUBHO HCCIEOBaHUE CHEU(pUISCKIX
MukpoPHK mnst pazpa®oTku TapreTHOi Tepa-
nun COVID-19. Ilpeanonaraercss UCHOIb30-
Bath MIR-1307-3p, MiR-3613-5p, xoTopbic
nogaBisitoT pasmHokenne SARS-CoV-2 3a
CYET B3aMMOJCUCTBHUS C 3’-HETpaHCIUpYe-
MBIMH 00J1aCTsIMHU ero reHoB [51].
IlepcnekTUBBI HCCA€I0OBAHUSA BJIHMA-
Husl peTrpodjiemenToB Ha COVID-19
HecmoTpst Ha 3aIMTHBIA MEXaHU3M akK-
TUBaluu PO B OTBET Ha KOPOHABUPYCHYIO WH-
¢bexuuto, hepmMeHTs PO MOTyT OBITH HCIIONb-
30BaHbI A7l 00paTHON TPaHCKPUIIIUU (peBep-
Taza) U uHcepuuu (dHAOHYKIeaza) SARS-
CoV-2 B JIHK xo3stmHa. DTUM MOKHO 0OBSIC-
HUTH NOBTOPHBIE NMO3UTHBHBIE TecThl IIL[P Ha
SARS-CoV-2 y OonmpHBIX TOCIIE TIEpeHECEeH-
Hoit COVID-19. B skcnepuMeHTe Ha KyJib-
Type KJIETOK 4eJOBeKa ObLJIO MOKa3aHO, 4TO
JHK-konun Bupyca SARS-CoV-2 moryT uH-
TErPUPOBATh B TE€HOMBI HH(DHIIMPOBAHHBIX
KJeToK. B pesynbrare HaOnogaercs AyIivKa-
[Us TEJIEBBIX CAaWTOB ((hIAaHKUPYIOMIUX JaH-
HbI€ KOMHH), KOHCEHCYCHBbIE HYKJICOTHUIHBIM
MOCTIEIOBATENBHOCTSIM ~ Y3HABaHUA  DHJIO-
Hykeassl L1 B o0mactu nHCepIum, 4To coria-
CyeTCsl C MEXaHH3MaMH, TTPHU KOTOPBIX HCIIOJTb-
3ytoTcsa oOpaTHasi TpaHCKpHIITa3a U HHJO-
Hykieasza L1 snemenroB. Kpome Toro, B 00-
pasiiax TKaHeH, B3SIThIX Y OTAETbHBIX OOTBHBIX
COVID-19, ObutM BBISBICHBI 3HAYUTEILHEIC
(dbpakuy BUPYCHBIX TIOCIEIOBATEIBHOCTEH,
TPAHCKPUOUPOBAHHBIX W3 HHTETPHUPOBAHHBIX
JIHK-xomwuii, oOpa3yromux XuMepHbIE TpaH-
CKPHUITHI BUpycCa U X035iMHa [52], KOTOpbIE MO-
IyT OBbITh 00pa3oBaHbl U JPYTHMH IYTSIMH.
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Onucana BO3MOKHOCTh O0pa30BaHUS XUMEP-
HbIX MoJiekyJ Mexty SARS-CoV-2 u moseky-
samu PHK — Tpanckpunramu s1epHOro u Mu-
TOXOHAPHAIBLHOIO F'€HOMA YesioBeka [53].
HyxHo ormeTutb, uto PO sddexTrBHO
B3aMMO/ICICTBYIOT HE TOJIBKO C 3K30T€HHBIMU
BHUPYCaMH, HO U C HBOJIIOLIMOHHO HEPOJCTBEH-
HeIMU PD, 0 ueMm roBopsaTr naHuble (uiorexHe-
THYeckux ucciaemopanui. Tak, 135 u3 213
wieHoB cemeiictea HERV-W xapakrepusy-
I0TCA HE TPSMBIMH PETPOBUPYCHBIMH HHTE-
rpanusiMi, a 00pa3oBaHUEM IPOLECCUPOBaH-
HBIX TICEBJIOT€HOB C HCMOJIb30BaHUEM (hep-
MeHTOB L1 anmemenTtoB [54]. D10 cBUIETENB-
CTByeT 00 OTCYTCTBUHU BBIPRXKEHHOH Celek-
TUBHOCTH (pepMeHTOB L1 nipu hopmupoBannu
monekyn k/IHK u moteHmnmansHoM ucnons3o-
BaHuU uX 3K30reHHbiMu PHK-Bupycamu nms
oOpaTHO¥ TpaHCKpUMNIMK U UHTerpauuu. [lo-
MHMO PETPOBUPYCOB, AJIsi KOTOPBIX BCTpauBa-
HUE B TEHOM XO35IMHA SIBJISIETCS] HEOOXOJUMBIM
3TaloOM >KU3HEHHOI'O IMKJIA, CIIOCOOHOCTH K
WMHCEPLUUSIMH C MOMOIII0 pepmMeHToB PO BbI-
aBieHa u 'y psaga apyrux PHK-coxepskamux
BHUPYCOB: TUM(DOIUTAPHOTO XOPHOMEHUHTHTA
LCMV [55], Besukymsipaoro ctomarura VSV
[56], mmoc-nureBoro PHK-Bupyca nuapeun
KpynHoro poraroro ckota BVDV (¢ pekom6u-
Haiued ¢ PHK xo3seB) [57], apOoBupycoB y
komapoB [58]. bonee Toro, 6bTH UIEeHTHUDH-
LIUPOBAHBI YHAOTC€HHBIE BUPYCHBIE JIIEMEHTHI,
BO3HUKILIME B pe3yJIbTaTe MHTErpanuil oopar-
HoTpaHckpuoupoBanHbix K/IHK xomuit PHK-
BupycoB cemeiicts Filoviridae, Rhabdoviri-
dae, Reoviridae u Flaviviridae (>ku3HeHHBII
LUKJ KOTOPBIX MPOUCXOJUT B LMUTOILIA3ME,
nonoono SARS-C0V-2) B reHOMBI MOJOBBIX
KJIETOK JKUBOTHBIX, U COXPAHSIOLIUECS B IBO-
JIOLMHM B psiie mokojeHun [59]. laxe y uemno-
BEKa U JPYrUX MIEKONUTAIOIMINX OOHAPYKEHBI
SH/OTCHHBIE BHUPYCHBIE 3JIEMEHTBI, T'OMOJIO-
ru4Hbie BUpycam cemeiictsa Filoviridae [60] u
reHy HYKJIEONPOTEMHA BUpYCa M3 CEMENCTBa
Bornaviridae, mnepemaronuecss BepTHKAILHO
[61]. IIpu cpaBHUTEIBLHOM UCCIIEJOBAHUM OJI-
Houenoveunbix PHK-BupycoB ¢ renHomamm
MIO3BOHOYHBIX, Y 19 BUI0B ObUIH ONpeieseHbl
SH/IOT€HHbIE BUPYCHBIE 3JIEMEHTHI, IPOU30-
LIeIIME B HBOJIIOLUMU OT 4 W3BECTHBIX Ce-
MEHCTB BUPYCOB OKoyI0 40 MIH JIeT Hazan.

Cpenun Hux mmoc-uureBble PHK-Bupychl ce-
meiictBa Flaviviridae [62].

[ToMuMoO ydacTvsi B BO3MOXHOW HHTE-
rpalyy BUpyca B FT€HOM YeJIOBEKA, aKTUBUPO-
BaHHBIE I10J1 BIMSHUEM KOpOHaBupycoB L1-
JIEMEHTBI MOTYT CIIy’KUTh UHIYKTOPAMHU JJIs
BBIPAOOTKH ayTOAHTUTEN MPOTHUB TKAHH JIeT-
Koro. B wactHocTH, pu uccinenoBaHuu 00Jb-
HbIX SARS, y 40,9% 13 HUX ObUIH BBISBIICHBI
aHTUTeNa K dHAOHYyKJIea3e L1, koTopsle skc-
IpeccupoBalIuCh B TKaHu Jjerkoro [63]. Ilo-
ckoibKy y 00mbHBIX COVID-19 Takxke Obutn
olpeziesieHbl NOBbIIIEHHbIE ypoBHU L1 (akTu-
BUPOBAaHHbIE MO BIMsAHHEM Bupyca SARS-
CoV-2) B TKaHU JIETKOTO, MOKHO TPEATIOJIO-
KHUTb CXOJIHBIH MEXaHU3M UX BIUSHMS Ha pa3-
BUTHE ayTOMMMYHHO-BOCHAJIUTEIBHBIX MPO-
neccoB [4, 6, 36]. bbulo MokazaHO, YTO HE
TOJILKO AK30TE€HHBIE BUPYCHI, HO U B3BEIICH-
HbIE B BO3JlyX€ TBEp/ble YACTHUIbI CIIOCOOHBI
BBI3BIBATH B JIUTEINN OPOHXOB THIIOMETHIIN-
poBanue u aktuBaimio L1, a takke Alu-
aneMeHTOB [64]. CTpyKTypHBIE OCOOEHHOCTH
tpanckpuntoB Alu, B cBOIO ouepensb, 3amyc-
KalOT BPOXKICHHBIE UMMYHHBIE OTBETHI C ITATO-
JIOTMYECKUMHU peakiusiMu. B Hopme aByneno-
yeunsle PHK Alu-anemenToB moaBeprarorcs
JIe3aMMHUPOBAHUIO a/IeHO3MHA B MHO3MH (A-
to-1 penakTupoBanue), BO3AEHCTBUIO 3HIOPH-
6onykiea3 u cexkBectpanun PHK-cBs3biBato-
mmu Oenkamu. Y 6omeHbIX COVID-19 (a
TaKXe IpU TPUIIIIE U PACCETHHOM CKIIEpO3e)
npoucxoauT noreps A-t0-1 pepakTupoBaHus,
YTO MHULUUPYET BOCTIAIUTEIbHbIE MTPOLECCHI
[65] u Gonee Tsmkenoe TeueHue uHpekuu. B
pe3ynbTaTe HeM3MeHeHHbIe TpaHcKpunThl Alu
00pa3yIoT JBYIETIOYEYHBIE MOJICKYJIbI, HH/IY-
LUPYIOIKE TPAHCKPUIIIMOHHBIM OTBET pery-
asitopHoro ¢gakropa unreppepona u NF-kB co
ctumymsiueit renoB IFN, IL6 u IL8. ITpenmo-
JaraeTcsi MCIOJIb30BaTh KOPPEKIUIO TaHHBIX
M3MEHEHHUH I MpeAOTBPAIIEeHUs [IUTOKUHO-
Boro mropma y 6onsHbeix COVID-19 [66].

Pacnionoxxenne Alu B obmactu mHTpOHA
rera ACE2 ¢ yuactrem B peryssiuu ero ak-
THUBHOCTU Tpeanonaraer ponb Alu B marore-
Hesze COVID-19. B wactaHOCTH, TOMTMMOphHBIE
BapuaHThel Alu B rene ACE2 moryT BiusTh Ha
WHIWBHIyalbHbIE OCOOEHHOCTH OTBETa Ha
SARS-CoV-2 [14]. YuutsiBasg ri00ampHOE
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pacnpoctpanenue Alu B reHOMe delnoBeka,
Han0oJiee BEpOSATHO BO3ACHCTBIE JaHHBIX PO,
pacrojOXKEHHBIX M B JPYTrUX IeHaX, B TOM
yyclie UMMYyHHOro orBera. Hampumep, mpu
cpaBHeHUM pacnpexaeneHus uHcepuuid Alu B
obnactu rena HLA-DRBI1 BbIsiBieHbI 3HA4YH-
TEJbHBIC OTIMYMUS TMOJIUMOPGHBIX ajuieneld B
12 MUHOpPHBIX 3THUYECKUX Momyssuusx Ku-
Tas [67].

Perynsaropnas poar MI'D otpaxkaercs
Ha MHAMBUIyaJIbHBIX OCOOEHHOCTSIX IIPOTHUBO-
BHUPYCHOT'O OTBETA B CBA3H CO CHELM(PUUECKUM
pacnpenenenuem MI'D B reHome, 4TO MOXKET
OTpakaTbCid Ha PA3JIUYHBIX I[OKa3aTessx
cmeptHoctu ot COVID-19, xapakrepe Tede-
Hus 00se3HH, 3a00JIeBa€MOCTH U BOCIIPUUM-
YUBOCTH. JlEMCTBHUTENBHO, AaXE IOJIUMOP-
¢busm pacnpenenenus Alu B reae ACE1, koto-
phIit He ciry>xuT perentopom st SARS-CoV-
2, Ho gBigerca aHamorom ACE2, sauser Ha
cmeptHOCcTh 0T COVID-19 [68]. ITockosibky
Ha TeYeHUE BUPYCHON MH(EKIIUU BIUAIOT pa3-
JIMYHBIE TEHbI, YYaCTBYIOLUE B YIPABICHUU
OHTOTEHE30M, B PETyJIALUU KOTOPHIX BOBJIE-
4eHbl MHOKeCTBO MI'D [69], ux cnienuduye-
CKHE€ MHCEPLHU BEPOSITHO MOTYT OTPaKaThCs
Ha TONMYJISIMMOHHBIX OCOOEHHOCTSIX TEUEHUS
COVID-19. Eme B 2013 roay Obuio mpoBe-
JIEHO HCClenoBaHue pacnpenencHus MI'D B
TeHOMax pa3HbIX MOIYJSILUN JIOAEH U ompe-
neneno 12 cnenuduueckux nncepruii HERV-
K [70]. ITpu nzydyenun noinuMop@HbIX HHCEP-
nuii MI'D no 16192 nokycam y 2504 yenoBex
u3 26 momynsauui OblIM MMOKa3aHbl crenudu-
YEeCKHUE Pa3INyus 110 HHCEPLHUIM B 3aBUCUMO-
CTM OT MECT INPOKMBAaHMA THomyssuuid [71].
XapakTepHble I pa3HbIX IOMYJSIUN pac-
npeneneHust MI'D B reHoMax ObUTH BBISIBICHBI
TaKxe npu uccienoanuu 14384 uncepuuii y
1511 yenoBek u3 15 momymsiwmii [72]. [Tono6-
Hble pabOThI OBLIIN ObI TEPCIIEKTUBHBI JISI BbI-
aBleHus crienuduueckux PO, naunbonee no-
CTOBEPHO BOBJICYEHHBIX B PA3BUTHUE TSKEIBIX
¢dopm COVID-19, nockosibKy Ha SKCIPECCHIO
P3O MOHO perynsTopHO BO3AEMCTBOBATh Tap-
reTHOM Tepanuei ¢ nomouso MukpoPHK.

Takum oOpazom, PO moryt BiuaTh Ha
pasBute COVID-19. Pons PO B pa3Butun
COVID-19 moxeT OBITH OIOCPEIOBaHA JKC-
npeccuel npoucxoasmux orT Hux MuKkpoPHK.

Hamu mpoBenen ananus 6a3sl nanasix MDTE
DB o Bozaukmux ot PO mukpoPHK [43], akc-
Mpeccusi KOTOPBIX CIeUU(pUIECKA U3MEHSTCS
npu COVID-19. Bbeuio BeIsIBIEHO, UTO CeMEii-
ctBo MIR-31 (HU3KMIA ypOBeHb Yy OOJBHBIX
COVID-19) [47] npowusorwuio ot LINE-2a [43],
mMiR-320b  (moBbILICHHBI  YPOBEHb  TIpU
COVID-19) [48, 50] — ot LINE-2 [43], miR-
5695 (moBbieH ypoeenb npu COVID-19)
[46] — or LTR/ERV1 [43], miR-340 (cHuxa-
ercst ypoBeHb npu COVID-19) [46] — ot HK-
Tpancmo3zona TcMar-Mariner [43], miR-4525
(3HAUUTENBPHO aCCOIMMPOBAH ITOBBIIICHHBIN
ypoBerb ¢ COVID-19) [48] — or LTR/ERV1
[43], miR-4661 (3HauMTENBHO aCCONMUPOBAH
HOBBIIIEHHBIH ypoBeHb ¢ COVID-19) [48] —
or LTR/Gypsy [43], miR-548a-3 [48] — ot
LTR/ERVL-MaLR [43].

IoTreHuuan wucciaeI0BaHUsA B3aUMO-
cBsizu MukpoPHK u COVID-19

Bruto mokasano, yto u3 renoma SARS-
CoV-2 obpasytorcs koporkue PHK munoit 20
HYKJICOTUOB, KOTOPbIE MHTHOUPYIOT TpaHC-
JSIMI0 O€JIKOB YelloBeKa, BOBJICUCHHBIX B Me-
Ta0OJIM3M KHUCJIOpOAa, (YHKIIMOHHPOBAHHE
UMMYHHOH CHUCTEeMbI M 00OHsHHE. OJHUM U3
MEXaHU3MOB 3TOro 3ddekra okaszanach TH-
Opuanzanus nocnenoBareabHocT PHK Genka
S SARS-CoV-2 ¢ monexynamu MPHK Gera-
rinobuHa u unrepdeponos | tuna [73]. C no-
Mmoo nporpammel VMIR Analyzer B renome
SARS-CoV-2 6bu10 BbIsIBIEHO 898 MOTEHIH-
anbHbIX npe-MuKpoPHK, npu ot6ope koTopbix
cuctemoit HUNtMi Gosiee TOYHO ompeneseHo
45 xaHAUIATHBIX BUPYCHBIX npe-MukpoPHK
(cpennsis anuHa 78 HYKIEOTHAOB), U3 KOTO-
prix 30 — B ipsiMo¥t opueHTanuu, 15 — B o6par-
HoM. /[anpHEHIINI aHaIU3 C UCHOIb30BaHUEM
nporpammbel MatureBayes nmo3Boiui BBISIBUTH
90 npennonaraemsix 3penbix MUKpoPHK. Ko-
muyectBenHas [II[P B kierkax Vero E6, un-
¢unmposannbix SARS-CoV-2, nokasana BbI-
cokue ypoBan MR 147-3p, MR369-3p, MR66-
3p u MR359-5p, KoTOpBIE HE IKCIIPECCUPOBa-
JUCh B HEMH(UUMPOBAHHBIX KJIETKaX (KOH-
tposb). Ilpu BupycnHoit uHpexmmu SARS-
CoV-2 cuHTe3UpyeT Ha BEICOKOM ypoBHE MIR-
147-3p, xoTopasi 3HAUYUTEIHHO CHUXKAET DKC-
MIPECCUI0 B KJIETKaX YeJI0BEeKa I'eHOB (Croco0-
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CTBYs aHOMaJIbHOM aKTUBAIlMM UMMYHHOH CH-
creMmsl), Takux kak EXOC7 (Exocyst Complex
Component 7), TFE3 (Transcription factor
E3), RAD9A (RAD9 Checkpoint Clamp Com-
ponent A). Ilocneaauii Kogupyer 60K KOH-
TPOJIBHOM TOYKHU KJIIETOUHOTO LIUKJIA U PETYJIIH-
pyer Tubenb KIETOK, CIIOCOOCTBYS aronTo3y
[74]. Cneuuduyeckue mukpoPHK uemoeka
B3aMMOJICHCTBYIOT C MOJIEKyJIaMH BHUpYyca
SARS-CoV-2, onocpenyst onpeneaeHHbIE ma-
tosiorunueckue 3 dextrr. Tak, S-6emox SARS-
CoV-2 criocoben MoaupuIupoBaTh B KIETKAX
YeIIOBEKa SK30COMHBIM TPAHCTIOPT B OTAAJICH-
Hble HEMH()HUIMPOBAHHBIE TKAHU M OPTaHBbI,
UHULUUPYS KaTacTpOoPUUECKU HMMYHHBIHI
kackan B [IHC. IIpu sTom kieTku ¢ Tpancdek-
et SARS-CoOV-2 BBICBOOOXKIAIOT 3HAYU-
TEIbHOE KOJIMYECTBO SK30COM, HATrPYKEHHBIX
miR-148a u miR-590, koTophie yCBaMBAIOTCS
MUKPOTJIMEH YeloBeKa U MOJABIISIIOT dKCIpec-
curo rena-muniean USP33 (koaupyer yOuKBu-
TUH-cHienu@uUeckyro nentuaazy 33) ¢ Huxe-
nexamumu yposasamu IRF9 (kogupyer pery-
nATopHBIA (akTtop mHTEpdepona 9). Ilormo-
IIEHUE HK30COM PETYIUPYET TaKKe IKCIpec-
cuto reHoB, konupyomux TNFa, NF-kB, IFN-
B, uto Bexet k nmoBpexaeHusmM LIHC depes ru-
MepaKTUBAIMI0 MUKPOTJINY YenoBeka [75].
Haitnenst mukpoPHK wenoseka, koto-
pBI€ CBSI3BIBAIOTCS C KOMIUIEMEHTAPHBIMU T10-
crnepoBatenbHOCTsIME BUpycHbIXx PHK SARS-
CoV-2 u paspymator BupycHyto PHK, unru-
OWpys TEM CaMbIM DKCIPECCHIO BHPYCHOTO
oenka. K Hum otHocarcs miR-148a, miR-17,
miR-214, miR-223, miR-574-5p, miR98 [76],
miR-15a-5p, miR-15b-5p, MiR-30b-5p, miR-
409-3p, miR-505-3p, miR-548d-3p [77]. B
PHK-renome SARS-CoV-2 B 5’- u 3’-He-
TPAHCIIMPYEMBIX OOJIACTSIX OTNPENEICHBI pa3-
nuunble mumieHu st MukpoPHK denoBeka.
[Tpu 3TOM MyTanuu BUPYCHOTO TEHOMA MOTYT
BBI3bIBATh CO3JAHHE HIIM MOTEPIO CANTOB CBS-
3piBaHusl ¢ MUKpOPHK, uto urpaer pemato-
myw ponb B maroreHHocTH SARS-CoV-2.
Hanpuwmep, o6macte NSP3 remoma SARS-
CoV-2 sBusercs mulieHpro aus MiR-197-5p.
[Tpu myTanuu B naHHO# oOigacti MiR-197-5p
HECNOCOOHA CBSI3BIBATHCS C BUPYCOM U BBI3HI-
BaTh Jerpajaiuyio ero tpanckpunra [76]. Ilo-
TOMY HEOOXOAMMO CEKBEHHPOBHHE T€HOMa

SARS-CoV-2 nns 6onee 3¢pdexruBHOTO NIPU-
MEHEHHS] TapreTHOM Teparnuud C IOMOIIBIO
HkPHK. B 2020 roay 6butu peioskeHsr MiR-
512-3p, miR-516b-5p, miR-517-3p, unrubu-
pyrolme BUPYCHI, UIS CO3JaHHsS BaKLIUHBI
npotuB SARS-CoV-2. Jlanapie MuxpoPHK
CrocoOCTBYIOT ayTodaruu WH(OUIMPOBAHHBIX
KJIETOK [78].

MukpoPHK, cmnoco6cTByromme pasBu-
tiio COVID-19 moryT ObITh HCIIOIB30BaHbI B
KayecTBE MUIICHEN JJIs1 UCTIOJIb30BaHUS aHTH-
MukpoPHK B neuennn 6os1e3nu. Tak, B KpoBH
u moue OonpHBIX COVID-19 nwmpkymupyer
mMiR-2392 (He ompenensieTcss y 3I0pPOBBIX
JIMII), KOTOPasi MOXKET CIIY)KUTh TUArHOCTHYe-
CKHUM MapKepoM 00JIe3HH U KaK 00BEKT ISl Te-
pamneBTHYECKOro Bo3zeiicTBus. B skcnepu-
MEHTE Ha XOMsKax ObLI0 pa3paboTaHo BO3/IEH-
ctBue Ha MIR-2392, uHrHOHpyroIIee THKEI0e
TE€YeHHE BUPYCHON MHQEKINHU, YTO TOTEHIHU-
QIBHO MOXXET OBITh MCIIOJIb30BAHO JUIs Jieue-
Huss COVID-19 y uenoeka. MiR-2392, skc-
npeccuss KOTOpoH crenupuyeckd MOBbIIIa-
ercs mpu COVID-19, ciocoOG¢cTBYeT mporpec-
CHPOBAHHUIO OOJIE3HHU 32 CUET NOJJaBJICHUS YKC-
PECCUU MHUTOXOHIpPUATIBHBIX T'€HOB, YyCHUIe-
HUSI TUTIOKCHH, TJIMKOJIM3a U BociajieHus [79].
Kpowme toro, mukpoPHK uenoBeka BiusitoT Ha
BocripuuMunBocTh kK COVID-19, nockonbky
MukpoPHK HeoOXoaumbl A1 perynsaiuuu Kie-
TOYHBIX PELENTOPOB Il BUPYCHON MHBa3HU.
Hanpumep, miR-98-5p u let-7a-g/l cnenndu-
YecKH TMOMAaBIAOT 3Kcrpeccuto TMPRSS2.
IIpu srom cunte3 let-7a-g/l crumynupyercs
3CTpOreHaMu, MockosbKy red let-7a-g/l pac-
MI0JI0KEH BHYTPHU I'eHa, peryJInpyemMoro 3cTpa-
quonioM [80]. Ilox BIMsSHMEM DAHHOTO TOp-
MoOHa Haxoautcs u MIR-98-5p, kotopas mo-
JaBIsieT dKcnpeccuto He Toabko TMPRSS2, Ho
u IL6 [81]. CootBercTBeHHO, 3T MUKPOPHK
MOTYT OBITh TOTCHIUAIBHBIMH MUIICHIMH
1t ipodrmaktuke u tedenuss COVID-19.

MuxkpoPHK siBisitoTcst HecTaOMIIbHBIMU
MOJIEKYJIaMH, TIOATOMY TIPOOJIeMOi UX ITpuMe-
HEHUsI SIBIISIETCSI BO3MOXKHOCTH JIOCTaBKH B
KJIETKH U COXpaHEHHE OMOJIOTHYecKoro 3¢-
¢exra. Kpome TOro, BEposTHOCTh KOMITJIEMEH-
TApPHOTO CBSA3BIBAHUS HE TOJBKO C BUPYCHBIMH
HYKJICOTUIHBIMU TMOCIEA0BATEIHHOCTAMHU, HO
u ¢ MPHK kneTku Xo0351MHa MOXET CTaTh MpH-
YUHOU MOO0OUYHBIX 3 dekToB. B cBs3M ¢ aTUM
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MEPCIeKTUBHO HCIONb30BaHue Oosee CTa-
OWJIBHBIX MOJEKYJ, 00JaJaroIIuX BBICOKOM
CeUn(UIHOCTBIO  BO3JCHCTBUS  UCKIIIOUYH-
tenpHO Ha BUpyc SARS-CoV-2. JlanHBIMH
CBOMcTBaMH 00J1a/1al0T MENTH/IbI, TPAHCIUPY-
emble u3 npu-MukpoPHK, 3peinbie Monexyibl
MUKpOPHK KOTOpBIX OKa3bIBalOT BIMSAHHUE HA
Bupyc. PazpaboTka moo0HbIX MOJIEKYJI UMEET
BBICOKMI NOTEHLIMA IPUMEHEHUS, IOCKOJIbKY
MENTUABI LIUPOKO UCIIONIb3YIOTCSI B COBPEMEH-
HOM MeauuuHe. OnrcaHa BO3MOXHOCTh IPO-
CTPAHCTBEHHOT'O B3aMMOJICHCTBHS IENTHUIOB C
MoJIEKyJ1aMHM HykieoTun0B reHoma [82]. Ilo-
ckoJibky mnocnenoBarenbHocTh PHK Bupyca
SARS-CoV-2 obnagaer crnenuduaecKumMu
0COOEHHOCTSIMH, TIEPCIIEKTHBHO HW3yYEHHE
CBSI3bIBAHUSI C T€HOMOM BHpYCa OIpENEJICH-
HBIX TMENTHAOB, KOTOphle o0Onaganu Ol

MmpaHcnosuyus

C wm D

HauOoJbIIeH CrIENU(UIHOCTHIO B OTHOUICHUH
MIPOTUBOBUPYCHOM TEpaIUU.

IloTeHnmnan wucHoJb30BaHME TMeENTH-
noB B Tepanuu COVID-19

[Tockonbky Ha BHUPYCHYIO HH(EKIHUIO
MoryT BoszaeictBoBaTte MUKpOPHK, a ux mpo-
OyKThl TpaHcasuuu (mentuasl MIPEP) cro-
COOHBI MHAYIIUPOBATH T€ K€ OMOJIOTHYECKHE
MyTH, TIEPCIEKTUBHA pa3paboTKa Takux Mer-
tuoB 1 JedeHuss COVID-19 (Puc. 2).

Ji1s 5TOro He0O6XO0IMMO CPAaBHUTEIHLHOE
uccnenosanue dpdpexruBHoctd MIPEP y mo-
YKHUJIBIX U MOJIOJIBIX MAI[UEHTOB U OIIpeIeJICHHE
X BO3MOXHOW IépONPOTEKTOPHON aKTHBHO-
cru. Haubonee usyuyensr MIiPEP, Biustomiue
Ha pa3BUTHE HEOIIa3M B CBSI3U C X MEPCIEK-
TUBHOCTBIO B MPAKTUYECKOM MPUMEHEHUU B
OHKOJIOTHH.

MmpaHcKpunyus

AnvHHaa HKPHK

mpaHc-

npu-muKkpoPHK

®YHKUMOHANbHBIE
Benkun gna
TRaHCNo2MLYMUK

BupycHaa PHK
cmumyaAyuA nodaesneHue
penauKkayuu penauxkayuu
supyca supyca

mpaHc-
nsyus

BUpPYCHas
PHK

.

2
cmumMyAsyus nodaesneHue
penaukayuu penaukayuu
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Puc. 2. Cxema Bnusnus juHHbIX HKPHK, mukpoPHK u o6pa3yembix
npu ux TpaHcianuu nentuaoB Ha SARS-CoV-2.
Fig. 2. Scheme of the influence of INcCRNAs, miRNAs, and the peptides synthesized during their
translation on SARS-CoV-2.
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Tak, menTua, TpaHCIUPYEMBIN U3 JUIMH-
Hoit HKPHK HOXB-AS3, unrubupyer pak
000JJOYHON KHUIIKA IYTEM BO3JCHCTBUS Ha
aJIbTepHATUBHBIN CIIAIICHHT MUPYBAaTKUHA3bI-
M [83]. U3 npu-muxpoPHK miR-200a u miR-
200b Tpaucnupyrorcs nentuasl MIPEP-200a u
mMIPEP-200b cootBercTtBeHHO. OHHM TOJaB-
JSI0T JKCIpeccuto Oerta-kaTeHuHa, E-kaare-
pUHAa U BUMEHTHHA, WHTUOMPYS MHTPALIUIO
KJIETOK paka MpOCTaThl 3a CYET MOJaBJICHUS
mpouecca  3MUTEIUAIBHO-ME3EHXUMAaJIbHOTO
nepexoaa [84]. HyxHo ormeTrwth, uro MIR-
200a u miR-200b BoBiCYCHBI B TE K€ MyTH
Kanieporenesa [85, 86]. MiPEP-133 tpancnu-
pyembiii u3 pri-miRNA-34a, ycunuBaer sKc-
MIPECCUI0 OHKOCYIIPECCOPHOTO Oenka p53, ko-
TOPBII peryiupyer TpaHCKpHIILHUIO Pri-miR-
34a, 4TO CBUIETENHCTBYET TAKXKE O B3aMOPe-
TYJISIUY NIENTUIO0B U pa3IndHbIX 0esKoB [87].
HaxoxneHnue nogoOHbIX CBsA3ei 11 crerudu-
YEeCKHUX NENTUI0B, 00pa3yeMbIX MPHU TPAHCIIs-
uuu imHHEBIX HKPHK 1 npu-mukpoPHK nep-
crektuBHO B otHOmeHuu COVID-19 nns pas-
paboTKu HOBBIX 3 (HEKTUBHBIX CIIOCOOOB Jie-
yeHusi Oosie3Hu. [lockonbKy B maroreHese
COVID-19 urparot posib UMMyHHBIE HapyIlIe-
HUs, BaXXHO HaxoxaeHue MIPEP, criocoOHbIX
perynupoBaTh JaHHbBIE Mpoliecchl. Tak, BhISB-
aeHo, uyro MIPEP-155 unrubupyer ayroum-
MYHHO€ BOCIAJIEHUE ITyTeM I10/IaBJIeHUS Tpe-
3eHTaIuu aHTurena kietkamu [88]. Ilpu satom
miR-155, u3 npu-mukpoPHK koTopoii Tpanc-
nupyetrcs MIPEP-155, BoBneuena B peryis-
IIUI0 BPOXKJIEHHOTO U IPUOOPETEHHOTO UMMY-
uutera [89]. [Tomumo MIPEP orpoMubiM Tepa-
NEBTUUYECKUM TOTEHIMATIOM O00JaJaroT Mer-
THJIbI, TpaHcaupyemsle n3 JIMHHBIX HKPHK 1
konbleBelx PHK. Hampumep, xoxmpyemsie
koabieBbiMU PHK menruner FBXW7-185aa3,
PINT-87aa, SHPRH-146aa wucnoms3yrorcs
JUTsI TIOJIaBJIEHUs pocTa riauomsl [13].

Hy>XHO OTMETUTh YHUKAJIBHYIO CIIOCOO-
HOCTh HEKOTOPBIX KOPOTKHX TENTHAOB B CO-
cTaBe OEJIKOB OKa3blBaTh PETYJISTOPHOE BO3-
neiicreue Ha MukpoPHK. Hampumep, Gorateie
GW (mumentun TAMIMHA W TpUntodaHa)
Oenmku HampsaMyro B3auMmojeicTByoT ¢ AGO.
[Tocnennue, B CBOIO Ouepelb, CIyXkaT THAaMU
11t MUKpoPHK B OTHOIIEHWMM HMX IIEJIEBBIX

MPHK. IIpu aTom cogepsxkame GW 6enku ko-
OPAVHHUPYIOT JaHHBIE IMPOLIECChl, 00ecHedn-
Bas 9()(heKTUBHBIN CaliJICHCHHT TeHOB. B sKkc-
HnepUMEeHTe ObLJI0 0OHAPYKEHO, YTO KOPOTKHIA
nentug GW takke colep KT TIOMEH B3aUMO-
nerictBusa ¢ AGO u MoxeT OBITH MCITOJIB30BaH
JUTSE U3OJISIIIAM SH/IOTCHHBIX OEIKOBBIX KOM-
wiekcoB AGO. BHyTpH KJIETKH Takue KOPOT-
KH€ TIENTHIbI KOHKYPHPYIOT C COJEPKAIIIMHE
GW sHioreHHbIMU Oe€JIKaMU 3a CBSI3bIBAHHUE C
AGO u mMoryT OBITH UCTIONB30BAHBI JIJISI HHTHU-
oupoBanus MukpoPHK [90]. Mosxno mpesro-
JIOXKUTh, YTO OJHUM M3 MEXaHU3MOB peryJs-
TOPHOTO BO3/IEUCTBUS NENTH/IOB HA KOAUPYIO-
e ux reasl HKPHK siBnsieTcst He TonbKo npsi-
MO€ MX B3aUMOJICHCTBHUE C MOCIIE0BATEIHHO-
ctamu JIHK [82], HO Takxke crnernuduueckoe
cBs3bIBaHuEe ¢ cobctBeHHbIMU MHUKpPOPHK ¢
oOpazoBanueM QyHkiuoHanbHbIX PHII, koTo-
pble MPUHUMAIOT aKTUBHOE yYacTHE B TEX Ke
Omosorndeckux peakmusx. Kpome Toro, nan-
Hbii koMiuiekc PHII mosker urparts posib B
TPAHCKPUITIIUOHHON PETYJISIIHA COOCTBCHHBIX
U JIpyruX TeHOB. B nmutepaType moka He omu-
CaHO TAKWX B3aHUMOJICHCTBUI, TPOUCXOIAIINX
B €CTECTBEHHBIX YCIOBUSX B KieTKax. OqHaKo
9KCIIEPUMEHTAIILHO CHHTE3UPOBAHBI 1000~
HbIE KOMILJIEKCHBIE MOJEKYIbI, KOTOPhIE OKa-
3anuchk BecbMa 3 dextuBHpiMU. Eme B 2013
roay ObUTM OMyOJMKOBAaHBI PE3yJbTaThl HC-
MTOJIb30BAHUS TIETITHIOB-TIEPEHOCYNKOB, TIPO-
HUKAIOIIUX Yepe3 KIETKH ISl IOCTaBKU B HUX
mukpoPHK. Tak, nentu, Ha3BaHHBIN HU3KO-
MOJeKyJsipHbIM npotamuHoM (LMWP), B
KomIuiekce ¢ MiR-29b 0wt 3 hexTrBHO MpH-
MEHEH Ui TpaHCHEKIMH MEe3eHXUMAaIbHbBIX
CTBOJIOBBIX KJIETOK W CTHMYyJUpoBan audde-
PEHIIMPOBKY ocTeob1acToB [91].

B 2018 coobmanocs 06 3¢ dekTuBHOI
I[EJICHAIIPABICHHON JOCTaBKe B TKaHb OIIY-
X0JIi U B KJIeTku Hela camocobuparorerocs
HAaHOKOMIIJIEKCa, OOpa30BaHHOTO MHUMETH-
kamu MuKpoPHK (oHKocympeccopras MiR-
34a) ¢ (yHIMOHANBHBIM TMENTUAHBIM KOHB-
toratoM (FA-R9-FPcas3). B pesyibTare unmy-
[MpOBAJICS amonTo3 kietok HelLa u mopas-
JISUICSL POCT OIMYXOJIM B OKCIIEPUMEHTE Ha JKH-
BbIX MbIax [92]. [Toaxoxasmieit cucremont 1o-
ctaBku Juist MukpoPHK sBrsrorest ampunaru-
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geckue nentuasl N-TER, koropeie croco6-
CTBYIOT HEKOBAJIEHTHOMY KOMILIEKCO00pa3o-
BaHUIO 32 CYET IIEKTPOCTATUYECKUX B3aAHMO-
NeUCTBUM MEXIy OOOMMH KOMIIOHEHTaMH.
Kpome Toro, xommuiekc nentuna N-TER c
HYKJIEMHOBOM KHUCIOTOH XapaKTepHu3yercs
KJIETOYHOW aJre3ueil ¢ MOTJIOLIEHUEM 4Yepe3
KJIETOYHBblE MeMOpaHbl ¥ BHYTPUKIECTOYHBIM
BbicBOOOXKIeHneM MuKpoPHK. Ha kynbType
kietok 3T3-L1 Obu1 IPOAEMOHCTPUPOBAH aH-
TUAIUTIOTEHHBIN APPEKT KOMIUIEKCa MenTH 1A
N-TER ¢ miR-27a, koTopslii BbI3bIBaT YMEHb-
IeHrue 00pa30BaHUs JIUITUIHBIX Karelb B 3pe-
neix aaunoruTax [93]. B 2019 roxy Obun cus-
TE3WPOBaH HAHOKOMILIEKC nenTu/MukpoPHK
(mentux TatBim u miR-34a), BBeenue KoTo-
pOTO B KJIETKHM BBI3bIBAJIO UX anonto3 [94]. B
2021 romy mpencraBieHa 3()QPEKTUBHOCTD
nentuaa RP1IR3V6 B kxauectBe mepeHocunka
anti-microRNA-92 OJIMTOHYKJICOTH 1A
AMO92a B nerouHyro TKaHb KPBIC C MOJICIH-
POBAHHBIM OCTPHIM TOBPEKIACHUEM JIETKUX
(mockospky MIR-92 cTUMynupyeT AaHHYIO
natojoruto). [Ipu 3Tom nmentux okaspiBai ao0-
MOJTHUTEIHHOE IPOTHBOBOCTIAIUTEIBHOE JICH-
CTBHE 3a CYET aHTAaroOHM3Ma C pPEeLeNnTOpaMu
KOHEUHBIX MPOIYKTOB rimukupoBanus RAGE,
nojaBieHus pakropa Hekpo3a onmyxoiau TNF-
0. B aKTHBUPOBAHHBIX JIAIIOTIOIHCAXaAPHIAMH
MakpogaraibHbIX KiIeTkax [95].

Cormacuo manaeiM NGS, 6omee 10000
mHHBIX HKPHK B reHOMax muiekonuTaronmx
coaepxar kopotkyto ORF (small ORF), koto-
pas CBs3aHa C aKTUBHOM TpaHcisuuei. Ilpu
TTOMOIIIX ITOJTHOTEHOMHBIX BBICOKOITPOU3BO/IU-
TeIbHBIX METOJIOB ObLIH MACHTU(UIIMPOBAHBI
MOTEHIMAJIbHBIE MHKPOIIENTH/IBI, 3aKOAUPO-
BarHblie B Small ORF muanbix HKPHK, yuact-
BYIOIIMX B UMMYHHOM TIPOTHBOBHPYCHOM OT-
BETE, BBIABIEHBI JECATKH TMOTEHIIUAIbHBIX
KaHaunaToB. M3 HUX 4 menTua, SKCrpeccupy-
eMbI€ B OTBET Ha BUPYCHBbIE HH(EKIINH, OKa3a-
JMCh HanOoJiee KOHCEPBATUBHBIMU U ITEPCIICK-
TUBHBIMU OOBEKTaMU JIs JAIbHEUIIETO U3y-
geams:  MMP24-AS1, ZFAS1, RP11-
622K12.1, MIR22HG [96]. beuia mokazana
TaKXe CIOCOOHOCTh BHPYCHBIX KOJIBIIEBBIX
PHK TpancnupoBatbcs ¢ oOpa3oBaHuEM
(YHKIIMOHATBHBIX TENTHIOB — JAaHHOE CBOM-
CTBO TEpCIEKTUBHO HcciaenoBath y SARS-

CoV-2 i BO3MOXKHOTO TApreTHOTO TepareB-
TU4eckoro Bo3zaeiictsus. Tak, nmpu nHdexuun
nsyuenouyeunbiMiu PHK-copepxkammmu peo-
BUpYCaMU BBISBIICHA KOJIbLIEBAass BHUPYCHas
PHK vcircRNA 000048, koTopast TpaHciIupy-
€TCs B COCTOAIIMMI U3 21 aMUHOKHUCIIOTHI TeT-
THU]I, OCTAOMSIONINI peruTnKanuto Bupyca [97].
[Tockonbky oOpa3oBaHHe TaKUX MOJIEKYJ IS
CaMoro BHpYyca HE BBITOJHO, MOXHO MPEIIO-
JIO)KUTh, YTO B UX CUHTE3€ Y4aCTBYIOT 3alllUT-
HBIC CHCTEMBI XO3sIHA, UCIIOJIb30BAHUE KOTO-
PBIX MEPCHEKTUBHO ISl MPOCKTHUPOBAHUS HO-
BBIX METOJIOB IIPOTHBOBUPYCHOMN TepaIvu.
3akJ/iouenue. B Hacrosiiee BpeMs nme-
I0TCS TIPSIMBIE W KOCBEHHBIC CBHJICTEIHCTBA
BiausHUS PO Ha matorene3 COVID-19 (Puc.
3). Ilomyuensl nokKa3aTenbCTBA TOTO, YTO
SARS-CoV-2 B »snuTeNHaNbHBIX KIIETKaX
OpoHXOB OOJIBHBIX BBHI3BIBACT aKTHUBAINIO0 PO,
Hanboee BEIPAKEHHYIO B COCTAPEHHBIX KIIET-
Kax. DTO coryiacyercs ¢ 00see TSKEIbIM Tede-
Huem COVID-19 y nanueHToB moXujioro Bo3-
pacTa, MOCKOJIbKY TIPH CTAPEHUU MPOUCXOTUT
mucperynsus PO, koTopble HHAYIUPYIOT M-
MYHHYIO CHCTEMY JUIsl Pa3BUTHsS acerTHYe-
CKOTO BOCTIAJICHUS ¥ TUIEPIIPOYKIIMH UHTEP-
¢depona. To ecTh Mpu NEPBOHAYATEHO HMEIO-
IIMXCS U3MEHEHUAX aKTUBHOCTH PD kak mpwu
(DM3HOIOTYECKOM CTapEeHUH, TaK U TPH CO-
MyTCTBYIOUIEH MATOJIOTUU, IPU KOTOPOU MPo-
ucxomut gucperymsmus PO, SARS-CoV-2
yCYTYOJISIFOT €e, a TakkKe BIUSIOT Ha JIpyrHe
P3 B renome. Ilockonbky PO urpatot Baxkuyto
poib B (YHKIIMOHUPOBAHMM WMMYHHOW CH-
CTEMBI, UX JTUCPETYJISAIUS KOPPEITUPYET C Be-
POSTHOCTHIO pa3BUTHUS IIUTOKMHOBOTO
mropMa. [lomydeHHBIC MaHHBIC CBUACTEIb-
CTBYIOT O TIEPCIEKTUBHOM HCCIEIOBaHUU
ponu PO B matoreneze COVID-19, nmockonbky
U3MEHEeHUs akTUBaruu PO o0paTuMel 1 MOTYT
OBITh MOJIyJINPOBAHBI BO3JICHCTBHEM MUK-
poPHK n mnmunassix HKPHK, xoTopsle sBis-
FOTCS TaK)Ke MEePCIICKTUBHBIMH TPOTHOCTHYE-
CKUMHU MoJsiekynamu B nuarHoctuke COVID-
19. KmroueBbiMu uctounnkamum HKPHK coiy-
xat MI'D, KoTopbie Takke MOTYT OBITh MPH-
MEHEHBI B KaueCTBE OMOMapKEPOB MPOTPECCH-
poBaHMs U TspKeCcTH Oose3Hu. Mmerotcs cBu-
nerenbcTBa 0 ponn PO B mHTerpammm SARS-
CoV-2 B reHOM 4eJIOBEKa, YTO COTJIACyeTcs C
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IIPOaHaIN3UPOBAHHBIMU JIUTEepaTypHBIMU
JTaHHBIMU 00 mHTerpanuu apyrux PHK-Bupy-
COB, B TOM UYHCJI€ IUTFOC-HUTEBbIX, PEILIIULUPY-
IOIIUXCSA B LUTOILIA3ME KJIETOK. BO3MOXKHOMU
IPUYMHON akTuBauMu PO nox BiIMsHHEM
SARS-CoV-2 sBiseTcsl 3alMTHAs pPeaKIus
PD oT »3K30reHHBIX BUPYCHBIX MH(pEKuui, a
TaKKe HAIMYUE MEXIY HUMHU HUACHTHYHBIX
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3TOMY MEPCIEKTUBEH MOUCK CHenu(pUIECKUX
nokycoB B coctae SARS-CoV-2, cxoHBIX C
onpeaeneHHbIMUA PO B reHoMe yesioBeka. ITo
MOrJIo OBl cTaTh OCHOBOHW JUIS MPOEKTHPOBA-
HUS HAIpPaBJICHHBIX Ha JIaHHBIE JIOKYChl MHK-
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COVID-19.
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Puc. 3. Cxema nyteit BusHus perposemenToB Ha COVID-19 (BKI™ — 6enok-Koaupyromue reHsl).
Fig. 3. Scheme of pathways of influence of retroelements on COVID-19.
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Abstract

Background: Irritable bowel syndrome (IBS) is a common functional disorder of the gastrointestinal
tract (GIT). Despite the prevalence of this disease, our understanding of the etiology remains limited.
However, there is no doubt that microbial factors play a key role in the pathophysiology of IBS. The
aim of the study: To investigate the microbiological composition of the intestines of patients with
IBS-D. Materials and methods: We used the next-generation sequencing (NGS) method, aimed at
targeted sequencing of the hypervariable region V3 of the 16S rRNA gene, which allowed us to study
in detail the changes in the microbiome composition in patients. Results: An increase in the number
of members of the genera Streptococcus and Haemophilus was revealed in the group of patients with
IBS-D, they are mainly represented by opportunistic pathogens and are associated with the develop-
ment of IBS. At the same time, there was a decrease in bacterial genera: Ruminococcaceae NK4A214,
Butyricimonas, Christensenellaceae R-7, Ruminococcaceae DTU089, Coprobacter, Enterococcus
and Sciscionella compared to the healthy group. Significant results were also obtained in the correla-
tion analysis between bacteria, showing the relationship of bacteria associated with IBS. Conclusion:
Genetic analysis revealed significant differences between the groups of healthy and IBS patients in
the composition of the bacterial microbiome. Our results show that the composition of the gut micro-
biome changes in people with IBS. Thus, this study contributes to understanding the development of
IBS-D in terms of microbiome changes.
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Introduction. IBS is a common func-
tional disorder of the GIT, and it is now clear
that this pathology is associated with immune
activation and changes in the composition and
functions of the intestinal microbiota and the
intestinal mucosal barrier [1]. According to
studies, the amount of the population world-
wide suffering from IBS ranges from 9% to
23%, while the pathophysiology of this disease
is still not fully understood [2]. IBS signifi-
cantly affects the quality of a patient’s life and
causes several problems in diagnosis and treat-
ment [3]. The diagnosis of IBS is not con-
firmed by specific tests or structural abnormal-
ities. The Rome IV criteria are currently the
gold standard for IBS diagnosing [4]. The use
of intestinal biomarkers in clinical practice can
become critical to the precise diagnosis of IBS.
Gut microbial biomarkers have been reported
to have great potential for detecting inflamma-
tory bowel disease (IBD), colorectal cancer,
and autoimmune hepatitis [5].

There are three types of IBS depending
on the predominant symptom: diarrhea-pre-
dominant (IBS-D), constipation-predominant
(IBS-C) and IBS with mixed symptoms of both
constipation and diarrhea (IBS-M) [6]. In all
appearances, IBS-D is the most common sub-
type, affecting approximately 40% of patients
[7]. Emerging evidence suggests that abnormal
changes in the gut microbiota are strongly as-
sociated with IBS-D [8]. Despite a large num-
ber of studies, there is still no universal algo-
rithm for IBS-D treatment [9]. The diagnosis
of IBS-D is primarily based on clinical charac-
teristics, and there are no objective diagnostic
tests or validated biomarkers for the diagnosis
of IBS-D [10].

The aim of the study. Our research is
aimed to study the microbiological composi-
tion of the intestines of patients with IBS-D us-
ing 16S rRNA gene sequencing on the lon Tor-
rent Personal Genome Machine (PGM) plat-
form. This work contributes to a better under-
standing of clinical features and interactions of
the IBS-D microbiome and also highlights the

potential applications of bacterial biomarkers
in the early diagnosis of IBS.

Materials and methods. A total of 20
patients took part in the study. Ten patients
were diagnosed with IBS-D based on a com-
plex of complaints, anamnesis data and clinical
symptoms (classified using the Rome IV crite-
ria (2016) for irritable bowel syndrome), as
well as laboratory diagnostic data, including
the following methods: clinical and biochemi-
cal blood tests, determination of antibodies to
tissue transglutaminase, gliadin, IgA, 1gG in
blood serum, determination of the level of thy-
roid hormones, fecal analysis to detect latent
blood, fecal analysis to detect bacteria of the
intestinal group (Shigella spp., Salmonella
spp., Yersinia spp.); toxins A and B of Clos-
tridium difficile; coprogram; analysis of faeces
for fecal calprotectin, as well as instrumental
research methods: hydrogen breath test with
lactulose; ultrasound examination of the ab-
dominal organs. Women were additionally
consulted by a gynecologist, according to the
indications of pelvic organs ultrasound exami-
nation. Ten healthy people without gastrointes-
tinal symptoms were selected with the same
method. The selection of patients was carried
out at the Olympus of Health Clinic (Voro-
nezh, Russia). All participants gave written
consent to the use of their anonymized per-
sonal data for research purposes before the ex-
amination at the clinic. All procedures were
conducted by the ethical standards of the re-
sponsible committee on human experimenta-
tion (institutional and national) and the Hel-
sinki Declaration of 1964 and later versions.
Informed consent or a substitute was obtained
from all patients for their participation in the
study. The experiment was carried out by the
recommendations of the Biomedical Research
Ethics Committee of VVoronezh State Univer-
sity (protocol No. 42-03 of 10/11/2021).

Fecal samples were obtained from all pa-
tients, each sample (approximately 1 gram)
was collected into an Eppendorf tube using
disinfected plastic equipment after defecation.
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The samples were immediately cooled and
transported in compliance with temperature
control to the laboratory.

To study the microbiome composition of
faeces obtained from participants examination,
DNA was isolated from samples using the Zy-
moBiomics DNA Miniprep Kit (Zymo Re-
search, Los Angeles, CA, USA) according to
the protocol. During the DNA extraction step,
we added a sample containing Milli-Q water
used in the laboratory as a negative control.
This sample was further treated in the same
way as the test samples and was sequenced and
analyzed. This step is necessary to exclude
contamination of the studied samples during
the bioinformatic analysis of sequencing data,
which allows obtaining an accurate picture of
the microbiome. To study the microbiome, we
chose the hypervariable region V3 of the 16S
rRNA gene. We used a pair of universal pri-
mers 337F, 518R for targeted amplification of
the study area. Amplification was performed
using 5xScreenMix-HS Master Mix kit (Evro-
gen, Moscow, Russia) under the following
temperature conditions: 94 °C for 4 min; 37 cy-
cles of 94 °C for 30s, 53 °C for 30s, and 72 °C
for 30s; and final elongation at 72 °C for 5 min.
Then we proceeded to prepare sequencing li-
braries for the lon Torrent PGM platform. For
this, we used the commercial NEB-Next Fast
DNA Library Prep Kit (New England Biolabs,
Ipswich, MA, USA) according to the manufac-
turer's instructions. The libraries were bar-
coded using NEXTflex DNA Barcodes — lon
Torrent-Compatible — 64 adapters (Perki-
nElmer, Inc., Waltham, MA, USA). The librar-
ies were then purified with MPureXP magnetic
particles (Beckman Coulter, Brea, CA, USA)
and quality controlled by qPCR using the lon
Torrent Platforms Library Quantification Kit
(Kapa Biosystems, Wilmington, MA, USA).
Sequencing was performed on the lon Torrent
PGM system using the lon PGM Hi-Q View
OT2 Kit (ThermoFisher Scientific, Madison,
WI, USA) and the lon PGM Hi-Q View Se-
quencing Kit (ThermoFisher Scientific, Madi-
son, WI, USA) reagents.

Sequences for each sample were ob-
tained in BAM format. For further analysis, we
converted the files to the FASTQ format

(FileExporter plugin). Raw sequencing data
were available from the NCBI BioProject da-
tabase (BioProjectlD: PRINA 817720). Bioin-
formatics processing and phylogenetic analy-
sis of the obtained data were performed using
the R programming language in the R-studio
environment (VSEARCH v.2.8.2 software).
All received reads were subjected to the pro-
cesses of filtering low-quality sequencing
reads, as well as trimming the reads to a con-
stant length and demultiplexing. Filtering was
carried out using the maximum expected error
threshold equal to 1.0 (DADA2 package). At
the end of these manipulations, we performed
dereplication, which combined all identical se-
quencing reads into unique sequences. Then
we proceeded to search for operational taxo-
nomic units (OTUs). Taxonomy at the genus
level was determined with 100% identity with
amplicon sequence variants using version 132
of the SILVA database (https://www.arb-
silva.de, accessed 30 August 2022). Using the
phyloseq package, we combined the obtained
phylogenetic data. At this stage, we carried out
the identification and subsequent removal of
possible laboratory contaminants (decontam
package). After that we proceeded to taxo-
nomic filtering, assessment of the prevalence
in samples of individual taxa and agglomera-
tion (phyloseq package).

To compare relative abundances be-
tween experimental groups, we used the gen-
eralized linear modelling (GLM) method im-
plemented in the DeSEQ2 R package. P-val-
ues for each OTU are obtained using with Ben-
jamini-Hochberg multiple inference correc-
tion. Alpha diversity for each group was calcu-
lated with the Shannon and Chaol indexes. We
use the nonparametric Mann-Whitney test and
pairwise adjusted (Holm) p-values to assess
differences in alpha diversity scores between
groups. Beta diversity was represented by
Principal Coordinate Analysis (PCoA), and the
distance between the microbial compositions
of the samples was calculated using Bray-Cur-
tis dissimilarity. The presence of statistically
significant differences in microbial composi-
tion between the two study groups was as-
sessed using permutation multivariate analysis
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of variance (PERMANOVA). Diversity visu-
alization was performed using the phyloseq
package. The correlation of the genera for each
group was statistically analyzed using the
Spearman correlation. All the used genera
nodes were R > |0.8| and p<0.05.

Results and discussion. Progress in the
development of high-throughput sequencing
methods and bioinformatics tools has led to a
shift from clinical microbiology to a genomic
nature of research. NGS has expanded our un-
derstanding of the human microbiome by
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allowing the detection and characterization of
non-culturable microbes [11]. This work in-
cluded a study of the microbiome profile at the
genus level in 20 patients who were divided
into two equal groups. As a result of sequenc-
ing, we obtained 767362 reads in total, which
corresponded to 229 genera. For further analy-
sis, all bacterial genera, the total abundance of
which was less than 0.005 for each research
group, were combined into Other genus. Fig-
ure 1 shows the most common bacterial genera
found in patients.
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Fig. 1. The abundance of the top 46 most common bacterial genus in groups

The distribution of the most enriched genera was different between groups (Fig.2).

Members of the genus Faecalibacterium
predominated in both groups, in the healthy
group it was 0.1020+0.0138 while in the dis-
ease group it was 0.1907+£0.0152. The next
largest genus in both cases is Bacteroides
0.0776+£0.0194 in the healthy group vs.
0.084440.0258 in the IBS-D. The next in the
healthy group were Blautia 0.0569+0.0128,
Staphylococcus 0.0508+0.0504, Christensen-
ellaceae R-7 group 0.0438+0.0280, Roseburia
0.0375+0.0126, Bifidobacterium
0.0348+0.0174, Lactococcus 0.0310+0.0233,

Sutterella 0.0294+0.0155 and Subdoligranu-
lum 0.0284+0.0086. At the same time the IBS-
D group the next genus dominated: Bifidobac-
terium 0.0655+0.0244, Blautia
0.0636+0.0145, Cronobacter 0.0413+0.0262,
Dialister 0.0383+0.0111, Escherichia/Shigella
0.0367+0.0273, Roseburia 0.0361+0.0632,
Streptococcus 0.0336+0.0148 and Parasutter-
ella 0.0281+0.0095.

A comparative assessment of alpha di-
versity, calculated using the Shannon and
Chaol indexes, is shown in Figure 3.
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There were no statistically significant
differences in alpha diversity scores on both
tests between groups (Shannon Index, non-par-
ametric Mann-Whitney test with Holm. cor-
rected p=0.32).

Beta diversity is shown by the dissimilarity

Bray-Curtis PCoA

03

0.0

Axis.2 [15%]

-0.3

-0.5 0.0

Axis.1 [21.4%)

among samples according to the microbial
composition depicted in the PCoA analysis
(Bray-Curtis). According to our data the mi-
crobial composition of the healthy and the
IBS-D groups was not different (Fig. 4).

Healthy group

1BS-D group

0.5

Fig. 4. Beta diversity for the control and the IBS-D is grouped by the bacterial compositional
dissimilarities

Analysis of differences in microbiome
composition in the IBS-D group compared
with the healthy group at the genus level was
performed using the DeSEQ2. P-values for
each OTU are obtained using with Benjamini-
Hochberg multiple inference correction. As a
result, statistically significant differences were
found for nine genera (Fig. 5).

According to the data obtained in the
group of IBS-D patients, an increased number
of two genus Streptococcus by 2.1586 times
(p=0.0002) and Haemophilus by 4.6669 times
(p=0.0001) was observed compared with the
control. At the same time, in the group of pa-
tients, a decrease in the genera Ruminococca-
ceae NK4A214 group by 2.2899 times
(p=0.0019), Butyricimonas by 2.7718 times
(p=0.0015), Christensenellaceae R-7 group by
2.9933 times (p=0.0004), Ruminococcaceae

DTU089 by 3.6969 times (p=0.0002), Copro-
bacter by 3.7335 times (p=0.0016), Entero-
coccus by 4.1824 times (p=0.0001) and Scis-
cionella by 7.3759 times (p=0.0006) was reg-
istered compared to the healthy group.

Spearman's correlation analysis using a
two-tailed p-value showed that in the healthy
group there is a complete correlation (R=1.0,
p<0.05) between the genus Kosakonia and the
genera Ochrobactrum (p=0.0111) and Pseudo-
chrobactrum (p=0.0111); Sporobacter and Al-
loscardovia (p=0.0111); Brevundimonas and
Phyllobacterium (p=0.0111). In the IBS-D
group, we observed a complete correlation be-
tween the genera Corynebacterium and Erysi-
pelatoclostridium (p=0.0001); the genus Leu-
cobacter and the genera Polymorphobacter
(p=0.0014) and Phyllobacterium (p=0.0014);
Polymorphobacter and  Phyllobacterium
(p=0.0014).
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The genus Faecalibacterium, which was
characterized by the highest abundance in both
groups, directly correlated in the control group
with the genera Tyzzerella (R=0.8061,
p=0.0072), Peptococcus (R=0.8815,
p=0.0014), Ruminococcaceae V9D2013 group

(R=0.8283, p=0.0052), Negativibacillus
(R=0.8182, p=0.0058), Ruminiclostridium 5
(R=0.8571, p=0.0025), Oscillospira
(R=0.8303, p=0.0047), Faecalitalea
(R=0.8942, p=0.0011), Anaerofilum

(R=0.8598, p=0.0029). In the group of patients
with IBS-D, Faecalibacterium was negatively
correlated only with the genus Anaerostipes
(R=-0.8303, p=0.0047).

The use of NGS methods aimed at tar-
geted sequencing of hypervariable regions of
the 16S rRNA gene makes it possible to study
in detail changes in the taxonomic composition
compared to classical microbiological ap-
proaches.

Our study revealed changes in the com-
position of the gut microbiota in patients with

IBS-D. In particular, an increase in the number
of bacteria of the genera Streptococcus and
Haemophilus was found.

The genus Streptococcus belongs to phy-
lum Firmicutes and consists of 104 recognized
species, including both commensal and patho-
genic microorganisms [12]. Since the limita-
tion of our research method is the impossibility
of identifying bacteria to the species, we can-
not reliably state the number of which benefi-
cial or pathogenic members of this genus in-
creased. However, our results are consistent
with previous findings that an increase in
Streptococcus bacteria may cause IBS symp-
toms [13-16].

The genus Haemophilus belongs to the
family Pasteurellaceae and the class Gam-
maproteobacteria [17]. Members of this genus
are ubiquitous in the human oral cavity, upper
respiratory tract and intestines [18]. The genus
consists of a variety of species, including some
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that are pathogenic to humans [19]. It was pre-
viously noted that in IBS, the content of bacte-
ria of the genus Haemophilus increases [20,
21, 22]. In our study, we also observed an in-
crease in the number of members of this genus.
It can be concluded that most likely these bac-
teria do play an important role in the develop-
ment of IBS.

We also observed a decrease in the num-
ber of bacteria of some genera, in particular
Ruminococcaceae NK4A214 group. Microor-
ganisms belonging to this genus are producers
of butyrate [23]. Bacteria that produce short-
chain fatty acids (SCFAS) are known to be gen-
erally reduced in the faeces of people with IBS
compared to healthy people, consistent with
our results [24].

We found a decrease in the members of
the genus Butyricimonas in patients with IBS-
D. Members of this genus are Gram-negative
anaerobic bacteria belong to butyrate produc-
ers [25]. They are present in the intestinal tract
of several mammals, including rats and hu-
mans [26]. A hypothesis based on research
data suggests that Butyricimonas species have
a positive effect on the host's energy metabo-
lism and are also involved in commensal ho-
meostasis between the gut microbiota and the
health status of the host. Treatment of meta-
bolic disorders with metformin and statins has
been shown to significantly increase the rela-
tive abundance of Butyricimonas spp. in the in-
testine, which significantly correlated with
metabolic parameters [27, 28]. However, the
metabolic mechanisms by which Butyrici-
monas exerts metabolic improvements are not
understood. According to some studies, bacte-
ria of this genus have therapeutic potential and
are used as one of the components of the pre-
vention and treatment of IBS in patients [29].
Thus, our study also showed a positive effect
on the human body and an exceptional correla-
tion with IBS-D.

Also, the results of our study indicate the
depletion of the genus Christensenellaceae R-
7 group in patients with IBS-D. This genus be-
longs to the family Christensenellaceae, which
was recently isolated from the human intestine
and shows a strong relationship with the health
of the host [30]. The relationship between the

high number of the Christensenellaceae R-7
group and normal body mass index (BMI) is
known [30, 31]. Christensenellaceae family
and the genus Christensenellaceae R-7 group
in particular is also known to be depleted in
IBD patients such as ulcerative colitis and
Crohn’s disease [32]. Several studies have also
reported a reduction in the number of Chris-
tensenellaceae in IBS, a gastrointestinal disor-
der characterized by abdominal pain and ab-
normal bowel movements, compared with
healthy individuals. Several studies have noted
a positive correlation between Christensenel-
laceae and longer transit times or even consti-
pation. In our study, we studied the microbiota
in patients with IBS-D, which is characterized
by diarrhea. Thus, our observations are con-
sistent with the findings that Christensenel-
laceae is depleted under conditions associated
with inflammation and rapid transit [33, 34,
35].

The Ruminococcaceae family has been
identified as one of the biomarkers of healthy
microbiota [36]. In our study, we found a de-
crease in the genus Ruminococcaceae DTU-
089 in the IBS-D patient group, however, no
statistically significant aberrations were ob-
served at the level of the Ruminococcaceae
family compared to the healthy group. This ge-
nus is poorly researched and its role and mech-
anisms in the human gut are not fully under-
stood. It is only known that some bacteria Ru-
minococcaceae DTU-089 can produce me-
thane [37]. The degree of methane production
is associated with greater severity of constipa-
tion in IBS-C, however, in our study, the type
of IBS associated with diarrhea was studied,
which may explain the decrease in methane-
producing microorganisms, particularly Rumi-
nococcaceae DTU-089 [38]. One study inves-
tigating the effects of arabinogalactan on the
gut microbiome showed that it modulates the
gut microbiome by significantly reducing Fir-
micutes and increasing Bacteroidetes and
Bifidobacterium as well as Ruminococcaceae
DTU-089. It can also modulate the metabolic
functions of the gut microbiota [37]. Based on
the available literature data, further studies of
the genus Ruminococcaceae DTU-089 and its
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functional and metabolic effects in the human
intestine are needed.

It is known that the bacterial genus
Coprobacter belongs to the family Porphy-
romonadaceae, the order Bacteroidales and the
type Bacteroidetes [38]. It is known that mem-
bers of the genus Coprobacter are widely dis-
tributed in the human intestinal microbiota and
are noted as a genus capable of producing pro-
pionic acid [39, 40]. In our study, this genus of
bacteria showed a decrease in the population
with IBS. However, the significance of mem-
bers of the genus Coprobacter on human
health is still not fully known.

Enterococcus is an important pathogen
that can damage the intestinal mucosa and
thereby cause dysfunction of the immune de-
fenses in patients with IBS [41]. A systematic
review of studies by Zhuang and colleagues
(2017) found a higher level of Enterococcus in
patients with IBS compared with healthy peo-
ple [42]. However, according to the results of
our study, a decrease in the number of this bac-
terial genus was noted in patients with diag-
nosed IBS in comparison with the healthy
group.

The bacterial genus Sciscionella, first
described in 2009, belongs to Gram-positive,
aerobes, marine actinomycetes [43]. Data re-
porting an association of the genus Scis-
cionella with symptoms of IBS has not been
described. According to the results of our
study, in the IBS-D group, members of this ge-
nus decreased in comparison with the control
group. Previously, this bacterial genus was as-
sociated with the development of infection in
humans [44]. Also, in a study by Saez-Nieto et
al. (2021), the genus Sciscionella was identi-
fied in isolates of clinical specimens [45].

Spearman's correlation analysis using a
two-tailed p-value showed that in the healthy
group there is a complete correlation (R=1.0,
p<0.05) between the genus Kosakonia and the
genera Ochrobactrum (p=0.0111) and Pseudo-
chrobactrum (p=0.0111); Sporobacter and Al-
loscardovia (p=0.0111); Brevundimonas and
Phyllobacterium (p=0.0111). In the IBS-D
group, we observed a complete correlation be-
tween the genera Corynebacterium and Erysi-

pelatoclostridium (p=0.0001); the genus Leu-
cobacter and the genera Polymorphobacter
(p=0.0014) and Phyllobacterium (p=0.0014);
Polymorphobacter and  Phyllobacterium
(p=0.0014).

The bacterial genera Ochrobactrum and
Pseudochrobactrum belong to the family Bru-
cellaceae [46, 47]. These genus shows re-
sistance to antibiotics [48]. The bacterial genus
Ochrobactrum is considered opportunistic for
humans, producing the development of infec-
tion in an organism with a weakened immune
system [49].

Members of the genus Alloscardovia,
considered to be anaerobic bacteria, are re-
ferred to as Bifidobacterium and have been
identified in various biological specimens:
urine, blood, oral cavity, urethral specimens,
tonsil and lung abscess specimen, and aorta
[50, 51]. In turn, members of the genus are
considered pathogenic for the body associated
with infectious diseases [52, 53]. Also associ-
ated with infectious diseases is the bacterial
genus Brevundimonas [54].

Members of the genus Phyllobacterium
are nonpathogenic bacteria that were first iso-
lated from leaf nodules of some plant families
[55]. However, a high number of members of
Phyllobacterium was noted in gastric carci-
noma and cystic fibrosis, as well as in gastric
cancer [56, 57, 58].

Members of the genus Corynebacterium
are typical human skin bacteria often found in
the nasal cavity [59]. Literature data on associ-
ation with inflammatory processes in the body
were not found. It is also known that the genus
Leucobacter contains genes encoding glyco-
side hydrolases and carbohydrate binding
modules that are directed to the breakdown of
starch and oligosaccharides [60]. Previous
studies have noted that patients with gout have
an increased number of opportunistic microor-
ganisms of the bacterial genus Erysipelato-
clostridium in the fecal microbiome [61]. But
literature data confirming the relationship of
these births with intestinal health was not
found. There are also no data on the association
of the bacterial genera Kosakonia, Sporobac-
ter, Polymorphobacter with the intestinal mi-
crobiome.
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The genus Faecalibacterium, which was
characterized by the highest abundance in both
groups, directly correlated in the control group
with the genera Tyzzerella, Peptococcus, Ru-
minococcaceae V9D2013 group, Negativiba-
cillus, Ruminiclostridium 5, Oscillospira,
Faecalitalea, Anaerofilum. Members of the
genera Tyzzerella, Peptococcus and Negativi-
bacillus are normal colonizers of the human in-
testine, but an increase in their number may be
associated with the appearance of various pa-
thologies, including the digestive tract [61-66].
Members of the genus Ruminiclostridium 5
and Oscillospira can produce butyrate and are
associated with positive effects on host health,
a direct association of abundance with low fat,
in addition to solid feedback with IBD [67, 68,
69]. Faecalitalea and Anaerofilum are also po-
tentially beneficial bacterial genera that play
an essential role in the pathogenesis of diabetes
mellitus and reduce insulin secretion, as well
as having an inverse relationship with over-
weight [70, 71].

In the group of patients with IBS-D, Fae-
calibacterium was negatively correlated only
with the genus Anaerostipes which is consid-
ered one of the key intestinal genera associated
with human health and disease, as its members
are capable of producing butyrate, which is
known to have beneficial effects on intestinal
functions [72].

Thus, in the group with IBS, we ob-
served an increase in such genera as Strepto-
coccus and Haemophilus, which are mainly
represented by opportunistic pathogens and, in
accordance with the literature data, are associ-
ated with the development of IBS. At the same
time, we found a decrease in SCFA-producing
bacteria such as Ruminococcaceae NK4A214
group, Butyricimonas and Coprobacter in the
group of IBS patients. Significant results were
also obtained in the correlation analysis be-
tween bacteria, showing the relationship of
bacteria associated with IBS. However, our
study has a limitation of a relatively small sam-
ple size, but this is comparable to sample sizes
in similar published studies. Together with
previously published data, our results show
that the composition of the gut microbiome
changes in people with IBS.

Conclusion. We found significant dif-
ferences between the groups of healthy and
IBS patients in the composition of the bacterial
microbiome. Thus, this study contributes to
understanding the development of IBS-D in
terms of microbiome changes, which may lead
to the development of new strategies in the pre-
ventive diagnosis and treatment of this disease
in the future. All this emphasizes the need for
further work aimed at studying the microbiome
composition and its contribution to the devel-
opment of IBS-D.
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CBsi3b OJTHOHYKJICOTHAHOI0 MoJIuMopduzma
rs4880 rena SODZ2 ¢ pasBuTnemM
MHUKPOCOCYAMCTHIX 0CJI0KHCHUM

caxapHoro auadera 2-ro Tuna

10.3. Azaposal @, A.B. I'ypeesa’ ©, M.U. Ilocruuxona® ©, B.B. Makapenko! @,
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XKETHOe yupexaeHue « HanmoHnanbHbIi MEAUIIMHCKUAN UCCIIEI0BATENBCKUM HEHTP SHAOKPHUHOIOTUNY,
yi. Jmutpus YiesiHosa, 1. 11, r. Mocksa, 117292, Poccuiickas ®enepanus
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Pesrome

AxtyanasHocTh: ['en cynepokcummicmyTassl 2 (SOD2) konupyer MUTOXOHIpUATIbHBIN (DEpPMEHT, TIIaB-
HOM (pyHKIIMEH KOTOPOro SIBJISIETCS IPEBpAllleHHe CYIEpOKCHI-aHUOHA B IIEPEKUCh Bojioposa. ['eneru-
YeCKH JICTEPMHUHUPOBAHHOE CHIDKEHHE aKTUBHOCTH epmeHTa SOD?2 B ciryyae 0JJHOHYKIICOTHIHOMN 3a-
MeHbI 154880 (A>G) MOXeT cnocoOCTBOBATh PA3BUTHIO HAPYILEHUS PeOKC-OarmaHca MUTOXOHIPHMA
0eTa-KJICTOK MOKEITYI0UHOM Kene3bl i APYTUX TKaHeH, UMEIOIINX IaTOreHETHYeCKOe 3HaYCHHE JUIs
BO3HUKHOBEHUs caxapHoro quadeta 2 tuna (CL12) u ero MUKpococyiucThIX ocnoxxkHeHuid. Lean nccie-
noanms: [IpoBectn aHanm3 acconmanuii MucceHnc-papuanta rs4880 SOD2, mpuBosiero k 3aMeHe Ba-
JIMHA Ha aJlaHuH B OEJIKOBOM MPOAYKTE IreHa, ¢ puckoM pa3Buths CL2 1 ero MUKpOCOCYANUCTBIX OCIOX-
HeHul — nuabetnyeckoil perunonaruu (IP) u nedpponaruu (JIH®). Marepuannl u meroabl: B uccie-
noBaHKe BKIr0UeHO 3206 uenosek, xurenei LlentpansHoi Poccun, y 1579 13 KOTOpBIX IMarHOCTUPOBaH
CH2.IIpu stom y 991 nauumenra ¢ C/12 ycranosneno Hanmuue /P, y 544 6onpubix CJ12 BoisiBnena JJHO.
['eHOTHIIMPOBaHUE BBITOIHEHO METOIOM MOJIUMEPA3HO-LIEITHOM PEeaKIMy B pealbHOM PEKUME BPEMEHU
Ha Tepmormkiiepe CFX1000 Bio-Rad ¢ ucnons3oBannem TagMan 301108, CTaTHCTHYECKU# aHATTH3 ac-
COIMAIMI BBITIONHEH ¢ IOMOIIBI0 OHaitH mporpamMmMel SNPStats. Pe3yabTaThl: YcTaHOBIIEHA acCOIH-
armst muaopHoro ayutens G (OR=1,26, 95% Cl1=1,02-1,56, P=0,033), a taxxe renotunoB A/G u G/G
rs4880 (OR=1,51, 95% CI=1,09-2,11, P=0,015) ¢ puckom pa3zsutus JIP y 60mbHbx CJI2 sxenmmH. Cta-
TUCTHYECKH 3HaUMMBbIX accorpanui rs4880 ¢ CII2 u ¢ passutneM JJH® HU y My>K4MH, HU Yy JKEHIIWH
BBIsIBIIEHO He Ob110: P>0.05. [1o JaHHBIM TPAaHCKPUIITOMHOIO aHAJIN3a MOJPKEITYIOUHOM JKee3bl, HepB-
HoU u cocyaucToit Tkaneit (GTEX Portal), BapuanTtHsiit amtens G CBSI3aH CO CHHKCHHEM 3KCIPECCHH
6enka MRPL18, Heo6xoauMoro Ajst TpaHCTIOPTUPOBKH BaXkHEHIIero kommnoneHrta pudocom 5S pPHK
W3 IIUTO30JI1 B MUTOXOH/IPUHU U oOecrieueHus] pubOCOMabHOTO cuHTe3a Oenka. 3aksouenue: Hocu-
TENBCTBO MUHOPHOTO ajuiens s4880-G siBisiercst reHeTHUECKUM MapKepOM MOBBIIIIEHHOTO pHCKa Pa3BU-
TUS TMa0ETUYECKON peTUHONATHH Y >keHIIuH ¢ C12.

KuroueBble ciioBa: caxapHblii quadeT 2 Tvma; quabeTndeckas peTHHONATHS; TnadeTuueckas Hedpora-
THST; OMHOHYKJICOTHIHBIN osmMopdusm; ren SOD2; cymepokcnamicmyTasa 2
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The link of single nucleotide polymorphism
rs4880 of the SOD2 gene to the development
of microvascular complications
of type 2 diabetes mellitus
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Abstract

Background: The superoxide dismutase 2 (SOD2) gene encodes a mitochondrial enzyme whose
main function is to convert superoxide anion to hydrogen peroxide. A genetically determined de-
crease in the activity of the SOD2 enzyme in the case of a single nucleotide variant rs4880 (A>G)
may contribute to the development of redox imbalance in the mitochondria of beta cells of the pan-
creas and other tissues, which have pathogenic significance in the occurrence of type 2 diabetes mellitus
(T2DM) and its microvascular complications. The aim of the study: To analyze the association of the
missense variant rs4880 SOD2, leading to the replacement of valine with alanine in the protein product
of the gene, with the risk of developing T2D and its microvascular complications — diabetic retinopathy
(DR) and nephropathy (DNF). Materials and methods: The study included 3206 subjects, residents of
Central Russia, 1579 of whom were diagnosed with T2D. At the same time, DR was detected in 991
patients with T2D, and DNF was detected in 544 patients with T2D. Genotyping was performed by real-
time polymerase chain reaction on a Bio-Rad CFX1000 thermal cycler using TagMan probes. Statistical
analysis of associations was performed using the SNPStats online program. Results: An association was
established for the minor allele G (OR=1.26, 95% CI=1.02-1.56, P=0.033), as well as genotypes A/G and
G/G rs4880 (OR=1.51, 95% CI1=1.09-2.11, P=0.015) with a risk of developing DR in females with T2D.
No statistically significant associations with T2D and the development of DNF were identified: P>0.05.
Conclusion: Carriage of the minor allele rs4880-G is a genetic marker of an increased risk of developing
diabetic retinopathy in females with T2D.

Keywords: diabetes mellitus type 2; diabetic retinopathy; diabetic nephropathy; single nucleotide poly-
morphism; SOD2 gene; superoxide dismutase 2
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BBenenue. Caxapupiii auaber 2 Tuma
(CI12) mpencrasmisier co00il cepbe3HOE XPOHH-
yeckoe 3a00JieBaHMe, KOTOPOE PAa3BUBACTCS HA
¢boHe TUCHYHKIMU UHCYITUH-TIPOTYLIUPYIOIIUX
0eTa-KJIeTOK IMOKETYA0YHOM KeJe3bl U WHCY-
JIMHOPE3UCTEHTHOCTH MepU(epUIecKux TKaHel
[1]. 3a nocnennue qBaaLATh JIET 0OIIEe YUCIIO
OOJIbHBIX CaxapHbIM TUA0ETOM B MUPE BBIPOCIIO
Oonee yem B Tpu paza — ¢ 151 MiTH 4YenoBek B
2000 r. 1o 537 muH yenoBek B 2021 1., ipu 3TOM
a0CoNIOTHOE OOJBUIMHCTBO MAIIMEHTOB UMEIOT
CJ2 [2]. Ecnu 5Ta TeHACHIIMS TaHAEMUYECKOTO
pocra 3a00J1€Ba€MOCTH COXPAHHUTCSI, TO TI0 MPO-
rHo3am 3kcrepToB K 2030 r. 4nciIo NarueHToB
MpeBbICUT 643 MIJIH YEeNIOBEK, YTO COCTaBUT
11,3% nacenenus 3emHoro mapa [3].

C2 xapakrepusyercsi HapyLIECHUSIMU
BCEX BUI0B 0OMEHA BEIIECTB U BXOJIUT B TPYIIITY
CBOOO/THO-PAIMKATIBHOM TIATOJIOT UM, TTOCKOJIBKY
MMEHHO CIIBUT B PEIOKC-TOMEOCTa3e SIBISIETCS
JBWKYILEH CHION €CTECTBEHHOIO TEUEHMS 3a-
OoneBaHus U GOPMUPOBAHUS €T0 OCIONKHEHHIMA
[4, 5, 6]. XpoHuueckas runeprimKeMusi, U30bi-
TOYHOE O00pa3oBaHUE CBOOOJHBIX PAJUKAIOB
HAJI®H-okcupazamu [7] u npIxaTenbHON 1ie-
b0 MUTOXOHIpHH [8], MeUIUT 3HIOTeHHBIX
AHTHOKCHIAHTOB [9] sSBIISIOTCS TIaBHBIMU (haK-
TOpaMH, TMPUBOMASAIIMMU K CTPYKTYPHBIM U
(YHKIIMOHATLHBIM U3MEHEHUSIM B CETUaTKe, He-
pBax M cocyaax pa3MUYHBIX TKaHEH U OpPraHoB,
9TO, B YACTHOCTH, IPOBOLIUPYET PA3BUTHE MUK-
POCOCYIICTBIX (Ha0eTUYEeCKOW PETHHOMATUU
(AP) u muabernueckoi Hepponaruu (JJHD)) u
MaKpOCOCYAUCTBIX  (UIleMHuYeckas OoJe3Hb
Cep/IIa, OCTPbIE HAPYIICHHUSI MO3TOBOTO KPOBO-
obpartenus) ocioskaennit CJ12 [10, 11].

HccnemoBanus MoCIeTHIX JIST TOKa3alIH,
9T0 00pa30BaHKE aKTUBHBIX (HOPM KHCIOpPO/Ia B
MUTOXOHJIPUSIX CITY)KUT OCHOBOW HECKOJBKHX
CBSI3aHHBIX C THUIMEPIIIMKEMHEN MaToreHeTHye-
CKHX MEXaHU3MOB Pa3BUTHS OOJIC3HU, TAKUX KaK
MHTUOMpPOBaHUE TiHUIepabaerua-3-hocdatme-
THPOTCHA3bI, aKTHBAITUS AyTOOKUCIICHHS U TI0-
JIMOJIOBOTO TMyTH METa0O0JIM3Ma TITIOKO3bI, aKTH-
Banusa mnpotenHkuHasbl C, 12/15-nunokcure-
HA3HOTO MyTH, a TAKXKe 00Pa30BaHUS KOHEUHBIX
npoayKToB riukupoBanus [12, 13, 14]. Ilepe-
YUCJIEHHBIE TPOIECCHl CIIOCOOHBI YCYTYOISTh
OKHUCIUTENBHBIN cTpecc. Tak, (epMeHTHI mo-

JIMOJIOBOTO IyTH pacxoayror HAJI®OH-H', Top-
MO35 €r0 WCHOJIb30BaHKE JIJIsl BOCCTAaHOBIICHHUS
OKHCIICHHOTO JTUMEpa KJIETOYHOTO aHTHOKCHU-
JTAHTA [IIyTaTHOHA B MCXOAHYIO aKTUBHYIO MO-
HoMepHYTO (opmy [14]. B 10 sxe Bpemst B3armo-
JeCTBUE KOHEYHBIX MPOIYKTOB TTIMKHPOBAHUS
C UX peIenTopaMy MPHUBOAUT K HOBOMY BUTKY
reHepanuy aKTUBHBIX (GopM Kuciaopoma [15],
YTO TPO3UT MHULIMALIMEH CUTHANIMHTA Oernka pS53
U, KaKk CIIEJICTBHE, BBICBOOOXKICHHUEM LIUTO-
XpOMa ¢ U3 BHYTPEHHEW MEeMOpaHbI MHTOXOH-
JIPHIA ¢ 3aITyCKOM artonTo3a Kietku [16]. B aroit
CBSI3U TNEPBOCTENICHHOE 3HAYCHUE IS 3aIUThI
KJIETKM B YCJIOBHSIX HM30BITOYHOTO OKHCIICHHS
CyOCTaTOB HMMEIOT MHUTOXOHJPUAIIBHBIE H30-
(hopMBI aHTHOKCHIAHTHBIX (DEPMEHTOB, K KOTO-
pbIM  OTHOCHUTCSI  CYNEPOKCHIJUMCMYyTa3a 2
(CO/12), xkaTanu3upyrolias npeBpaiieHue cyre-
POKCH/I-aHHOHA B IIEPEKKMCh BOAOPO/IA COTJIACHO
ypaBaenuro: 2H" + 20" = Hy02 + O3 [17]. Dep-
MEHT KOIHMPYETCS PaCIIOJIOKCHHBIM Ha JIJTHH-
HOM IUTeYE IIECTOM XpOMOCOMBI (6q25.3) reHoM
SOD2. CornacHo uTepaTypHbIM JaHHBIM, MHC-
cenc-BapuanT SOD2 rs4880 (A>G) xapakrepu-
3yeTcs 3aMEHOM BalvMHA Ha ajlaHWH, YTO CHH-
kKaeT (hepMEHTATUBHYIO aKTHBHOCTH Oerka [17].
Panee ObuM OmMHMCaHBI acCOIMAIMM BAapUAHTA
rs4880 ¢ muabetndeckoil HepomaTuei y eBpo-
nieiines [ 18], smonues [19] u kutaiiues [20], oa-
HAKO BaJTUJIAIIMOHHBIX HCCIIEIOBAaHUN BBISBIICH-
HOM aCCOLMAIINK B PYCCKOM TTOITYJISIIIAH BBITION-
HEHO He OBLIO, YTO OOOCHOBBIBAET aKTyallb-
HOCTb HaCTOSIILIEH pabOTHI.

ean uccaenoBanus. [Iposectu anamms
accormanmii MucceHc-Bapuanra rs4880 SOD2 ¢
puckoMm pa3Butus C/12 1 ero MUKpOCOCYTUCTBIX
OCJIO)KHEHUH — IMabeTHUeCKON PETUHOMATUH U
Hedponatun y xurenet Llenrpansroit Poccun.

Martepuajibl 1 METOAbI UCCJIEIOBAHUSA.
Jluzaiin rccnenoBanus o100peH PernoHanbHbIM
THYECKUM KOMHTETOM Tipu Kypckom rocymap-
CTBEHHOM MEJHMIIMHCKOM YHUBEpPCHTETE (BBI-
nucka u3 mpotokosa Nel0 ot 12.12.20161.). Bee
MAIMEHTHI Jali MUChbMEHHOE MH()OPMHPOBAH-
HOE COIjJacMe Ha Yy4YacTHe B MCCIIEJAOBaHUU.
I'pynna 6ompubix CH2 (1579 wenoek — 591
My>X4hHa W 988 KEHIIWH, CPEeIHHIl BO3pPacT
61,3+£10,4 roga) O6pu1a HaOpaHa U3 YKCIIa MallK-
€HTOB YHJIOKPHHOJIOTUYECKOTo oTaeneHus Kyp-
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CKOW TOPOJICKON KIIMHHYECKOH OONBHUIIBI CKO-
POl MEeAUIIMHCKOM oMoty B iepuoy ¢ 2016 o
2019 rogmpl. Juarnoz CJI2 ycraHaBIMBaIH
BPaYM-3HJOKPHHOJIOTH HAa OCHOBaHWUHU KpHTe-
pueB BO3 [21]. IIpu stom y 991 namuenra c
CI12 ycranosneno Haimmuue 1P, y 544 6onbHBIX
CA2 Boisirnena JJH®. I'pynmy xkontposs (1627
yenoBek — 601 myxunHa n 1026 sxeHmH, cpen-
Huil Bo3pact 60,8+6,4 rosa) cocTaBUIIM OTHOCH-
TEJILHO 3710poBble JTIoHOpHI Kypckoro obnact-
HOTO KJIMHHUYECKOro LIeHTpa KpoBHU. Kpurepun
BKJIIOUEHHSI M HCKIIIOYEHHS W3 HUCCIIEeIOBaHUS
OBLTH MTOJIPOOHO U3JI0KEHBI HaMU panee [22]. Y
BCEX YUACTHUKOB HCCIIEIOBaHUS ObLIT OPraHU30-
BaH 3a00p 5 MJI KpOBHM HATOIIAK B BaKyyMHBIE
npobupku ¢ DTA nns mocnenmyromieit e-
HOJIHO-XJIOPO(OPMHOIM SKCTPAKIIMH T€HOMHOM
JAHK. I'eHoTHUNIMpOBaHUE BBINOJIHEHO METOIOM
MOJIUMEPA3ZHO-TIEMTHON PEaKIMU B PETbHOM pe-
*ume Bpemenn Ha tepmorrkiepe C1000 Touch

Thermal Cycler CFX96 (Bio-Rad) ¢ ucrnonb3o-
BanueMm TagMan 3onz0B. [IpaiiMepsl 1 30HIBI
ObUTM CHUHTE3MPOBaHBI KoMmaHued CHHTON
(Mocksa). CTaTUCTHYECKUN aHAIM3 TOJyYeH-
HBIX JAHHBIX TPOBEJICH METOJIOM JIOTUCTHYC-
CKOM perpeccud ¢ mornpaBKamMy Ha 01, BO3PacT
Y MHJIEKC MacChl Teja ¢ MOMOIIBIO OHJIAMH Mpo-
rpammbl SNPStats [23]. Accornalius curranach
3HaunMoi npu P<0,05.

Pe3yabTaThl M uX 00cy:xnenue. Pacnpe-
JIeJIEHUE YaCTOT T'€HOTUIIOB B UCCIIEyEeMOM 1o-
MyJSIIMM ~ COOTBETCTBOBAJIO  PaBHOBECHIO
Xapau-Baita6epra (P>0,05). B Tabmune 1 npu-
BE/IEHBI Pe3yJIbTAaThl pacyeTa acColUaluil u3y-
YaeMOTr0 OJTHOHYKJICOTHTHOTO BApHAHTA C TIPE/I-
pacnionoxeHHocThro k CJ12. Kak BuHO U3 Tab-
unel 1, HocuTenbeTBO ToimMopdu3ma rs4880
He ObLI0 cBs3aHO ¢ pazBuTHeM CJI2 HU B 001IICH
TpYIIIE, HA OTACTBHO Y MYXKUUH U JKSHIIHH.

Tabnuya 1
YacrtoTbl ajutesieil u reHoTunoB rs4880 rena SOD2 6oabHbIx C/I2 1 310pOBBIX JIHIL
Table 1
Allele and genotype frequencies of rs4880 SOD2 gene in T2D patients and healthy subjects
I'enorun/ KonTpoJan Boabnbie C/12
ajjielb n (g/)o) n (%) A 'OR (95% ClI) P
OO6m1as BEIOOpKa

A/A 397 (25,2%) 411 (26,5%) 1,00
AlG 783 (49,7%) 765 (49,2%) 103 (0,86-1.23) 0,76
GIG 396 (25,1%) 378 (24,3%)

G 50,0% 48,9% 0,96 (0,87-1,06) 0,42

MyXK4uHBI

A/A 146 (25,2%) 161 (27,6%) 1,00
AIG 288 (49,6%) 287 (49,1%) 0,66
GIG 146 (25,2%) 136 (23,3%) 0,94 (0,71-1,25)

G 50,0% 47,9% 0,92 (0,78-1,08) 0,30

JKeHInHEI

A/A 251 (25,2%) 250 (25,8%) 1,00
AIG 495 (49,7%) 478 (49,3%) 0,80
GIG 250 (25,1%) 242 (24,9%) 103(081-1,32)

G 49,9% 49,6% 0,99 (0,87-1,12) 0,82

IMpumeuanue: 'OR (95% Cl) — oTHOILEHKE IAHCOB U JIOBEPUTENLHBIA HHTEPBAJ C NONPaBKOii Ha 10J1, Bo3pacT U UMT;
2P — ypoBeHb 3HAYMMOCTH ¢ MONPABKOH Ha 11011, Bo3pacT u UMT.
Note: *OR (95% CI) — odds ratio and confidence interval adjusted for sex, age and BMI; 2P — level of significance adjusted

for gender, age and BMI.

B Tabnuiie 2 moka3aHbl pe3ynbTaThl aHa-
nu3a accorumanui rs4880 c¢ mukpococyau-
cteiMu ociioxkHeHussMu CJ12. Y cranoBiieHa ac-
cormaruss MuHopaoro amiens G (OR=1,26,
95% CI=1,02-1,56, P=0,033), a Takxe

remotunoB  A/G u G/G (OR=1,51, 95%
ClI=1,09-2,11, P=0,015) c puckoM pa3BUTHSI
JIP y 6onpubix CJI2 >keHIWH, TOT/1a KaK CTa-
TUCTUYECKH 3HAYMMBIX acCOIUAINIl C pa3BU-
tueM [IH® BreisiBneno #e 6p10: P>0,05.
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Tabauya 2
Accounanuu rs4880 rena SOD2 ¢ MukpococyrucTbiMu ociaokHeHusimu CJ12
Table 2
Associations of rs4880 in SOD2 gene with T2D microvascular complications
JAnadeTnyeckasi peTHHONATHS JAuabGernyeckas HedpponaTusi
I'eno-
- boabHble BobHbIe boabHbie boabHbie
S CJ12 6e3 CII2 ¢ JIP OR (95%CI)! | P? CJ12 6e3 Cl2c OR (95% P?
TP 0 (%) TH® JTH® cht
n (%) n (%) n (%)
Oo6mas rpynmna 6oneHbIx CZ[2
113 261 232 146
AR og3m) | (263%) 1,00 26,6%) | (26,8%) 1,00
194 483 419
AIG 0 0 0,38 0 272 (50%) 0,99
(48,6%) (48.7%) 1,13 (0,86-1,47) (48,1%) 1,00 (0,77-1,30)
G/G 92 (23.1%) 247 220 126
' (25,0%) (25,3%) (23,2%)
G 47,4% 49,3% 1,08 (0,92-1,27)| 0,36 49,3% 48,2% |0,96 (0,82-1,11) | 0,55
Bonphbie C2 My KUUHBI
101
9 9 9
A/A 41 (23,3%) | 88 (31,9%) 1,00 (27.1%) 32 (31,7%) 1,00
126 0,11 187 0,73
9 ' 9 . '
AIG 93 (52,8%) (45,6%) | 0,70 (0.44-1,09) (50,1%) 43 (42,6%) O,Qf é(i,)SG
G/G 42 (23,9%) | 62 (22,5%) 85 (22,8%) | 26 (25,7%) '
G 50,3% 453% | 0,82 (0,63-1,07) 014 | 47.9% 47,0% 0'917 ég')“' 0,84
Bbonpabie C/12 KeHIUHBI
173 131 114
9
A/A 72 (32,3%) (24,2%) 1,00 (26,3%) (25.7%) 1,00
101 357 232 229
AC | uszw) | (a99%) | 151(100- | 29| (seew) | GL7w) | 103076 | 0B
185 2,11) 135 100 1,40)
9
GG | 50(224%) | (95 905 Q71%) | (22.6%)
1,26 (1,02- 0,92 (0,77-
9 9 ) 9
G 45,1% 50,8% 1,56) 0,015 50,4% 48,4% 111) 0,39

IIpumeuanue: 'OR (95% Cl) — oTHOIIEHNE ITAHCOB M JOBEPUTENLHEIN MHTEPBAJ ¢ HOMPABKAMHK Ha o1, Bo3pacT 1 UMT;
2P — ypoBeHb 3HAYMMOCTH aCCOLMAIMHU C TIOTPaBKaMU Ha T0J, Bo3pacT 1 UMT; JIP — nuabeTuueckas peTHHONATHS;
JH® — muabetnyeckas Hepponarus; CJ12 — caxapHbiii 1uadet 2 THIIa.

Note: 1OR (95% CI) — odds ratio and confidence interval adjusted for gender, age and BMI; 2P — level of significance of
association adjusted for gender, age and BMI; DR — diabetic retinopathy; DNF — diabetic nephropathy; T2DM — type 2

diabetes mellitus.

AHanu3 B3aMMOJICHCTBUI KOIUPYEMOTO
reaoMm SOD2 ¢epmenTa ¢ qpyrumu Oemxamu
(Puc. 1), BbIMONHEHHBI C HCMNOIb30BAaHUEM
uHctpyMeHTa STRING, nokasan, yto uHTEp-
aKTOM CYNEpPOKCHIAMCMYTa3bl 2 BKIIOYAET B
ce0st cynepokcunaucmyTasy 1 (SOD1), kara-
nazy (CAT), ruyratuonnepokcuaazy 7
(GPX7), l-anbha KOaKTHBATOp peIEHTOpA
raMMa, akTUBUpyeMoro mnponudeparopamu
nepokcucom (PPARGC1A), nermmkazy DJ-1
(PARKY7),  TpaHCKpHIIIMOHHBIH  (hakTop
(FOX03), THCTOHOBYIO JiearieTHIIa3y
(KAT2A) u WD-noBTOp conepxamiuii 0enok

5 (WDRS). AHaiu3 TeHHBIX OHTOJIOTHI BBI-
SIBUJI OCHOBHbIE (DYHKIIMM ONMCAHHON OenKo-
BOM CETH: KJIETOUHBIA OTBET HAa OKUCIIUTEIb-
ueii crpecc (FDR=1,38%x107), monoxurenn-
Hasi peryisinus OMOCHMHTE3a aKTHBHBIX (OpM
kucnoponaa (FDR=0,00015) u otpuniatenpHas
peryysinusl WHAYLHMPOBAHHOTO OKHUCIUTENb-
HBIM CTPECCOM CHTHAJIBHOTO ITyTH aronTo3a
(FDR=0,0102).

Kak ¢epment, obecrieunBaronuii ycroii-
YUBOCTh K OKHCIUTEIHHOMY CTpeccy, CyIie-
POKCHITHCMYTa3a 2 SIBIISIETCSI YacThIO OEIKO-
BOTO MHTEPAKTOMA (TaK)Ke BKITFOYAIOMIETO II1a-
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NEPOHBI, OENKW DHEPreTHYecKoro Merado- JUPYIOLLEro IPOLECCHl CTapeHUs U IPOJO0II-
mu3ma, penapanuu JJHK u aytodarun), pery- KHUTEIBHOCTD KU3HU YEIIOBEKa U JPyTrux Ono-

noruyeckux BuaoB (Puc. 2, KEGG Pathways).

Puc. 1. Cets 6enkoBeix Baumozeiicteuit SOD2 (STRING.db)
Fig. 1. Network of SOD2 protein (STRING.db)
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Puc. 2. Posis SOD2 B peryssiiuu npoaopkutenbHocTh sxu3an (https://www.kegg.jp/kegg/pathway.html)
Fig. 2. Role of SOD2 in longevity regulating pathway (https://www.kegg.jp/kegg/pathway.html)
N3yyaeMblil OTHOHYKJICOTH/IHBIN BapH- HOI! Lenu O6enKoBoro npoaykra. B uccnenona-

ant rs4880 (A>G) npuBOAUT K 3aMEHE BaJMHA nuun Bastaki [24] nmoka3aHo, 4TO aKTHBHOCTH
Ha aJlaHWH B 16-M MOJIO)KEHUH MOTUIENTH- depmenTa y Hocutenei reHotunioB A/A u A/G
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Obu1a Ha 33% BBIIIE IO CPABHEHUIO C HOCHUTE-
asmu renotuna G/G, ogHako B O6osiee paHHei
pabote Sutton [25] 6pUM TTOTYyYEHBI TPOTUBO-
MIOJIOXKHBIE pPe3yJbTaThl. B 3TOH cBs3M Hamu
OBLI TTPOBEICH OMOMH(POPMATUYECKUIN aHATHN3
a¢dekToB anprepHaTHBHOTO amiens rs4880-G
Ha skcrpeccuto SOD2. [1o gaHHBIM TpaHCKpHII-
tomHoro ananusza (GTEX Portal) amrens rs4880-
G acconmupoBaH CO CHMKEHUEM JKCIPECCHH
rena SOD2 B cepaeunoit mprmie (NES=-0,11,
P=0,0000053). DToT e ajens CBA3aH CO CHH-
»)eHueM kcnpeccuu rena MRPL18 B momkeny-
nounoii skenese (NES=-0.19, P=0,000026),
cepmue  (NES=-0,21, P=6,1x10"1), aopre
(NES=-0,17, P=2,9x10®), ckenernoii MmpImreu-
noit Tkauu (NES=-0,15, P=6,8x107?), momkox-
HOit  kwupoBoii  kierdatke  (NES=-0,24,
P=6,2x10"%),  GombmebeprioBoii  apTepun
(NES=-0,19, P=1,5x10"1%) u Gonbure6eprioBom
mepee (NES=-0,25, P=1,8x10?!). Cnenyer
OTMETHTH, 4TO MHUTOXOHIPUATIBHBIN

pubdocomanbhbiii 6emok L18 (MRPL18) Heob-
XOAUM Uil TPAHCIIOPTUPOBKU W3 LIUTO30JI B
MUTOXOH/IPUH BOKHEUIIIETO KOMIIOHEHTa prUOo-
com 5S pPHK, komupyemMoro He MUTOXOHJIPH-
ampHOM, a remomuon JIHK  (Uniprot,
https://www.uniprot.org/). CHIKeHHE 3Kcnpec-
ciu MRPL18 crnocoOHO oOka3aTh HEraTHBHOE
BIIMSIHUE HA pUOOCOMAJIbHBIN CHHTE3 OEJIKOB B
MUTOXOHJIPUSX TKaHEW, MaTOTCHETHYECKU CBS-
3aHHBIX ¢ pa3BuTHeM CJI2 1 ero oClI0KHEHUH.
ITo JTAHHBIM pecypca mqtl.db
(http://www.mgqtldb.org/), nenonupytorero pe-
3ynbTaThl aHa3a meturpoBanus JJHK y geno-
BEKa B pa3NIMuHbIC BO3PACTHBIE MEPUOIBI KU3HHU,
BusiHue ayurens rs4880-G Ha MeTwnmpoBaHHe
CpG-octpoBkoB B rere SOD2 y B3pocibIx Jito-
JIe HOCUT HEOTHO3HAYHBIM XapaKTep: HOCUTEIb-
CTBO MUHOpPHOTO ajienst G accolMMpoBaHo C TU-
nomeTipoBanueM ogHux CpG-0CTPOBKOB U €
rurnepMeTurpoBanrem apyrux (Ta6m. 3).

Tabauya 3

IddexTn anens rs4880-G na merunupoBanue CpG-ocTpoBkoB B rene SOD?2
y B3pocabix jgioaeii (http://www.mqtldb.org/)
Table 3
Effects of the rs4880-G allele on CpG island methylation in the SOD2 gene in adults
(http://www.mqtldb.org/)

ti?lge?g CpG CpG Position beta t-stat Effect Size p-value
G €g20372956 160148392 -0,36324 -10,38395 0,00856 7,70e-24
G cg13221458 160112632 0,62188 16,16896 0,02324 2,30e-51
G Q27624424 160112604 0,24202 7,15197 0,00353 1,87e-12
G cgl4767165 160183909 -0,31423 -8,01196 0,00811 3,79e-15
G cg17956964 160220921 -0,28553 -6,86246 0,00544 1,32e-11
G cg10268548 160184041 -0,20660 -5,42599 0,01226 7,55e-08
G €g25282410 160211355 0,25707 8,39913 0,00735 1,92e-16

Hamu BmepBble ycTaHOBJIEHA accolua-
s 1s4880 ¢ muabeTnyeckoi peTHHONATHEH y
xeHmuH ¢ C/12. B nutepaTtype onucaHsl acco-
UAlUU W3Yy4aeMoro MOJIMMOpP(GHOro BapH-
aHTa ¢ AuabeTnyeckol HedponaTuel mpu ca-
xapHoM quabere 1 Tuma B momynsiuu GUHHOB
u mBenoB [18], a Takke ¢ nuabeTHYeCKOn
Heponatueit y 6oapubIX C/12 smonnes [19] u
kutaiines [20]. Hequabernueckue GeHOTHUIIHI,
accouuupoBaHHble ¢ 54880, BKIIOYAIOT Kap-
JUOMUONATHIO y TMAIlMeHTOB C reMaxpoMaro-
30M [26], HAUMIATUYECKYIO KapAHMOMHUOIATHIO
[27], nneBpanbHy0 Me3oTenuomy [28], pak
npoctatsl [29] u 6one3ns Anbireiimepa [30].

CeMelicTBO CyNEpOKCUINCMYTa3 y de-
JIOBEKa BKJIIOYAET B ce0st TpU N30(OpPMBI — IIH-
TO30JIBHYIO CyNEpOKCHIaucMyTaszy 1, mwuro-
XOHJPUATIBHYIO CYNEPOKCUATUCMYTa3y 2 H
BHEKJIETOUHYIO cynepokcuaaucmyrasy 3 [17].
YcraHoBneHHBIH HaMu GakT acconuanuu ¢ J[P
loss-of-function Bapuanra rs4880 B rene, Ko-
JTUPYIOUIEM CYNEPOKCHIIUCMYTa3y 2, UMEeT
HENOCPEACTBEHHOE MMATOI€HETUYECKOE 3Have-
HHE U1 pa3BUTHS ATOro ocioxkHeHus CJI2
BBHJly TOTO, YTO CHM)KEHHE KaTaJIUTUYECKOU
aKTUBHOCTH (pepMEHTa Y HOCHUTEJEH MHHOp-
Horo ayuenst rs4880-G crocoberByer popmu-
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POBaHMIO OKUCIMUTEIBHOIO CTpecca B MMTO-
XOHJpusiX U ux aucyukuuu. [lokazano, uro
XPOHUYECKAS TUIEPTIIMKEMUS UHAYLIUPYET T'e-
Hepaunio ADOK B MUTOXOHAPUSAX, UTO U3MeE-
HSIET IKCIPECCUIO T€HOB 3a CUET KOBAJIEHTHOM
MOU(UKAIIHN TPAHCKPUIILIUOHHBIX (PAKTOPOB
[31, 32] 1 BBI3BIBAET YBEIMUEHUE COACPHKAHUS
B C€TYaTKE MPOANONTOTUIECKUX MUTOXOHIPH-
QIbHBIX OEJIKOB, TaKUX KaK LUTOXPOM C H
arnonTo3-uuaynupyromwii pakrop (AIF) [33].
JleWicTBUTEIBHO, UCCIICAOBaHUS IN VItro ycra-
HOBWJIM yCUJIEHHE (pparMeHTaluu MHUTOXOH-
JpUN ¥ aKTHBALMIO arloNTO3a KJIETOK B yCIIO-
BUsIX runeprinkemuu [34]. Kpome Toro, B 3Kc-
nepuMeHTaabHOU padore Ha mblmax ¢ CI2
BBISIBJICHO 3HAYUTENIbHOE MOBBIIIEHUE TeHepa-
uuu AOK B ceruaTke, mpuyueM IMOJaBIICHUE
cunteza ADK uHruOuposano omnocpeaoBaH-
HBIN Kacmaszou 3 arnonTo3 HEMPOHOB U 3aMe/I-
Jsto motepro 3peHust [35]. Cuuraercs, 4To
UMEHHO TUCHYHKIUS MUTOXOHIPUH SBIISACTCS
NPUYMHON  HelpojereHepaluu  CeTYaTKH,
[IPEIUIECTBYIOLIEH MOSBICHUIO COCYIUCTBIX
Hapyuenuit ipu JIP [36].

3akiouenue. HocutenbcTBO MHHOP-
Horo amnenst rs4880-G sBnsercs reHeruue-
CKHMM MapKepoM IOBBIIIEHHOI'O PHCKa pa3BU-
TUS A1abeTUYeCKO PETUHOMATHH Y YKEHIUH
c C/12. [loBbimieHHsIH puck pazsutus AP y Ho-
CUTEIbHUL MUHOpHOTO ajutens rs4880-G mo-
KET OBITh CBSI3aH CO CHM)KEHHEM aKTUBHOCTH
MUTOXOHJIPHAIIbHOU CYNIEPOKCUAIUCMYTa3bl 2
KaK B pe3ysibTaTe aMHUHOKHUCIOTHOM 3aMEHBI
BaJIHA Ha aJaHWH, TaK U B pe3yJbTaTe OTPH-
aTeapHOro BiMsHUS amutens G Ha skcmpec-
cuto reHoB SOD2 u MRPL18 B cocynuctoii u
HEpPBHOW TKaHSX, YTO CIOCOOCTBYET CTAaHOB-
JICHUI0 MUTOXOHJIPHANBHON NUCHYHKIUU —
BAKHEWIIIErO 3BE€HA NTaTOT€HE3a PETHHAIBHON
HEHUPOJETeHEPAlUM U TIOPAKEHUS COCYIOB
CeTYaTKU MPH caxapHOM Juadere 2 TUma.
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KJIMHUKO-TEHeTHYEeCKAsA XAaPAKTEPUCTUKA
MYKOBHUCIIM103a
B PecnyOiiuke bamkoprocran

I'.P. Aonosa' ©, P.!. Xycaunosa®?

! denepanbroe rocyrapcTBeHHOE G10KETHOE 0OPA30BATEILHOE YUPEKICHUE BBICIIETO
oOpa3oBaHus «balIKUPCKUil rOCy1apCTBEHHBI MEUIIMHCKAN YHUBEPCUTETY,
yi. Jlenuna, a. 3, r. Ya, 450008, Poccuiickas @eneparnus
2 denepanbHOE TOCYIAPCTBEHHOE OI0KETHOE HaydHOe yupeskaenue Y GuMcKuii BenepanbHblii
uccieioBaTeNnbCKuil neHTp Poccuiickoii akageMuu Hayk,
np-T. OkTsa6ps, 1. 71, T. Yda, 450054, Poccuiickas deneparust
Aemop ons nepenucku: I'.P. Aronosa (Quzel8319@gmail.com)

Pesrome

AxkrtyanbHocTh: [0 onleHkaM BeemupHOU opranu3anuu 31paBOOXPAaHEHUS €KETOAHO B MUPE POXK-
naetcs 40-50 Teicsiu nereit ¢ mykoBucu1030M (MB) — MOHOT@HHBIM 3200JIEBaHUEM C TE€HETUYECKOU
reTepPOreHHOCTHIO U KIIMHUYECKOH BapuadeIbHOCThIO, 00YCIOBICHHBIMUA PETHOHATIBHBIME M ATHUYE-
CKHMH Pa3NIUYUsIMU TeHOdOH1a Tomysiuii. MOHUTOPUHT O0coOEHHOCTEN TeueHus: 3a00JeBaHus U
MOJIEKYJISIPHOTO [TATOTE€HE3a y MAMEHTOB U3 Pa3IMUHbIX PETMOHOB MHOTOHAllMOHAIbHOM Poccuu He-
00XO0/IUM JJIs1 ONTUMM3ALIMN AITOPUTMOB MEMKO-T€HETUUYECKOT0 KOHCYJIbTUPOBAHUS U YIIyULIEHUs
KauecTBa >ku3HU nanueHToB. Lleab ucciaegoBanus: O6001IeHNe U cUcTEMaTU3alUs PE3YJIbTaTOB
JMHAMUYECKUX KIMHUYECKUX HAOII0JeHUH, 1JaOOpaTOPHBIX U MOJIEKYJISIPHO-TEHETUYECKUX HCCIe-
JIOBaHMN MallMEHTOB ¢ MyKoBHcIMI030M U3 PecnyOnuku bamkoprocran (PB) mmst ocymectBienus
MOHHUTOpHUHTA 3()(PEeKTUBHOCTH PabOTHI C MALMEHTaMHU COIJIacHO peecTpy namnueHtos MB Pecmy6-
nuky bamkoprocTaH, COBEpIIEHCTBOBAHUS MEAUKO-TEHETUUYECKON TOMOIIIM OTSTOIIEHHBIM CEMbSIM.
Matepuanbl U MeToAbI: B rpynmy uccienoBanust BOIUIM OOJNbHBIE MYKOBHUCIIUI030M, YJICHBI MX
ceMeil M MalMeHThl U3 TPYNIbl pUcKa 0 MyKOBUCIIMI03Y, TpoxuBatolye B PecnyOnuke bamkopTo-
ctal — 400 yenoBek. [IpuMeHAINCH KIMHUKO-T1a00paTOpHbIe, MOJIEKYJISIPHO-TEHETHUECKUE U CTaTH-
CTHYECKHE METOJIbI MCCIIeIoBaHus, OnonHpopmarndeckas 0opadbotka pe3ynbratoB NGS cexBeHnpo-
BaHus. Pesyabratsel: 3a nepuoz ¢ 2019 r. no 2022 r. yncno nauueHToB B Pb Bo3pocio ¢ 80 o 94
YeJI0BeK, YacToTa 3aboneBanus cocraBuia 1,9 u 2,297 na 100 TeIc. HaceIeHUS, COOTBETCTBEHHO. Jlu-
arHo3 noareepxxaeH B xoae /IHK-nuarnoctuku 94 mauueHTaMm ¢ MyKOBHCIHJI030M B Pecmy6Omuke
bamkoproctan. Onpenenensl pernoHallbHble 0COOEHHOCTH IT'eHEeTHUECKON apXUTeKTypsl MB, s3To 12
MaTOTCHHBIX BAapHAHTOB HYKJICOTHUIHON mocienoBareiabHocT B reHe CFTR: Phe508del, E92K,
CFTRdele2,3, 3849+10kbC>T, L138ins, G509D, 394delTT, N1303K, W1282X, Y84X, 2143delT,
1525-1G>A cocraBistor 94,9%, uvactota komruiekcHoro amiens — C.1399C>T (p.Leud67Phe,
L467F) — 16,6 %. [Tanmentam Ha3HA4YeHA TapreHTHas Tepanus. 3akiaodenue: VccienoBanue mos-
BOJIWJIO BBISIBUTH PETHOHATIBHBIE 0COOEHHOCTH KIMHUKO-TEHETUYECKUX acniekToB MB st mpumMene-
Hus AMPPepeHInanbHOro U MepCOHAIN3UPOBAHHOTO MTO1X0/1a B OKa3aHUH MEAUIIMHCKOW OMOIIH U
TUTAHUPOBAHUM MEPONIPUATHI MO yIyUIIEHUIO KauecTBa *U3HU 001bHBIX MB B pernone.
Karuesbie cioBa: mykoBucuno3; red CFTR; peructp; Pecny6imka bamkoprocran
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Clinical and genetic characteristics of cystic
fibrosis in the Republic of Bashkortostan
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Abstract

Background: According to estimates of the World Health Organization, 40-50 thousand children
worldwide are born each year with cystic fibrosis (CF), a monogenic disease with genetic heteroge-
neity and clinical variability due to regional and ethnic differences in the gene pool of populations.
Monitoring of disease course and molecular pathogenesis in patients from different regions of multi-
national Russia is necessary to optimize algorithms of medical genetic counseling and improve the
quality of life of patients. The aim of the study: Generalization and systematization of the results of
dynamic clinical observations, laboratory and molecular genetic studies of patients with cystic fibro-
sis from the Republic of Bashkortostan (RB) to monitor the effectiveness of work with patients ac-
cording to the registry of CF patients of the Republic of Bashkortostan, improvement of medical and
genetic care for burdened families. Materials and methods: The study group included cystic fibrosis
patients, their family members, and patients from the cystic fibrosis risk group living in the Republic
of Bashkortostan — 400 people. Clinical-laboratory, molecular-genetic and statistical research meth-
ods, bioinformatic processing of NGS sequencing results were used. Results: During the period from
2019 to 2022 the number of patients in RB increased from 80 to 94, the incidence was 1.9 and 2.297
per 100 thousand population, respectively. The diagnosis was confirmed in the course of DNA diag-
nosis of 94 patients with cystic fibrosis in the Republic of Bashkortostan. Regional peculiarities of
CF genetic architecture were determined: these are 12 pathogenic nucleotide sequence variants in
CFTR gene: Phe508del, E92K, CFTRdele2,3, 3849+10kbC>T, L138ins, G509D, 394delTT,
N1303K, W1282X, Y84X, 2143delT, 1525-1G>A are 94.9%, the frequency of the complex allele —
€.1399C>T (p.Leud67Phe, L467F) — 16.6%. Patients were prescribed targeted therapy. Conclusion:
The study allowed us to identify regional peculiarities of clinical and genetic aspects of CF in order
to apply a differential and personalized approach in the provision of medical care and planning of
measures to improve the quality of life of CF patients in the region.

Keywords: cystic fibrosis; gene CFTR; register; Republic of Bashkortostan

For citation: Ayupova GR, Khusainova RI. Clinical and genetic characteristics of cystic fibrosis in
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Beenenune. Myxkosucino3d (MB), ku- 0 pacIpOCTPAaHEHHOCTH HACIIEICTBEHHOE 3a00-
cro3ubii  ¢uopo3 (Cystic fibrosis, OMIM JIeBaHUE, BCTPEUAETCsl BO BCEM MHpE, HO CyIIle-
219700, MKB-10 E 84) — 01HO 13 caMbIX 4acTbIX CTBYIOT BBIPQ)KCHHBIE IIOIYJIILMOHHBIC Pa3iIu-

YMA IO €T0 4aCTOTE: y a3UaTOB OHA COCTABIIACT 1
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: 100 000350 000, y eBpomeiines - 1 : 2500
4500 [1, 2]. 3aboneBanne 00yCIOBICHO MaTOTCH-
HbIMM BapUaHTaMH HYKJICOTHUIHOW I10CIIEN0Ba-
TETBHOCTH B T€HE MYKOBHCIMIO3HOTO TPAHC-
MEMOpPAHHOIO  PEryJisiTopa  IPOBOIUMOCTH
(MBTP; Cystic Fibrosis  Transmembrane
conductance Regulator — CFTR), pacmomnoxeH-
HOM Ha 7 xpomocome (7q31.2), Hacremayercs 1o
ayTOCOMHO-pEIeCCUBHOMY Ty [3].

Vcranosneno, uyro 6emok CFTR yenoBeka
MPEJICTABISIET COO0M MHOTOJIOMEHHBIA WHTE-
rpabHBI MeMOpaHHbIid Oenok u3 1480 ocrar-
KOB, KOTOpBIN PEryJavpyeT IOTOK MOHOB XJOpa
yepe3 KIeTouHyto MeMOpany. OH siBisieTcs uie-
HOM  HaJceMeiicTBa  OENKOB-TPaHCIIOPTEPOB
AT®-cesspiBatomieii kaccersl (ABC) u cocrour
U3 JBYX TpaHcMeMOpaHHBIX JoMeHoB (MSD),
JBYX HYKJICOTHJCBS3bIBatoMX qJoMeHoB (NBD)
u peryastopHoit oonactu (R). YHUKanbHbIN pe-
rynsTopHbiii  nomeH (regulatorydomain, RD)
KOHTPOJIMPYET aKTUBHOCTh KaHaia. TpaHcMeM-
OpaHHBIE CErMEHTBhI COEAMHEHBI MEXIY COO0OM
YeTHIPbMSI  BHYTPHKJICTOYHBIMH  TCTIIIMH
(intracellularloops (ICL)), pacnionoxeHHbIMH Ha
MIOBEPXHOCTU KIJIETKU, U ILECThIO BHEKIJIETOY-
ubiMu nieTssivu (extracellularloops (ECL)), naxo-
JSIIIAMUCS CHAPY KU KIIETKH, UMCHHO B allHKATb-
Hoil MmemOpane CFTR BbImosHseT cBoo (yHK-
uto [4]. K HacTosimieMy BpeMeHU BBISBIICHO 7
KJIACCOB MYTAIIU, MIPUBOIIMX K AUCHYHKIUH
XJIOPU/IHO-aHUOHHOTO KaHaia. Mytaimu CBs-
3aHbI ¢ HapymenneM cuate3a M-PHK miis CFTR,
(hopMHpOBaHHST €ro BTOPHUYHOM W TPETUUHOU
CTPYKTYp U PabOThI PETYIISITOPHBIX TOMEHOB [5,
6]. I'enernueckue BapuanTtsl B rene CFTR 3amyc-
KaloT TMAaTOJOTHYECKUI TPOoIlecC B OpraHu3Me
0O0JILHOTO MYKOBHCIIMJIO30M C Pa3BUTHUEM TsDKE-
TIBIX JKU3HEYTPOXKAIOLIMX COCTOSTHHUI.

B Hacrosiiiee BpeMsi B MHpe 3aperucTpu-
poBaHookoso 100 TeIc. mrozel, cTpajarommx
MB. Yacrora 3ab05eBaHusI CPeId €BPOTIEOHIOB
cocrasisieT oT 1 Ha 600 o 1 Ha 17000 HOBOPOX-
nennwix [7, 8]. B Poccuiickoit deneparnmu 1 B
PecnyOmuke barikoproctan 3TOT okazaresb co-
crapisieT mpumepHO 1 Ha 9000 HOBOPOKIEHHBIX
[9, 10]. OmHako cymIecTBYET pa3iuyusl 1O pac-
npoctpaHeHHOcTH MB B pasHbIx pernonax PO,
HaAUOOITbIIIEe KOMUYECTBO OONBHBIX B T. MOCKBE
— 447, nanmenblitee B Maraganckoii ooimacta — 1
yenoBek [11].

CoOBepIIEHCTBOBAHUE METOJIOB  paHHEU
JIHK nuarHOCTHKH ¥ UCTIONb30BaHuE YPPEeKTHB-
HOT'O TApr€HTHOI'O JICUEHUS IIPUBEIIO K yBEIUYe-
HUIO MTPOJOJDKUTEIIEHOCTH U YIIYUIICHUIO Kaye-
CTBa XM3HU O0BHBIX. HecMoTps Ha Beyamisiio-
LK€ YCIIEXH B IUArHOCTUKE U JieueHuu MB B Pb
1 PO, HeoOX0IMM TIOCTOSIHHBIN MOHUTOPUHT JH-
HAMUKH COBPEMEHHBIX TEHJCHLMI B MEIUIIH-
CKOM HayKe JUIsl CBOEBPEMEHHOIO UX BHEIPEHUS
B IIPAKTUYECKOE 3/1PABOOXPAHEHUE.

Heans uccaenoBanusi. OO0OIICHNE U CH-
CTeMaTH3alusl pe3yIbTaToOB IMHAMUYECKUX KITU-
HUYECKHMX HAOJFO/ICHUA, TaO0paTOpHBIX M MOJIe-
KYyJIIPHO-TEHETUYECKUX MCCIIEIOBAaHUN NallMeH-
TOB C MyKOBHUCLII1030M U3 PecrryOruku barkop-
toctan (PB) /st ocyiecTBieHNs MOHUTOPHHTA
sdexTuBHOCTH PabOTBI € TAIMEHTaMH CO-
rmacHo peectpy nauueHtoB MB  PecryOmuku
Bamkoprocran, COBEpIIEHCTBOBaHUS MEIUKO-
TEHETUYECKOM ITOMOIIM OTATOLLEHHBIM CEMbSIM.

Marepuajibl 1 MeTOAbI MCCICIOBAHUSL.
Hamu npoBenieH NMpOCHEKTUBHBINA aHAIM3 KIH-
HHKO-1a0opaTopHbIX napamerpoB 400 narueH-
TOB, KOTOPbIE HAOMIOAAINCH C TMarHO30M MYyKO-
BUCLIWZIO03, MMAlIUEHTOB W3 TPYIIbI PUCKA C He-
YCTaHOBJIEHHBIM JIMarHO30M  MYKOBHCIIMIO3,
TaKKe WICHOB MX ceMel. /[uarno3 MykoBucuu-
7103 TIOATBEPKICH HAa OCHOBAHUM KJIMHUYECKON
KapTHHBI, JaHHBIX IIOJIOKUTEIBHOM I10TOBOU
MpOOBI M/WITH TEHETUYECKOro MccienoBanus [6].
B 2022 r. Ha tucnaHcepHOM HaOIOICHUM HAXO-
ek 94 marpenTa (N=94): 22 — B3pocIbIid, 72
— pedenka. J[aHHbIE TAlMEHTOB BOLIUIU B PETHCTP
MB Pb, ux napamerpbl ObUIM NpOaHAIU3HPO-
BaHbI B X0JIc MOHUTOpHUHTa ¢ JaHHbIMM Harmo-
HanbHOTrO peructpa MB P® 3a 2020r. dopmar
MapaMeTpoB COOTBETCTBOBAN EBporeiickomy pe-
ructpy 6onmbHBIX MB [12].

OreHka COCTOSIHUS 3710pOBbs MALEHTOB
MIPOBEZIEHA IO CIIETYIOUIUM KPUTEPUSIM: BO3pacT
YCTaHOBJIEHUsI JMarHo3a, YpOBEHb XJIOPHUAOB B
MIOTE TIPU IPOBEAEHUN ITOTOBOIO TECTA, PE3YJIb-
TaTbl MUKPOOHMOJIOTHYECKUX  HCCIICIOBAaHUMH,
(YHKIMS BHELIHETO JbIXaHHS MO JaHHBIM CIIH-
POMETPHH, HATIMUKME OCIIOKHEHUM TeueHust MB.

CocrosiHre U (YHKIHMIO JIETKUX OIpesie-
JSUTA IO TIOKa3aTeto (POPCUPOBAHHON KU3HEH-
Ho#t emkoctu nerkux (OXKEJT) u o6vema opceu-
POBaHHOTO BbII0Xa 3a NepBYI0 cekyHay (ODB1).
HccnenoBanuss mpoBOIMIM B COOTBETCTBUM C
kputepusimu  ERS/ATS  (American  Thoracic
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Society u European Respiratory Society o cru-
POMETpUH) B IPYIIIE JAeTel, CIIOCOOHBIX CleNaTh
JIBIXaTeILHBI MAHEBp MPH MPOBEICHUN CIIHPO-
MeTpud. MUKpOOHOIOTUYECKHE HCCIEIOBaHUS
(JIOpBl  IBIXATENBHBIX ITyTEH MPOBOAWINCH B
LEHTPAJIbHBIX OaKTepUOJIOrHYecKux Jiaboparo-
pusix. XpOHUYECKUI BBICEB IUATHOCTUPOBAIIU
corniacHo pekoMmeHpaimsaM [13, 14]. IlotoBbie
poOBI TIPOBOIMITUCH HA TipuOOpe yist coopa u
aHaimm3a npoBoguMocTu mota «Nanoducty -
KJTACCHUECKUI METO/I MHIYKIMH TOTa TOCPEa-
CTBOM HOHO(Ope3a MUJIOKapIHA, KOTOPbIH CO-
MPOBOXK/IACTCS aHAJIM30M KOHIICHTPALIMH DJICK-
TPOJIUTOB C MOMOIIBIO CEHCOPA MPOBOUMOCTH.
MornekynsipHO-TeHETUIECKUE UCCIIE/IOBaHUS
npoBeieHbl y 400 maumeHToB, NOATBEPKAEH U-
ar{o3 MyKOBHUCIHI03 Y 94 MaIlMeHTOB U BBISB-
neHo 150 manmeHToB ¢ reTepo3UroTHBIM HOCH-
TEJILCTBOM IaTOTeHHBIX BapuanToB BreHe CFTR.
HccnenoBanue MpoBECHO C HCIOJB30BAHUEM
MYJITUIUIEKCHOW JIMTa3HO-3aBUCUMOM  aMILTU-
¢dukammeit 30H10B (SALSA MLPA Probemix
P091 CFTR, MRC Holland), TaprerHoro ceke-
HupoBanus creytorero nokoneHus (NGS) rena
CFTR (Habop ParseqlLab, Poccusi) Ha mar-
dopme Illumina (MiSeq, CIIIA), ¢ Bamuarmeit
TIOTyYCHHBIX PE3YJBTATOB CEKBCHUPOBAHKUEM I10
CoHrepy.

OneHky (QyHKIIMOHATHHON 3HAYUMOCTH
W3MEHEHUN HYKJICOTHUIHON TOCIeI0BaTeIbHO-
CTH TEHOB TIPOBOJIWJIM, WCIIONIB3YSl Pa3IUHbBIC
0a3bl TaHHBIX M TPeCKa3aTeNbHbIE POrPaMMBI
(SIFT, Polyphen2, MutPred, VarSome, EIGEN,
FATHMM, PROVEAN, LRT u 1.1.). /s ana-
mm3a pe3ynbTaroB NGS CEKBEHHPOBAHUSI HC-
MOJIB30BAJIOCH ~ IPOrpaMMHOE  obecrieyeHne
«VariFind». O6beM mpoBoANMOI Tepanuy naiy-
eHtam u3 Pb 1ieHeH cornacHo mapamerpam,
MPEIOCTaBIICHHBIM B HarmoHaIbHOM perucTpe
6ompHBIX MB PO.

Craructiyeckyro 00paboTKy TaHHBIX ITPO-
BOJIWJIH C TOMOIIBIO TTaKeTa MPUKIAIHBIX TPO-
rpamm STATISTICA (StatSoft). s onucanus
BBIOOPKH HCIIOJIL30BATUCH MEpPhI:  KPUTEPHi
cpennero apudmernueckoro (M), crannapTHoe
otkionenue (SD), mennana (Me) npuMeHsIach

JUIsL pe3yJIbTaToB, HE HMMEIOIIUX HOPMAJIBHOTO
pacnperneneHus. Y poBeHb 3HAUMMOCTHU CUUTAJICS
CTaTUCTUYECKH 3HaUMMbIMU 11pu p<0,05.

Cobmrofienuie mpaB MalMEHTOB W TPABHII
OMOITHKM: HCCIIeIoOBaHUE OJJOOPEHO Ha YUeHOM
coBete DenepabHOTO rOCYIapCTBEHHOTO OrOjI-
KETHOTO 00pa30BaTENIbHOIO YUYPEKIEHUS BbIC-
mero oOpasoBaHusi «bamkupckuii  rocyaap-
CTBEHHBIN MEIMIIMHCKUN yHUBEpCUTET». Bee na-
LIUEHTHI 1 3/I0POBbIE JOHOPHI MOIUCATIA UHPOP-
MHPOBAHHOE JIOOPOBOJILHOE COIVIaCHE Ha yda-
CTHE B HCCJICIOBAHUM B COOTBETCTBUU C XEllb-
CUHKCKOM Jiekiaparueid BcemupHoN MeauiyH-
CKOM accoluaiy « ITUYECKUE TIPUHITUIIBI TIPO-
BEJICHUSI MEJUIIMHCKUX MCCIEOBAaHUN C Yyda-
CTHEM YEIIOBEKa B KaUueCTBE CYyOBEKTay.

Pe3yabTatel n ux odcyxnenue. B Pec-
myonuke bamkoproctan k 2022 r. cOCTOMUT Ha
yuere ¢ MB 94 yenoseka. [Ipu ouenke nqemorpa-
¢ruecknx ocobenHocreit MB B Pb ormeuaercs
poct 3aboneBaemoctd MB, 310 CBsi3aHO C J10-
CTYMHOCTBIO TMarHOCTUYECKUX MEPOITPUSTHIA, B
ToM ynciie npumenenueM JJHK muarnoctuku. 3a
niepuos ¢ 2019 r. mo 2022 r. KoJIM4YeCTBO NaIMeH-
ToB B Pb yBemuumiocs ¢ 80 1o 94 yenosek, ya-
cToTa 3a0oneBanus cocraswia 1,9 n 2,297 na 100
TBIC. HACEJICHHUsI, COOTBETCTBEHHO (Tabim. 1). Y 6
TIAIIMEHTOB BHISIBIICHO 3200JIEBaHKE B PE3yJIbTAaTE
HEOHATaJIbHOTO CKPUHUHTA, 250 manueHTam npo-
BE/IEHO /1000C/eI0OBaHNE, TOITBEPKAAIOIIAs
JHK nuarnoctuka, B pe3ynbrare § maideHTam
ycraHoBieHbl MyTaimu B reHe CFTR (panee
HaOJIOATUCh C HEMOJTBEPKACHHBIM JHArHO-
30M). OTHOMY MAIMEHTY, KOTOPBIN HaOMI0IaCs
C IMarHO30M MYKOBHCIII/103, TIOCIIe 00cTe10Ba-
Hus (orpenenenue xyopuaoB B ore, JIHK-nua-
THOCTHKH, B TOM YHCJI€ Y WIEHOB CEMbH MpO-
0aH/a), OMPEIETICHO TETEPO3UTOTHOE HOCUTETh-
CTBO TMaTOTeHHBIX BapuaHToB B rene CFTR, Ta-
KUM 00pa3oM Auarto3 cHAT. BeisrieHo 150 de-
JIOBEK C T€TEPO3UTOTHBIM HOCUTEIIHCTBOM TTaTO-
reHHbIX BapuaHToB B reHe CFTR B oTsromieH-
HBIX CEMBbSIX.
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Tabauya 1
3a6osieBaeMocTh MyKOBUCLIMA030M B Pb 1 B PD®
Table 1
The incidence of cystic fibrosis in the Republic of Bashkortostan
and in the Russian Federation
Ne B3poOCJ/ible Yacrora
w/n Ha3Banue YncaeHHOCTh, N Yucsio 00JIbHBIX, N n % 1/100 ThiC.
1. Pecnyonmka ~ bamkopro- 4091 423 94 21 22,3 2297
craH, 2022
2. Poccuiickas ~ ®epepanus
(ITapametpsl peructpa MB 146 630 227 3722 987 26,5 2,538
P®, 2020)

[Ipu ananm3e KIMHUYECKUX JaHHBIX
YUYUTHIBAETCSI CBOEBPEMEHHOCTD JHATHOCTUKH
3a0oseBaHus, Kak (hakropa, BIHUSIONIETO Ha
MPOJOJKUTENFHOCTh  JKM3HH  TAlMEHTOB
(Tabm. 2). Y3 Tabmuisl 2 BUTHO, 9TO CPEIHUMI
BO3pacT nanueHnTos B Pecniybnuke bamkopro-
ctaH B 2022 roay coctaBuia 13,9+£9,6 roga, 4to
COIOCTaBUMO C Mapamerpamu no PD —
13,7£9,7 rona. [loyst mariueHTOB B BO3pacTe >

18 ner no nanHeIM peructpa mo P® (26,5%) B
Pecniy6nuke bamkoprocran (23,4%). Camomy
B3pociiomy nauueHty B Pb 42 roga (camomy
ctapuiemy nanueHty B PO — 63,1 net). Cpen-
HHI BO3pacT MMOCTaHOBKHU quarHo3a B Pb u PO
—3,344,1 n 3,6+6,1 roma, cooTBEeTCTBEHHO. B
Pb B 2022 r. cpeny nanueHToB NpeodaasaoT
MaMeHThI )KeHckoro nona 57,4%, Toraa Kak B
P® B nenom npeobiagarot myxannst 52,0%.

Tabruya 2

CpaBHUTe/IbHBIN aHAIH3 AeMOrpaguYecKNX U TUATHOCTHYECKHUX NMOKa3aTeJei
y NauMeHToB ¢ MykoBHCcIH1030M B Pb u B P® B 2022 1.

Table 2

Comparative analysis of demographic and diagnostic indicators in patients with cystic fibrosis
in the Republic of Bashkortostan and in the Russian Federation, 2022

Ne
Iloka3zarean Pb PO P

n/n

1. OO6iee umncio, abce., 94 3722 >0,05
M/K 40/54 1935/1787

2. JKusrie, n 94 3722 0,05
JleranpHbIi UCXOJ, N 1 32

3. Bo3spacr, rojipt

3.1. | M+SD 13,9+9,6 13,7+9,7 >0,05
Me (IQR) 12,4 (13,4) 11,4 (12,4)

3.2. | [doJjst manueHTOB B BO3pacTe 23,4 26,5 <0,005
> 18 net, %

4. Bo3pacTt ycTaHOBICHUS JUarHo3a, rojl

4.1. | M£SD 3,3+4,1 3,6+6,1 >0,05
Me (IQR) 0,8 (3,8) 0,4 (2,8)

5. MeKoHUEBBIH Uieyc

5.1. | Bcero, n(%)* 0,94 8,9

5.2. | Onepuposan, n(%)* 0,94 14,9

5.3. | He onepuposan, n(%)* 0 1,0

6. HeonaTtanbHblil CKPUHUHT

6.1. | Oxsar B 2020, n(%) | 99,8 | 80,2 | 0,959

HpI/IMe‘{aHI/ICZ p— KpI/ITepI/Iﬁ — YPOBEHb 3HAYMMOCTH; *p — HE paCCUUTHIBAJICA B CBA3U C MAJIOYUCICHHOCTBIO I'PYIIBI.
Note: p — criterion — level of significance; *p — not calculated due to the small size of the group.

I[JISI OLCHKHU TAXCCTH TCUCHUSA 3a0o0J1e-
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Banus MB B Pb npoBeneH MOHUTOpPUHT aH-
HBIX MH(EKIMOHHOTO OPOHXOJIETOYHOTO BOC-
nanenus y naruentoB u3 Pb (Ta6m. 3). Ompe-
JeJIeH MUKPOOHMOJIOIMYEeCKHH cTaTryc, KOTO-

pbiii y marmenToB u3 Pb coorBeTcTBYeT 00111€-
POCCHIICKOMY, XOTsI 4acTOTa BCTPEYACMOCTH
XpOHUYECKOTro HHpHIupoBanus Pseudomonas
aeruginosa Bbllle U coctaBuia — 42,4%, B PO
3TOT ToKa3arenb — 34.1%.

Tabnuya 3

CpaBHHUTEIbHBII aHAIU3 CTIEKTPA BO30yAuTe el Y 00JIbHBIX MYKOBHCIHI030M
BPbuP®B2022r., %

Table 3

Comparative analysis of the spectrum of pathogens in cystic fibrosis patients in the Republic
of Bashkortostan and in the Russian Federation, 2022, %

(1)
13?1 Bo36yaurennb unpexuun PBBcheqaeMocrb, %o PD
1. Staphylococcus aureus, MOHOKYJIBTYpa, 48,8 63,1
2. MRSA, n (%) 1,0 3,1
3 Pseudomonas aeruginosa, xp. HHQUIIUPOBAHIE, MOHOKYJTb- 42,4 34,1
Typa
4, VHTEepMUTTHPYIOIINH BEICEB 12,5 16,9
5. Burkholderia cepacia complex 4,1 51
6. Stenotrophomonas maltophilia 3,3 53
7. Achromobacter spp. 7,5 7,6
8. Hedepmentupyroniie 6akTepun 12,8 11,3
9. Herty0epkye3Hple MUKOOAKTEpUH 0,3 1,7

K ogHuM M3 OCHOBHBIX MapaMeTpoOB CO-
CTOSIHUA 310POBbsI MAlMEHTOB ¢ MB oTHOCHTCA
pecriupaTopHas (yHKLIUS [0 JaHHBIM CIHPO-
METpuH, B Tabmuie 4 MpencTaBlieHbl CPEIHHE
nokaszarenu (M+SD) ¢ yHkunu BHeIIHero apixa-
Hust 00nbHBIX crapuie 5 et B Pb u P®. Camprit
BBICOKMI OXBaTr JaHHBIM MccienoBanueM B Pb

OTMEUaeTCs cpeau JeTel B Bo3pacTe ¢ 6 10 18
ner. Cpennue mokazaremn (M+SD) ¢dynkimm
BHEIITHETO JIBIXaHUS y TAllMEHTOB COMOCTABUMBI
¢ mokazareirssMu o P®, manHoe mcclieJoBaHne
JIOJDKHO OBITH IOCTYITHO BCEM MAllMEHTaM C My-
KOBHCLM/I030M JUISl KOHTPOJISI 3PPEKTUBHOCTH
MIPOBOJIMMOM TEPATIHH.

Tabnuya 4

@DYHKIUA BHEIIHET0 IbIXaHHUA Yy 00JIbHBIX MYKOBHCIHM/I030M 110 IaHHBIM CIIHPOMETPHH
y nauuenToB B Pb u P® B 2022

Table 4

External respiration function in cystic fibrosis patients according to spirometry in patients
in the Republic of Bashkortostan and in the Russian Federation, 2022

13?1 Bo3pact nauuenton [MapameTpsbl Pb P®

1. Hetu o 18 net aoc. 65 u3 73 2735 u3 3722
O®DBI, % 87,1+£22.8 86,1+£22,6
DIKEJL % 88,3+20,8 88,8+20,7

2. B3spocubie adc. 6 u32l 987 u3 3722
O®DBI, % 70,34£22.6 61,0+£22.,6
DIKEJL % 87,1+£20,7 88,8+20,7

[Tpu mpoBeIeHNN HEOHATATBHOTO CKPH-
HUHTA (paHHEW JMAarHOCTUKH) 3a TEPUOM C
2006 1. mo 2022 1. 48 (88,9%) GonbHBIM THA-
rHoctupoBaH MB, Torma, kak Bcero 3a 3TOT
MIEPHOJ] JUArHO3 MYKOBHICIIHJIO3 YCTAHOBJICH

54 nmauuentam. Takum oOpazom, HEOHaTallb-
HBI CKPUHUHT HE MO3BOJISIET BBIIBUTH BCEX
MalqMCHTOB Ha pPaHHEM OJTall€ OUAarHOCTHUKMU,
M03TOMY HEOOXOJMMO COXpaHEHUE HACTOPO-
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JKCHHOCTH, TaK KaK BO3MOXKHA M MO3JIHSIS Ma-
Hudecramnuu 3adoneBanus. OXBaT HEOHATAIb-
HbIM ckpuHuHroMm B Pb B 2020 r. coctaBun
99,6%, B X011€ KOTOPOTO AMArHO03 MyKOBHUCIIH-
no3 ycranosiex: B 2019 r. — 2, 2020 r. — 2,

2021 r.—1,2022 r. — 1 namueHTy.

OxBar TeHeTH4YeCKHUM 00ce10BaHuEM
nanueuTos ¢ MB B Pb B 2019-2022 rT. cocTa-
Buil 100%, 4T0O ropas3ao BeIlIE 10 CPABHEHUIO
¢ mokasaresiem oxsata 1mo P® —93% (Tabun. 5).

Tabnuya 5

Xapakrepucruka 3¢ pexrusHoctu JTHK-1uarHocTuKky 1 4acTora MaskopHOH MyTauMu
Breie CFTR B Pb u B P® B 2022 1.

Table 5

Characterization of the efficiency of DNA diagnosis and the frequency of major mutations in
the CFTR gene in the Republic of Bashkortostan and in the Russian Federation, 2022

iﬁl Bapuantsl B rene CFTR PBb, % P®, %
1. I'eHeTHyeckoe HccaenoBaHue (0XBaT) 100 93
2. Jons BoisiBIeHHBIX BapuanToB reHa CFTR
JlBe MyTaiuu 94,7 83,3
OpHa myTanus 2,2 13,3
O06e MyTaIiK HE BBISBJICHBI 3,2 3,5
Maxopnast my- | F508del/ F508del 20,2 30,0
Tanus F508del/ neF508del 57,3 45,2
ueF508del/ neF508del 22,4 24,8
F508del, annensHas yacrora 43,9 52,6
Teuenne 3a00- | MArkuil FeHOTHUIIL 12,4 23,2
JIEBAHUS TsKenblil TeHOTHIT 87,6 76,8
['eHOTHIT HE ompeeNicH 53 16,7

[IpoBeseHa oleHKa CIIEKTpa M YacTOTHI
myTaruii B rene CFTR ¢ ucronb3oBanmem pas-
JMYHBIX TEXHOJIOTHI B TOM YHCJIE U TapreHT-
Horo NGS cexBeHMpoBaHus. MoneKyIspHBIT
nedexr 3a0oneBaHMs HICHTU(DUIMPOBAH Yy
94,7% nanueHToB ¢ MyKOBHUCLUIO30M, BBISIB-
nensl 26 myTtanuii B reHe CFTR. B pe3ynbrare
nposeneHHo JIHK auarHocTvku auarHocTH-
poBaiu 36 TeHOTUIOB Yy 89 MalueHToB, y 2 na-
IIMCHTOB BBIsIBIIEHa | MyTamus, y 3 - MyTanuu
HEe OOHaApY’KEHBI, XOTSI UMEIOTCSl BBICOKHE TIO-
KazaTel XJIOPHUIOB B IMOTE, MAIMEHTHI HAaXO-
ISATCS  TOJ JAMHAMHYECKAM  KITMHUYECKUM
HaOTI0ICHUEM.

Yamwe Bcero B Pb Berpeuarores 5 myra-
Ui (BapuaHThl HYKJIEOTHIHOH IocienoBa-
tenbHOCTH, BapuanThl): Phe508del, E92K,
CFTRdele2,3, 3849+10kbC>T, L138ins, koTo-
pbie B cymme nparot 80,8% myranuii. 7 myTa-
muii: G509D, 394delTT, N1303K, W1282X,
Y84X, 2143delT, 1525-1G>A coCTaBISIOT —
14,1%. Ocranmpable Bapuantel reHa CFTR He
SIBJSIFOTCSl PETHOH CIEIM(DUIHBIMU, XOTS TIPU
HaAJIMYUH KJIMHUYECKON KapTUHBI y MAlUEHTOB
nenecoobpasna JIHK-auarnoctrka Ha MyKo-

BUCIM103. PerronanbHple 0COOEHHOCTH BapH-
AHTOB BCEr/la YYUTHIBAIOTCS MPU MPOBEIECHUU
JAHK-nnarnoctuku mykosucuuaosa B Pb ¢ 1e-
JIbK0 YMEHBIIEHUS CPOKOB U PacXoJ0B Ha Jua-
THOCTUKY 3a00J1€BaHMsl, TaK KaK B XOJ1e Uccie-
JIOBaHUSI HaMU BBISBJIEHBI CYILIECTBEHHBIE OT-
JUYMS YacTOThl MyTallUi MO CpaBHEHUIO ¢ 00-
M JadHeiMa 1o P [15]. HeoGxomumo
CTPEMUTHCS K TOJIHOMY T€HETHYECKOMY o0Ociie-
JIOBaHMIO OOJIBHBIX, BKJIIOYas MOJIHOIEHOMHOE
cexkBeHupoBanne, MLPA ananus, npoBeneHue
TeCTa KMILEYHBIX NOTEHIINAJIOB OOJIBbHBIM, Y KO-
TOPBIX HE BBISBJICHBI MAaTOTCHHbIE BAPHAHTBI
reda CFTR crannapTHeIMU MeTOJaMU.

[Ipu cpaBHUTEIBHOM aHAJIN3€ YaCTOT Ba-
puanToB rena CFTR y marmenTtoB u3 Pb ¢ BbI-
60pkoii u3 peructpa PO BBISBIEHBI JOCTOBEP-
Hble paznmnuus. B PO B naTepky MaXopHBIX My-
tamuii Bonum: F508del, CFTRdele2,3, E92K,
1677delTA, 3849+10kbC->T. Bapuant
F508del- rmaBHas renerndeckas npuunHa MB
B P® u B Pb. AmnenbHad 4yacrora reHeTnye-
ckoro Bapuanrta F508dels Pb u P® — 43,9% u
52,61%, cootBercTBeHHO. MyTarus L138ins B
P® cocrapnser 1,53%, B Pb sta myrtanus
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BCTpevaercs vamie — 5,6%, yactora KoMILIeKc-
moro amiens F508del/[L467F;F508del] -
16,7 % (B P® yacrora —6,0-8,0%). D10 yunThI-
Baercss npu npoBenaeHun JIHK-muarnoctuku
MYKOBUCLI103a ITanueHTam u3 Pb B peruose.
[IpoBeneno wucciaegoBaHue auICIbHOU
9aCcTOTHI BCEX OOHAPYKECHHBIX BAPHAHTOB HYK-
JeotuaHou nocienosaresibHocT reHa CFTR u
UACHTU(DUKAIUS CTENCHH TSHKECTH TEeHOTHIA
(7151 «TSDKENOTro» MPUCYTCTBHE MYTAaIlMU T'eHa
CFTR I-II xnacca, «msarkoro» — | BapuaHT
rena CFTR IV-VII knacca) [16, 17]. «Tsxe-
JIBIC» TEHOTHITHI MPE0OIaIaAI0T CPEIN TaIUeH-
ToB Pb BO Bcex BO3pacTHBIX Ipymmax, OJHAKO
HX YHCIIO CHUKAETCS C BO3pacToM, Kak B PD.
Hamu Takke mnpoBeneHa KOMILICKCHAs
OIICHKA IPOBOJUMOIO JICYCHUS MYKOBHCITU-
no3a B Pecrry6mnnke bamkoprocran (Ta6m. 6). B
I[EJIOM Ha3HAYCHUE aHTUOMOTHKOTEPAITHH TTPO-
BOJIUTCS. B COOTBETCTBUU C UYBCTBHUTEIHHO-
CTBIO BBIJICJICHHBIX MHUKPOOPTaHW3MOB, C yUe-
TOM paHee MPOBOIUMOTO JICYCHHUSI, B TOM YHCIIC

MalMeHTaM Ha3HA4yaeTcsl KypcoBOE IMpPUMEHE-
HUE UHTATSIMOHHBIX aHTUOMOTHUKOB, COTJIACHO
HaIlMOHAJILHOMY KOHCEHCYCY MO JIUarHOCTUKE
u seuenuro MB [18, 19]. [Ipumensiercst MoHO-
Tepanus a3UTPOMHUIIMTHOM U KOMOWHAIIUU aMH-
HOTJIMKO3U0B U 1iedanocriopuHos III-IV mo-
kosenus [20].

Tepanusi, BkIrouaroas 1opHazy anbpda,
(hepMeHTBI, KHHE3UOTEPAINI0, BUTAMHHEI, Yp-
COJIC30KCUXOJIEBYI0 KUCJIOTY, IPOBOAUIIACH
BCeM IauueHtam B Pb, npuHuunumansHeIx pas-
JUYUI MEXIy mokazareiasiMu Mexay PO u Pb
He BbisBIIeHO (Tabn. 6). Haznauenue 103 nan-
KpeaTndecknx (EepMEHTOB OCYILECTBIISETCS C
y4eTOM OCOOEHHOCTEH TeueHHs 3a00JIeBaHUS
MIPU «MATKOM» U «TSDKEIIOM» TeHOTHIIE Y Mallu-
eHTOB ¢ MB, npoBeieHa KOppEeKLUs Tepanuu y
nanenToB ¢ BapuantoM E92K. B Pb tepanust
MAIMEHTOB C MYKOBHCIIUIO30M TPOBOJIUTCS B
COOTBETCTBUH C KJIMHUYECKUMH PEKOMEH 1aITH-
amu «Kuctozueiii pudpo3 (MyKOBHCLIUIO03)»
[20].

Tabauya 6

XapakTepucTHKA MOJIy4aeMoii Tepanuu y nauueHToB B Pb u P®, n (%)

Table 6

Characteristic of the therapy received by patients in the Republic of Bashkortostan and in the
Russian Federation, n (%)

117‘:[ JlekapcTBeHHBIH Mpenapar Pb P®
1. JopHazaanbda 100 95,2
2. I'unepToHUYEeCKUH pacTBOP HATPHUS XJIOpHIA 75,3 72,7
3. AHTHOMOTHKH MHTUTSIIHOHHBIE 40,5 45,7
4, AHTHOUOTHKH BHYTPHUBEHHBIC 35,7 32,3
5. AHTHOUOTHKH MEPOPATIHHBIC 60,5 57,4
6. BponxoaunaraTopsl 43,3 45,5
7. [ TFIOKOKOPTHKOCTHPOU bl HHTAJISITHOHHBIC 9,3 10,3
8. [ TIOKOKOPTHKOCTHPOU/Ib CHCTEMHBIC 5,0 3,6
9. ABUTPOMHIIMH B CYOMHTHOUpYOLIEH J103e 30,8 26,5
10. | Ypcone3okcuxoiieBast KUCIOTa 88,6 88,1
11. | Ilankpearnueckue HepMEHTHI 95,3 93,3
12. | XKupopacTBoprMble BATAMHHBI 95,2 91,2
13. | Kune3uorepanus 95,7 81,6
14. Kucnopoporepanust 2,3 4.4

Cornacuo nanasiM @onna «Kpyr no6pa»
B 2022 rony Pb oxa3zanack B muaepax no PO no
00€eCIIeUeHHOCTH IallMEHTOB 10 18-1eTHero
BO3pacTa TapreHTHOW Teparnuel, TaKk Kak BCeM
nanueHTam Pb npoBeneHo mMosnekyssipHO-TeHe-
TUYECKOE HCCIEeIOBaHUE, YTO SBISETCS TIJIaB-
HBIM KpUTEpHEM Ha3HAuYEHUS TAPTeHTHOM Tepa-

. 44 peGeHKa MOyJaroT COBPEMEHHOE (-
¢exTuBHOE Neyenue. B Hactosiee Bpems B Pec-
my6snke bamkopTocTan Havaau moyry4yarhb Tap-
TeHTHYIO Tepanuto npenaparom: MHH «Jlyma-
karop+usakadTop» — 11 manueHToB romo3u-
rot o Phe508del. TaprenTHsIit npenapat, He3a-
peructpupoBanHblii B P®, mpenocraBisieMblil
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@®ongom «Kpyr nobpa» MHH «DOnekcakad-
top+Te3akadrop+UBakadrop/MBakadrop» mo-
ay4qaroT 33 peOeHka.

Mpi UCCIIeIOBAIIN TeHOTHUI
F508del/[L467F;F508del], koTopsiii mpuBO-
IUT K YCTOMYMBOCTH K TapreHTHOH Tepamuu
VX-809 mymaxadrop u VX-770 uakadrop [21,
22]. Takum obpasomM, y 13 nmereit, 0OHAPYKEHBI
2 maiMeHTa ¢ KOMIUIEKCHBIM aiienieM. Beero B
PB 18 mammenToB romo3urotesix no F508del B
rene CFTR, y Tpoux OOJIbHBIX BBISIBJICH T€HOTHIT
F508del/[L467F;F508del] — yacrora cocraBmia
— 16,7 %.

ITo mepe B3poCHeHNs Y AIMEHTOB Hapac-
TaeT KOJMUYECTBO OCJIOXKHEHUH, 4TO YTSHKENSIET
COCTOSIHUE 3I0pOBbsI OOJNBHBIX, OTOMY TpH-
MCHEHHUE €IWHBIX KIMHUYCCKUX pPEKOMEH/Ia-
[UIIO3BOIUT CPOPMUPOBATH PAHHIOK TAKTUKY
JIMAarHOCTUKH, TEPAIii, MOHUTOPHHTA COCTOS-
HUS 3710poBbs manureHToB ¢ MB B Pb u B PO u
pean3yeT NepCOHATM3UPOBAHHBIA MOIXO JJIs
JieueHus Jietet u B3pocibix ¢ MB ¢ ucnomb3o-
BaHHEM COBPEMCHHOW (hapMaKOTCHETHYCCKOM
Tepanuu. Beicokas 3(h(eKTUBHOCTH MpUMEHe-
HUSl TAPTSHTHOW TEpanvy TOATBEPKIICHA KIU-
HUYECKHM OIBITOM CIIEHUAJIMCTOB  Pa3HBIX
CTpaH, B KOTOPBIX OHA IIUPOKO MCIIOJIb3YETCS HA
npotspkennu 10 et [23, 24].

Takum 00pazom, oka3zaHHe METUIIMHCKON
noMoI nanyeHram ¢ MB Heo6xoaumo poBo-
JUTh C YYETOM PErHOHAIbHBIX OCOOEHHOCTEH
TeueHHs 3a00JIeBaHUsl, CIIEKTPa M YaCTOT MyTa-
muii B rene CFTR [25, 26, 27], uTo mo3BoauT
yIAYYIIUTh Ka4eCTBO U MPOAOIIKUTEIHLHOCTD
YKHM3HU TTAITUCHTOB.

3axumiouenne. [IpoBeneHa KIMHUKO-Te-
HETHYECKas XapaKTEePUCTHKA MYKOBUCITH1032 B
Pecnybnuke bamkoprocTa u BBISIBIEHBI HEKO-
TOpbI€ pernoHasbHble 0cobeHHocTH. B Pecmy0-
nuKe bamkoprocran mokasarenu CpeHero Bo3-
pacra ManueHToB, BO3pacT yCTAHOBIICHUS JHa-
THO3a COTMOCTABUMBI C aHATOTUYHBIMHU TOKa3a-
tensimu 1o P®. Tlpu ouenke ¢yHKuuii BHemI-
HEro JbIXaHWs y manueHToB ¢ MB oTMedeH BbI-
cokuit ypoenb O®B1, Gnaronaps panHeii aua-
THOCTHKE, HA3HAYCHUIO JOpHa3bI-aib(a, OpOoH-
XOMJIaTaTOPOB, KWHE3UOTEPANINU, aHTHOHUOTH-
KOB. BBICOKMIT MIPOIIEHT ClTy4aeB yCTaHOBIICHHS
JMarHo3a TpW TIPOBEIEHWH HEOHATAILHOTO
CKPUHHHTA JIOCTUTAETCS] €r0 BHICOKUM OXBATOM

u 3¢ dexTuBHON opranu3aiueid. OXBaT reHeTH-
YecKHM HuccienoBanueM B PecnyOnuke bar-
KOPTOCTaH BBIIIE TI0 CPABHEHMIO C 3TH IOKa3a-
teneM 1o PO, 100 % u 93 % cooTBETCTBEHHO.
OnpeneneHsl  perHOHAIBHBIE  OCOOCHHOCTH
CIIEKTpa M YaCTOT MyTalMil — 3To 12 BapuaHTOB
HYKJICOTUTHOM TMOCIIEIOBATEIbHOCTH B TEHE
CFTR: Phe508del, E92K, CFTRdele2,3,
3849+10kbC>T, L138ins, G509D, 394delTT,
N1303K, W1282X, Y84X, 2143delT, 1525-
1G>A cocrapnsitot 94,9%, uneHtudunmpoBaHa
4acToTa KOMIUIEKCHOro amiens — C.1399C>T
(p.Leud67Phe, L467F) — 16,6 %. ITo pe3ynbra-
TaM MOJIEKYJISIPHO-TEHETHYECKON JAUarHOCTHKH
MB B Pb, naiienram Ha3Hau€Ha TapreHTHas Te-
parusi.
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Bapuantsl noaumopduzma rena NOS3
1 OCHOBHBIE XapPaAKTEPUCTUKH BapuadeJIbHOCTH
CepeYHOr0 PUTMA Yy JKUTeJleii-ceBepsiH

N.H. be3menosa @, U.B. ABepbsiHOBa

®DenepalibHOE TOCYJApPCTBEHHOE OI0KETHOE YUpexkAeHne Hayku HayuHo-nccinenoBaTenbCKuii
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Pe3ome

AKTyabHOCTB: BapuabGenbHOCTh cepleyHOro puTMa Kak JeMOHCTpauus (yHKIMHA aBTOHOMHOM
HEPBHOM CHUCTEMBI OTPaXKAET 3/I0POBHE YEJIOBEKA U €ro Oiaromnonxydyne. MOHUTOPUHT TOKa3aTenen
BapUabeNbHOCTH CEpAEYHOr0 PUTMA MMEET BaXKHOE 3HA4YEHUe i NPO(UIAKTUKH Pa3BUTHUS Cep-
JIEYHO-COCYTUCTHIX 3a00eBaHmid, (POKycHUPYsCh Ha AucOaNaHCe, XapaKTePU3YIOIUMCS CHIDKEHHEM
[apacUMIIATUYECKON aKTUBHOCTH U OJHOBPEMEHHBIM YBEIMUEHHEM CHMIIATHUECKOW aKTHBHOCTH.
[Toxa3zarenu BaprabEeTbHOCTH CEPACYHOTO PUTMA MOTYT IPEICTABIISTh COOON MapKep BEPTHKATIbHOU
MHTETPaLuy, B TOM YHCJIe IPOLIECCOB aAanTalllK, KOTOpble (POPMHUPYIOT aKTUBHOCTh CTBOJIA MO3ra U
BEreTATUBHbBIE PEAKLUU B OpraHU3Me. DHJOTEINAIbHAs CUHTa3a OKUCU a30Ta SBJSETCS] OCHOBHBIM
MCTOYHHUKOM COCYJIMCTOrO OKCHJIa a30Ta, BapuabelbHOCTh YPOBHS KOTOPOTO B OOJIbIIEH CTENEeHU
oOycioBieHa reHeTnyecku. OHAKO BIMSHUE OKCH/IA a30Ta Ha BEr€TaTUBHBIM KOHTPOJIb Cep/la ue-
JIOBEKA, Ha JaHHBIH MOMEHT OCTAaeTCs HeAOCTaTOUuHO U3yueHHbIM. Llenb nccnenoBanus: Msyyenue
4acTOTHI BcTpeuaeMocTH nonumopdusma -786 T>C (rs 2070744) rena >HIAOTETHAIBHOW CHHTA3bI
okucH azota (NOS3) u ero B3auMOCBSI3U C OCHOBHBIMH XapaKTePUCTHKAMU BapuabeIbHOCTH Cepiey-
HOT'O pUTMa Yy JKUTeNel-ceBepsiH. MaTepuaJibl M MeTObI: B monepeyHoM ncciae10BaHUU y4acTBO-
BalnM 127 My»X4MH-CEBEPSIH, IPEUMYILECTBEHHO E€BPOIEUIIEB, TPOKUBAIOIINX WM POXKACHHBIX Ha
TeppuTopun Maraganckoi o0iactu. Y 00cie10BaHHbIX IPOBEACHO T€HOTUITHPOBAHNUE M'e€Ha SHA0Te-
JMaJIbHON CHHTAa3bl OKMCH a30Ta, ONpPEIEICHbI OKa3aTenu BapuabelbHOCTH KapAHUOpUTMa MIpH TO0-
Moy KoMIuiekca «Bapukapa». Pesyabrarsl: Pacnipenenenye reHOTUIIOB 10 UCCIIETyEMOMY TOJIH-
Mopousmy caenyromee: T/T —40,95%; T/C —47,24%; C/C — 11,81% (cooTBETCTBYET paBHOBECHUIO
Xapnu-Baiin6epra). ¥V nun ¢ renotunoM T/T BblsiBIeHO MpeoOiajaHue mapacuMIaTHYecKOro 3BeHa
BEreTATUBHON HEPBHOM CUCTEMBI. Y HOCUTENEH MyTaHTHOTO ajuiess C reHa 3HI0TeTnalbHON OKHCH
a30Ta YCTAHOBJICHO yBEJIWYEHHE CUMIATHUYECKON aKTUBHOCTH B PETYJISIMM CEPAECYHOrO pUTMa, a
TaKXke 3HauuMo OoJiee HU3KUE MOoKa3aTeIr OYeHb HU3KOYaCTOTHOM COCTaBISIONIEeN 001Iei MOIIHO-
CTH crieKTpa. 3akiouenue: [lonydeHHbIe pe3ynbTaThl MO3BOJSIOT MPEAIOI0KUTh, UTO HU3KOE 3Ha-
YeHHEe OYeHb HM3KOYACTOTHOM COCTaBJIIOIIEH OOIIel MOLIHOCTH CIEKTpa KapAHOpUTMa MOXKET
MIpeICTaBIATh CO00I paHHHUI HEMHBA3UBHBIN OMOMAapKEp CHUKEHUS YPOBHS SHIOTEITUAIBHON OKUCH
a30Ta Kak MPEeIUKTOPa BHICOKOTO PUCKA CEP/I€YHO-COCYIUCThIX 3a00I€BaHUN M CHUKEHUS KaueCcTBa
KHU3HU B LEJIOM.

KiroueBble cjioBa: BapuaOelIbHOCTh CEpACYHOIO PUTMA; CEPEUHO-COCYAUCThIE 3a00JIeBaHUs; Ie-
HETUYECKHUH MTOTUMOPPHU3M
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Abstract

Background: Heart rate variability as a demonstration of autonomic nervous system function reflects
human health and well-being. By monitoring heart rate variability indices and focusing on the imbal-
ance with a decrease in parasympathetic activity and a simultaneous increase in sympathetic activity,
we can prevent the development of cardiovascular diseases. Heart rate variability indices can be a
marker of vertical integration, including adaptation processes that form brain stem activity and auto-
nomic reactions in the body. Endothelial nitric oxide synthase is the main source of vascular nitric
oxide, with its level variability being mainly determined genetically. However, the effect of nitric
oxide on the autonomic control of the human heart still needs further investigation. The aim of the
study: This study aimed to consider the incidence of -786 T>C (rs 2070744) polymorphism of the
endothelial nitric oxide (NOS3) gene and its relationship with main characteristics of heart rate vari-
ability in northerners. Materials and methods: The cross-sectional study involved 127 northern men,
predominantly Caucasians, living or born on the territory of the Magadan region. The examinees
underwent gene typing, and the VARICARD complex was used to determine heart rate variability
indices. Results: The ratio of the gene types through the studied polymorphism was as follows:
T/T — 40,95%; T/C — 47,24%; C/C — 11,81% (corresponds to the Hardy-Weinberg equilibrium).
The T/T gene type subjects demonstrated predominance of the parasympathetic link of the autonomic
nervous system. Those having the mutant allele C of the endothelial nitric oxide gene exhibited ele-
vated sympathetic activity in heart rhythm regulation, as well as significantly lowered variables of
the very low-frequency component of the spectrum total power. Conclusion: The obtained results
suggest that low variables of the very low-frequency component of the heart rhythm spectrum total
power may represent an early non-invasive biomarker of a decrease in the level of endothelial nitric
oxide as a predictor for a high risk of cardiovascular diseases and reduced quality of life in general.
Keywords: heart rate variability; cardiovascular diseases; genetic polymorphism
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Cnmcok coxkpaueHui
NO — okcun a3zora;
YCC (HR), ya. /MUH — 4yacToTa CEepJICYHBIX COKpAILEHU;
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MxDMn, MC — pa3HOCTbh MEX]ly MAaKCUMAJIbHBIM U MUHUMAJIbHBIM 3HAaYE€HUSIMH KapIMOMHTEPBAIIOB,
WM BapUAIlMOHHBIN pa3Max;

SDNN, Mc — cTraHapTHOE OTKJIOHEHHE IIOJTHOTO MAaCcCUBa KapIMOMHTEPBAJIOB;

CV, % — kordurueHT Bapuauy moJIHOTO MacCUBa KapAMOUHTEPBAJIOB;

RMSSD, mc — kBajipaTHBII KOPEHb U3 CYMMBI Pa3HOCTEHN MOCIEA0BATEILHOIO Psiia KapIMOUHTEPBa-
JIOB;

PNNS50, Mc — gncno nap KapAMOWHTEPBATIOB ¢ pa3HuIlei 6onee 50 Mc B % y o01iemMy 4ruciy Kapauo-
MHTEPBAJIOB;

Mo, mc — Mona;

AMO, MC — aMIUIUTy/1a MO/IBI;

SI, ycn.en. — cTpecc-uHAEKC (MHEKC HAIPSKEHUS PETYIATOPHBIX CUCTEM);

TP, Mc? — cyMMapHast MOIITHOCTb CIIEKTPa BPEMEHHBIX 3HaueHni R-R HHTepBaIoB cepaeunoro putma
(6e3 yIbTpaHU3KOYACTOTHBIX COCTABIISIONINX, ONpeieNseMas Kak cymma ciioxenns HF, mc?, LF mc?,
VLF mc?);

HF — MomHoCTh cliekTpa BHICOKOYACTOTHOTO KOMIIOHEHTAa BapHaOeIbHOCTH CEpJIEYHOI0 pUTMa B
muanasone 0,4-0,15 ri (apIxaTenbHbIC BOJHBI),

LF Mc? — MOITHOCTh CHEKTPa HU3KOYACTOTHOTO KOMIIOHEHTA BAPUAOETLHOCTH CEPAEYHOTO PHTMA B
nuanazone 0,15-0,04 ru (cocynucTbie BOJIHBI);

VLF Mc? — MOIIHOCTB CIIEKTpa O4eHb HU3KOYAaCTOTHOTO KOMITIOHEHTA BAPUA6ETLHOCTH PUTMA Cepalia

B nquana3one 0,04 - 0,015 ri.;
IC, ycn. en. — MHAEKC eHTPaJIU3aIlHH.

BBenenue. BereratuBHas HEpBHas CH-
CTEMa BJIMAET HA 4acTOTY CEPACUYHBIX COKpa-
LIEHUH 1 BapualenbHOCTh CEPACUHOrO pUTMa,
[IapaMeTpsl, KOTOPbIE U3MEPAIOT U3MEHEHHUS
OT yJapa K yiapy BO BPEMEHHbBIX MHTEpBaiax
MEXIY NOCIIE0BATEIbHBIMU yaapamu
cepaua. [lapamerpsl BapuabenbHOCTH cepey-
HOTO pUTMa 4YacTO AaHAIU3HUPYIOTCS Ui
OLIEHKH OajaHca CUMIaTHYECKON U MapacuM-
NaTUYECKON PEryJIATOPHBIX CHCTEM pPalOThI
cepaua [1]. I3MeHeHne 4acTOThI CepIeUHBIX
COKpalICHU  TEHEPUpPYETCs  B3aUMOACH-
CTBUEM cepilla M MO3ra 4epe3 CHUMIaTHde-
CKyI0 M MapacUMIaTHYECKyl0 BETBH BErera-
THBHON HEpBHOH cucTeMbl. BapnabenbHOCTb
KapAMOUHTEPBAJIOB OTPa)KaeT PEAKLUIO BEre-
TaTUBHBIX HEPBOB Cep/lla HAa CHUTHAIBl OT
6apo-, XUMHO-, HOCOTJIOTOYHBIX U JPYTUX pe-
LENTOPOB, a TAK)KE LIEHTPAJIbHbIX BETre€TaTHB-
HBIX KOMaH/[l, KOTOpBIE CBSI3aHbI CO CTPECCOM,
¢bu3nuecKoil aKTHUBHOCTBIO, BO30YKICHHEM,
CHOM U T. 1. [2, 3].

BapuabenbHOCTb cep/ieqHOro pUTMa SB-
JSeTCsl MOKA3aTeJIeM pETryJIsiLiUU BEereTaTHB-
HOro OanaHca, apTepHalbHOTO JaBJICHHUS, Ta-
3000MeHa, cep/la U COCYAUCTOro TOHYca, Mo-
Moras aJanTUpOBAaThCs K PA3JIWYHBIM IICH-

XO03MOILMOHAIBHBIM U JKOJOTUYECKUM CTpPeC-
copam cpenpbl. [Tokazano, uto BapnabenbHOCTh
CEpJICYHOTO PUTMA KaK JIEMOHCTpAIs QyHK-
1M1 aBTOHOMHOM HEPBHOM CUCTEMBI OTpaXaeT
3JI0POBbE YEIIOBEKA U ero Omaromonyuue [4].
OcHOBHOW (yHKIIMEH aBTOHOMHOH HEpBHOM
CHUCTEMBI SIBJISIETCS TOMEOCTa3. AKTHBHOCTH
BEreTaTUBHON HEPBHOUM CHCTEMBI U (PAKTOPHI
pUCKa TECHO CBSI3aHbI MEXIy CcoO0OH, To-
CKOJIbKY naucOallaHC BEreTaTMBHOW HEPBHOM
CHUCTEMBI CIIOCOOCTBYET CO3[IaHUIO MPENaTo-
JIOTHYECKON cpenbl as (pakTOpoB puCKa, Ta-
KUX KaK TUTepTOHMsI, quadet win GuOpuis-
LU IpeACEepInid, a TAKKE U3MEHEHHUSI dSH0Te-
JUATBHOTO TOMEOCTa3a B MOJIb3Y MPOTPOMOO-
TUYECKOTO/TIPOBOCTIATTUTENILHOTO COCTOSTHUS,
YTO B KOHEUHOM HUTOTE€ MPUBOJUT K yBEIHYE-
HUIO PUCKA CEePACYHO-COCYITUCTBIX 3a00JeBa-
Huii [5, 6]. Takum 00pa3oM, MOHUTOPUHT Xa-
PaKTEepPUCTUK BapUaOEIBHOCTH CEPACYHOTO
pUTMa UMEET BaXHOE 3Ha4YeHUE I NMpodu-
JAKTUKU PA3BUTHUS CEPAECUYHO-COCYIUCTHIX 3a-
OomneBaHmii, GOKyCHPYSCh Ha nucOataHce, Xa-
PaKTEepU3YIOIIMMCS CHUXKEHUEM Mapacumia-
TAUYECKOW AaKTUBHOCTH W OIHOBPEMEHHBIM
YBEJIMYEHUEM CHUMIATUYECKONH aKTUBHOCTU
[7]. Vka3eIBaeTcs v Ha TO, YTO IMOKA3ATEIIH Ba-
puabenpHOCTH  CEPIEYHOTO PHUTMAa MOTYT
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MPEJCTaBIATh CO00M Mapkep BepTUKaIbHOM
MHTETpalyy, B TOM YKCJe MPOIECCOB aganTa-
UM, KOTOpble (OPMHUPYIOT AKTUBHOCTD
CTBOJIa MO3Ta U BEreTaTUBHBIC PEAKIIMU B Op-
rauusme. [loaTromy HEy JUBUTENIBHO, UTO Bapu-
abebHOCTDh CEPJIEYHOr0 PUTMA CUUTAETCS TO-
KazarejaeMm crpecca [8], a Takke OTpa)kaer
pHUCKHU 3a00JIeBaHUN U YCKOPEHHOTO CTapEHHUSI
[9].

Ouporenmuanbias NO-cunaraza (NOS3)
ABJIIETCS. OCHOBHBIM HCTOYHHUKOM COCYJH-
CTOr'0 OKCHJIa a30Ta, MPU 3TOM H3BECTHO, YTO
0o0JIbIlIas yacTh BapuaOEeIbHOCTH YPOBHEH OK-
cuga azora oOyciosiieHa reHerndecku [10].
NOS3 sBisiercst Hanbonee BakHOUW H30]op-
Mot NO-CHUHTa3bl B SHJOTEIUU COCY/IOB, KO-
TOpasi aKTUBUPYET MPOAYKLIMIO OKCHJIa a30Ta
SHAOTENHUEM COCYJIOB, U, CII€IOBATEIbHO, UT-
paeT KIIOYEBYIO POJIb B PETYJSIIHHA PabOTHI
ceplieuHo-cocyaucTon cuctemsl [11]. I'en sn-
JIOTENHANbHOM cuHTa3bl okcraa azora (NOS3)
KJIoHUpOoBaH B 1993 roxy u kapTupoBaH Ha 7
XpOMOCOME, a MMEHHO B mo3unuu 7q35-36
[12]. JlurepaTypHble [AaHHBIE CBUIETENb-
cTBYIOT 0 ToM, 4Tt0o TeH NOS3 siBnsiercs BbICO-
KOMOJIMMOP(HBIM — Ha JaHHBIA MOMEHT OIH-
ca”o He meHee 11 monmumopdusmos [13]. Ilo-
mumopousm -786T>C (rs2070744) npencras-
JsieT co0oil OHOHYKJIEOTHUIHBIN MOIMMOP-
¢u3M, KOTOPBI NPUBOAUT K 3aMEHE TUMHUHA
(T) na nuto3usn (C) B mo3urmu 786 B mMpomMo-
topHoit obmactu rena NOS3. CnenctBuem
JTAHHOW 3aMEHbl SIBJIIETCS MOJaBICHHUE TpaH-
CKPUIILMU W 3HAYUTEIbHOE CHU)XEHUE 3KC-
npeccuu (pepmMeHTa, YTO B KOHEYHOM CYETE,
BEACT M K YMEHBIICHHIO MPOAYKIUU OKUCH
azota [14]. CormacHo nuTepaTypHBIM JaH-
HBIM, HOCUTENIM XOTS OBl OJHOI'O aJlIels
NOS3*C (rs2070744), uMEIOT MEHbIIIEE KOJIU-
yecTBo MPHK u cHMXEHHBIN ypoBEHBb OKCHAA
a30Ta B KPOBH IO CPAaBHEHUIO C HOCUTENSIMU
npenkoBoro amiens NOS3*T (rs2070744)
[15]. B tureparype UMeEIOTCS JTaHHBIE MHOTHUX
UCCIIEIOBaHMM, OOHAPY UBIIMX YTO (HYyHKIHU-
OHHMPOBAHHE HEKOTOPBIX IIapaMETpPOB Cep-
JI€YHO-COCYTUCTOW CHUCTEMbI HAXOAUTCS TOA
BJIUSHUEM B TOM 4HCJIEe U noiuMopdusma -

786T>C (rs2070744) rena NOS3 [16, 17].

HccnenoBaHusl HanpaBlICHHbIE HA H3Y-
YEHME POJIM OKCUA a30Ta B PETYJIALUN AKTUB-
HOCTM BEreTaTUBHOM HEPBHOM CHUCTEMBI
Havyajau npoBoauTh okojio 30 jet Hazan. [lep-
BOHAYAJIbHOE MPEIOJI0KEHUE O TOM, UYTO OK-
CHJI a30Ta MOXET OBbITh BaKHBIM MEJHATOPOM
B BEre€TaTMBHOM KOHTpOJIE CEP/La, BO3HUKIIO
B pe3ysibTaTe AEMOHCTPALUU OTAEIbHBIX IIO-
My HeMPOHOB, KOTOpbIe 00anaroT NO-
CHUHTA30M B NpeJeiiax U3BECTHBIX CEPACUHBIX
BereTtaTuBHbIX nyTei [ 18]. JlanHble, morydeH-
HbI€ Ha )KMBOTHBIX, CBUACTEILCTBYIOT O TOM,
YTO OKCHJ| a30Ta, CHUHTE3UPYEMbId B 3THUX
y4acTKax, aKTUBEH B MOAYJISILIMM aKTUBHOCTH
B 00€MX BETBSIX BEreTaTMBHOW HEPBHOU CH-
ctemsl. [Ipy 3TOM OKHMCB a30Ta, I0-BUAUMOMY,
JEHCTBYET KaK CUMITaTOJUTUYECKOE CPENICTBO,
CHIJKasl aKTMBHOCTb B CHMIATOBO30Y:KJaro-
KX SApax CTBOJIA TOJIOBHOTO MO3ra U YMEHb-
1asi LIEHTPAJIBHBIM CHUMIIATUYECKUI OTTOK, a
TaK)Ke 0cadiisis cep/ieuHble peakluy Ha CUM-
naTudeckyro crumyssnuio [18, 19]. Y Hao6o-
pOT, OKCHUJ a30Ta YBEJIUYMBAET aKTUBHOCTb B
LEHTPaJIbHBIX OJIy)KJAl0IIUX MOTOHEHpoHax
[20] u ycunuBaeT cepieuHbIl OTBET HA CTUMY-
asuio Omyskatomiero Hepsa [21]. OgHako 10
HACTOSLIEr0 BPEMEHU HET OJJHO3HAYHOI'O OT-
BETa, B [TOJIHOW Mepe 0OBSACHSIOIIETO BIUSHUE
NO Ha BereTaTUBHBI KOHTPOJb Cepla
YeJI0BEKA.

Heab ucciaegoBanus. B coorBeTcTBUM
C BBIIIIECKa3aHHBIM, JIJIsl TOT'O YTOOBI TOJTyYUTh
0oJjiee yeTKoe MpEeACTaBICHUE O B3aUMOCBS3H
mexay nonumopduszmamu rena NOS3 u Bere-
TATUBHOM peryisuueil, Mbl U3y4uiid 0COOEeH-
HOCTH TOKa3aTeneil BapuaOenbHOCTH cepiey-
HOT'O PUTMa B I'PYIIIIE )KUTEIECH-CEBEPSIH C pa3-
HbIMM BapUaHTaMH TE€HOTHUIIOB IO JaHHOMY
JOKYyCYy.

Martepnanbsl U MeTOAbl HMCCJIEI0BA-
HudA. [ peanusanuy MOCTaBICHHOM LENH
IIPOBEJIEHO CIUIOLIHOE TONEPEYHOE HCCIEN0-
BaHHE JXUTeNEeH-ceBepsiH Maramanckoit o0a-
ctu B 2022 romy. B pamkax uccienoBaHus
Oblma obcremoBana BbeIOOpKa u3 127 moOpo-
BOJIBLIEB-MYKUMH, IPEUMYIIECTBEHHO €BpO-
nietitieB. Berbopka chopmupoBana u3 B3poOC-
JIOTO HACEJIEHUsl, OCHOBHBIE XapaKTEPUCTUKH
HCCIIETyeMON  KOTOPTBl  KUTEJEeH-CeBEepsH
MpeJCcTaBIeHb! B TabuIe 1.
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Tabnuya 1

OcHOBHbIE XaPAKTEPUCTUKH MCCIeyeMOil BBIOOPKH KUTeJIeii-CeBepsH

Table 1

Baseline characteristics of study cohort of northerners

OcHOBHbIE MOKA3aTeJIHN

Cpennuii Bospact, r (M + m) 41,3+1,5

Cpennsis Mmacca Tena, Kr (M = m) 82,96+1,23

Cpennsis jmHa Tena crost, cM (M = m) 178,26+0,66

HMT, xr/m? (M £ m) 26,16+0,38

CAJl, mm.pT.cT. (M £ m) 128,48+1,40

JA, mm.pr.ct. (M £ m) 80,31+0,98

YCC, ya/mun (M £ m) 69,21+1,05
OTATOIICHHOCTh COMATONATOIOTHEH 1-2 rpymnma 310poBbsI (YCIOBHO 3I0POBEIC)
PexxuM nBurartenbHON aKTUBHOCTH OJIA (oOb1vHas qBUTATEIbHAS AKTHBHOCTD)

Kpurepusmu BkitOueHMs B Tpyniy HcC-
CJIEIyE€MBIX SIBJISITUCH: YCIIOBHO 3/I0POBBIE, OT-
Hocsinecs K 1-2 rpynnam 310poBbsl, HEPOJ-
CTBEHHBIE MYXXYUHBI, MPOKUBAIOIIUE WU
PO’KJICHHBIE Ha TEPPUTOPUH MarajgaHcKkou 00-
nactu. KputepusMu HCKITIOUeHUs U3 00ce1o-
BaHUMN SIBJISUIOCH HAJIMYMUE TMOJTBEPKICHHBIX
XPOHUYECKHX MM MH(EKINOHHBIX 3a00eBa-
HUW, HATMYKE 5Kaj100 Ha COCTOSTHUE 3J0POBBS
B TIEPHOJ UCCIICIOBAHUS, OTCYTCTBUE HHPOP-
MUPOBAHHOT'O COIJIacHs Ha y4yacTUE€ B HCCIIe-
noBanuu. MccnegoBanue npoBOAWIA B COOT-
BETCTBHUH C IPOTOKOJIOM, 0J00peHHbIM Jlo-
KaJbHBIM 3THYecKUM komuteToM OI'BYH
HUIT «Apxruka» JIBO PAH (3axmtouenue ot
26.11.2021 r.) m XeNbCHHKCKOM JIeKIIapamuei
BcemupHoi MEIUIIMHCKON accolMauy « ITH-
YECKUE NPUHITUIBI HAYYHBIX MEIUITUHCKUX
UCCIIEIOBAaHMM C y4yacTHEeM 4elloBeKa» (¢ Io-
npaBkamu 2013 r.). [Ipu obHapogoBaHuu pe-
3yJbTaTOB MCCJIEIOBAHUS BCE JIaHHBIE ObUIM
JENIEPCOHU3UPOBAHBI.

[IporpamMMa KOMILIEKCHOTO 00cCIleqoBa-
HUS JOOPOBOJIBIIEB BKJIIOUAJA: 3arOJHEHUE
MH()OPMHUPOBAHHOTO COTJIAacHsI HAa y4acTue B
MCCIIEIOBAaHUH, MPOBEJICHNE aHKETUPOBAHUSI C
LEJbI0 OLIEHKU COCTOSIHMSI 3/I0POBbSI U BBISIB-
neHus (HaKTOpOB, SIBISIONIMXCS OCHOBAHHEM
JUIS MCKIIFOUEHUS W3 BBIOOPKHU, MPOBEICHHE
AHTPOIIOMETPUYECKOTO OO0CIIeIOBaHUS, PETHU-
CTpallusi ToKa3aTenel BapuabembHOCTU cep-
JIEYHOTO PUTMA, 3a00p KPOBU JISI MOJIEKY-
JISIPHO-TEHETUYECKOTO TECTUPOBAHUSI.

Brinenenune renomuoit JIHK 3 nienproM
BEHO3HOW KPOBH, B3ATOM W3 JIOKTEBOU BEHBI
NO0OpOBOJIBIIEB B NMPOOUPKU C KOHCEPBAHTOM

(BATA) mpoBoawId CTaHJAPTHBIM METOJOM
(denon-xmopopopmMHOir  IKcTpakuuu. s
ompezeNieHus] KOHILEHTPAllMU BbIACIECHHOM
JIHK B oOpa3iax MCrHoiab30Baiu CHeKTpodo-
tomerp NanoDrop 2000c (Termo Scientific,
USA). [Ilocnenyromee TeHOTHIIHPOBAHUE
MOJIUMOP(PHU3MOB  METOAOM  IMOJIMMEPa3HOM
uenHoi peakuuu (I1LIP) B pexxume peaabHOro
BPEMEHH OCYIIECTBISUIH Ha 6a3e maboparopuu
MonexynspHon TE€HETUKU YyesoBeKa
Kadeapbl METUKO-ONOIOTHYECKUX TUCIUTUIHH
HUY «benl'Y» (pykoBoautens — mpod.,
n.M.H. M.U. YUypHOCOB).

Jlist perucTpanyu BapuadbeIbHOCTH Kap-
JUOPUTMA HCIIONB30Balll KOMIUIeKe «Bapu-
kaps» (Poccust) u mporpammHoe obecrieueHne
VARICARD-KARDI. B cBsi3u ¢ Tem, 4to Ha
MoKa3aTe BapuaOeIbHOCTH  CEPACYHOTO
pUTMa 3HAYUMOE BIIMSHUE OKA3bIBAIOT CAMbIE
pa3HooOpa3Hbie (HAKTOPHI, TAKKE KaK, HAIIPH-
Mep, COCTOSIHUE 310POBBS, M0JI, CTPECC, TEM-
neparypa, MUpKaJHbIe PUTMBI U TIP., TO IS
MOJIYYEeHUS HAJIeKHBIX M BOCHPOU3BOIUMBIX
pe3yNbTaTOB aHaIM3a BapuadebHOCTH cep-
JIEYHOTO PUTMA HCcieloBaHUE ObUIO NpOBe-
JICHO B COOTBETCTBHH C KIACCUYECKUMH CTaH-
naptamu. [IpenBapuTenbHOE aHKETHPOBAHHS
NO0OpOBOJIBIIEB ObUIO HANpaBJIEHO Ha H3yde-
HUE CEMEWHOro aHaMmHe3a (Hajlu4yue cep-
JIEYHO-COCYTUCTHIX, OPOHXO-JIETOUHBIX, METa-
Oonuyecknx 3aboJieBaHUM, HENAaBHO MeEpeHe-
CEHHBIX MH(EKIIMOHHBIX 3a00J€BaHUSX, YIIO-
TpeOJeHNH JIeKapCTBEHHBIX CPEICTB U T.I.),
peXHUMa JBUTATENLHOW aKTHBHOCTH J0OpO-
BosbIleB. VccrenoBanue mapaMeTpoB BapHa-
OETHLHOCTH CEpJICYHOTO PUTMA TPOBOIMIHN B
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YTPEHHHE Yachl, IPH KOM(POPTHOHN Temrepa-
Type, B CIIOKOIHOM 0OcTaHOBKe, B J1aOOpaTo-
pUH C MHUHHUMAJIBHBIM KOJHYECTBOM JIIOJICH.
PecrionzieHTBl NpenBapUTEIbHO ObLIM O3HA-
KOMJIEHBI C IPOBOJIMMOM MPOLIEAYPOH.

VY HUCHBITyeMBIX PEerHCTPUPOBAIMCH HO-
Ka3arenu BapuabeIbHOCTH CEpASYHOr0 pUTMa
BO BPEMEHHOW M 4YacTOoTHOM obOmactsx. [lo-
MHUMO 3TOTO, ONPEACISIIOCh OTHOIIEHUE HU3-
KOYaCTOTHOIO M BBICOKOYACTOTHOI'O KOMIIO-
HEHTOB BapHaOEIbHOCTU CEPJCYHOTO pPUTMA
(LF/HF, ycin. en.).

CraTucTHYeCKUH aHanM3 pe3yJIbTaToB
M CCIIEI0BaHMsI IPOBOIWIIN CTaHIaPTHBIMU Me-
TOJIaMH MAaTEMaTHYECKOW CTATHCTUKU B IIPO-
rpamme «Statistica 7.0» [22]. Jns npoBepku
HOPMAJIbHOCTH TOJYYEHHBIX KOJIMYECTBEH-
HBIX JAaHHBIX MCHOab30BaIM TecThl Illamupo-
VYunka u Konmoroposa-CmupnoBa. Hop-
MaJIBHO paclipeieIeHHble IIepEMEHHbIE Mpe/l-
CTaBJIEHbI Kak cpenHue (M)+m cranpapTHas
omKOKa CpeliHero 3Ha4eHus, a B Cilydae OT-
KJIIOHEHUSI OT HOPMAIILHOTO PAaCIpeesICHHs
Kak Meauana (Me) u MeXXKBapTHIIbHBIN JHarna-
30H [Q125%; Q275%]. HecBsi3aHHBIC BRIOOPKH
ObuIM TIpOBEpeHbl ¢ MoMolbo U-KpuTepus
Manna-Yutau. CTaTUCTUYECKH 3HAYMMbBIM
cuntasiock 3Hauenue p = 0,05; 0,01; 0,001.

Pacder 4WacTOT TreHOTHIIOB W aJulesei,
MIPOBOJIMIIM HCIIONIB3YSl KaJIbKYJATOp, Tpel-
cTaBeHHHIH Ha Medstatistic.ru. Kpurepuit 2
ITupcona ucnonb3oBajcs s MPOBEPKH COOT-
BETCTBHS PACTIPE/ICICHUS TEHOTHIIOB PaBHO-
Becuto Xapau—BaitnOepra (mpu p>0,05 pas-
HOBECHE BBITIOJIHSIETCS).

PesynabTaTsl n ux o0cyxnenune. Ha oc-
HOBAaHUU MOJIEKYJISIPHO-TEHETUIECKOTO TECTH-
poBanwusi okyca -786T>C (rs20770774) NOS3
MIOITYJISAIIUN MY >KUYHH-CEBEPSH OBUIO YCTaHOB-
JICHO CIIe/yIollee pacnpeieseHne reHOTUIIOB:
-786 T/T —40,95%, -786 T/C —47,24% n -786
C/C — 11,81%. lanHoe pacnpeseseHue cooT-
BETCTBOBAJIO 3aKOHY paBHOBeCcHs Xap.Iu-
Baiin6epra (y>=0,13; p=0,714). B renodouze
TIOTTYJISIIIAN JKUTEJICH-CEBEPSIH B pE3yJIbTaTe
TCHOTUIIMPOBAHMS OBbUIM BBIABICHBI JIBa all-
nenbHbIX Bapuanta reHa NOS3 (rs2070744):
npeakoBsli BapuaHT NOS3*T u MyTaHTHBIN
amens  NOS3*C. AmnnenbHbId  BapHaHT
NOS3*C sBnsncsi MUHOPHBIM U BCTpevasics ¢

yactotoil 35,43%, Kak ¥ TOMO3UTOTHBIN I'€HO-
tun C/C. YacToTa BCTpeu4aeMOCTH aJUICIILHOTO
Bapuanta NOS3*T npeobnanana u cocTaBuiIa
64,57%. YpoBeHb aJIeNILHOTO pa3HOO0Opasus
o uccieayemomy jokycy — Ho=0,44. Tlony-
YeHHbIC JaHHbIE 10 PACHPECNICHUI0 YacTOT
TCHOB M TCHOTHUIIOB B OOCIIeyeMOU MOMmyJis-
[IUU KUTEJIeH-CeBEePSH CXOIHbI C TAKOBBIMH Y
€BpPOIICHIIEB, COrJIACHO OOMIEMUPOBBIM Oa3am
JaHHBIX [23, 24].

JI1s1 moceyronero aHajanu3a Mol pasjie-
JWIA UCCIEAYEMYIO KOTOpPTY Ha 2 TPYMIbI B
COOTBETCTBUHM C HAJIMYUEM B TCHOTHUIIE aJl-
nensHoro Bapuanta NOS3*C: 1-g rpymnmna —ro-
mosurotel T/T (n=52) u 2-s rpynma — HOCH-
tenu amenbHoro Bapuanta NOS3*C — ¢ reHo-
tuniamu T/C+C/C (n=73). IIpoBeneHune anTpo-
MOMETPUYECKOI0 TECTUPOBAHUS HE BBISIBUIIO
3HAYMMBIX Pa3IMYMi JBYX TPYIII IO COMATO-
METPUYECKUM XapakTepucTtukam. Tak B mep-
BO Tpymme oOCIeqyeMbIX CpefHss JIHHA
Tena coctaBmiia 178,4+1,0 cMm, Macca Tena —
84,2+1,8 kr; cpenHss AJIMHA TeJla U Macca Tena
MY>KYMH-CEBEPSH BTOPOW TPYIIBI paBHSIACH
178,1+£0,9 cm u 81,9+1,6 KT COOTBETCTBEHHO.
[Tokazarenn BapuaOEIBbHOCTH CEPACYHOTO
pUTMa B TOIMYJISIIIAA MY>KUYNH-CEBEPSH C pas-
JUYHBIMH TEHOTHIAMH 1O MOJIUMOPPHUIMY
786T>C (rs2070744) rena NOS3 mpencras-
JeHbl B TabmuIe 2.

CpaBHeHUE ABYX TpyII HE BBISBUIIO
3HAYMMBIX Pa3INUni OTHOCUTENLHO MTOKa3aTe-
net YCC, RMSSD, Mo u AMo50. Oanako y
MY>KYMH-CEBEPSH HOCUTENEeH MOTMMOPQPHOTOo
Bapuanta NOS3*C (rs2070744) 2 rpynmsl (¢
redotunamu T/C+C/C) 3Haunmo Oomnee HU3-
kue Benumunasl MXDMN, pNN50, SDNN, ot-
HocuTenbHO ToMo3urot T/T. JlanHbIe MOKa3a-
TEJTH KOPPEIHUPYIOT C aKTHBHOCTHIO TIAPACUM-
NaTHYeCKON HEPBHOW CUCTEMBI U MOTYT OTpa-
KaTh COCTOSTHHE CHUKCHHSI YPOBHSI (PYHKITHO-
HUPOBAHUS CHHYCHO-TIPEJICEPTHOTO y3J1a U U3-
MEHEHUS TOHYyca Oy)KIaroniero Hepea, 4To B
1IEJIOM CBHJIETEIHCTBYET O MaJeHUN aKTUBHO-
CTH KOHTYpPa aBTOHOMHOU PETYJISAIIUU CepIey-
Horo putma. CoryiacHO JUTEpaTypHBIM JaH-
HBIM [25], OAHUM U3 MapKepOB, XapaKTepU3y-
IOIUX HampsbKeHUE B paboTe peryssTOpHBIX
CHUCTEM OpraHu3Ma, SBISETCS TOKa3aTellb
crpecc-unaekca (Sl).
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Tabnuya 2
IMoka3aTenu BapuadeILHOCTH CEPAEYHOr0 PUTMA Y MYKUHH-CEeBEPSH ¢ Pa3IMYHBIMU reHOTHNAMU 10 nosmuMopdusmy -786T>C (rs2070744)
rena NOS3, Me [Q1; Q2]

Table 2
Heart rate variability indices in northern men with different genotypes for the -786T>C (rs2070744) polymorphism of the NOS3 gene,
Me [Q1; Q2]
LF/HF,
H3yuaembie YCgc, MxDMn | RMSSD | pNN50, SDNN, AMO050, 5 2 VLF,
Sl yeua. ,, | HF,me* | LF, mc ) yer en. | IC, yeu.
nokasaresn/ | ya./MuH ,me/ ,me/ %/ mc / Mo, mc / (W en /S| TP, mc?/ /HE ILE mc?/ / en JIC
HRV Pa- /HR, MxDMn | RMSSD | pNN50, SDNN, Mo, ms AMo, o) " | TP, ms? 5’ 2 VLF, o) '
) arb. ms ms 2 LF/HF, arb.
rameter b/min , ms , ms ms ms ms ms arb
T/T 71,5 227,5 33,6 7,3 [3,3; 45,8 840,0 46,6 125,0 1526,4 351,9 610,0 4239 1,9 3,1
- D [62,1; [183,0; [26,7; 16,9] [35,0; [749,3; [37,8; [71,3; [955,3; [188,9; [410,4; [221,0; | [1,0;2,8] | [1,6:;4,9]
3 77,7] 291,3) 43,8] 57,0] 9545] 60,5] 2234] | 27757] | 843.4] | 1247.8] | 807,7]
E | T/C+ 70,2 195,5 32,6 51[1,9; 37,9 862,0 54,2 153,4 1229,7 339,5 5943 271,1 1,7 3,1
= § Cc/C [64,5; [154,0; [25,1; 14,2] [27,8; [791,0; [43,0; [87,8; [787,2; [154,1; [335,4; (152,1;4 | [1,0;3,0] | [1,6;4,7]
22 @ 76,1] 266,5] 43,1] 52,6] 929,8] 71,9] 306,6] 2352,7] 680,3] 1216,7] 51,8)
qig 3Ha- p=0.89 | p=0.038 | p=0.54 | p=0.024 | p=0.043 | p=0.72 p=0.18 | p=0.044 | p=0.015 | p=0.86 p=0.58 | p=0.020 | p=0.86 p=0.65
Q_"CS yu-
= 2
2 | MOCThb
S | pas-
5 JIAYUAN
(p)/ p-
value

IMpumeuanue: 1 rpymma — romosurotst T/T (N=52), 2 rpynna — Hocutenu amtensHoro Bapuanta NOS3*C — ¢ renorunamu T/C+C/C (n=73)

Note: 1 group — homozygotes T/T (n=52), 2 group — homozygotes C/C and heterozygotes T/C (n=73).
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Heo0xoauMo OTMETHTH, YTO B LIEJIOM B
UCCIIEIyeMON  BBIOOPKE  JKUTENEH-ceBepsH
JaHHBIN [TOKa3aTesb MPUOIMKAeTCs K BEpXHEi
IPaHUIIE HOPMBI, YTO MOXXET CBUJETEIHCTBO-
BaTb O BBICOKOW CTENEHU BBIPAKEHHOCTH
aJanTalliOHHOI'0 OTBETA OpraHU3Ma IpU BO3-
NEHCTBUM Pa3IMYHBIX CTPECCOPOB CpPEbl, Be-
OyLUUX K MepeHanpsHKeHUIo B padoTe perysis-
TOPHBIX cHCTeM opraHusma. bonee Toro, B
IpYIIE >KUTEJICH-CEBEPSIH HOCUTENICH IOJH-
Mopduoro Bapuanta NOS3*C (rs2070744)
(renotuniel T/C+C/C) oTmedaroTcss 3HAYMMO
Oosiee BBICOKHME BEIUYMHBI CTpPECC-WHAEKCA.
[ToBbIlIeHNE ypOBHS HWHAEKCA CTpecca MpH
camwkennn mokaszarenst PNN5SO moryT cBue-
TEJIBCTBOBATH O BHICOKOM YPOBHE «9KOJIOTHYe-
CKOT'O CTpecca» U yCUJIEHUU aKTUBHOCTU CUM-
MaTUYECKON HEPBHOM CUCTEMBI.

[TokazaTens o0I1Iei MOIIIHOCTH CIIEKTPA,
KOTOPBI SBJISIETCS HHIUKATOPOM CYyMMAapHOTO
YPOBHSI AaKTHUBHOCTH PETYJISITOPHBIX CHCTEM
OpraHu3Ma, CTaTUCTUYECKH 3HAYMMO BBIIIE B
MepBOH Tpynme o0CaeayeMbIX TOMO3UTOTHBIX
Hocutener npeakoBoro amiens NOS3*T (re-
Hotun T/T). IIpu 5TOM BBISIBJICHHBIE Pa3TUIUs
00yCIIOBJIEHBI 3HAYUMO 00Jiee BBICOKUMHU Be-
nuunHamu VLF-coctaBnstomeld putma ¢ 0T-
CYTCTBHEM 3HAUYUMBIX MEXTPYNIOBBIX OTJIH-
yuit otHocutensHo HF u LF. Cnengyer otme-
TUTb, YTO 3HAUUMBIX OTJINYUH 10 MOKA3ATENSIM
LF/HF u IC mMexxay nBymMs rpynmnamu He oOHa-
PYKEHO.

Pe3ynbpTaThl aHanu3a OCHOBHBIX MHapa-
METPOB BapHalOeIbHOCTH CEpPACUYHOTO pUTMaA
MOKa3ajau pa3iuuus B OOECIeueHUHU Berera-
TUBHOW PETYJISIIIUU CepAla B 3aBUCUMOCTH OT
HATNYHS nouMopduzma -786T>C
(rs2070744) rena NOS3. Tak Oonee BbICOKHE
BEJIMYMHBI BAPUAIIMOHHOTO pa3Maxa, MHICK-
CUPYIOIIME BAPUATUBHOCTh 3HAYEHUN KapaUO-
MHTEPBAJIOB, OOYCJIOBIEHHBIX (U3HOIOrHYe-
CKOM JIbIXaTeNIbHOW apuTMHUEH HaOII0JaNCh y
o0cneayeMpIx TOMO3HUTOT ¢ reHotunom T/T
(786T>C (rs2070744) rena NOS3. Iloxkaza-
Tesib pNNSO KoppenupyeT ¢ akTHBHOCTBIO TTa-
pacMMIIaTUYECKOW HEPBHOM CHCTEMBI U B
HACTOSAIIEE BPEMsI MCIOIb3YETCs IS OLIEHKH
€€ aKTUBHOCTH B KayecTBE Mapkepa BapHa-
OEbHOCTU CEpJIEYHOr0 PUTMa BO BPEMEHHOM
obnactu [26]. B HacTosmem wucclieI0BaHUH

YCTaHOBJICHBI 3HAUUMBbIE Pa3INyus psijia napa-
METpPOB BapuabETbHOCTU CEPJICTHOTO PUTMA Y
KUTeNleH-ceBepssH HOCUTEeNeH moIuMop(HOTo
Bapuanta NOS3*C (rs2070744) (reHoTHITBI
T/C+C/C). Bo-niepBbIX, B JaHHOU I'PYIIIE 3Ha-
yuMo Oosiee HuU3Kue mokazarenu pNN5SO0 u
SDNN, uTo MOKET CBHIETEILCTBOBATE O CHHU-
YKEHHE POJIM BaryCHOT'O BJIMSIHUSI B BEr€TaTUB-
HOM KOHTPOJIE CEpJCUYHO-COCYIUCTOH CHU-
cTembl. Bo-BTOpBIX, B JAHHON KOropte oocie-
JyeMBIX BBISIBJICHBI 00Jiee BBICOKHE IOKa3a-
tenu S|, WMHIEKcUpylomUe OTHOCHUTEIHLHOE
YBEJIIMUCHUE CHUMIIATHYECKON AaKTUBHOCTHU B
PEryJIALUU CEPICYHOT0 pUTMA (pa3Iuyus cTa-
TUCTUYECKH 3HauuMebIe). [Ipu aTOM oOcnenye-
MBbI€ JBYX TPYIII HE UMEIH OTIUYUA OTHOCH-
tenbHO nokazarener YHCC, RMSSD, Mo u
AMo.

B Hammx mccnenoBaHUSX YCTaHOBIICHO,
YTO 3HAYUMO OoJiee BBHICOKUH Mokazarens TP,
OTpPaKAMIIUNA CYMMapHYIO aKTHBHOCTH pery-
JSTOPHBIX CUCTEM OpPraHu3Ma, B IpyIie roMo-
surot T/T, obecrieuen 3HaYMMO 0OJIe€ BHICO-
kuM BkimagoM VLF-Cocrabnsromieit kapauo-
putma. OOcneayeMbie IBYX TPYI HE UMETH
OTJIMYMIA OTHOCUTEIBHO BBICOKOYACTOTHOTO
(HF) u Hu3kouacrotroro (LF) auana3ona 00-
MIETO CHEKTpa C COOTBETCTBYIOUIMM OTCYT-
CTBUEM OTJIMYMH U OTHOCHTEIHLHO BEITHYHHBI
LF/HF.

Heo0OxoauMo OTMETHTD, YTO 10 CUX TOP
OJIHO3HAYHOTO OTBETAa OTHOCHUTEIHHO (hU3HO-
Joruyeckux ocHoB nokaszatens VLF ne momny-
4yeHo. Tak, B HEKOTOPBIX HCCIEAOBaHUAX yKa-
3BIBAETCS HA TO, YTO OUYEHBb HU3KAs YacTOTa 00-
IETO CIIEKTPa, BEPOATHO, MOXKET OBITh 3a/eHi-
CTBOBaHA B OYCHb MEJICHHO JCHCTBYIOIIUX
OHMOJIOTHYECKHUX TMpoIleccax OpraHu3Ma, Ta-
KUX, KaK peryJysiius teMmrepatypsl [27], pe-
HUH-aHTUOTCH3MHOBbIE ~ BO3ACHCTBHS  Ha
cepaue [27, 28, 29], a Tak)ke MOXKET T€HEPUPO-
BaTbesl ¢usnyeckoil aktuBHOCTHIO [30]. Co-
rmacHo paboram A. H. ®neiimvana (1999):
«cHIKeHue MourHocty B VLF-anamazone mo-
XKET SBIIATHCS TyBCTBUTEIIBHBIM HHINKATOPOM
HaJIW4Yus SHEProAe(UIUTHOTO COCTOSIHHS B
opranu3Me  (THUIIOKCHS,  METa0OJUYEeCKHE
HapylleHus) U, B CBOIO OYepeb, OTPAKAET
CBSI3b aBTOHOMHBIX (CErMEHTapHbIX) YPOBHEM
perynsiuuu ¢ HagcermeHTapHeiMuy [31]. [Ipu
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3TOM TOKa3aHO, YTO YMEHbIIIEHUE OUYEHb HU3-
KOYaCTOTHBIX KOJICOAHUH KapIMOpUTMa CBS-
3aHO C TMOBBIIIEHHBIM PHUCKOM CEpACYHOM
cMepTu U HapyuieHus putMa [32]. ITo naHHBIM
IPYTUX HUCCIIEJOBAaHUM HU3Kas MOIIHOCTH B
3TOM JAMana3oHe OblIa CBA3aHAa C BBICOKUM
ypoBHeM BocnaneHus [33]. Takxe ObUTO BBI-
CKazaHO mpenmnonoxenue, uro VLF kommo-
HEHT 00IIero puT™Ma B 3HAYUTEIILHOW CTENICHU
CBSI3aH C MEXaHU3MaMH, 3aBUCAILIIUMH OT KaJIb-
LMEBBIX KaHAOB L-Tuma, reHepupyemMbIMH
MHUOTE€HHBIMH COCYAMCTBIMH DEaKIHsIMH Ha
CIIOHTAHHO BO3HHUKAIOILME HapyIIEHUs apTe-
puanbHOro AaBieHus [34].

YuurteiBas TOT GaKT, YTO B TPYIINIE HOCH-
teneit Bapuanta NOS3*C (rs2070744), Obuin
OTMEYEHBI 3HAaUUMO 00Jiee HU3KHUE [T0KA3ATEIH
VLF-cocrasistroneii o0mel MOIHOCTH CIIEK-
Tpa, Hallll pe3yJbTaThl 1al0T HaM OCHOBaHUE
IpearonaraTh, 4To Hu3Koe 3Hauenue VLF mo-
KET MPECTABIATh COO0N paHHUI HEHHBA3HUB-
HBI OMOMapKep CHIKEHHS SHIOTEIHalbHOM
(GYHKIMM TPOAYKIMH OKHCH a30Ta Kak mpe-
JTUKTOpa BBICOKOTO PHCKa CEpAECUYHO-COCYIH-
CTBIX 3a00JI€BaHMN ¥ CHW)KEHHUS KadecTBa
KHU3HU B IEJIOM.

Crnenyet noguepKHyThb, 4TO y oOcieye-
MBIX MYXYHMH-CEBEPSIH BHE 3aBUCHUMOCTU OT
TeHOTHUIIa OTMEYAIOTCS MTOBBIILIEHHbIE, OTHOCH-
TEJIbHO NMPUHATON HOPMBI BEJIMUYMHBI UHJIEKCA
nenrpanmzanun (IC) (HopmaTuBHBIN Iuana-
30H: 0,3-2,5) [35], 4TO MOXET CBHUIETENHCTBO-
BaTh O NMPEBAIMPYIOIIEM BIUSHUU LepeOpab-
HOM DProTOpPONHON CHCTEMBI Ha PETYJIALHUIO
CepJICYHOT0 pUTMaA.

AHanu3 mnapaMeTpoB BapuaOEeNbHOCTH
CepJICUHOI0 pUTMA SIBJISIETCS XOPOIIO MU3BECT-
HbIM HEMHBA3UBHBIM METOJOM OIpPEAEIICHUS
(YHKIMOHUPOBAHUSI BETETATUBHONM HEPBHOM
cucteMmsbl. [Ipu 3TOM akTHBanusg cuMmIaTH4e-
CKOrO OTJena BEreTaTUBHOM HEPBHOW CH-
CTeMbl 0OecrieYrBaeT alafTaluio OpraHu3Ma K
M3MEHSIOIIMMCS YCIIOBHSIM CpEJibl, a Ipeodiia-
JlaHWEe TapacUMIATUYeCKOro 3BEHa CHoco0-
CTBYET BOCCTaHOBJICHHIO romeocrtaza [3]. B
HalleM HCCIIEJOBAaHUM  JKUTEJIEH-CEBEPSH
YCTaHOBJIEHO, YTO B 3aBUCUMOCTH OT HAJIMYUS
B TEHOTHUIIE ajuleJbHOro BapuaHTta NOS3*C
(rs2070744) wnabmromaerca caBur OanaHca

CUMIATHYECKON M MapacUMIIaTUYECKOil pery-
JSUUM BapuaOeIbHOCTU CEPAEYHOTO0 pPUTMA.
Tak B rpymnmne roMO3UroTHbIX HOCUTENIEH a-
aenpHOro Bapuanta NOS3*T (rs2070744)
HaOMIOlaeTCsl  aKTUBAlLlMsA IapacuMIaThye-
CKOI'0 3B€HA BEreTaTUBHON HEPBHON CUCTEMBI,
0 YeM CBUJETENIbCTBYIOT 3HaYUMO OoJiee BbI-
cokue nokazaresn MxDMn, pNN50 Ha ¢one
HU3KHMX TI0Ka3zarened crpecc-unaekca (Sl).
[Tonydennble pe3yabTaThl B MOJIHONH Mepe co-
[JIACYEeTCs C JIUTEPATYPHBIMHU JaHHBIMH, B KO-
TOPBIX YKa3bIBa€TCS Ha TO, YTO MHTUOUpPOBa-
HUE PabOTHI SHOTEIUATBHON CHHTA3bl OKHCH
azota (NOS3) ycTpaHseT TOHU3UPYIOIIUN BO3-
Oyxmaromuii 3Q(EeKT OKMCH a30Ta HA AKTHB-
HOCTb Ony»xaarorero Hepsa [36]. Takxke yuu-
TBIBasi TOT (aKT, YTO, COTJIACHO JIUTEPATyp-
HBIM JaHHBIM [37]: MHAEKC BapuaOEIbHOCTH
CEpJICYHOI0 PUTMa BO BpPEMEHHOW obnactu —
SDNN, Hapsy ¢ moka3aTensMu BapuadbenbHO-
CTH KapAMOpPUTMA B 4YacTOTHOM oOnactu — TP
u VLF, orpaxarot 1o 00JIbIICH YacTy MoKasa-
TeJN QYHKIMOHATBHOM ClIOCOOHOCTH, a HE BeE-
TeTaTUBHON aKTHUBHOCTH, MBI MOXEM IPEAIo-
JOXHUTH O OoJiee BBICOKOM ypOBHE (PYHKIIHO-
HaJbHBIX pe3epBoB y romo3urot T/T. Heo6xo-
JUMO TOJYEPKHYTh, YTO BETE€TATUBHBINA MPO-
¢bunp, XapaKTepU3YIOUIUICS BereTaTUBHBIM
n1cOaJaHCOM C BBICOKOM CMMIATHYECKOM aK-
TUBHOCTBIO U OTHOCUTEIBHO HU3KOM Mapacum-
MAaTHYECKOW AKTUBHOCTBHIO, OTMEYAIOIIHNICS B
rpynne T/C+C/C, siBisieTcst OTHUM U3 NPeIIo-
JaraeMbplX MEXaHU3MOB, JIEKAIUX B OCHOBE
MOBBIIICHHOTO PHCKa HEOIAarompusiTHBIX CO-
MaTUYECKHUX IMOCIEICTBUN ISl 3/I0pPOBBS, Ta-
KHX KaK CepJeYHO-COCYAUCTbIe 3a00JIeBaHus,
TUIEPTOHUS, MabeT W HUHCYJIbT, a TaKkKe
CMEpPTHOCTH OT BceX MpuuuH. Toraa kak 0oib-
masi aKTUBHOCTB OJTY KIAIOIIETr0 HepBa 3alllv-
IIa€T CEpACYHO-COCYIUCTYI0 CUCTEMY M CBS-
3aHa ¢ OOIIUM YJIydIlIeHHeM 3710poBbs [38] u
SIBJISIETCS IPU3HAHHBIM MPEAUKTOPOM JOJT0JIE-
Tusl. CHIDKEHUE €ro aKTUBHOCTH C BO3PacTOM
paccMaTpUBaeTCs Kak €CTECTBEHHOE YMEHbIIIE-
Hue pyHKIMOHAIBHBIX pe3epBoB [7, 39].
3akirouyenue. B 1ienoMm, pe3ynbrarthl uc-
cieoBaHus yOeIUTENbHO CBUAETEIBCTBYIOT O
TOM, UYTO HAJIUYME B TEHOTHUIIE JA)XE€ OJHOTO
amenst NOS3*C no nonumopduzmy 786T>C
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(rs2070744) oka3bIBacT OTPUIIATEIILHOE BIIHS-
HUE Ha CEpACYHBIN BETreTaTUBHBIA MPOQUIIB,
MPOSIBJSIIOIINNCA ~ CABUIOM  BEreTaTHUBHOM
HEPBHOW pEryyslui B CTOPOHY CUMIIaTHye-
CKOM akTHBHOCTH. [Ipym 3TOM moaydeHHbIE B
XOJI€ HAILIEro MCCIEAOBAHMS JaHHBIE HArOT
HaM OCHOBAaHME IMpeArnojiaraTb, YTO HU3KOE
3HaueHne VLF MoxeT mpencraBisaTh cOOOM
paHHUI HEMHBA3UBHbBIN OMOMapKep CHUKEHUS
GyHKIUR SHIOTENHATBHOM CHUHTAa3bl OKHCH
a30Ta KaKk IPEeIUKTOpa BBICOKOI'O pUCKa cep-
JI€YHO-COCYTUCTHIX 3a00JI€BaHUI U CHUKEHHS
KauecTBa JKU3HU B LIEJIOM.
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Abstract

Background: One of the negative inducers of the internal environment is inflammation; amongst
external factors the most significant is polyetiological stress. One of the promising pharmacological
methods of health protection is based on natural biologically active compounds, especially complex
phytoadaptogen (CPhA). The aim of the study: This study evaluated the seasonal rhythms in perio-
dontal microcirculation under combined stress (CS), and the possibility of seasonal prophylaxis with
complex phytoadaptogen — Glycyrrhiza glabra, Rhodiola rosea, Acantopanax senticosus. Materials
and methods: The study was carried out on 60 Wistar male rats (230+20 g) kept in natural light. The
complex phytoadaptogen is composed from official 70% tincture of Glycyrrhiza glabra and 40%
tincture of Rhodiola rosea, Acantopanax senticosus in the ratio 2:1:1. Results: Under seasonal dif-
ferences in meteorological data in healthy rats systolic flow velocity (S) in winter was higher than in
summer (P=0.005); under the effect of CS on the gum there was a seasonal difference of S (P=0.03)
with a maximum in winter (P=0.007); decrease in both seasons of the Gosling index (PI) (winter
(P=0.008), summer (P=0.005)), peripheral vascular resistance (RI) (summer (P=0.005), winter
(P=0.01)), Stewart index (SD) (summer (P=0.005), winter (P=0.01)). Under administration of CPhA
(groups 5 and 6) the microcirculation indicators in the gum and peripheries were statistically signifi-
cantly different from those in experimental periodontitis, and there were fluctuations within the con-
fidence interval of the norm (p<0.01), seasonal differences Rl (P=0.005) and SD (P=0.03), there was
a significant leveling of the damaging effect of CS. Conclusion: Application of a novel herbal extract
inhibited alveolar bone resorption by the reduction of osteoclastic activity, maintained the integrity
of periodontal structures, and normalized the periodontal microcirculation in summer and winter.
Keywords: combined stress; complex phytoadaptogens; immobilization stress; experimental perio-
dontitis; microcirculation; seasonal rhythms
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Introduction. Features of seasonal cy-
cles of mammals are formed depending on the
ambient photoperiodism, temperature, and are
characterized by a number of differences in the
production of melatonin and its derivatives,
and the restructuring of the neuroendocrine im-
mune system, which, controls seasonal reor-
ganization of body systems through the central
circannual pacemaker system and may depend
on epigenetic factors [1]. The duration of the
daytime cycle is the main regulator of bio-
rhythmological changes in the cardiovascular
system and human behavior. Seasonal changes
in physiological functions are determined by
melatonin regulation of TSHR expression in
pars tuberalis and hypothalamic dio2 (dio2
gene expression) [2], and are reflected in neu-
rotransmitters. Seasonal changes in the regula-
tion and functioning of macrohemodynamics
have been studied thoroughly [3, 4]; however,
there are few studies evaluating the character-
istics of seasonal changes in microcirculation
in normal conditions and in various typical
pathological processes.

Annual cycles are also typical for adap-
tive responses and the immunity. Analysis of
MRNA expression levels in the peripheral
blood and adipose tissue monocytes from dif-
ferent ethnic groups showed that about 23% of
the genome had significant seasonal differ-
ences, with two different antiphase patterns,
when the expression of one set of genes is in-
creased in the summer and the expression of
the other in approximately equal parts is in-
creased in the winter [5]. Pars tuberalis plays
an important modulating role in the formation
of the seasonal response to stress and immune
functions, which may be important in the path-
ogenesis of inflammation [6]. Some studies
showed a significant decrease in the functional
activity of immunocompetent cells in the win-
ter [7] associated with increased energy ex-
penditure which was considered as the result of
immune response [8].

Receptors for neurotransmitters on the
membrane of lymphoid cells providing percep-

tion of changes in the neurotransmitter micro-
environment by immunocytes have been dis-
covered. The idea of an open synapse linked
these components into an integral chain that
provides the possibility of interaction between
the nervous and immune systems through neu-
rotransmitters. It was shown that endogenous
bioregulators, including glucocorticoid hor-
mones and immunomodulating cytokines, in
particular, interleukin-1 (IL-1), the first of dis-
covered and characterized interleukins, which
initiates a cascade of innate and acquired de-
fense reactions, play a decisive role in these
mechanisms. Thus, seasonal changes in the
NEIM system determine the seasonal variabil-
ity in the activity of adaptive processes, in-
flammation, and other typical pathological
processes [9].

Biologically active substances of phy-
toadaptogens (PhA), or modifiers of the bio-
logical response, affect central and local regu-
latory factors, modulate the state of the central
nervous and endocrine systems, and the sensi-
tivity of cellular receptors to the action of neu-
rotransmitters and hormones [10-14]. Phy-
toadaptogens are used as a part of long-term
therapeutic and preventive therapy, since they
rarely cause side effects. CPhA have individual
therapeutic activity and tolerance increasing
with time, so their combined compositions are
recommended. Among the well-known and
widely used phytoadaptogens there are Glycyr-
rhiza glabra, Rhodiola rosea, Acanthopanax
senticosus and many others [14-18].

The choice of the studied drugs is based
on the chemical composition, pharmaco-
phores, and targets of Glycyrrhiza glabra,
Rhodiola rosea, Acanthopanax senticosus.
Glycyrrhiza glabra contains up to 24% of
triterpene saponin glycyrrhizin, which causes
pronounced anti-inflammatory activity with
inhibition of exudative and proliferative phases
of inflammation. Glycyrrhizin of Glycyrrhiza
glabra significantly reduces the secretion of
necrosis factor-o (TNF-a), IL-1p and IL-6; in-
hibits RANKL-induced osteoclastogenesis.
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Acanthopanax senticosus contains antioxi-
dants — pinocembrine, glabranin, which reduce
the production of nitric oxide and cortisol in
stress. Rhodiola rosea contains polyphenols
such as flavonoids, proanthocyanidins, tyrosol,
cinnamon alcohol, glycosides, organic acids,
essential oils, sugars, fats, alcohols and pro-
teins [10, 18]. The pharmacological effects of
Rhodiola rosea: stimulate the central nervous
system, increase the level of beta-endorphin in
the brain. Beta-endorphin is the stress-reliev-
ing, feel-good, analgesic peptide. The main ef-
fects of Rhodiola rosea described are adap-
togenic, that means “natural herbal products
that are nontoxic in normal doses produce a
nonspecific response and have a normalizing
physiologic influence, stress protective. More-
over, it has been described as an antioxidant
[17, 18]. The above effects of Glycyrrhiza gla-
bra, Rhodiola rosea, Acanthopanax senticosus
can have a positive effect in the prevention of
microcirculation parameters in the periodon-
tium under combined stress (CS) — experi-
mental periodontitis (local factor) and immobi-
lization stress (1S) (centralized exposure).

The aim of the study. To evaluate the
seasonal rhythms in periodontal microcircula-
tion under combined stress (CS), and the pos-
sibility of seasonal prophylaxis with complex
phytoadaptogen — Glycyrrhiza glabra, Rhodi-
ola rosea, Acantopanax senticosus.

Materials and methods. The experi-
ment was performed on 60 adult Wistar male
rats (obtained from laboratory animal nursery

“Rappolovo”), weighing 230+£20 g. The ani-
mals were kept in cages (5 animals in each) in
natural light (43°01'00"N 44°41'00"E, Vladi-
kavkaz) with free access to food and water.
Food was given once a day (from 9.00 to 10.00
o'clock a.m.). The rats were kept in a room
with controlled temperature (21£1°C) and hu-
midity (50-55%) and in natural light.

The study used 2 time periods — winter
(February) and summer (August), the only dif-
ference that affected the condition of animals
was the value of the photoperiod (depending
on the season). All meteorological data rec-
orded in this study are shown in Figure 1,2. All
efforts were made to minimize animal suffer-
ing, to reduce the number of animals used.

After the first adaptation period, the ani-
mals were randomly assigned to the following
groups — 10 animals in each: winter/summer
control (1-2 groups), combined winter/summer
stress (3-4 groups) and winter/summer com-
bined stress under administration of complex
phytoadaptogens (5-6 groups). All the opera-
tions were performed between 09.00 and 12.00
PM (GMT).

Combined stress in the summer and win-
ter was modeled by a combination of experi-
mental periodontitis (local factor) and immobi-
lization stress (1S) (centralized exposure).

The study was approved by the Ethics
Committee of the Institute of Biomedical In-
vestigations — the Affiliate of VVladikavkaz Sci-
entific Centre of Russian Academy of Sciences
(Protocol 6, January 24, 2019).
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Experimental model of combined stress
(CS) can be comparable in pathogenesis to hu-
man stress, and is implemented with the partici-
pation of local and general etiological factors.
The local factor is a metal ligature that disorders
the integrity of the ameloblastic epithelium
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("hydrostatic cushion™) of the lower incisors of
rats, which excludes the restoration of periodontal
tissues by its cells and contributes to the mainte-
nance of alterations. A common factor — a high-
carbohydrate diet and IS, contribute to the gener-
alization of the inflammatory response [19].
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Fig. 2. Meteorological variables including ambient temperature (°C), relative humidity (%),
atmospheric pressure (mm Hg), and geomagnetic activity (K-index) (points) during
the study period (February, August, 2019).

The local factor in CS is experimental
periodontitis (EP). EP was modeled by apply-
ing a metal ligature at the gingival margin of
the lower incisions, using "Zoletil" as an anal-
gesic at a dosage of 0.1 ml/100g. The ligature
was fixed to the crest of the alveolar process
with a silk thread, disturbing the integrity of
the ameloblastic epithelium (hydrostatic cush-
ion) on the vestibular side, where it has the
smallest thickness in order to create an en-
trance for microflora. The animals were fed
with wheat porridge with milk (30%), starch
(20%) and sugar (15%) (High-carbohydrate
diet according to A. I. Evdokimov) [19]. The
intensity of inflammation in the periodontium
depends on the reactivity of the body and on

the effects of external factors, but together with
the ligature, they can contribute to the develop-
ment of a pronounced inflammatory process
[20]. This model causes capillary stasis in the
microcirculatory system due to perivascular
tissue edema in inflammation.

To assess the severity of the inflamma-
tory process in the rat periodontium and inter-
system correlation analysis, we developed an
index reflecting the severity of peritonitis (SP).
Evaluation scale: 0 — intact periodontal (gums
are pale pink, do not bleed); 1 — gums are pale
pink, when probing bleeds, periodontal pock-
ets are not detected; 2 — gums are hyperemic,
edematous, loose, bleed when probed, perio-
dontal pockets up to 1.5 mm deep, mobility of
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the first degree; 3 — gums are hyperemic,
edematous, profusely bleed when probed, per-
iodontal pockets depth up to 3 mm, mobility of
the 11 degree.

In our experiment, the common factor —
IS was modeled by placing animals from day 2
to day 7 in a tight plastic cage with an area of
0.005 m? for 6 hours from 9% to 14%[19], to-
tally 6 days.

Small pieces of gum tissue (including the
free gingiva, the interdental papilla and the at-
tached gingiva) were fixed in 10% buffered
formalin for histopathological studies. The
fixed tissues were washed in running tap water,
dehydrated in acetone, cleared in benzene, and
immersed in paraffin wax (melting tempera-
ture 60-62°C). Paraffin sections were cut at the
thickness of 4-5 p and stained with Lily
Mayer’s hematoxylin and 2% water soluble
eosin. The study was carried out using a polar-
izing microscope with a digital camera ZEISS
Axio Lab.Al (Germany). In gum tissue the fol-
lowing histological parameters were evalu-
ated: 1) intensity of the inflammatory process;
2) structural pattern of the connective tissue.

Doppler ultrasound was used to access
microcirculation (MC) disorders (Angiodin-
PC device, Russia, 16MHz probe). For this
task each rat was fixed on a wooden board in
the supine position, upper and lower jaws were
anchored in an open position. In the attached
gingiva of the transition fold near the lower in-
cisors, an area where large blood vessels do not
pass was selected to examine the liquid ex-
change in the tissues — systolic (S), diastolic
(D), medium (M) blood flow velocity, Pl — pul-
sation index (index Gosling), Rl — peripheral
resistance index (index Purcell), SD — systolic-
diastolic index (Stewart index).

CPhA is composed from official 70%
tincture of Glycyrrhiza glabra and 40% tinc-
ture of Rhodiola rosea, Acantopanax senti-
cosus in the ratio 2:1:1 [19]. The dose was cal-
culated taking into account the average daily
volume of liquid consumed and the coefficient
(x10) for small laboratory animals (0.1
ml/100g) per day. CPhA was administered
with drinking water in a therapeutic and pre-
ventive mode (groups 5 and 6) — 14 days before
the experimental simulation and 14 days
throughout the simulation.

Since the CPhA contains alcohol extracts
of PhA, additional control groups of rats were
formed. 1,6 % ethanol solution was adminis-
tered to these animals (the concentration of
ethyl alcohol in the applied dose of CPhA) in
the therapeutic and preventive regimen. In both
seasons, an additional control group was formed
taking the anesthetic Zoletil. No significant
changes were detected, so we combined the an-
imals into common groups.

Data analysis was performed using Sta-
tistica 10.0 software («StatSoft, Inc», Russia).
The normality distribution of continuous vari-
ables was tested with the Shapiro-Wilk test.
The Kruskal-Wallis test was used to compare
independent groups of variables with a non-
normal distribution. Median (25-75 %o) values
were given as descriptive statistics due to the
small number of variants in the sample (the
Mann-Whitney-Wilcoxon test). The correla-
tion analysis was performed using the Spear-
man method. The value of p < 0.05 was ac-
cepted as statistically significant.

Results

Inflammatory process

The indicators of the periodontitis sever-
ity index are given in Table 1.

Table 1
Dynamics of SP index (severity of periodontitis) in all the experimental groups
Season Winter Summer
Parameter 1 group 3 group 5 group 2group 4 group 6 group
Hyperemia - ++ - - + -
Edema - ++ +
Bleeding - ++ +
Mobility - ++ +
Soft plaque - ++ +
Periodontal pockets - +++ + - ++ -
SP index 0 2.7£0.15 0.5+0.16 0 2.2+0.13* | 0.2+0.13

Note: *Seasonal statistically significant difference, p<0.05.
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Histological examination of gum tissue

On the 1st day of the experiment (con-
trol) in animals of groups 1 (winter) and 2
(summer), the gum was pale pink, did not
bleed during probing, and pathological mobil-
ity of teeth was not revealed. Under histologi-
cal examination the gum was represented by its
own plate of the mucous membrane, covered
with stratified squamous keratinizing epithe-
lium. The lamina propria of the mucous mem-
brane-consisted of relatively thin collagen fi-
bers arranged in an orderly manner with low-
activity fibrocytes lying between them.

Group 4 animals (summer animals) were
diagnosed with signs of inflammation: oedema

.y
s {
o

and destruction of collagen fibers, the for-
mation of highly vascularized granulation tis-
sue, with the presence of histiocytes, lympho-
cytes and plasma cells (Fig. 3a.l) and areas of
destruction of the stroma of the gingival mu-
cosa (Fig. 3a.1l) at 100%. In group 3 (winter),
more pronounced activity of the inflammatory
reaction was diagnosed in comparison with an-
imals of group 4 (summer), extensive areas of
necrosis of the collagen stroma of the mucosal
lamina propria (Fig. 3b.1), an increase in the
number of histiocytes, lymphocytes and

plasma cells (Fig. 3b.1I).
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C — CPhA application in summer; D — CPhA application in winter (H&E x 100)

In group 5, rounded cavities were found
in the gaps between the bundles of collagen fi-
bers, the vessels were moderately dilated, the
inflammatory infiltrate was completely re-
sorbed, and the processes of fibrillogenesis

were active. Collagen fibers had a normal
structure, but in comparison with intact perio-
dontal preparations they were deformed and
thickened (Fig. 3d.Il). The stratified squamous
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keratinized epithelium was not completely re-
stored (Fig. 3d.l). According to clinical and
histological criteria, complete resolution of the
inflammatory process was achieved only in 6
group by the end of treatment, the stratified
squamous keratinized epithelium (Fig. 3C.I)
and collagen fibers had a normal histological
structure (Fig. 3C.I1).

Microcirculation

In healthy animals, there was a statisti-
cally significant maximum of the systolic com-
ponent of blood flow on the gums in winter,
which reflects the dominance of circadian reg-
ulation. In conditions of CS on the gum and pe-
riphery, there was a statistically significant in-
crease in all blood flow velocities in both sea-
sons (groups 3 and 4), seasonal differences
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were significant for the systolic velocity and
(P3-4=0.03) on the gum with a maximum in the
winter season (P1=0.007), and with a minimum
in the summer (P2=0.01), systemic hyperperfu-
sion developed, more pronounced in winter
(Fig. 4). There was a significant systemic de-
crease of vascular resistance to the blood flow-
Gosling index in both seasons (winter
(P=0.008) and summer (P=0.005)), peripheral
vascular resistance (summer (P=0.005) and
winter (P=0.01)), the Stewart index (summer
(P=0.005) and winter (P=0.01)). Under CPhA
correction of microcirculation parameters of
groups 5 and 6 in the winter season there was
an increase in the Gosling pulsatory index
(0.005) and the Stewart index (P=0.03).
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Fig. 4. Dynamics of microcirculation indicators in the winter and summer seasons in the gum.

Under administration of CPhA (groups 5
and 6) the microcirculation indicators in the
gum and peripheries were statistically signifi-
cantly different from those in experimental
periodontitis, and there were fluctuations
within the confidence interval of the norm
(p<0.01), seasonal differences RI (Ps.=0.005)

and SD (Ps.6=0.03) (Fig. 4,5), there was a sig-
nificant leveling of the damaging effect of CS.

Local inflammation in winter occurred at
the maximum of systolic and diastolic compo-
nents, statistically significant hyperperfusion
(increased M) developed with a decrease in
permeability and peripheral resistance, which
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contributed to alteration and was confirmed by
histology, consistent with data on a decrease in
immunoreactivity and a more severe damage
to the rhythmic organization in the winter sea-
son. At the same time, a similar hyperperfusion
was observed on the periphery in winter. In
summer, peripheral MC disorders occurred as
a tendency to an increase in the systolic and di-
astolic components of blood flow, and a de-
crease in Pl and RI.

In normal conditions (groups 1 and 2),

correlations were noted at the level of vascular
parameters (PI, RI, SD). Under EP (groups 3
and 4), the main component of regulation in
winter was the metabolic component (D), and
in summer — the circadian component, through
the systolic component of blood flow. Under
EP correction with CPhA in winter the degree
of inflammation activity (SP) correlates with
local blood flow disorders. In summer, there
was a partial restoration of correlations
(Table 2).

Table 2

Correlation analysis of microcirculation parameters in the gum and the severity
of periodontitis index using Spearman’s method in the winter and summer season

Winter Summer
p | p Value p | p Value
Control
PI&RI 0.92 0.0001* PI&RI 0.96 0.00001*
PI&SD 0.89 0.0005* PI&SD 0.96 0.00001*
RI&SD 0.96 0.000007*
Experimental periodontitis
D&PI 0.66 0.03* S&M 0.77 0.003*
D&M 0.71 0.01* S&RI -0.82 0.003*
D&SD -0.66 0.04* S&SD -0.85 0.001*
M&SD -0.65 0.03* M&PI -0.76 0.009*
PI&SD 0.73 0.01* M&RI -0.78 0.007*
M&SD -0.87 0.001*
RI&PI 0.78 0.006*
RI&SD 0.75 0.01*
S&SP 0.66 0.03*
SD&SP -0.7 0.02*
Experimental periodontitis+ CPhA
PI&RI 0.93 0.00009* PI&SD 0.89 0.00004*
PI&SP -0.81 0.003*
SD&SP -0.71 0.02*

Note: systolic(S) (Vas, mm/sec), diastolic (D) (Vad, mm/sec), medium blood flow velocity (M) (Vam, mm/sec), pulsatory
index Gosling (P1), resistance index (RI), Stewart index (SD), SP — severity of periodontitis index, P<0.05.

Discussion. In the study, we obtained
statistically significanct data on the presence of
seasonal dynamics: in healthy animals —in sys-
tolic regulation of blood flow (S) with a maxi-
mum in the winter season, which correlates
with previous studies [21, 22]; in CS, the de-
gree of hyperperfusion is more pronounced in
winter, when all structural components of the
periodontium are involved in inflammation
with maximum manifestations of structural
and tissue damage and the appearance of grade
I1 mobility; CPhA normalizes the state of mi-
crocirculation and the morphological status of

the periodontium in both seasons, the effect is
most pronounced in the summer season.
Seasonal dynamics of microcirculation
in the gingival region in both the winter and
summer seasons may be associated with the
antioxidant effect of melatonin and its in-
creased secretion in the winter season. Several
studies have shown that melatonin, which acts
as an antioxidant, has a significant protective
potential against oxidative stress-induced inhi-
bition of osteoblast differentiation inhuman
mesenchymal stem cells (MSK). Melatonin
also reduces oxidative stress-inhibited osteo-
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genesis by restoring in vitro differentiation po-
tential of human MSCs through the activation
of AMPK-FOX03a-RUNX2 axis (FOXO3a
(the key transcription factor regulating oxida-
tive stress-induced cellular response) and
RUNX2 (the key transcriptional factor initiat-
ing osteogenesis) protein levels during human
MSC osteogenesis.

Effect of complex phytoadaptogen on al-
veolar bone loss by combined stress.

Glucocorticoids are the most important
factors in the transmission of circadian time
from suprachiasmatic nucleus (SCN) to pe-
ripheral osteoclasts (Fig. 5), and it is the pe-
ripheral clock of osteoclasts that can regulate
the circadian rhythm of bone resorption by reg-
ulating the expression of cathepsin K (CTSK)
and the nuclear factor of activated T-cells, cy-
toplasmic 1 (NFATc1). These mechanisms ex-
plain the more pronounced mobility of the
lower incisors under the effect of combined
stress in the winter season (11 degree of mobil-
ity of the lower incisors, the SP index was 3
points in group 3).

Combined

stress Melatonin -«— Pineal gland

Sympathetic
nerve

Stress can affect wound healing (patho-
physiological effects of changes in cellular me-
diators). Intracellular signaling mediators
Smad3 and Snail also show circadian expres-
sion, while circadian rhythms have been shown
in human gingival fibroblasts (HGF-1) and
mesenchymal stem cells (MSC), and brain-
musclearnt-like-protein 2 (BMALZ2), vascular
endothelial growth factor (VEGF), and PE-
RIOD 3 (PER3) show circadian expression in
human MSC [23].

CPhA have an effect on combined stress
in several ways (Fig. 5): glycyrrhizin of
Glycyrrhiza glabra significantly reduces the
secretion of necrosis factor-a (TNF-a), IL-1P
and IL-6; glycyrrhizin significantly inhibits
RANKL-induced osteoclastogenesis, regulates
the expression of nuclear factor of activated T
cells 1 (NFATc1); glycyrrhizin reduces the
formation of reactive oxygen species in osteo-
clasts by inducing AMPK (AMP-activated
protein kinase) phosphorylation and nuclear
transfer of NRF2 (nuclear factor-erythroid
2-related factor 2) [15].

RANKI.
l RANK
© I ored

_’ Alveolar

bone loss

Glucocorticoids / ocCp
by stress ih

Note: The red arrows indicate the effects of chronic stress on periodontal inflammation, the green arrows indicate the
effects of CPhA on periodontal inflammation. OCP — osteoclast precursor; OPG — osteoprotegerin; RANKL — receptor
activator of nuclear factor kappa-B ligand; NF-«B - receptor activator of nuclear factor kappa-B (RANK); TRAF6 - tumor
necrosis factor receptor-associated factors; NFATc1 - nuclear factor of activated T-cells; SCN — suprachiasmatic nucleus,
RANKL — nuclear factor activator ligand.

Fig. 5. Effects of complex phytoadaptogenes on alveolar bone loss by combined stress.

Adaptogens also contain antioxidants:
pinocembrine, glabranin, and licorice (licorice)
[14], reducing the production of nitric oxide and
cortisol in stress [24]. An adaptogen targets me-

diators of extracellular communication, intracel-
lular networks, and signaling pathways that are
involved in stress-induced disorders such as in-
flammation, atherosclerosis, metabolic disor-
ders, intoxication, and others [25].
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Secondary metabolites of adaptogens
adapt cells to stress, which is called the phe-
nomenon of hermesis or preconditioning
(ashormesisor pre-conditioning) [25, 26]; un-
der the effect of Fapri, the transcription factors
NF-KB and FOXO, neurons adapt to stress
[27], which plays a role in the adaptation of the
NEIM system to the photoperiod.

Seasonal effects of adaptogens on CS are
formed through the epiphysis with the partici-
pation of melatonin and its receptors. Melato-
nin has an anti-stress effect, changing the bio-
chemical and neurochemical processes in the
hypothalamic structures of the brain [10].

An important feature of the study is the
conditions that are as close to natural as possi-
ble, in which NEIM-the restructuring of ultra,
circa-and infradian rhythms of the body's func-
tional systems is preserved when the seasons
change, and the artificial imposition of rhythm
destabilizes the temporary organization and
does not reflect adaptation to geomagnetic and
climatic conditions of the environment. Thus,
the significant difference (P<0.01) in day time
and night time temperature, humidity, atmos-
pheric pressure, geomagnetic activity (with a
maximum in winter, but a maximum amplitude
in summer) affects the adaptation of the cardi-
ovascular system (Fig. 1). Studies in natural
seasons year-round time (circannual time
keeping) allow to work with its main features
— its predictive ability to anticipate and prepare
for upcoming seasonal changes in the environ-
ment [21] and also to express stable annual cy-
cles which at certain phases overlap the effects
of the nearest signals, including photoperiod,
and artificial modulation of the photoperiod
disables these mechanisms. In healthy individ-
uals, tissue functions under the influence of a
mechanism that generates endogenous
rhythms are reprogrammed between the sub-
jective perception of winter and summer, and a
disturbance of the natural seasonal rhythm
leads to disorders of adaptive responses [5].

CS leads to the permissive effect of
blocking melatonin receptors with glucocorti-
coids, while CPhA reduces the concentration
of stress hormones and turns off blocking of
melatonin receptors in peripheral vessels, re-

storing the physiological properties of melato-
nin [28]. But it does not explain why the degree
of damage is higher under conditions of higher
melatonin concentration (winter), and the ef-
fects of CPhA are less pronounced. This is the
subject of our further research.

The study of seasonal features of micro-
circulation disorders is necessary for under-
standing the pathogenesis of post-stress disor-
ders in the dynamics of the annual cycle, de-
veloping principles of prevention and correc-
tion, taking into account the annual restructur-
ing of the NEIM system.

Conclusions. In healthy animals, there
are seasonal differences between parameters of
microcirculation. Combined stress caused by a
combination of immobilization and local in-
flammation causes significant changes in he-
modynamics, structural tissue damage in both
seasons of the year, but the degree of the dam-
age is higher in winter compared with summer.
Application of a novel herbal extract inhibited
alveolar bone resorption by the reduction of os-
teoclastic activity, maintained the integrity of
periodontal structures, normalize the periodon-
tal microcirculation in summer and winter.
These results suggest that complex phytoadap-
togen have ameliorative effects on the progress
of periodontal breakdown and might be uti-
lized for the treatment or the prevention of per-
iodontal diseases.
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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) is a chronic pathological condition of the
liver due to excess triglyceride accumulation in hepatocytes. The antioxidant properties of curcumin
improve lipid dysregulation and reduce reactive oxygen species (ROS). The aim of the study: This
study explores the effects of curcumin administration on beclin-1 and microtubule-associated protein
light chain-3 (LC3) expression as autophagy markers and XBP1 spliced as a marker indicating endo-
plasmic reticulum stress in ameliorating HFD-induced NAFLD in mice. Materials and methods:
Twenty-four ddY male mice were divided into four groups: the normal chow group, high-fat diet
(HFD) group, HFD with curcumin 50 mg/kg for 28 days group, and HFD with curcumin 100 mg/kg
for 28 days group. Bodyweight and food intake were measured daily, and curcumin was administered
intraperitoneally. The animals were sacrificed 24 hours after the last treatment. The liver was col-
lected for macroscopic and histopathological assessment and molecular analysis using the reverse
transcription-polymerase chain reaction (PCR) method. Results: Curcumin 50 and 100 mg/kg im-
proved macroscopic and histopathological features of the liver. The results of the molecular analysis
showed that curcumin 50 and 100 mg/kg did not increase the beclin-1 or LC3 mRNA expression in
the liver (p>0.05). Meanwhile, curcumin 100 mg/kg significantly increases the XBP1 spliced expres-
sion in the liver (p<0.05), which indicates that curcumin modulates endoplasmic stress induced-
NAFLD in a dose-dependent manner. Conclusion: Curcumin overcomes endoplasmic reticulum
stress in the high-fat diet-induced NAFLD in mice.

Keywords: nonalcoholic fatty liver disease; curcumin; endoplasmic reticulum stress; high-fat diet;
beclin-1; light chain-3; XBP1
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Introduction. Nonalcoholic fatty liver
disease is a spectrum of progressive liver dis-
ease which is characterized by simple steatosis,
which means there are more than 5% triacyl-
glycerol infiltration in hepatocytes, inflamma-
tion of hepatocytes, and hepatocellular bal-
looning due to perturbation of homeostatic
mechanisms that regulate the synthesis and use
of liver fat [1, 2]. NAFLD occurs in the ab-
sence of alcohol consumption or with minimal
alcohol consumption [2]. NAFLD is divided
into two isoforms, simple NAFL, a benign and
reversible form of NAFLD, and NASH, an ag-
gressive and irreversible form [3].

NAFLD occurs in many countries and
has become a global burden, with a worldwide
incidence percentage of approximately 25.24%
with wide geographical variations, with the
highest prevalence of NAFLD in Middle East-
ern countries and South America at around
30% [4]. Meanwhile, for countries in Asia, es-
pecially in Sri Lanka, Malaysia, Singapore,
and Indonesia, the prevalence of NAFLD tends
to be varied, which is around 5-30% caused by
wide variations of genetic differences, eco-
nomic conditions, intake, and individual life-
style [5].

The pathogenesis of NAFLD remains
unclear, but there is a well-known theory,
namely the two-hits theory from James and
Day in 1998 [6, 7]. They defined the first hit of
lipid accumulation in hepatocytes due to
changes in intrahepatic lipid metabolism, then
followed by a second hit in the form of a mech-
anism that represents the various factors that
trigger the progression of NAFLD, such as in-
flammation of hepatocytes, inflammation, and
fibrosis [6, 7]. The complexity of this process
led to the assumption that the theory was too
old-fashioned, so in 2010, Tilg and Moschen
came up with their “multi parallel hits hypoth-
esis” theory, which explains the pathogenesis
of NAFLD more complexly; nevertheless, it
seems less resonant when compared to the two
hits theory by James and Day [7, 8].

Autophagy is a catabolic process that tar-
gets cell constituents such as damaged orga-
nelles into lysosomes for degradation. It regu-
lates cell metabolism and integrates it into
eliminating microorganisms to enhance in-
flammation and activation of the adaptive im-
mune system [9, 10]. Autophagosome for-
mation involves three main steps: 1) initiation
of the uncoordinated 51-like kinase (ULK); 2)
beclin-1/PI13K nucleation; and 3) membrane
elongation with the help of LC3 [11]. Autoph-
agy is activated in various ways, such as re-
striction of the rapamycin complex called
MTOR and activation of protein kinase or
AMPK [1]. Several proteins involved in hu-
man autophagic pathways, microtubule-asso-
ciated protein light chain-3 (LC3) and beclin-
1, play important roles that have been reported
to be related to the physiology and pathogene-
sis of human liver disease [12]. Inhibition of
autophagy with negative regulators interacting
with beclin-1 results in accelerated lipid accu-
mulation and triggers the pathogenesis of
NAFLD [1]. LC3 is a protein that plays a role
in modulating the formation of autophago-
somes, in which LC3-1 is formed and then con-
jugated to LC3-11 as a marker of successful de-
velopment of complete autophagosomes [13].
The downregulation of LC3 transcription is of-
ten associated with the severity of liver disease
[13].

Endoplasmic reticulum stress is a mech-
anism that plays an essential role in the patho-
genesis of NAFLD, dysregulation of the endo-
plasmic reticulum triggers a physiological re-
sponse from cells, namely the Unfolded Pro-
tein Response, which is a compensatory mech-
anism for cells to restore protein folding, re-
duce the accumulation of misfolded proteins
and maintain the integrity of the cell [14, 15].
There are three transmembrane proteins in-
volved in this mechanism, which are inositol-
requiring enzyme la (IREla), Protein Kinase
R-Like ER Kinase (PERK), and activating
transcription factor-6o (ATF6a) [14, 15]. X-
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Box Binding Protein 1, as a protein down-
stream of IRE1, is an imperative regulator of
lipogenesis and apoptosis in cells that experi-
ence endoplasmic reticulum stress [16]. Meas-
urement of XBP1 spliced mRNA expression is
a strategic way to analyze the effect of gene ex-
pression changes in stressed condition cells re-
lated to the progression of NAFLD.

Curcumin is a polyphenolic compound
found in Curcuma longa and Curcuma xant-
horrhiza, Roxb, which provides various phar-
macological activities, especially antioxidant
[17, 18, 19]. Curcumin induces antioxidant en-
zymes, modulating the activity of GSH en-
zymes, catalase, and superoxide dismutase in
neutralizing free radicals [17]. Curcumin sig-
nificantly reduces oxidative stress in the liver,
inhibits apoptosis, enhances cell protection,
and repairs mitochondrial damage through the
induction of autophagy [20]. Curcumin in-
duces autophagy-related apoptosis in mesothe-
lioma and chronic myelogenous leukemia
K562 cells by modulating the
PIBK/AKT/mTOR and NF-kB signaling path-
way [21].

The aim of the study. This study ex-
plores the effects of curcumin administration
on the expression of autophagy markers (be-
clin-1 and LC3), endoplasmic reticulum stress
through XBP1 spliced mRNA expression and
to discover the mechanism and correlation of
these various pathways concerning the pro-
gress of NAFLD.

Materials and methods

Experimental animals

Eight-week-old ddY male mice with a
healthy physical condition were used in this
study. Mice were fed in individual cages meas-
uring 20 x 20 x 15 cm and covered with 6 mm
gauze with a temperature of 22 + 2°C and with
a 12 hours light/dark cycle. Their cages were
cleaned and replaced with new husks every
day. All experiments were performed at the
Animal Research Laboratory of the Faculty of
Pharmacy, Universitas Airlangga, Surabaya,
Indonesia. The protocol of this study was ap-
proved by the Ethical Committee (Animal
Care and Use Committee) of the Faculty of
Veterinary Medicine, Universitas Airlangga
(No.2.KE.054.05.2021).

Diet, drug, and experimental design

The high-fat diet (HFD) used in this
study consists of 60% beef tallow (902
kcal/100 g), which has been melted at 65°C us-
ing a hotplate and mixed up to 100% with a
normal chow diet (306.20 kcal/100 g) that has
been mashed. Curcumin (Tokyo Chemical In-
dustry Inch., Tokyo, Japan) was dissolved to
10% polysorbate 80 (vehicle) in a recenter
paratus before treatment.

In this experimental study, twenty-four
mice were used. All of the test animals were
reared in the same way. After one week of ha-
bituation, the mice were randomly divided into
four groups (n = 6) and given the same amount
of food with free access to food and water. The
groups included: (1) the control group which
was fed with a normal chow diet and treated
with 10% of polysorbate 80 for 28 days; (2) the
HFD group was fed with an HFD for 28 days;
(3) the low dose curcumin-treated group which
was fed with HFD and curcumin 50 mg/kg i.p
for 28 days; and (4) the high dose curcumin-
treated group which was fed with HFD and
curcumin 100mg/kg i.p for 28 days. The high-
fat diet used in this work is consistent with the
previous study that successfully developed the
high-fat diet-induced NAFLD in mice [22].
The justification of choice doses and the ad-
ministration route of curcumin are based on
previous study that found curcumin 50 and 100
mg/kg exhibit antioxidant activity in the liver
diseases [23, 24, 25]. At the end of the study,
all mice in each group were euthanized after 28
days of treatment and 24 hours of the last treat-
ment. The liver was extracted and put in the
freezer at —80°C for further analysis.

Liver macroscopic evaluation and his-
topathological examination

The macroscopic evaluation of the liver
was carried out visually. Then, for histopatho-
logical examination, the liver tissues were
fixed and stored in a sample container at 4 °C
in 4% paraformaldehyde, routinely processed
and embedded in paraffin, prepared into 5 um
thick sections and stained for 8 min hematoxy-
lin-eosin (H&E), washed for 60 min in flowing
tap water, counter staining at room temperature
with eosin for 60 seconds. The steatosis is
characterized by lipid droplets, ballooning, and
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inflammation on the histopathology of the liver
tissue under a light microscope (magnification,
x400; Nikon Company, Tokyo, Japan).

RNA extraction and reverse tran-
scription-polymerase chain reaction (PCR)

Measurement of beclin-1, LC3, and
XBP-1 spliced (XBP1s) mRNA relative ex-
pression was obtained from the liver tissue
measurement using the reverse-transcription
polymerase chain reaction (PCR) method. The
animals were sacrificed, and the largest lobe of
the liver was taken. The purification of total
RNA in the liver sample was performed with
the RNA Purification Kit® (Jena Bioscience,
Germany). The reverse transcription was per-
formed using the GoScript™ Reverse Tran-
scription System (Promega, USA). The follow-
ing primers were used: beclin-1 (forward: 5°-
GAACCG CAAGATAGTGGC-3’; and re-
verse: 5’-CAGAGCATGGAGCAGCAA-3’),
LC3 (forward: 5’-CAG-
GATCCATGCCGTCCCAGAAGACC-3’;
and reverse: 5’-GTCCCTTTTTGCCTTGG-
TAG-3"), XBP1s (forward: 5>-TCTGCTGAG-
TCTGCAGCAG-3’; and reverse: 5’-
TCTGGGGAAGGACATTTGAA-3”), and B-
actin (forward: 5’-TGTTACCAACTGGGAC-
GACA-3’; reverse: 3’-AAGGAGGCTG-
GAAAA GAGC-5”).

The thermal cycler process of PCR was
performed using the initial denaturation for 5
minutes at 94 °C, 35 cycles of denaturing for
40 seconds at 94 °C, annealing for 1 minute at
55 °C, extension for 2 minutes at 72 °C, and
final extension for 4 minutes at 72 °C. The sep-
aration process of aliquots from PCR was per-
formed on 2% agarose LE (Promega, USA) us-
ing electrophoresis). Ethidium  bromide
(Sigma-Aldrich) was used to stain gel and pho-
tographed using UV transillumination. The

ImageJ software was used to examine the band
intensity.

Data analysis

The statistical analysis for the body
weight and food intake data was performed us-
ing the two-way analysis of variance
(ANOVA) method, followed by the Tukey’s
post hoc test. Then, the analysis for the mRNA
relative expressions of beclin-1, LC3, and
XBP-1 spliced was performed using the one-
way ANOVA method followed by the Tukey’s
post hoc test (Tukey test for multiple compari-
sons). The data analysis was performed using
GraphPad Prism 9.0.2 for Windows (Graphpad
Software, San Diego).

Results

Bodyweight profile

The bodyweight profiles of the normal
chow group (control), the HFD-only group,
and the HFD group with curcumin treatment at
a dose of 50 mg/kg i.p and 100 mg/kg i.p for
28 days were compared, as shown in Fig. 1.
The normal chow group tended to increase in
body weight every day by 19.3% until the 28th
day, inversely with the HFD group, which
tended to decrease by 22.2% until the 28th day.
The weight fall also occurred in the curcumin
50 and 100 mg/kg groups, which were 31.2%
and 18.4% weight loss, respectively.

Food intake and calorie intake profiles

The findings showed no specific differ-
ence in the amount of food consumed by each
group every day. However, in terms of calorie
intake, there is a difference in the amount of
calorie intake between the normal chow (con-
trol) group and the group fed with high-fat di-
ets. The amount of calorie intake in the three
groups that were fed a high-fat diet was higher
compared to the normal chow group as shown
in Fig. 2.
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Macroscopic features of the liver

The macroscopic features of the normal
liver are generally observed with many blood
vessels, so the color tends to be dark red with
a smooth surface, as shown in Fig. 3A (nor-
mal chow group). While in the HFD group,
the liver looks pale with a granular surface
due to lipid deposits, as shown in Fig. 3B.
The administration of curcumin 50 or 100
mg/kg i.p for 28 days improves the macro-
scopic features of the liver (Fig. 3C and 3D),

characterized by changes in liver color that
are getting closer to normal as it becomes
dark red and the surface becomes smoother
compared to the HFD-only group.
Histopathological features of the liver
The histopathological features of the liver
in the normal chow (control) group shows normal
hepatocyte cell structure with clearly visible si-
nusoids and no signs of NAFLD (Fig. 4A). While
in the HFD group, the histopathological features
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of the liver show abnormal hepatocyte cell struc- 100 mg/kg i.p for 28 days improves the histo-
tures with narrowed sinusoids. In addition, there pathological features of the liver (Fig. 4C and 4D),
are signs of NAFLD, such as lipid droplets, bal- characterized by decreases in the number of lipid
looning cells, and inflammation at a certain point droplets, ballooning cells, and inflammatory
(Fig. 4B). The administration of curcumin 50 and points.

Fig. 3. Macroscopic features of the liver, (A) normal chow (control) group, (B) HFD group, (C)
HFD + curcumin 50 mg/kg for 28 days, and (D) HFD + curcumin 100 mg/kg for 28 days.

Fig. 4. Hlstopathologlcal features of the I|ver (A) normal chow (ntrol)group (B) HFD group,
(C) HFD + curcumin 50 mg/kg for 28 days, and (D) HFD + curcumin 100 mg/kg for 28 days.

LC3, beclin-1, and XBP1 spliced Measurement of the microtubule-associ-
MRNA relative expression ated protein light chain 3 (LC3) and beclin-1
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MRNA relative expression showed no signifi-
cant difference between all experimental
groups (Fig. 5A and 5B). Furthermore, for
XBP1 spliced (XBP1s) evaluation, the find-
ings showed a significant decrease in the
XBP1s mRNA relative expression in the HFD
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group compared to the normal chow (control)
group. The supplementation of curcumin 100
mg/kg but not 50 mg/kg increases the XBP1s
MRNA relative expression compared to the
HFD group (Fig. 5C).
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Fig. 5. mRNA relative expression of (A) LC3, (B) beclin-1, and (C) XBP1s in the mice liver ana-
lyzed using reverse transcription PCR. *p < 0.05; **p < 0.01. Each bar represents the mean + SEM
of the six experimental animals for each group.

Discussion. The high-fat diet (HFD) in-
take in the animal promoted liver damage, sim-
ilar to the phenotype in humans with NAFLD
[26]. Therefore, HFD induction is often used
for in vivo NAFLD model development [26,

27, 28]. In this study, an analysis of the effect
of curcumin in the repair of NAFLD was car-
ried out from cellular properties assessment by
histopathological and molecular evaluation
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through the evaluation of the biomarkers of au-
tophagy and endoplasmic reticulum stress.

The administration of the HFD triggered
gradual weight loss in the HFD group, HFD +
curcumin 50 mg/kg group, and HFD + curcu-
min 100 mg/kg group. This result is in accord-
ance with the previous study that found a
weight loss in mice received HFD beef tallow
60%, HFD beef tallow 45%, and vegetable
ghee due to compensation for polyunsaturated
fatty acid (PUFA) deficiency regarding high
saturated fatty acid (SFA) content in HFD so
that the rate of lipolysis in adipose tissue is
greater than its esterification [27].

The result of the HFD-induced NAFLD
model in this study is similar to the ketogenic
diet in terms of its effect on body weight. This
finding may be due to the HFD and ketogenic
diets containing HFD composition, even
though the HFD-induced NAFLD model in
this study did not apply carbohydrate re-
striction. High-fat and low-carbohydrate in-
takes significantly reduce insulin secretion and
cause changes in metabolism through two pro-
cesses, namely gluconeogenesis and ketogene-
sis, resulting in the conversion of protein and
fat as energy sources [29]. Hence, the keto-
genic diet improves glycemic control but pos-
sesses a risk of hyperlipidemia, hyperinsuline-
mia, elevated liver enzymes, and the develop-
ment of diseases associated with NASH [30,
31].

Macroscopically, the color of normal
liver is generally dark red, and the surface tex-
ture is smooth. Meanwhile, the color of the
liver with NAFLD is pale with a granular sur-
face due to the accumulation of excess lipid
droplets and had a larger size, as is character-
istic of the HFD group in this study. This
study's findings align with previous studies,
which revealed changes in the visual appear-
ance of the liver: it became paler with increas-
ing time of exposure to HFD [32]. The admin-
istration of curcumin on HFD-induced
NAFLD showed macroscopic liver improve-
ment, characterized by changes in color and
texture closer to normal liver than the HFD
group without curcumin. Previous research
that explores the supplementation of hot water
extract from turmeric rhizome to HFD mice

with 8 weeks of treatment reduces the serum
concentration of triglycerides and total choles-
terol [33].

The histopathological features of the
liver in NAFLD condition are characterized by
lipid droplets (steatosis), hepatocellular bal-
looning, and lobular and portal inflammation
until fibrosis [34]. In the normal chow (con-
trol) group, normal hepatocyte structure was
founded with clear sinusoids. In contrast, in the
HFD group, there were many lipid droplets,
ballooning, and several points of inflamma-
tion. These results indicated that NAFLD suc-
cessfully occurred in the HFD group. In the
HFD group treated with curcumin 50 mg/kg,
there were some lipid droplets and ballooning
in the cells. Meanwhile, in the HFD group
treated with curcumin 100 mg/kg i.p., only bal-
looning was found in cells. This finding shows
that the administration of curcumin repairs the
liver tissue damage caused by fat accumulation
in the liver.

Furthermore, the reverse transcription-
PCR measurements showed no significant dif-
ferences regarding the LC3 and beclin-1
MRNA in the HFD with low-dose and high-
dose curcumin groups. This study's results il-
lustrated that curcumin had no effect on au-
tophagy markers. This finding may be due to a
shorter durationof the HFD, so the NAFLD
model that was successfully developed is still
relatively mild. There is also the possibility
that each marker of the autophagosome phase
works independently since many pathways in-
duce and inhibit autophagy mechanisms.
NAFLD/NASH caused by HFD is highly vari-
able, most likely influenced by diet composi-
tion and duration as well as animal species,
strain, sex, and age [31].

Regarding the mechanism of endoplas-
mic reticulum stress, the HFD increases the ac-
tivity of the three main transmembrane pro-
teins IRE1, PERK, and ATF6, and causes a
physiological response called unfolded protein
response, which is under normal conditions,
the activity of transmembrane proteins is at a
bare minimum [14]. Many factors trigger en-
doplasmic reticulum stress, including nutri-
tional deficiencies, accumulation of free fatty
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acids, hyperlipidemia, and hyperglycemia, in-
cluding the induction with HFD that triggers an
increase in misfolded protein in the endoplas-
mic reticulum lumen [14]. Along with an in-
crease in misfolded protein, there is a decrease
in the affinity of GRP78 or BiP with trans-
membrane proteins so that GRP78 binds to
misfolded proteins in the ER lumen [14, 35].
There was an increase in misfolded protein in
the lumen of the endoplasmic reticulum in cells
under stress conditions, so GRP78 or BIP,
which have functions to bind proteins in the
endoplasmic reticulum lumen, was unable to
balance the amount of misfolded protein and
causes transautophosphorylation of IRE1 [14,
35]. In the IREL branch, transautophosphory-
lation of IRE1 occurred as a corollary of
HSP47 release from the protein domain. The
proximal sensor of endoribonuclease IREla
induces unconventional splicing of XBP1
MRNA to develop a mature mRNA encoding
an active transcription factor XBP1s afterward
[14, 35].

XBP1 is a downstream gene from IRE1
in the RNA kinase branch, which has two
isoforms, namely XBP1 unspliced (XBP1u) and
XBP1 spliced (XBP1s) [36]. Under physiologi-
cal conditions or conditions without endoplasmic
reticulum stress, XBP1lu expression predomi-
nates [36, 37]. Activation due to endoplasmic re-
ticulum stress caused splicing of XBP1u by ex-
cluding 26 nucleotides resulting in a frameshift
from the XBP1 coding sequence and then trans-
lated into XBP1s protein, which then translo-
cates into the nucleus and providing changes in
cells that affect lipogenesis, apoptosis, and so on
[36, 38]

The reverse transcription-PCR evalua-
tion showed a significant decrease of XBP1s
MRNA relative expression in the HFD group
compared to the normal chow group. Although
there was an increase in splicing XBP1, this
phenomenon happened in the early phase. Af-
ter XBP1s increase even to supraphysiological
levels, a gradual decrease appeared in the ex-
pression of spliced XBP1, which induced the
activation of the PERK-ATF4 pathway and
caused a terminal UPR response that resulted
in an impact on cell apoptosis [39, 40]. This
phenomenon underlies the decrease in the ratio

of XBP1 spliced in stress condition cells in this
study. The finding in this study is in accord-
ance with the previous study that found the up-
regulation of IRE1 in mouse embryonic fibro-
blasts 2 (MEF2) cells up to 4 folds and also
XBP1 splicing in WT cells up to 80% by in-
duction of thapsigargin and tunicamycin as en-
doplasmic reticulum inducers, then decreased
gradually [41].

In the curcumin group, there was a sig-
nificant increase of XBP1s mRNA relative ex-
pression that was proportional to the increase of
curcumin dose to the HFD group; it was because
curcumin showed activity in modulating endo-
plasmic reticulum stress. Curcumin plays a role
in the downregulation of GRP78, elF2, and
CHOP, a proapoptotic cell. Hence, curcumin
suppresses cell apoptosis [21].

Conclusion. Curcumin improves the
macroscopic and histopathological features of
the liver of the HFD-induced NAFLD model
by increasing the XBP1s mRNA relative ex-
pression. However, further research is still
needed to explore the overall mechanisms re-
garding the ameliorating effects of curcumin
on NAFLD.
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Abstract

Background: Stroke is one of the main causes of death, especially when associated with malnutrition.
Assessment of nutritional status in all stages of the disease is therefore mandatory to improve clinical
outcomes. The aim of the study: To identify the most suitable nutritional screening tools in the acute
and chronic phase of the disease. Materials and methods: A systematic literature search was con-
ducted in the PubMed, Embase, Cinahl, Scopus and Web of Science databases, and through manual
search of relevant journals and grey literature. The process of screening, selection and inclusion of
the articles, as well as the assessment of risk of bias and methodological quality, were conducted
independently by two reviewers. Out of 1,722 records identified, 20 studies were included in this
systematic review. Results: In the acute phase of stroke, the Malnutrition Universal Screening Tool
has shown a greater capacity to identify malnutrition. It also correlates better with poor clinical out-
comes, such as length of hospital stay, mortality, length of stay and functional disability, when com-
pared to other tools. In the rehabilitation/home setting the Mini Nutritional Assessment demonstrated
high sensitivity and predictiveness and strong correlation with clinical outcomes such as quality of
life, functional outcomes and Activities of Daily Living. Conclusion: The nutritional status of post-
stroke patients is often compromised, and malnutrition is a frequent complication. Identifying specific
nutritional screening tools applicable during different stages of the disease helps to better identify the
risk of malnutrition, improving clinical outcomes.

Keywords: stroke; nutritional assessment; nutritional screening tool; malnutrition; systematic re-
view
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Introduction. Strokes are one of the
most common acute neurological diseases and
a leading worldwide cause of mortality and
physical disability in adults [1]. In Italy, about
90,000 strokes occur every year, about 80% of
which are new episodes [2]. Currently in the
European Union (EU), there are about 6 mil-
lion stroke survivors [3]. According to the
World Health Organization, the number of
stroke events in these countries will increase
from 1.1 million in 2000 to more than 1.5 mil-
lion per year in 2025 due to demographic
changes [4]. The risk of stroke rises with age,
hypertension, cigarette smoking, heart disease,
diabetes, transient ischemic attacks, lack of ex-
ercise, alcohol abuse, poor diet and obesity [5].

Stroke is the cause of 10-12% of all
deaths per year. It represents the first cause of
disability and the second cause of dementia
and neurological deficits with loss of self-suf-
ficiency and development of complications.
Among these neurological deficits, dysphagia
represents a frequent complication [6], with a
prevalence between 31.7% and 59.6% of sub-
jects affected by ischemic-hemorrhagic stroke
[7], exposing them to morbidities such as de-
hydration and aspiration pneumonia, and lead-
ing to prolonged hospitalization and increased
mortality rates [6, 7, 8]. Right from the start,
dysphagia also has a notable impact on the pa-
tient's nutritional status [9, 10], hampering ad-
equate daily nutritional intake [11] and causing
the onset of a state of malnutrition [12, 13],
hindering survival [1, 14] and functional re-
covery [10].

Increased awareness among healthcare
professionals and proper management of nutri-
tional issues during and after hospitalization
following a stroke can contribute to better out-
comes [15, 16]. Early identification and treat-
ment of patients at risk for malnutrition is im-
portant [10]. Hence an adequate nutritional
screening tool needs to be used with this pop-
ulation, both in the acute and chronic phases of
the disease [3]. Numerous screening tests are

available [17], but to date only the Malnutri-
tion Universal Screening Tool (MUST) is rec-
ognized as a validated tool for patients with
acute stroke [3, 18].

The main guidelines drawn up by inter-
national scientific societies recommend that
every patient suffering from an acute cerebro-
vascular event should be screened for malnu-
trition within 48 hours of admission to hospital
[3, 18-22]. However, guidelines don’t specify
which tool should be used in stroke patients.

In particular, according to the guidelines
of the European Society for Clinical Nutrition
and Metabolism (ESPEN) and of the National
Institute for Health and Care Excellence
(NICE), the MUST scale is suitable and valid
for patients in the acute phase of the disease [3,
18]. The Norwegian National Guidelines [18]
for the screening of malnutrition and acute
stroke dysphagia consider the Nutrition Risk
Score 2002 (NRS 2002) as a suitable tool for
use in Norwegian hospitals. The Slovenian
Guidelines [19] for nutritional support of
stroke, as well as the Canadian recommenda-
tions [20] for good practice in hospitalization,
inpatient and home rehabilitation in stroke, in-
dicate the importance of nutritional risk assess-
ment without specifying which tool should be
preferred among MUST, NRS 2002, Mini Nu-
trition Assessment (MNA) or Short Nutritional
Assessment Questionnaire (SNAQ) [20]. Fi-
nally, the Guidelines of the German Society for
Clinical Nutrition (DGEM) [21] identify the
NRS 2002 as the most suitable screening tool
for acute stroke patients, but indicate that other
screening and evaluation tools such as MUST,
MNA, Mini Nutrition Assessment Short-Form
(MNA-SF), may be applicable to other con-
texts such as rehabilitation and home care.

Some reviews of the literature have been
published to date. The reviews by Ray et al.
[22] and Sabbouh et al. [23] emphasized the
importance of assessing nutritional status in
stroke patients, but considering them only in
the acute phase of the disease. Both reviews



O630p
Review

Mancin S, et al. Assessment of malnutrition risk in post-stroke ... 526

identified the MUST as a possible tool to ap-
ply. The review by Wang et al. [24], which
considered the correlation between assessment
of nutritional status measured by different
screening tools and various risk factors and
conditions associated with this pathology, hy-
pothesized that both NRS 2002 and MUST
could be used to screen for the risk of malnu-
trition in stroke patients, while MNA was ap-
propriate for people over the age of 65 with as-
sociated stroke. In addition, as suggested by
the aforementioned reviews [22, 23, 24], the
assessment of dysphagia should always be as-
sociated with the assessment of nutritional sta-
tus [4, 25].

To date, it is unclear which specific ref-
erence tool for the assessment of nutritional
risk is applicable to stroke patients.

Systematic Review objectives. The pur-
pose of this systematic review is to identify
through the analysis of current data which mal-
nutrition risk assessment tools may be used in
stroke patients, and in which phase of the dis-
ease (acute or chronic) and treatment setting
(hospital stay, rehabilitation or home) they are
applicable. Secondary outcomes will evaluate
the identification of malnutrition prevalence
and its correlation with relevant clinical out-
comes such as: mortality, length of stay, dis-
charge outcomes, functional capacity and qual-
ity of life.

Methods. As a preliminary step, relevant
guidelines published by recognized scientific
societies were identified [1, 10-14]. A system-
atic and comprehensive literature search was
then conducted first in the Cochrane Library
and subsequently in the Pubmed, Embase, Ci-
nahl, Trip, Scopus and Web of Science data-
bases. A manual search was also conducted in
relevant journals, and by screening the refer-
ences of relevant articles, and in sources of
grey literature such as Google Scholar search
engine.

The screening, selection and inclusion
process of the articles was conducted using the
Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (Supplementary file
1) [26, 27]. The risk of bias and the methodo-
logical quality of the articles included were in-
dependently assessed by two reviewers (MS,

SM) through the critical appraisal tools for An-
alytical Cross-Sectional Studies and Cohort
Studies [28] of the Joanna Briggs Institute
(Data availability statement).

The search was carried out using the key-
words "stroke”, "nutritional assessment"”, and
"nutritional screening tool", suitably combined
with Boolean operators in search strings
adapted to the specificities of the different da-
tabases, for literature published between 01-
01-2012 and 07-04-2022; full search strategies
are available online in data availability state-
ment at the link provided within data availabil-
ity statement.

The inclusion criteria considered pa-
tients with both acute and chronic stroke, aged
> 18 years, using at least one validated nutri-
tional screening and assessing both the ability
of the screening tool to identify malnutrition
and its correlation with relevant clinical out-
comes such as: mortality, length of stay, out-
comes at discharge, functional capacity and
quality of life.

Studies that evaluated only the body
mass index (BMI) for assessing the risk of mal-
nutrition were excluded; books, chapters of
books, case reports, editorial letters, animal
studies were also excluded.

The titles and abstracts of studies identi-
fied as potentially relevant based on the inclu-
sion and exclusion criteria were independently
assessed by two researchers (MS, SM). Poten-
tially admissible studies were finally selected
by analyzing the full-text articles.

The data relating to complete search al-
gorithm and the assessment of the risk of bias
and the methodological quality of the articles
included are available at the following link:
https://figshare.com/s/420ada20a9e78f510d7f
: PRISMA Flow Chart are available at the fol-
lowing link:
https://figshare.com/s/956950aa9d36¢cbbb201
6.

Results. A total of 1,722 articles were
identified: 1,596 through electronic database
searches (35 Cochrane Library, 165 PubMed,
594 Embase, 353 Cinahl, 227 Scopus, 222
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Web of Science) and 126 from manual
searches and grey literature.

After 793 articles were deleted as dupli-
cates, all titles were screened and 202 articles
were retained and evaluated for eligibility
through reading the abstract. Of these, 126
were judged not relevant and 76 full-texts were
evaluated, 56 of which were further deleted as
irrelevant.

After deleting duplicates and evaluating
for eligibility through reading the abstract and
full-texts, the screening process ultimately in-
cluded 20 studies in this review (Data availa-
bility statement).

General characteristics of studies in-
cluded

All the studies included in the analysis
were observational. Specifically, eleven were
cross-sectional studies [22, 30, 31, 32, 34, 36,
37, 38, 40, 45, 47] (55%), five prospective co-
hort studies [33, 35, 42, 44, 46] (25%), two ret-
rospective cohort studies [39, 43] (10%) and
two retrospective cross-sectional studies [29,
41] (10%). Only three studies were multicenter
[31, 45, 46]. No interventional studies were
found.

The diagnoses reported were mainly is-
chemic stroke and hemorrhagic stroke. The to-
tal number of stroke patients who were as-
sessed for malnutrition was 7,029 (range 35-
1906 patients per study). The correlation be-
tween the risk or the presence of malnutrition
and different outcomes [prognosis and mortal-
ity [29, 30, 31, 33, 42, 47] (30%), cognitive im-
pairment [35, 43] (10%), prevalence of malnu-
trition and risk predictors [22, 32, 38, 39, 45,
47] (30%), post-discharge destination [40]
(5%), quality of life and subjective assessment
[34, 36] (15%) and functional outcomes [41,
44, 46] (10%)] were evaluated. The main fea-
tures and findings of the included studies are
described in Table 1.

Screening tools used for nutritional
evaluation

Screening/evaluation tools and anthro-
pometric/biochemical measurements were
used for nutritional examination. The risk as-
sessment/prevalence of malnutrition was in-
vestigated by anthropometric/ biochemical
measurements and different screening tools:

MNA in seven studies [32, 34, 36, 37, 38, 44,
47], Geriatric Nutritional Risk Index (GNRI)
in five studies [29, 33, 35, 41, 46], Controlling
Nutritional Status (CONUT) in three studies
[29, 31, 46], NRS 2002 in three studies [22, 32,
46], MUST in three studies [30, 42, 46], MNA-
SF in three studies [36, 39, 43], The European
Society of Clinical Nutrition and Metabolism-
Diagnostic Criteria for Malnutrition (ESPEN
DCM) in two studies [40, 46], Malnutrition
Risk Screening Tool-Hospital (MRST-H) in
one study [45], Global Leadership Initiative on
Malnutrition (GLIM criteria) in one study [40],
Guy's & St. Thomas Malnutrition Screening
Tool (GST) in one study [30] and Short Nutri-
tional Assessment Questionnaire (SNAQ®*) in
one study [47]. More details on the screening
tools used for the nutritional examination are
shown in Table 1.

Description of the screening tools eval-
uated

Controlling Nutritional Status (CONUT)
[29, 31, 46] is a nutritional scoring tool that is
calculated using serum albumin, total choles-
terol level, and total lymphocyte count.

Geriatric Nutritional Risk Index (GNRI)
[29, 33, 35, 41, 46] is a nutritional scoring cal-
culated based on the serum albumin level and
the ratio of present body weight to ideal body
weight. The GNRI was proposed for assessing
the nutritional status of elderly patients with
various illnesses.

Global Leadership Initiative on Malnu-
trition (GLIM criteria) [40] includes three phe-
notypic criteria (weight loss, low body mass
index, and decreased muscle mass) and two
etiological criteria (decreased food intake or
absorption and increased disease burden or in-
flammation). If a patient meets at least one
phenotypic criterion and one etiological crite-
rion, malnutrition is diagnosed.

Guy's & St. Thomas Malnutrition
Screening Tool (GST) [30] is a rapid screening
tool that evaluates BMI, recent weight loss and
dietary intake. The tool categorises patients in
low, medium and high risk of malnutrition.

Malnutrition Risk Screening Tool-Hos-
pital (MRST-H) [45] is a validated tool for nu-
tritional screening that evaluates financial de-
pendence, food dependence, unintentional
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weight loss, and measures of mid-upper arm
circumference and calf circumference of the
non-paralytic limb. The score classifies pa-
tients at high risk of malnutrition (> 2) or low
risk of malnutrition (< 2).

Malnutrition Universal Screening Tool
(MUST) is a five-step screening tool to identify
adults who are malnourished, at risk of malnu-
trition (undernutrition), or obese. It also in-
cludes management guidelines, which can be
used to develop a care plan. It is suited for hos-
pitals, community and other care settings and
can be used by all care workers. The total score
identifies whether the patient has a low (0
point), medium (1 point) or high (= 2 points)
risk of malnutrition.

Mini Nutritional Assessment (MNA) [32,
34, 36, 37, 38, 44, 47] is a validated nutrition
screening and assessment tool that can identify
geriatric patients (aged 65 and above) who are
malnourished or at risk of malnutrition. The
18-item MNA includes anthropometric meas-
urement, global assessment, dietary question-
naire, and subjective assessment. The MNA
identify patients well-nourished (score 24-30),
at risk for malnutrition (score 17-23.5) and
malnourished (< 17).

Mini Nutritional Assessment short-form
(MNA-sf) [36, 39, 43] consists of 6 questions
highly correlated with the original 18-item
long form, which should be used if further in-
vestigations into the client’s condition are war-
ranted after administration of the MNA-sf.
Each item of the MNA-sf is scored along a
scale 0-3 with total scores ranging 0-14. The
assessment takes less than 10 minutes to com-
plete with lower scores suggestive of poorer
nutritional intake.

Nutritional Risk Screening 2002 (NRS
2002) [22, 32, 46] is a validated tool for nutri-
tional screening of patients aged from 18 to
90 years who have or are at risk of malnutri-
tion. The tool includes standard screening pa-
rameters, such as body mass index (BMI), pa-
tient’s age, weight loss, dietary intake, and se-
verity of underlying disease. The NRS-2002
score ranges from 0 to 7, and a total score > 3
indicates a patient “at nutritional risk”

Short Nutritional Assessment Question-
naire (SNAQ65+) [47] uses a set of quick and

easy-to-apply criteria (recent weight loss, abil-
ity to climb stairs, appetite, mid-upper arm cir-
cumference). This tool is used not only in hos-
pitals, but also in home care.

The European Society of Clinical Nutri-
tion and Metabolism-Diagnostic Criteria for
Malnutrition (ESPEN DCM) [40, 46] has two
alternatives for diagnosing malnutrition after
initial nutritional screening with a validated
screening tool. One is to diagnose malnutrition
if the BMI is <18.5 kg/m2, and the other is a
combination of unintentional weight loss
(>10% of habitual weight indefinitely or >5%
over 3 months), reduced BMI (<20 kg/m2 for
patients aged <70 years, or <22 kg/m?2 for pa-
tients aged >70years), or low FFM index
(<17 kg/m2 in men and <15 kg/m2 in women).

Clinical context of application of nutri-
tional screening tools

The nutritional risk assessment scales or
scores used in the included studies were classi-
fied according to the context of application and
divided into acute, post-acute (outpatient) and
rehabilitation/home, respectively described in
17 (56.7%), 8 (26.7%) and 5 (16.6%) studies.

In the hospital context, in which patients
are mainly affected by stroke in the acute
phase, the most frequently used screening tool
was the GNRI, used in three studies [29, 33,
41] accounting for 33.1% of the total sample of
patients analyzed, followed by the MUST (two
studies [30, 42], 17.9%), the CONUT (two
studies [30, 31], 11.2%), NRS 2002 (two stud-
ies [18, 31], 10.7%) and MNA (three studies
[36, 42, 48], 4.8%).

In the post-acute phase, the most fre-
quently used screening tools were the CONUT,
used in a single study [46] accounting for 8.4%
of the total sample of patients analyzed, fol-
lowed by the GNRI (two studies [35, 46],
6.4%), the NRS 2002 used in a single study
[46] (3.7%), the MUST used in a single study
[46] (3.1%), the SNAQ®* and the MNA used
in a single study [47].

Finally, in the context of rehabilita-
tion/home, the nutritional screening tools iden-
tified were the MNA-SF used in two studies
[37, 39] accounting for 8% of the total sample
analyzed, the MRST-H used in one study [45]
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(5.66%), and the MNA, used in three studies
[36, 37, 44] (2.6%) (Table 1).

Screening tools, clinical outcomes and
clinical context

In the acute phase of stroke, the follow-
ing three tools were mostly applied in the hos-
pital context: GNRI, MUST and CONUT.
GNRI proved to be valid to detect malnutrition
[35, 41] in this population (range 17.2% -
76%), as well as MUST [42, 46] (range 21.5%
- 77.6%) and CONUT [29, 31] (range 55% -
56.6%). To support these data, two studies [29,
46] compared the three tools showing a superi-
ority of CONUT over GNRI in a first study
[29] (prevalence of malnutrition CONUT
score=55% p=0.003; prevalence of malnutri-
tion GNRI score= 37% p=0.218), while in the
second one [46] MUST demonstrated signifi-
cantly superior data compared to the other two
tools (prevalence of malnutrition
MUST=77,6% p<0.001; prevalence of malnu-
trition CONUT score=67,2% p=0.007; preva-
lence of malnutrition GNRI score= 34%
p=0.218). Furthermore, in the latter [46] and in
other studies [29, 31, 33, 41, 42], the correla-
tion between malnutrition and poor clinical
outcomes was measured with the mRS score
(Modified Rankin Scale), and also in this cor-
relation CONUT score was better than GNRI
score. However, when the analysis included
also the MUST [46] scale, the correlation was
clearly in favor of the latter [(Pearson r=0.776,
p<0.001); (OR 10,096, 95% CI 5,777-17,647,
p<0.001); (Predictive Value MUST >2 0.771,
p<0.001); (Sensibility and Specificity MUST
>2 77.6%, 73.29%)]. To support this, MUST
scale showed an association between risk of
malnutrition and length of hospital stay (RR
1.30 (C195% 1.07-1.58) p< 0.01) [42] and sta-
tistically significant relationship with mortality
(p<0.0001) and Lenght of stay (LOS)
(p=0.033) [30].

Finally, only one study [35] analyzed the
correlation between malnutrition (assessed
through GNRI) and hospital discharge, evalu-
ating the association between malnutrition and
cognitive impairment measured with PCSI
(improvement in post-stroke cognitive impair-
ment) and MMSE (Mini-Mental State Exami-
nation). Low GNRI is associated with an in-
creased risk of PSCI (OR, 2.04; 95% CI, 1.00—
4.14; p=0.049), and a correlation between low
GNRI and MMSE is present (z-scores 3=0.04,
p=0.03) (Table 1).

In the rehabilitation/home setting, most
studies [34, 37, 40, 44-47] used the MNA
screening tools (full or short version). The
prevalence of malnutrition was between 22,3%
and 96,7%. It was not possible to compare
these data with those of other screening tools,
except in one study [47], in which MNA was
compared with the SNAQ®** tool, demonstrat-
ing a greater ability of MNA to identify pa-
tients at risk. To support this, the study by Kim
et al.3* found that MNA, applied in patients
suffering from chronic stroke, showed sensi-
tivity 100%, specificity 33.3%, positive pre-
dictive power 81.2%, and negative predictive
power 100%. Furthermore, when MNA was
compared with the MNA-SF version, it proved
to be superior, in particular when correlated
with quality of life (QoL) measured with the
WHOQOL-BREF [36] instrument (WHO
Quality of Life-BREF) (rho=0.30, p=0.005).
These data were confirmed by a second study
[37] (r?=0.104; p=0.008), which also evaluated
the reliability of the instrument through test-re-
test (ICC 0.91, [CI95% 0.85-8.94], minimal
detectable change was 2.1 and 8.2%).

MNA also demonstrated a strong associ-
ation towards functional outcomes [44] such as
MBI score (Modified Barthel Index Score)
(r=0.527, p<0.001) and MAS score (Motor As-
sessment Scale) (r=0.476, p=0.007), ADL (Ac-
tivities of Daily Living) [36] (rho=0.24,
p=0.029) and functional outcomes at discharge
[40] (Table 1).
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Beginning of Table 1

Malnutri- .
tion j Screening
Study gtu_dy Sample Setting screening In_te_rventlon and Results Clinical Outcomes tc_>0| identi-
esign tools clinical outcomes fied (when
compared)
Akimoto | Cross- 218 Acute care | CONUT Comparison between | The CONUT score | CONUT SCORE CONUT
etal. sectional GNRI GNRI and CONUT demonstrated - Prevalence of malnutrition risk: 55% (p
(2021) retro- Hospital- scores to identify greater ability than =0.003);
[29] spective | ized pa- prevalence of malnu- | the GNRI score to - Association with poor outcomes (MRS >
study tients aged trition and poor out- identify the preva- 3) and malnourished patients was 69%
>65 years comes during Hospi- lence of malnutri- (p =0.003)
talization (MRS tion and poor out-
scale>3) comes (MRS GNRI SCORE
scale>3) - Prevalence of malnutrition risk 37% (p
=0.218)
- Association with poor outcomes (mRS >
3) and malnourished patients was 42%
(p=0.218)
Zhang et | Multi- 593 Post-dis- NRS 2002 Comparison between MUST and NRS NRS 2002 MUST
al. (2021) | centre charge CONUT NRS 2002, CONUT, 2002 tools demon- - Association between malnutrition and
[46] cohort MUST MUST, GNRI, ES- strated greater abil- poor outcomes (mRS > 3) was 23,8%
study GNRI* PEN DCM to identify | ity to identify poor (p<0.001), OR 4.404, [95%CI 2.279-
ESPEN the correlation be- outcomes after hos- 8.511]; (p<0.001); Predictive Value NRS
DCM tween malnutrition pitalization (MRS >3 0.671 (p<0.001); Sensibility and
and poor outcomes af- | scale) at 3 months Specificity NRS >3 (68.8%, 61.32%)
*(patients ter hospitalization and demonstrated CONUT
aged >65 (mRS scale) at 3 greater sensitivity / - Association with poor outcomes (mRS >
years) months. The sensitiv- | specificity values 3) and malnourished patients: CONUT

ity and specificity of
the various tools was
also assessed.

score 2-4: 52% (p=0,07); OR 1.863
[95%CI 1.082-3.207] p =0.025; CONUT
score 5-12: 15,2% (p=0,07), OR 2.537,
[95%CI 1.107-5.814] p=0.028; Predictive
Value 0.584 (p=0.004); Sensibility and
Specificity CONUT score > 3 and mRS:
(45.6%, 68.59%)
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Continuation of Table 1

Characteristics of the studies and correlation between nutritional screening tools, clinical setting and clinical outcomes

Milir;l:]m_ Screening
Study Stu-dy Sample Setting screening In_tgrventmn and Results Clinical Outcomes t(.JOI identi-
design tools clinical outcomes fied (when
compared)
MUST

- Association between malnutrition and
poor outcomes (mRS > 3) was 77,6%
(p<0.001); OR 10.096 [95%CI 5.777-
17.647] p<0.001; Predictive Value
MUST >2 0.771 (p=<0.001); Sensibility
and Specificity MUST>2 (77.6%,
73.29%)

GNRI
- Association between malnutrition and
poor outcomes (mRS > 3) was 34% (p =
0.218), OR 2.553[95%CI 1.415-4.606]
p=0.002; Predictive Value GNRI <92
0.583 (p=0.017); Sensibility and Speci-
ficity GNRI <92 (44.57%, 70.52%)

ESPEN DCM

- Association between poor outcomes
(mRS > 3) and malnourished patients
was 23,2% (p<0.001) OR 3.045 [95%ClI
1.640-5.654] p <0.001; Predictive Value
0.569 (p<0.001); Sensibility and Specific-
ity (23.2%, 90.6%)
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Continuation of Table 1

Malnutri- .
tion j Screening
Study gtu_dy Sample Setting screening In_tgrventmn and Results Clinical Outcomes t(.’OI identi-
esign tools clinical outcomes fied (when
compared)
Tsutsumi- | Retro- 90 Acute care | MNA-SF Investigated preva- Most patients with Prevalence of malnutrition risk was 75,6% | /111111111
uchietal. | spective lence and the relation- | PSCI were mal- (p <0.001)
(2021) cohort ship between malnu- nourished; malnu-
[43] study trition risk on admis- trition on admission | Correlation* between malnutrition and
sion (MNA-SF) and for rehabilitation PCSI: r=0.607
improvement in post- | was associated with | Correlation* between malnutrition and
stroke cognitive poor MMSE score MMSE: r=0.497
Impairment (PSCI) and poor outcomes
with MMSE score identified with mRS | Prevalence between malnutrition and poor
score outcomes (mRS > 3) was 86,7% (p< 0.001),
correlation* r= —0.444
(*Spearman’s correlation coefficient)
Nozoe et | Cross 115 Acute care | Criteria Investigated preva- GLIM criteria have | GLIM CRITERIA GLIM cri-
al. (2021) | Sectional GLIM and lence of malnutrition been shown to de- - Prevalence of malnutrition was 28.7% | teria
[40] study ESPEN with GLIM criteria tect the prevalence (p<0.001)
and ESPEN criteria of malnutrition - Association between malnutrition and
and functional out- more than the ES- FIM-M score at discharge was

come at discharge
(FIM-M score)

PEN criteria and
demonstrate a
greater association
with poor func-
tional outcomes at
discharge

b=-0.238, (p<0.01)

ESPEN CRITERIA
- Prevalence of malnutrition was 16.5%

(p<0.001)
- Association between malnutrition and
FIM-M score at discharge was

b=-0.118, (p=0.04).
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Continuation of Table 1

Characteristics of the studies and correlation between nutritional screening tools, clinical setting and clinical outcomes

Malnutri- .
tion | Screening
Study gtu_dy Sample Setting screening In_tgrventmn and Results Clinical Outcomes t(.’OI identi-
esign tools clinical outcomes fied (when
compared)
Lee and Cross 82 Rehabilita- | MNA Investigated the rela- | The nutritional sta- | MNA MNA
Chiu Sectional tion/ home | MNA-SF tionship between mal- | tus measured with - Mean score 25.3 (well-nourished)
(2021) study nutrition and complete | MNA-SF and MNA | - Association between MNA and the com-
[36] ADL function (includ- | was significantly prehensive ADL function:
ing Barthel index and | correlated with the rho=0.24, (p=0.029)
Frenchay's activity in- | comprehensive - Association between MNA and the
dex and the ADL WHOQOL-BREF: rho=0.30,
WHOQOL-BREF function, but only (p=0.005)
MNA full version
wad associated with | MNA-SF
WHOQOL-BREF - Association between nutritional status
and comprehensive ADL function was
rho=0.27, (p=0.013)
(no association between MNA-SF and
WHOQOL-BREF)
Leeetal. | Cohort 344 Acute and GNRI Investigated preva- A low GNRI was Prevalence of malnutrition risk 17,2% | /I
(2021) study post-dis- lence of malnutrition independently asso- | (p=0.003)
[35] charge care risk with GNRI score | ciated with the de-
and PSCI score at 3 velopment of PSCI | Association between low GNRI and in-
months after stroke at 3 months and creased risk of the development of PSCI
with MMSE score also significantly was OR, 2.04 [95% CI, 1.00-4.14] p=0.049
(Korean version) associated with the
z-scores from Correlation between low GNRI and
MMSE MMSE (z-scores) was 3=0.04 (p=0.03)
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Continuation of Table 1

Malnutri-

tion j Screening
Study jtu_dy Sample Setting screening Intervention and Results Clinical Outcomes t(.’OI identi-
esign tools clinical outcomes fied (when
compared)
Wong et Multi- 398 Rehabilita- | Malnutri- Investigated the prev- | 40% of patients Prevalence of malnutrition risk was 40% i
al. (2020) | centre tion/ home | tion Risk alence and predictors | were classified as
[45] Cross- Screening of malnutrition high-risk for Comparison of clinical profiles and nutri-
sectional Tool-Hos- risk among post- Malnutrition. tion-related issues with high-risk malnu-
study pital stroke patients Tube feeding, loss trition
(MRST-H) of appetite, wheel- | tube feeding (OR: 13.16, 95%Cl: 3.22-
chair-bound and 53.77), loss of appetite (OR: 8.15, 95% CI:
BMI were found to | 4.71-14.12), wheelchair-bound (OR: 2.23,
be significant pre- 95% CI: 1.22-4.09) and BMI (AOR:
dictors of malnutri- | 0.87,95% CI: 0.82—0.93) p<0,001
tion risk
Nishioka | Retro- 334 (489 Rehabilita- | MNA-SF Investigated the prev- | High prevalence of | Prevalence of malnutrition risk was 96,7% | ///ll111111]
etal. spective | total) tion alence of malnutrition | malnutrition risk. (p <0.001)
(2020) cohort and functional (FIM Malnourished pa- Association between malnutrition and
[40] study score) tients had a signifi- | FIM score was: lower FIM total associated
cantly with malnutrition p<0.001 and malnutrition
lower FIM total significantly predicted the FIM at discharge
score (standardized partial regression coefficient, —
0.15; partial regression coefficient, —8.9; 95%
confidence interval =—20.3 to 2.5; p=0.13)
Kang et Cohort 1906 Acute care | GNRI Investigated the prev- | The increased risk Prevalence of malnutrition risk: 27,7% | /1T
al. (2020) | study alence of malnutrition | of premorbid under- | (p=<.0.001);
[33] risk and correlation nutrition was asso-

between malnutrition
and poor outcomes af-
ter hospitalization
(mRS scale) at 3
months.

ciated with an in-
creased risk of
unfavourable out-
come.

Association between malnutrition and
poor outcomes (mRS > 3):
OR 1.492 [95%CI 1.386-1.607] p=<.0.001
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Continuation of Table 1

Characteristics of the studies and correlation between nutritional screening tools, clinical setting and clinical outcomes

Malnutri- Screening
Study jtu_dy Sample Setting tion Iqtgrventlon and Results Clinical Outcomes t(.’OI identi-
esign screening clinical outcomes fied (when
tools compared)
Caietal. | Multi- 572 Acute care | NRS-2002 | Investigated the prev- | CONUT demon- NRS 2002 CONUT
(2020) centre CONUT alence of malnutrition | strated better effi- - Prevalence of malnutrition risk 45,8%
[31] Cross- risk and correlation cacy in detecting (p<0.001)
sectional between malnutrition | malnutrition than - Association between malnutrition and
study and poor outcomes af- | NRS-2002. CO- poor outcomes (mRS>3):
ter hospitalization NUT and NRS- OR 3.337 [IC 95%2.184-5.098] p<0.001
(mRS scale) at 3 2002 demonstrate a
months. good ability to pre- | CONUT
dict poor outcomes - Prevalence of malnutrition risk: 56,6%
at discharge (p <0.001)
- Association between malnutrition and
poor outcomes (mRS > 3): Low risk OR
[1C95%1.608 1.038-2.490] p=0.033;
Moderate to severe risk OR 2.398
[1C95%1.264-4.55] p=0.007
Weun et Cohort 45 Rehabilita- | MNA Investigated the prev- | High prevalence of | Malnourished patients were 24.4% and | /11111111
al. (2019) | study tion alence of malnutrition | malnutrition and prevalence of malnutrition risk was 66.7%
[44] risk and correlation correlation to MNA | Correlation between malnutrition and
between malnutrition | and MBI/MAS MBI and MAS:
and functional out- scores MBI r=0.527 (p=0.000); MAS r=0.476
comes (MBI and MAS (p=0.007)*
scores)
(*Pearson’s correlation)
Sremana- | Cohort 1101 Acute care | MUST Investigated the prev- | High prevalence of | Prevalence of malnutrition risk: 21.5% | /111111111
kovaetal. | Study alence of malnutrition | malnutrition risk. (p=<0.001);
(2019) risk and correlation Malnutrition was
[42] between associated with Association between malnutrition and
LOS poor outcomes (mRS>3) at admission and
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Continuation of Table 1

Malnutri- Screening
Study gtu_dy Sample Setting tion In_te_rventlon and Results Clinical Outcomes tc_>0| identi-
esign screening clinical outcomes fied (when
tools compared)
malnutrition and LOS at discharge was increased in patients at risk
and clinical outcomes of malnutrition (data not available)
Association between risk of malnutrition
and length of hospital stay: RR 1.30
[1C95% 1.07-1.58] p<0.01.
Sato etal. | Retro- 205 Acute care | GNRI Investigated the of High prevalence of | Prevalence of malnutrition risk: 42% at ad- | /1111111111
(2019) spective malnutrition risk at malnutrition during | mission and 76% at discharge (p=<0.001);
[41] Cross admission and at dis- | the admission and Correlation between malnutrition and
sectional charge correlating at discharge. poor outcomes at discharge (mRS>3): 3=-
study with poor outcomes Malnutrition risk 0.16, (p=<0.001);
after hospitalization was correlated to
(mRS scale) at dis- MRS at the time of
harge discharge.
Linetal. | Cross 59 Rehabilita- | MNA Investigated the test- MNA is a valid MNA mean score 25.3 (well-nourished) i
(2019) sectional tion/ home retest reliability of the | tool for Test-retest reliability MNA: The ICC for
[37] study MNA and association | screening the nutri- | the MNA was 0.91 with [95%CI 0.85-8.94].
of MNA with quality | tional status of pa- | The MDC and MDC% for the MNA were 2.1
of life (WHOQOL- tients with chronic | and 8.2%, respectively.
BREF score) stroke and was pos- | Association between MNA and
itively associated WHOQOL-BREF r?=0.104; (p=0.008)
with the
WHOQOL-BREF
Cinetal Cross 130* Post-acute | MNA Investigated the prev- | MNA found a MNA MNA
(2019) sectional care SNAQ®* alence of malnutrition | higher prevalence - Prevalence of malnutrition risk was
[47] study risk with MNA and of malnutrition risk 22.3% (p=0.365)

SNAQ®* and testing
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Continuation of Table 1

Malnutri- Screening
Study . tion Intervention and - tool identified
Study design Sample Setting screening clinical outcomes Results Clinical Outcomes (when com-
tools pared)
*(patients the sensibility and compared to SNAQS>*
aged >65 specificity of SNAQS5* scale - Prevalence of malnutrition risk was
years) SNAQ®* SNAQ®* can be 18.4% (p=0.070)
used to screen for - Correlation between SNAQ®* and
malnutrition in el- MNA scores (p=0.000).
derly patients with 96% sensitivity, and 68.9% specificity
Stroke
Hsieh, et | Cross 231 Acute care | MNA Investigated the preva- | High prevalence of | Malnourished patients were 12.1% and | /1111
al. (2017) | sectional lence of malnutrition malnourished pa- prevalence of malnutrition risk was 54.1%
[32] study and the risk of malnu- | tients or at risk of
trition correlating with | malnutrition. Mal- | Prevalence of malnourished patients with
poor outcomes during | nutrition was corre- | mRS>3: 52.8% (p<0.001) in malnutrition
the acute phase of hos- | lated to mRS>3 risk group and 100% (p<0.001) in malnour-
pitalization (MRS ished group.
scale)
Kampman | Cross 185 Acute care | NRS 2002 Evaluated a preva- High prevalence of | Prevalence of malnutrition risk (NRS i
etal. sectional lence of malnutrition malnourished pa- score >3) days 0-7, 24.6%
(2015) study tients
[22]
Mossel- Cross 73 Acute care | MNA Evaluated a preva- The prevalence of Malnourished patients were 5% and preva- | /111111111
man, et al. | sectional lence of malnutrition malnutrition and lence of malnutrition risk was 14%
(2013) study during hospital stay risk of malnutrition
[38] and after 10 days in patients with Malnourished patients (10 days later) were

acute stroke in-
creases strongly
during the first 10
days of admission.

26% and prevalence of malnutrition risk
was 39%
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End of of Table 1

Characteristics of the studies and correlation between nutritional screening tools, clinical setting and clinical outcomes

Malnutri- .
tion j Screening
Study gtu_dy Sample Setting screening In_tgrventmn and Results Clinical Outcomes t(.’OI identi-
esign tools clinical outcomes fied (when
compared)
Kimetal. | Cross- 35 Rehabilita- | MNA Evaluated a preva- High prevalence of | Malnourished patients were 54.3% and | /111111111
(2013) sectional tion/ home lence of malnutrition malnutrition and prevalence of malnutrition risk was 37.1%
[34] study during hospital stay risk of malnutrition | Sensitivity 100%, specificity 33.3%, posi-
tive predictive power 81.2%, and negative
predictive power 100%.
Aubrey et | Cross- 158 Acute care | MUST Evaluated MUST and | MUST and GST are | MUST MUST
al. (2013) | Sectional GST GST to identify clini- | valuable tools for - Significant relationship with mortality
[30] study cal outcomes in stroke | identifying LOS (p=0.000) and LOS (p=0.033)
patients and mortality. GST
also identified out- | GST
comes at discharge - Significant relationship with mortality
(p=0.000), LOS (p=0.021) and discharge
(p=0.015)
(Complete data not available).

Legend: CONUT= Controlling Nutritional Status; ESPEN DCM =European Society for Clinical Nutrition and Metabolism criteria;GNRI = Geriatric Nutritional Risk Index; GLIM=
Global Leadership Initiative on Malnutrition criteria; GST= Guy’s & St. Thomas; MUST= Malnutrition Universal Screening Tool; MNA= Mini-Nutritional Assessment; MNA-SF=
Mini-Nutritional Assessment short-form; MNA-SFv2= Mini-Nutritional Assessment short-form version 2; NRS 2002= Nutritional Risk Screening; SNAQ65+= Short Nutritional
Assessment Questionnaire: PCSI: improvement in post-stroke cognitive Impairment; mRS= Modified Rankin Scale; FIM= Functional Independence Measure; FIM-M=independence
measure motor domain score; MBI=Modified Barthel Index Score; MAS= Motor Assessment Scale; MMSE score: Mini-Mental State Examination; WHOQOL-BREF= WHO Quiality
of Life-BREF; MMSE; QoL.: quality of life ;LOS: length of stay; ADL=Activities of Daily Living.MDC= minimal detectable change.



O630p
Review

HayuHble pesyabmambl 6uomeduyuHckux uccaedoganuil. 2023;9(4):524-543

Research Results in Biomedicine. 2023:9(4):524-543 539

Discussion. This systematic review
aimed to identify which malnutrition risk as-
sessment tools are applicable to post-stroke pa-
tients and in which stage of the disease (acute
or chronic) and setting of care (hospital, reha-
bilitation or home) are applicable.

In the hospital setting (acute/post-acute
phase), the most widely used screening tools
were the Geriatric Nutritional Risk Index
(GNRI), the Malnutrition Universal Screening
Tool (MUST), and the Controlling Nutritional
Status (CONUT). All these tools proved to be
applicable to the population under investiga-
tion and able to adequately identify the nutri-
tional risk. Considering the clinical outcomes
of interest, the MUST scale demonstrated a
greater capacity than the other two scores in
detecting malnutrition and relevant correlated
clinical outcomes such as mortality, length of
stay, outcomes at discharge, functional capac-
ity and quality of life. As known in the litera-
ture, malnutrition is directly correlated with
poor clinical outcomes [3] and our research
also investigated whether the different nutri-
tional risk assessment scales correlated with
poor clinical outcomes during hospitalization.
Also in this evaluation, the MUST scale
proved to be superior when compared with the
different tools investigated [30, 46], demon-
strating a positive correlation with clinical out-
comes such as: length of hospital stay (RR 1.30
(CI95% 1.07-1.58) p< 0.01), mortality
(p=0.000) and LOS (p=0.033) [30]. Moreover,
when correlated with functional disability
measured with the mRS scale, MUST showed
a significant association equal to 77.6%
p<0.001, demonstrating sensibility and speci-
ficity respectively 77.6% and 73.29% [42]. In
support of this tool there is certainly also the
rapidity and easiness of administration that
make this nutritional risk assessment scale ap-
plicable in hospital clinical setting [3].

Differently, in the rehabilitation/home
setting our research has identified only one in-
strument of interest, the Mini Nutritional As-
sessment (MNA and MNA-SF version). The
use of this tool in this population is dictated by
the fact that it was created for application in an
elderly population and gracefully in a rehabili-
tation/home context [34, 36, 43]. The study by
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Kim et al. [34] showed that MNA, applied in a
sample of chronic stroke patients, showed a
sensitivity of 100%, a specificity of 33.3%, a
positive predictive value of 81.2% and a nega-
tive predictive value of 100%; although they
demonstrated adequate diagnostic accuracy,
these data were obtained from a relatively
small sample size (n=35). Furthermore, MNA
has been shown to be superior to MNA-SF in
detecting the risk of malnutrition and in partic-
ular when correlated with clinical outcomes of
fundamental importance in a chronic care set-
ting such as quality of life (QoL) assessment
measured with the WHOQOL-BREF [36, 37]
instrument and in others functional outcomes
such as MBI score, MAS[44] score and
ADL[36]; This evidence is supported by a
study [37], that evaluated the very reliability of
the instrument through a test-retest study on a
sample of patients with chronic stroke, defin-
ing an ICC value of this instrument equal to
0.91.

Conclusions. Since stroke is one of the
main causes of death, especially when associ-
ated with malnutrition, an assessment of nutri-
tional status in all stages of the disease is im-
portant. However, not all tools, especially if
they were not developed for this specific pop-
ulation, may be suitable for the early identifi-
cation of malnutrition.

This systematic review of the literature is
the first to evaluate the application of nutri-
tional assessment scales in the post-stroke pa-
tient, specifically investigating which tool was
most suitable for the different phases of the
disease. In our opinion, this factor is of funda-
mental importance because the various screen-
ing tools have been created and validated on
specific populations. Our results have not only
confirmed what is indicated by the ESPEN, in-
dicating the MUST as the tool to be applied to
the patient with stroke in the acute phase of the
disease, because this scale has shown not only
greater capacity in identifying malnutrition
when compared with all the tools investigated,
but also a correlation with poor clinical out-
comes, such as mortality, LOS and functional
disability.
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In the chronic phase of stroke, MNA full
version has shown not only to be the most
widely applied scale in almost all studies in
this setting, but from our research we have ob-
tained sufficient data to indicate that this tool
can be the reference tool in the chronic stroke
patient. Our considerations are supported by
several studies, mainly observational and co-
hort studies that have evaluated adequate pa-
tient samples and demonstrating that MNA
when compared with other tools has shown
greater ability to identify nutritional risk, a
characteristic supported by a high sensitivity
and predictiveness of this tool which also
showed adequate results when applied in a test-
retest study. Furthermore, MNA demonstrated
a strong correlation with clinical outcomes of
relevance for the chronic population investi-
gated, as QoL, functional outcomes and ADL.

This research aims to be a valid resource
to researchers and clinicians for the assessment
of malnutrition risk in the different phases of
post-stroke.
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Abstract

Background: Benign proliferative diseases of the female reproductive system (endometriosis, endo-
metrial hyperplasia, and uterine leiomyoma) are comorbid and often occur together. The aim of the
study: To establish common risk factors for the development of benign proliferative diseases of the
female reproductive system (endometriosis, endometrial hyperplasia, and uterine leiomyoma). Ma-
terials and methods: The review includes up-to-date data from articles found in PubMed and Eli-
brary on this topic. Results: The article reviews the recent literature about factors determining comor-
bidity and syntropy of the diseases. Their comorbidity may be based on common environmental risk
factors (early menarche, body mass index, induced abortions, etc.) and mechanisms of the pathogen-
esis, which include hormone-dependent cellular proliferation associated with the action of sex hor-
mones and hormone-independent cellular proliferation processes stimulated by growth factors and
cytokines, apoptosis, and pathological neoangiogenesis, etc. These common mechanisms are backed
by syntropic genes (e.g., FSHB, COMT). Syntropy and pleiotropy appear to be closely related: syn-
tropic genes manifest pleiotropic effects too. Also, epigenetic factors, such as miRNAs are important
determinants of the diseased phenotypes. Conclusion: Identification of the shared factors contrib-
uting to the benign proliferative diseases of the female reproductive system helps to determine targets
for therapeutic intervention and efficient control of the comorbidity.

Keywords: uterine leiomyoma; endometriosis; endometrial hyperplasia; comorbidity; syntropy

For citation: Ponomarenko MS, Reshetnikov EA, Churnosova MM, et al. Comorbidity and syntropy
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Introduction. Benign proliferative dis-
eases of the female reproductive system — en-
dometriosis, endometrial hyperplasia, and
uterine leiomyoma, prevail in the structure of
the overall gynecological morbidity [1, 2, 3].
Uterine leiomyoma (UL), commonly known as

fibroids, is a benign tumor of the smooth mus-
cle in the uterus [1, 4]. About 30 percent of re-
productive-age women are diagnosed with UL,
which is considered as a major factor of gyne-
cologic morbidity, one of the primary causes of
hospitalizations for gynecological disorders,
and the most frequent reason for hysterectomy
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in the USA [1]. Endometriosis (EM) is a con-
dition when endometrial tissue proliferates in
ectopic locations, such as the pelvic perito-
neum, ovaries, and rectovaginal septum [3, 5].
Endometriosis is diagnosed in 6-10% of women
of reproductive age and in 20-50% of infertile
women [5, 6]. Endometrial hyperplasia (EH) is
defined as excessive growth and thickening of
the endometrium. This process increases the
glands/stroma ratio [7, 8]. In the structure of gy-
necological morbidity in women of reproduc-
tive age, EH possesses a significant segment. In
developed countries, there are an estimated
200,000 new cases of EH per annum [2].

Benign proliferative diseases of the fe-
male reproductive system are comorbid and
quite commonly occur together [9-12]. Nezhat
et al. [9] reported the co-occurrence of uterine
leiomyoma and endometriosis in 87.1% of
women who underwent laparoscopic myomec-
tomy/hysterectomy for symptomatic uterine
leiomyoma. Simple endometrial hyperplasia
occurs in 22.7% of patients with uterine leio-
myoma [10]. Among patients with endometrial
hyperplasia, uterine fibroid occurs in 51.54%
and endometriosis in 35.19% [11], with uterine
fibroid occurring in 52.40% and endometrial
hyperplasia in 46.33% of patients with endo-
metriosis [12].

The aim of the study. To establish com-
mon risk factors for the development of benign
proliferative diseases of the female reproduc-
tive system (endometriosis, endometrial hy-
perplasia, and uterine leiomyoma).

Materials and methods: The review in-
cludes up-to-date data from articles found in
PubMed and Elibrary on this topic.

Results and Discussion. One of the
causes for comorbidity of the above benign
proliferative diseases may be common envi-
ronmental and/or endogenous risk factors.
Risk factors for UL are endogenous hormones,
early menarche or late menopause, obesity, in-
duced abortions, family history, genetic fac-
tors, polycystic ovary syndrome, age, ethnic-
ity, oral contraceptives, lifestyle, diet, and oth-
ers (Fig. 1, 2, 3) [1, 4, 13, 14, 15].

The continuous overstimulation of the
endometrium by estrogen was recognized
among the primary factors of the EH patho-
physiology [8]. The other EH risk factors are
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quite diverse and include early menarche or late
menopause, overweight, diabetes mellitus, in-
fertility, hypertension, family history, genetic
factors, induced abortions, chronic anovulation,
polycystic ovary syndrome, tamoxifen therapy,
estrogen hormone replacement therapy, post-
menopausal status, and others [2, 7, 8, 11].

Endometriosis was associated with body
weight, age at menarche, duration of menstrual
discharge and menstrual cycle, reproductive fac-
tors, family history, genetic factors, induced abor-
tions, diet, and others [3, 5, 6, 12, 16, 17, 18].

In general, it appears that factors affect-
ing the level of endogenous estrogen (early
menarche, body mass index, and others), fam-
ily history, genetic factors, induced abortions,
etc., are shared factors for the risk of benign
proliferative disorders of the female reproduc-
tive system (uterine leiomyoma, endometrio-
sis, and endometrial hyperplasia) and can de-
termine their comorbidity.

At the same time, benign proliferative
diseases of the female reproductive system,
along with common risk factors, have common
pathogenetic mechanisms of development:
hormone-dependent cellular proliferation as-
sociated with the action of sex hormones (ab-
solute, relative and local hyperestrogenism);
hormone-independent cellular proliferation
processes, stimulated by growth factors and
cytokines, and causing uncontrolled cellular
proliferation, apoptosis, and pathological neo-
angiogenesis; processes involving pro- and
anti-inflammatory cytokines caused by genital
infections, invasive intrauterine interventions;
immune disorders associated with immunolog-
ical resistance, etc. [1-4, 7, 8].

Age at menarche has been suggested as a
risk factor for UL, EH, and EM [1, 2, 7, 18].
Women with early onset of menarche have, on
average, a longer period of menstruations in
their life and thus a greater overall exposure to
estrogens, which may induce the growth of UL
and promote EH [1, 7]. Cell division rate in the
myometrium is highest during the luteal phase
of the menstrual cycle, therefore, a longer his-
tory of cycling may increase the risk of UL [1].
Continuing exposure to estrogens in the ab-
sence of progesterone seems to promote the de-
velopment of EH [2].
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/ GWAS-significant loci

associated with UL
(the loci reported by two and more
GWAS are shown)

WNT4, CDC42 (1p36.12)
GREBI(2p25.1)

TERC (3q26.2)

LNXI, PDGFRA (4q12)
SULTIEBI (4q13.3)

TERT (5pl533)

ZNF346, UIMCI (5¢35.2)
SYNEI, ESRI(6g25.2)
ANERDIS (9p24.3)

OBFCI, 5LK (10g24.3)

WTI (11pl3)

PDHX, CD44 (11p13)
FSHB (11pl4.1)

RICE4, BETIL (11p13.3)
Cliorfis, KDELC2 (11922 3)
FOXOI (13g14.11)

SHBG, TP33 (17pl3.1)
MCMS, TRMT6 (20p12.3)
TNRCOB (22q13.1)

/ Epigenetic factors of UL \

* aberrant hypomethylation genes:
CYPIBI, CACNAIC, COL441, COL4AZ,
COLGA3, IRSI, KI441109, POPDC2, PRI,
RAD5ILI, TACR2, UNC3D, VCAN,
WBSCR17, ete.

¢ aberrant hypermethylation genes:
AIMI, ANXA3, CD74, CFB, DAPKI, DLECI,
DPP4, DUSPG6, EFEMPI, EPASI, EZR,
FOXPI, GATA2, GSTM3, HTATIPZ
IGF2BP3, KAT2?B, KDR, KLFIl, KRTIY,
LDEB2, LIMAI, MEOX2, MYEF2, NR3CI,
NR4A2, NR4A3, NR>A2, NTRKZ, NUAKI,
FPLCEI, SDPR, SORES2, SPTENI, TIAMI,
ete.

* downregulated miRNAs: miR-]465-5p,
miR-335-3p, miR-335-3p, miR-135b-3p, miR-
10a-3p, miR-10a-5p, miR-200a-3p, ete.

* upregulated miRNAs: miR-]46a-3p,

RAP2C (Xp26.2)
MEDI? (Xal3.1) /

miR-370-3p, miR-122-3p, miR-1246, miR-
305, miR-038, miR-4284, miR-924, let-7b, etc.

UL risk factors
*  family history
* black race
* premenopausal state
-

level of endogenous estrogen

progesterone
obesity and overweight

early menarche or late menopause

»

L ]

*  parity

+ nulliparous

* infertility

* age at first term birth

* time since last birth

* use of oral contraceptives
* hypertension

o diabetes mellitus

*  polycystic ovary svndrome
* insulin resistance

*  hyperinsulinemia

* induced abortions

* infection or inflammation
* stress and physical activity
o  vitamin D deficiency

[ ]

smoking and alcohol
\dietary habits and caffeine

~

and

Uterine leiomyoma

!

estimated prevalence ranging from 20-77%
27% of gynecological hospitalization

Clinical importance

30% of all hysterectomies among women aged 18-44 vears
symptoms that seriously affect a woman’s quality of life: dysmenorrhea, pelvic pain, abnormal bleeding, bladder or bowel dysfunction
2-3% of cases of infertilitv. and increased nisk of miscarriage

Fig. 1. Risk factors (environmental, genetic and epigenetic) and clinical importance of UL



O630p
Review

HayuHvle pesyabmamul 6uomeduyuHckux uccaedosanutl. 2023;9(4):544-556
Research Results in Biomedicine. 2023:9(4):544-556

547

associated with EM

GWAS are shown)
o JWNT4, CDC42 (1p36.12)

o ILI4(2q13)
o ETAAI (2pl4)

» GREBI(2p25.1)

o FNI(2g35)

e KDR(4q12)

o ID4(6p22.3)

s CCDCITO(6q25.1)
e SYNEI, ESRI(6q25.2)
. 7pl23

o CDKNIB-ASI (9p21.3)
o FSHB(11pl4.1)
o VEZT(12¢22)

/ GWAS-significant loci \

(the loci reported by two and more

o AC0I0710.1, AC0I8706.1 (Tpl5.2)

%

/ Epigenetic factors of EM \

¢ aberrant hypermethylation genes:
HOXA10, EDARADD, ADAPI, JAKMIP3,
SLCI1643, HOXDI0, HOXDII, TBCIiDZ,
PIK34FPI, DRD4, ATP1I14, DTNA, FXYD3,
AGPAT3, etc.

* aberrant hypomethylation  genes:
PREAG2, ANOI, SCARE], PIGR, ete.

* downregulated miRNAs: miR-20a, miR-
23a, miR-23b, miR-25, miR-14I, miR-183,
miR-196b, miR-199a, miR-200a, miR-200b,
miR-200c, miR-424, miR-3613, let-7h, etc.

+ upregulated miRNAs: miR-I, miR-20¢c,
miR-90g, miR-00b, miR-100, miR-125a, miR-
125b, miR-143, miR-145, miR-150, miR-194,
miR-223, miR-342, miR-363, miR-370, miR-
373, etc.

* aberrant histone acetylation and
alterations in levels of histone acetylases
and histone deacetylases: HOXAI), ESRI,
CDENIA, CDENIB, CDKN24, CHEKZ

QBPA, INK4a, DR6, CDHI, ete. /

A

/ EM risk factors \

family history

level of endogenous estrogen and
progesterone

low BMI

early menarche

short menstrual cycle length
long and heavy menstruation
nulliparity

use of oral contraceptives
induced abortions

infection or inflammation
alcohol intake

dietary habits

. J

Endometriosis

v

» the prevalence rate of symptomatic EM is estimated to be 10% and a further 11% of undiagnosed cases

Clinical importance

s symptoms that seriously affect a woman’s quality of life: chronic pelvic pain, dysmenorrhea, dyspareunia, irregular uterine bleeding, infertility
s affects 20-50% of women with infertility

e affects 25%—70% of women and adolescents with chronic pelvic pain or pelvic pain and dyvsmenorrhea

Fig. 2. Risk factors (environmental, genetic and epigenetic) and clinical importance of EM
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/

\

\

EH risk factors

family history
peri/postmenopausal status
chronic anovulation

level of endogenous estrogen
hyperestrogenism

chronic exposure to estrogen un-
opposed by progesterone

insulin resistance
hyperinsulinemia and reduced
sex hormone binding globulin
early menarche or late meno-
pause

overweight and obesity
polycystic ovary syndrome
induced abortions

chronic endometritis

tamoxifen therapy

estrogen hormone replacement
therapy

metabolic syndrome

diabetes mellitus

hypertension

infertility

-

Genetic and epigenetic factors

of EH
(the candidate gene reported by associa-
tion studies are shown)

e tumor necrosis factors and
their receptors (TNFa, Lta,
TNFR1, TNFR2)

e chemokines (MIP1p5, MCP1,
SDF1)

e growth factors (TGFb1, IGF1,
VEGF, FGFR2)

e interleukins (IL-6, IL-10, IL-5)

e detoxification enzymes
(GSTPI, CYPIAI, CYP142,
SULT141, UGT2B4)

o folate metabolism (TYMS)

¢ lipid metabolism (FTO);

e metabolism of sex hormones
(FSHB, FSHR, LHCGR, ESR2,
COMT)

e mMiRNAs (miR-20a, miR-21,
miR-26a, etc)

nulliparous

/

N

/.

Endometrial hy-
perplasia

548

~

/

estimates range from 133-208 cases per 100,000 woman-years for overall EH incidence

Clinical importance

10 - 18% of gynecological hospitalization
symptom that seriously affect a woman’s quality of life: abnormal uterine bleeding (men-
orrhagia, intermenstrual bleeding, postmenopausal bleeding, etc)
risk for transformation into malignant tumors (EH with atypia)

~

)

Fig. 3. Risk factors (environmental, genetic and epigenetic) and clinical importance of EH
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Likewise, an increased lifelong exposure
to menstruation due to early menarche may
also increase the risk of EM [18]. The relation-
ship between age at menarche and the prolifer-
ative benign diseases is further supported by
that candidate genes for age at menarche were
associated with EH and EM [11, 12, 19].

Age at menopause has also been sug-
gested to affect the risk of UL and EH [1, 2, 7].
Late menopause has a similar effect to early
menarche: it extends a lifelong exposure to es-
trogens, which may promote the growth of UL
and promote EH [1, 7].

One more risk factor for UL and EH is
obesity/overweight/high body mass index [1,
2, 7, 8, 14, 15]. A direct correlation between
BMI and UL was reported: the risk increased
by 20% per each 10 kg of weight gain [14].
Obese women (BMI >30 kg/m?) showed a
nearly 4-fold increase in the incidence of atyp-
ical EH, as compared to non-obese ones. Fur-
thermore, women with BMI of 40 kg/m? had a
13-fold higher risk of atypical EH and a 23-
fold increased risk of non-atypical EH as com-
pared to the women with normal BMI [8]. This
relationship can be explained by that andro-
gens produced by the adrenal glands and ova-
ries are converted into estrogens in the fat tis-
sue. Excessive fat promotes the development
of insulin resistance and reduced synthesis of
globulin, which binds sex hormones [8]. As a
result, obese women have a higher level of free
circulating estrogens that can promote the de-
velopment of UL and EH. Besides, hyperinsu-
linemia, one of the main elements of the meta-
bolic syndrome, is associated with higher se-
rum levels of the insulin-like growth factor-1
and epidermal growth factor [20], which, in
turn, induce secretion of estrogen in ovaries or
promote cell proliferation in the endometrium
and myometrium [1, 2].

BMI is a risk factor for EM too, but the ef-
fect is opposite to the mentioned above: low BMI
increases the risk of EM [5, 17]. The recent meta-
analysis reported that the EM risk decreased
(OR=0.67) per each 5 kg/m2 BMI gain [17]. One
of the possible explanations of these results is
that obese women usually have a higher estrogen
level that may lead to anovulatory and irregular
menses and, respectively, lower chances of the
retrograde menstruation [16].

The history of induced abortions signifi-
cantly increases the risk of UL, EH, and EM
[11, 12, 13, 16]. Induced abortions in the first
trimester of pregnancy may cause multiple
health complications, including polycystic
ovary syndrome, hyperprolactinemia, anovula-
tory menstruation, post-abortion endometritis,
and the others [21]. Induced recurring abor-
tions result in injuries of the uterus. Uterine in-
juries may induce the expression of the growth
factor that speed-ups cellular proliferation,
suppresses apoptosis, and increases production
of the extracellular matrix [1]. The risk for UL,
EH, and EM directly correlates with the num-
ber of abortions in the anamnesis [11, 12, 13].
A higher number of induced abortions was as-
sociated with an increased UL risk (one in-
duced abortion - OR = 1.32, two induced abor-
tions - OR = 1.45, and >3 induced abortions -
OR = 1.62) [13], EH (it increases from
OR=2.00 in the case of two abortions up to
OR=6.54 with four and more abortions) [11]
and EM (it increases from OR = 2.05 in the
case of 2 abortions up to OR = 5.87 with 4 and
more abortions) [12]. Induced abortions may
also be associated with other hormone-related
diseases (e.g., breast cancer) [22].

Another important risk factor for UL,
EH, and EM is a family history of the disease
[1-4]. A risk to develop UL is 2.5-fold greater
for first-degree relatives of affected women
than the population average [23] and the con-
cordance among monozygotic twins is almost
twice that of dizygotic twins [15]. Heritability
estimates of UL from twin studies vary from
26 to 69% in European populations [15]. Ge-
netic factors are important for the development
of EM [3, 6]. Results of twin studies estimate
their contribution at 51% [6]. As to the relative
contribution of genetic factors to the develop-
ment of EH, no family or twin studies have
been conducted so far and candidate gene as-
sociation studies were limited [7, 11].

Recent genome-wide studies (GWAS)
provided more estimates for genetic factors of
the diseases. The current National Genome Re-
search Institute's catalog of GWAS
(https://www.ebi.ac.uk/gwas/) includes more
than 10 studies of EM [e.g., 24-31]. These
studies reported more than 20 significant loci
associated with EM. Among those, 19 SNPs
were estimated to determine 5.19% of the EM
variability [30].
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Several GWAS of UL were conducted in
different ethnic populations, including Japa-
nese, Caucasians of the USA and Australia,
and African-American women [e.g., 31-36]. In
2018, two teams presented results of the first
GWAS of UL in European populations [33,
34]. Both studies reported somewhat similar
results: 21 and 22 GWAS-significant loci for
UL, respectively. The contribution of these 21
GWAS-significant SNPs to the UL variability
was estimated at 13% [33]. A follow-up
GWAS meta-analysis of 35,474 cases and
267,505 controls of European ancestry con-
firmed 21 previously reported loci and identi-
fied eight novel loci for UL [35]. Besides, four
loci identified in the meta-analysis were also

(WNT4/ CDC42), 2p25.1 (GREB1), 6025.2
(ESR1), 11p14.1 (FSHB). A summary of the
candidate genes for UL and EM determined by
GWAS is given in Table 1.

An epidemiological meta-analysis of
402,868 women suggested at least a two-fold
higher risk for UL in patients with a history of EM
[35]. It was hypothesized that both UL and EM
were underlain by hormone-related factors [33]
and thus might have a shared genetic basis [35].
This assumption was supported by the recent find-
ings of syntropic genes for these diseases [33, 35].
In particular, the GWAS of UL in European pop-
ulations [33] replicated three (GREBL,
CDC42/WNT4, SYNELX/ESR1) of the 19 previ-
ously reported candidate loci for EM [30].

associated with EM  risk:  1p36.12
Table 1
GWAS-significant loci associated with UL and EM
Locus | Genes | References
UL and EM

1p36.12 WNT4, CDC42 [25,28,30,31,33,34,35]
2p25.1 GREB1 [26,30,31,33,34,35]
6025.2 SYNEZ, ESR1 [30,33,34,35,36]
11p14.1 FSHB [30,33,35]

EM

2q13 IL1A [24,30]

2pl4 ETAAL [26,30]
6p22.3 ID4 [25,26,28,30]
7p15.2 AC010719.1, AC018706.1 [26,27,28,30]
9p21.3 CDKN2B-AS1 [26,29,30]

12g22 VEZT [25,30]

UL

3026.2 TERC [34,35]

4q12 LNX1, PDGFRA [33,35]
4g13.3 SULT1B1 [31,33,35]
5p15.33 TERT [31,33,34,35]
5035.2 ZNF346, UIMC1 [33,35]
9p24.3 ANKRD15 [33,35,36]
10q24.3 OBFC1, SLK [31,32,33,34,35,36]
11p15.5 RIC8A, BET1L [32,33,35]

11p13 WT1 [33,34,35,36]

11p13 PDHX, CD44 [33,34,35]
11g22.3 C11orf65, KDELC2 [33,35]
13q14.11 FOXO1 [33,34,35]
17p13.1 SHBG, TP53 [33,34,35,36]
20p12.3 MCM8, TRMT6 [33,35]
22q13.1 TNRC6B [31,32,33,35,36]
Xp26.2 RAP2C [31,35]
Xq13.1 MED12 [34,35]

Note: the loci reported by two and more GWAS are shown
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A comparison of the biological processes lecular syntropy of both disorders. The PAN-
for the EM and UL development (gene expres- THER overrepresentation test of the biological
sion, gene networks, and epigenetic regulation) pathways for the syntropic genes provided fur-
revealed their similarities thus suggesting mo- ther support for this assumption (Table 2).

Table 2

Hierarchical PANTHER Overrepresentation Test results of the syntropic genes for UL
and EM (http://geneontology.org)

i Olaai Fold raw P

GO biological process complete Genes Enrichment +/- value FDR
Mammary gland branching involved in WNT4, ESRL > 100 + | 1936-06 | 153E-02
pregnancy
Multicellular organismal reproductive pro- WNT4, ESR1,
cess SYNEL, FSHB 16.55 + | 3.74E-05 | 3.13E-02

] . . WNT4, ESR1,
Multicellular organism reproduction SYNEL, FSHB 16.20 + | 4.07E-05 | 2.94E-02
Female pregnancy WNIT:L;'HEBS RL 55.45 + | 1.48E-05 | 2.14E-02

. . . WNT4, ESR1,
Multi-organism reproductive process SYNEL, FSHB 13.63 + | 8.00E-05 | 4.71E-02
Multi-multicellular organism process WNIT:Aé’HEBSRL 47.61 + | 2.32E-05 | 2.31E-02
Branching mvolve_d in mammary gland WNT4, ESR1 > 100 + | 2.06E-05 | 2.34E-02
duct morphogenesis
Mammary gland duct morphogenesis WNT4, ESR1 > 100 + | 3.85E-05 | 3.06E-02
Mammary gland morphogenesis WNT4, ESR1 > 100 + | 7.10E-05 | 4.51E-02
Gland morphogenesis WNIT:Aé’HEBSRL > 100 + | 2.52E-06 | 1.00E-02
Developmental process involved in repro- WNT4, ESR1,
duction SYNEL, FSHB 14.17 + | 6.87E-05 | 4.55E-02
E;)Osgg;/s regulation of steroid biosynthetic WNT4, ESR1 > 100 + | 159E-05 | 211E-02
E;)Osggls regulation of steroid metabolic WNT4, ESR1 > 100 + | 363605 | 3.20E-02
Positive regulation of lipid metabolic pro- WNT4, ESR1, 65.57 + | 9.04E-06 | 1.80E-02
cess FSHB
Ovulation cycle process WNT4, ESR1 > 100 + | 7.10E-05 | 4.34E-02
Female gonad development WNIT:L;'HEBSRL > 100 + | 1.81E-06 | 2.88E-02
Developn_wept of primary female sexual WNT4, ESR1, > 100 + | 21206 | 1.12E-02
characteristics FSHB
Female sex differentiation WNIT:L;’HEBS RL 93.92 + | 3.14E-06 | 9.99E-03
Sex differentiation WNTS EORL 38.19 + | 4.45E-05 | 3.08E-02
!Z)e_velopment of primary sexual character- WNT4, ESR1, 46,54 + | 248E-05 | 232E-02
istics FSHB
Gonad development WNIT:Aé’HEEf RL 47.82 + | 2.29E-05 | 2.43E-02
F_iegulatlon of morphogenesis of an epithe- WNT4, ESR1, 5728 + | 135E-05 | 214E-02
lium FSHB
Hormone metabolic process WNIT:Aé’HEEf RL 53.19 + | 1.68E-05 | 2.05E-02
Regulation of animal organ morphogenesis WNIT:Aé’HEBSRl’ 40.10 + | 3.85E-05 | 2.92E-02
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No GWAS on EH has been conducted so
far. Candidate gene studies reported associa-
tions of tumor necrosis factors and their recep-
tors (TNFa, Lta, TNFR1, TNFR2), chemokines
(MIP1s, MCP1, SDF1), growth factors
(TGFb1, IGF1, VEGF, FGFR2), interleukins
(IL-6, IL-10, IL-5), folate metabolizing and de-
toxifying enzymes (TYMS, ApoE, GSTPI,
CYPIAI, CYP142, SULT141, GP-Illa), candi-
date genes for age at menarche, and others [7,
11]. Some of these genes were also associated
with EM and UL [3, 37, 38].

The available body of evidence suggests
that FSHB can be one of the syntropic genes
for UL, EH, and EM. The meta-analysis of 11
GWAS reported the region on chromosome 11
(11p14.1, rs74485684) harboring the FSHB
gene as that associated with EM [30]. This var-
iant was replicated by GWAS of UL in Euro-
pean populations [33]. Several loci associated
with EM, including rs11031006 located in
11p14.1 harboring the FSHB gene, were re-
ported as candidates for UL in the recent
GWAS [35]. Polymorphisms of the FSHB
gene (rs555621, rs11031010, rs1782507) were
also documented for their association with EH
[11, 12]. Importantly, rs11031010 FSHB asso-
ciated with EH is located just 1.9 kb from
rs74485684 (associated with EM) and linked
to rs11031006 (r? = 0.64) (associated with EM
[30] and UL [35] respectively).

There is evidence that some tightly
linked polymorphisms of the FSHB gene may
contribute to various reproductive characters,
including the serum level of the follicle-stimu-
lating and luteinizing hormones [39], ages at
menarche [40] and menopause [41], BMI of
adults [19]. Several SNPs in the 5’-region of
FSHB were suggested to play a key role in var-
ious reproductive processes [42]. Importantly,
three alleles of the FSHB gene (G of rs555621,
A of rs11031010, and A of rs1782507) were
associated with later menarche [40] and were
suggested as a protective factor for EH [11].
That means the age at menarche and the EH
risk may have a shared genetic basis.

The FSHB gene encodes a beta-subunit
of the follicle-stimulating hormone. This hor-
mone has multiple functions in the female re-
productive system, including stimulation of the

follicular granulosa cells proliferation, the res-
cue of follicles from apoptosis, synthesis of the
luteinizing hormone receptors on these cells
before ovulation, control of the synthesis of
aromatases that convert androgens into estro-
gens  (estradiol), etc. (http://www.en-
sembl.org/).

It seems quite reasonable to hypothesize
that, in addition to FSHB and other candidate
genes for the age at menarche, a syntropic ef-
fect for UL, EH, and EM may be manifested
by genes contributing to those anthropometric
traits, which were shown to increase risks for
these diseases (e.g., height, BMI, and the oth-
ers). For example, an increased BMI was re-
ported to elevate a risk for EH [2, 7, 8] and UL
[1, 14, 15], while a lower BMI might increase
a risk for EM [5, 17]. Several genetic variants
within or near genes CAB39L, GRB14,
KIFAP3, and WNT4 were associated with both
EM and the ratio of waist and hip circumfer-
ence [43]. Several genes (e.g., FANCL, FTO,
GPRCS5B, LIN28B, MAP2K5, TNNI3K, and the
others) were suggested to contribute to some of
the above-mentioned phenotypes, such as the
age at menarche, height, BMI, and the others
[44, etc]. Some of these genes (e.g., LIN28B)
were also associated with EH and EM [11,
12, 19].

Another syntropic candidate gene con-
tributing to both anthropometric traits (age at
menarche, BMI, and height) and the above-
mentioned diseases (UL, EM, and EH) can be
COMT. COMT (catechol-O-methyltransfer-
ase) is an enzyme involved in the estrogen me-
tabolism. The rs4633 polymorphism of these
gene was associated with AAM, height, and
BMI [19]. This polymorphism and related
rs4680 were associated with the expression
level of COMT in peripheral blood [19]. The
activity of the COMT enzyme is elevated in the
human leiomyoma tissue as compared with the
normal myometrium; since this enzyme plays
a key role in estrogen metabolism, the ob-
served association suggests a possible causal
role of COMT in the UL formation [4]. In ad-
dition, the rs4680 polymorphism encodes a
Vall158Met substitution in COMT: the Met
variant has a 40% lower activity as compared
to Val [45]. Further support of the possible
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contribution of rs4680 to UL comes from the
meta-analysis by Feng et al. [46], which re-
ported its association with UL. This locus was
also associated with EM [47], while rs4633
COMT —with EH [11].

The above results suggest that plei-
otropic loci apparently account for a major
contribution to the analyzed phenotypes (age at
menarche, anthropometric characteristics, UL,
EH, EM). In turn, this ample evidence suggests
a shared genetic basis for these phenotypes.
The estimates of genetic correlations (rg) be-
tween various phenotypes and EM based on
the GWAS results provide a support for this as-
sumption [30]. Indeed, the significant genetic
correlations (p<0.05) were determined be-
tween EM and the age at menarche, height, and
obesity. Furthermore, significant genetic cor-
relations were obtained between the age at
menarche and two anthropometric characteris-
tics, BMI (rg= —0.35, p=1.4x10"%1) and height
(rg =0.13, p=2.5x10"1%) [48]. The analysis of
the data of 250,037 women from the UK Bi-
obank yielded a strong association between the
age at menarche and obesity (p<Ix1072%), UL
(p<1x1072Y), and EM (p<7.48x107°) [49]. A
significant genetic correlation was determined
between UL and EM (p = 0.003) by Rafnar et
al. [33]. The existence of syntropic genes and
probable shared genetic basis can be important
factors of UL, EH, and EM comorbidity.

Another reason for the comorbidity of
benign proliferative diseases of the female re-
productive system (UL, EH, and EM) may be
the involvement of common regulatory non-
coding RNAs and, in particular, micro-RNAs
(miRNAS) in their development [50]. MiRNASs
modulate various biological processes occur-
ring in the endo- and myometrium, such as cell
proliferation, apoptosis, cell differentiation,
and inflammatory response. These RNAs are
involved in the regulation of the effect of ster-
oid hormones on the endo- and myometrium.
In the normal endometrium, the highest ex-
pression levels were reported for miR-21, miR-
125b, miR-145, miR-23b, miR-26a, miR-29a,
and miR-99a [50]. Thirty-two miRNAs were
found to be differentially expressed in glandu-
lar epithelial and endometrial stromal cells.
Steroid hormones had the strongest effect on

the expression of miR-20a, miR-21 u miR-26a.
In the endometrium, the elevated expression
was observed for miR-29c and miR-145, and
lower expression — for miR-196b, miR-199a,
miR-23a/b. The differential expression of
miRNAs resulted in the altered expression of
the respective targeted proteins playing an im-
portant role in the pathogenesis of EM. For ex-
ample, the elevated expression of miR-29c and
miR-145 lowered the expression of COL7A1,
UPK1B, TFAP2C u FASCIN1, JAM-A, PAI-
1, while the lower expression of miR-196b u
miR-199a increased transcription of BCL2, C-
MYC, HOXAL0, IKK/NFKB, and IL-8 [50].

The comparative analysis of the expres-
sion level of micro-RNA in the normal myom-
etrium and cells of myomatous nodes demon-
strated that, in the normal myometrium, the ex-
pression of miR-141, miR-200a, miR-200b,
miR-200c, and miR-429 was elevated that de-
termined the lower production of targeted pro-
teins ZEB1, ZEB2, STATS5b, while the expres-
sion of miR-199a-3p/214 was lowered that re-
sulted in the higher expression of the COX2
protein. The myomatous tissue was character-
ized by the higher expression of let-7 and the
lower expression of miR-200a, miR-200b, and
some other miRNAs that significantly altered
the expression of targeted proteins HMGAZ2,
ZEB1, ZEB2, CYP1B1, VEGFA, CDH1, and
others [50].

It appears that the benign proliferative
diseases of the female reproductive system
share the same epigenetic mechanisms involv-
ing mMiRNAs (let-7, miR-200, miR-199, miR-
145, and others) and their targeted proteins
(HMGAZ2, COX2, and others). These miRNAS
exert their biological effects through the con-
trol of the transcription of some genes (includ-
ing the syntropic ones) and respective targeted
proteins. On the other hand, the differences in
the epigenetic landscape may explain the exist-
ence of different clinical forms of the disorders
as well as their unique clinical manifestation.

Conclusion. In summary, the commonly
observed comorbidity of the benign prolifera-
tive diseases of the female reproductive system
(uterine leiomyoma, endometriosis, endome-
trial hyperplasia) is based on the shared risk
factors and mechanisms of the pathogenesis;
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the latter include, among the others, epigenetic
factors and syntropic genes. ldentification of
the shared factors for these diseases helps to
determine therapeutic targets and develop an
efficient treatment strategy against comorbid-
ity of the disorders.
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Pesrome

AKTyasbHOCTh: C YyBEIMYEHMEM BO3pacTa IOBBIIIAETCS BEPOSTHOCTh PA3BUTUS KOIHUTHBHBIX
HapYIICHHUH, TPEBOKHO-ICTIPECCHBHOTO CHHIPOMA CPE/IH TAIIHCHTOB ¢ KOMOPOUTHOM apTepHATLHOM
runeprensueit (Al') u umemudeckoii 6one3npto cepana (MbBC), koTopble peako aHATM3UPYIOTCS
CpeIy BhIIIEYKa3aHHOI'O KOHTUHI€HTA, a ICUXO0JIOTUYeCKUe e(pUIIUTapHbIE COCTOSIHUS, B OCHOBHOM,
paccMaTpuBaroTcs pa3aenabHo it nanueHToB ¢ Al' u s nauuenTos ¢ UBC. Iean nccienosanus:
N3ydyeHne ocoOeHHOCTEN CUXOIOTHUECKOro 1e(hUIUTAPHOTO MPOPHIIS OKUIBIX TAIIUEHTOB C BO3-
pacTaccoMUpOBaHHON KOMOpOUIHON KapauomnaToiorueid. Marepuanasl u MeToabl: B nepuos cra-
LIMOHAPHOTO JieueHusl nauueHToB 60-74 net nmpoBeJeHO U3yYeHNE KOTHUTUBHBIX HApyIIEHUH, Tpe-
BO>KHOCTH U Jenpeccuu y 212 nmanueHToB ¢ u3oaupoBaHHo Al', 208 manueHToB ¢ N30JIMPOBAaHHON
NBC u 223 nanuentos ¢ komopouanoi Al' u UBC (AI'+HBC). Onenka KOrHUTUBHON AUC()YHKINUN
BhINONTHEHa 110 mikasie Mini-Mental-State-Examination, aenpeccun u TpeBOXXHOCTH — 1O 1ikaie Hos-
pital anxiety and depression scale (HADS). Pe3yabTarbi: Cpeu MalieHTOB ¢ H30IMpoBanHOl Al
cpenuuit 6amn mo MMSE cocraBun 24,7+0,3, uzonuposannoit UbC — 21,3+0,2 u komopbuanoit A’
u UBC — 14,2+0,2 co cTaTUCTUYECKH 3HAUUMBIM pa3andreM Bo Beex rpynmax (P<0,001), uro cBume-
TEJNbCTBYET 00 YMEPEHHOM TsSKECTH KOTHUTHBHBIX HapyIIEHUH, JETKON NEeMEHLIMU U JeMEHIHUU
CpeIHell cTeneHu TSKECTH COOTBETCTBEHHO. CKa3zaHHOE J0Ka3bIBaeT 0ojiee BhIpaKEHHOE HEraTUB-
Hoe BiusiHue KoMopouaHoit AI' u UBC Ha yxymmeHnne MeHTalbHOW (PyHKIUN 00CIIeOBaHHBIX Ma-
MeHTOoB. BenuunHa cpemgHero Oanna ypoBHS TPEBOXKHOCTH JIOCTHTIJIA COOTBETCTBEHHO 8,4+0,2;
9,1+0,2 u 11,240,3 GanoB ¢ JOCTOBEPHBIM pa3IMYUeM MEXIY TpyINIamMH. Y pOBEHb TPEBOKHOCTH
cpeau nanueHToB 60-74 net ¢ uzonupoBanHoi Al u UBC cooTBeTcTBOBaNl CyOKIMHUYECKON Tpe-
Bore, HO npu koMopouHoi Al' 1 UBC — BeipaskenHol Tpesore. [1o mkane HADS-D cpeanuii 6amn
YPOBHSI JEMPECCUH CPEAU BBIICICHHBIX KIMHUYECKUX rpynn coctasui 8,7+0,3; 9,6+0,2 u 11,5+0,4
0aJJIOB COOTBETCTBEHHO C IOCTOBEPHBIM pa3IMuheM BO Bcex ciydasix. [lapamerps aenpeccun y na-
uueHToB 60-74 net ¢ nzonupoBanHoil Al u nzonuposanHoit MBC nokasanu Hanuuue cyOKIMHNYe-
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CKOH JIenpeccuu, B OTJIMUKE OT IpeacraButeneit ¢ komopouaHot AI' u UBC, rae oHa cOOTBETCTBO-
BaJla KIIMHUYECKU BBIpaKEHHOH aenpeccuu. 3akiarodenue: Komopounnas AI' u UBC oka3spiBaioT
Han0oJiee HETaTUBHOE BJIMSHUE HA TICUXOJOTUYECKUIA AeUITUTAPHBIN TPO(HIIb TOKUIIBIX MAIMeH-
TOB, HEKENU Hannuue nzonnpoBanHoi Al' i UBC.
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Abstract

Background: With increasing age, there is an increased likelihood of cognitive impairment, anxiety-
depressive syndrome among patients with comorbid arterial hypertension (AH) and coronary heart
disease (CHD), which are rarely analysed among the above population, and psychological deficit
states are mostly considered separately for patients with AH and for patients with CHD. The aim of
the study: To study the features of the psychological deficit profile of elderly patients with age-
associated comorbid cardiopathology. Materials and methods: During inpatient treatment of 60-74-
year-old patients, cognitive impairment, anxiety and depression were studied in 212 patients with
isolated hypertension, 208 patients with isolated coronary artery disease and 223 patients with comor-
bid hypertension and coronary heart disease (AH+CHD). Cognitive dysfunction was assessed on the
Mini-Mental-State-Examination scale, depression and anxiety — on the Hospital anxiety and depres-
sion scale (HADS). Results: In patients with isolated AH, the average MMSE score was 24.7+0.3,
isolated CHD — 21.340.2 and comorbid AH and CHD — 14.2+0.2 with a statistically significant dif-
ference in all groups (p<0.001), indicating moderate severity of cognitive impairment, mild dementia
and moderate dementia, respectively. The above proves a more pronounced negative effect of comor-
bid hypertension and coronary heart disease on the deterioration of mental function of the examined
patients. The value of the average score of the anxiety level reached 8.4+0.2, respectively; 9.1+£0.2
and 11.24+0.3 points with a significant difference between the groups. The level of anxiety in 60-74-
year-old patients with isolated hypertension and CHD corresponded to subclinical anxiety, but with
comorbid hypertension and CHD — pronounced anxiety. According to the HADS-D scale, the average
depression level score in the selected clinical groups was 8.7+0.3; 9.6+£0.2 and 11.5+0.4 points, re-
spectively, with a significant difference in all cases. Depression parameters in 60-74-year-old patients
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with isolated hypertension and isolated coronary artery disease showed the presence of subclinical
depression in contrast to representatives with comorbid hypertension and coronary artery disease,
where it corresponded to clinically pronounced depression. Conclusion: Comorbid AH and CHD
have the most negative impact on the psychological deficit profile of elderly patients than the presence

of isolated AH or CHD.

Keywords: elderly; psychological deficit profile; cognitive impairment; depression; arterial hyper-

tension; coronary heart disease
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BBeaenue. bosibiias 4yacTh NaMEHTOB C
umemuueckoit 6onesnsio cepaua (MbC) crpa-
naet nenpeccueit [1, 2]. Jlenpeccus cBa3aHa ¢
pPa3IMYHBIMU HETATUBHBIMU IOCJIEICTBUSIMU
JUIS 3I0POBbSI KApIUOJIOTUYECKUX IMalMEHTOB
U CUMTAETCS HE3aBUCHMBIM (haKTOpPOM pHCKa
CEep/IEYHO-COCYIUCTBIX OCJIOXKHEHUM U pucka
cmeptHocTH [3, 4]. IlanuenTsl ¢ Qaxropamu
pHCKa CepJIeYHO-COCYIUCTBIX 3a001€BaHu, Ta-
KHMH Kak aprepuanbHas runeprensus (Al), ca-
XapHbIi 1ualer 2-ro Tumna, TUCIUNUIEMUs, KO-
THUTHBHBIE HAPYIIIEHUS, BBICOKUN YPOBEHB Tpe-
BOKHOCTH,  IOJIBEPralOTCS  MOBBIILICHHOMY
pHCKY HeOnmaronpusTHbIX HedaTaabHbIX U (a-
TaIbHBIX HCX0/0B, MHGpuIMpoBanuo COVID-
19 [5]. Bcé yaine coolmiaercst 0 cepieqHO-cocy-
JMCTBIX OCJTOKHEHMSIX — HMH(papKT MHUOKap/a,
OCTpBII KOPOHAPHBIN CHHIPOM, OCTPOE IOBpE-
KIIEHUE MMOKapja, CceplieuHas HelI0cTaTou-
HOCTb, HapyILIEHHs CEP/IEYHOr0 pUTMa, MUOKap-
JIUT, IEPUKAPIUT, TpoMOo3IMOous [5].

TpeBoXXHO-IENIPECCUBHBIE  PACCTPOM-
CTBa PACIPOCTPaHEHBbI CPEN MALIMEHTOB ¢ AT,
nocrurast 60%, U MX 4YacTOTa MPOrPECCUBHO
KOppeNupyeT co creneHbpto Tsokectu Al [6].
HccnenoBanus MOKa3bpIBAlOT TAKKE accolua-
LU0 JETPECCUH CPEAM MALUEHTOB C XpOHUYE-
CKOM CepJeYHOM HEeJ0CTaTOYHOCThIO, O00Yy-
cnosnennoit AI' u UBC [7]. B uccnenoBanuu
KOMETA, BximouaronieMm 1687 manueHToB ¢
m3onupoBanHo Al u 1015 maruentoB ¢ Al u
NBC u3 30 pasnuuneix ropoaos Poccuiickoii
denepanyn, 0OpaTUBIIUXCSA 32 METULIMHCKON
MOMOIIIBI0 B aMOYJIaTOPHO-TTOTUKIMHUYECKHE
YUpEeXACHUS, TPEBOKHAs CUMIOTOMATHKa (=8
6ammoB no mkane HADS-A) obuapyxkeHna y
47,4% manueHToB cTapiie 55 JIeT ¢ H30JIHpo-
BanHOU Al u y 47,3% manueHToB ¢ coyeTaH-
Hoit AI' m UBC, a xnmuHWYeCKH BhIpaKEHHAS
TpeBOKHasi cuMmmnToMmaruka (=11 GamioB mo

mkane HADS-A) y 24,7% wn 27,4% cootser-
CTBEHHO [8, 9]. OnHako B naHHBIX 8, 9], kKak u
B JpYyrux uccienoBaHusix [6] paccmarpuBa-
JUCHh TAIMEHTHl Pa3JIMYHOrO BO3pacTa U, B
yacTHOCTH, B [8] — B Bo3pacte 55-60 iner,
crapie 60 net, B padore [7] — ot 26 n0 72 ner;
B myOnukanuu [9] — menee 60 ner, 60-69 ner,
70-79 net u crapme 80 sieT, 9YTO yKa3bIBaeT Ha
reTEepPOreHHOCTh BO3PACTHOTO COCTaBa o0cIe-
JIOBAaHHBIX M HECOOTBETCTBUE OOIIEIIPUHATOMN
rpajaiuu Jirojael Mmoxxkuiaoro Bospacta 60-74
net. Kpome Toro, B uccienaoBanusx [8, 9] uz-
3a MaJIOT0 YKClia MAaMEeHTOB C U30JIMPOBAHHOMN
NBC He nzyyanuch TpeBOKHO-AEIPECCUBHBIN
CTaTyC, a TaKXKe KOTHUTHBHBIC HapyLICHHUS.
[Tocneanue, HapsLy ¢ TPEBOKHO-IACTIPECCUB-
HBIMH PacCTPOMCTBAMH, OJHOBPEMEHHO HE
paccMaTpuBaIUCh U HE AHAIM3UPOBAINUCH B
JIPYTUX UCCIICIOBAHUSAX.

Heas ucciaenopanus. Mzydenue oco-
OCHHOCTEW TCHXOJIOTHYECKOTO aeduuirrap-
HOTO TTPOMUIIS MOKUITBIX MAIMEHTOB C BO3pac-
TaCCOLIMUPOBAHHON KOMOPOUIHOM Kapuora-
TOJIOTHUEM.

Marepuanbl M MeTOABI HMCCJIEA0BA-
Hus. B mepuosa rocnuranuzanuy MalnueHTOB
MOKHJIOTO BO3pacTa B CIHEIUATU3UPOBAHHOE
KapJIMOJIOTHYECKOE  OTJICJICHUE TMPOBEICHA
KOMIUIEKCHas repuaTpuyeckas omenka [10] c
M3yYeHHEeM KOTHUTHUBHOTO CTaTyca, U3MEHe-
HUSI YPOBHS TPEBOKHOCTH U JICTIPECCUH CPEIN
212 nanuenToB ¢ uzoauposanHoit Al', 208 na-
uueHToB ¢ uzonupoBanHoil UBC u 223 nanu-
enToB ¢ komopouanoit AI' u UbC (AT'+UBC).
[TanieHTHI BBIACIEHHBIX TPYIIN HE UMEIU CTa-
TUCTUYECKH 3HAYUMBIX pa3IMuUid 1O BO3-
pacry: 69,2421 ner, 68,7£1,9 ner u 68,9+1,7
net cootBercTBeHHO (P>0,05). ComyTCTBYIO-
nye 3a00eBaHus y 00CIeIOBaHHBIX MaIlieH-
TOB HaXOJIUJTUCh B CTAJIUU KOMITCHCAIIUH.
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B uccrnenoBanue He BKIIIOYAIHCH Malu-
€HTBl JPYI'MX BO3PACTHBIX KaTEropuii, ¢ Ipe-
aCTeHHEW U CUHJIPOMOM CTapueCKON acTCHHH.
OrnpenenieHre KOTHUTUBHBIX HAPYIICHUH MTPO-
BEJICHO [0 MHOTOKPAaTHO BaJUIUPOBAHHOM
IIKane Mini-Mental-State-Examination
(MMSE) [11]. YpoBeHb TPEBOTH U JACIIPECCHH
OTpeAeNsyICs MO TOCHUTAIBHOM IIKajie Tpe-
Boru u jaemnpeccuun — Hospital anxiety and de-
pression scale (HADS) [12]. IIpu ananu3ze pe-
3yJbTaTOB JTAHHOW IKaJIbl IPUIEPKUBAIUCDH
cnenyromux kputepueB: 0-7 6amioB — OTCYT-
CTBUE TpeBOru W Jenpeccuu, 8-10 d6amioB —
cyOKnuHUYecKass TpeBora u jemnpeccus,ll
6amtoB u Ooyiee — KIMHUYECKH BBIpa)KEHHAsS
TpeBora H JIeIpeccusl.

Juarnoctuka Al' ocymiecTBisuiach B Co-
oTBeTcTBUM ¢ «KiMHUYeckue pexoMeHaINu.
AprepuanibHasi TUIIEPTOHUS Y B3pocibix» [13].
Junarnoctuka BC BeImonHsuIach ¢ y4€ToM KpH-
TEpUEB KIMHUYECKUX pekoMeHanui «Cra-
OwbHAs UIeMU4ecKas 00J1e3Hb cepaay [14].

[TanueHTsl BKIIIOYAIUCH B HMCCIIEI0BA-
HUE MOCJIe TOTYYEHHS MUCbMEHHOTO COTIacHs
Ha 00CIIeIOBaHNE U UCIIOIH30BAHNE TIOTYUYCH-
HBIX PE3yJIbTaTOB B HAYy4YHBIX Lemsx. Mccaeno-
BaHUE IPOBOJWIOCH C COOJIIOJIEHHEM MO-

25 24,740.3

20
15
10
5
0

ATl

PANbHO-3TUYECKUX HOPM U IIPUHIIUIIOB HAJ|JIe-
Kanied knuHndeckor npaktuku («Good Clin-
ical Practice»).

IIpu cratuctuyeckoii o0paboTKe WuC-
MOJIb30BAJICSl CTaHJAPTHBIM CTATUCTHUYECKHIA
nmaket «Statistica 10.0». PaccuuThiBanuch
cpenHeapudmeTnyecKkue BeTUUUHbI U OITHOKH
cpenHeapudmernyeckux BenauuuH. OlleHKa
CTAaTHCTUYECKOW 3HAYMMOCTH IPOBEICHA IO
HerapaMeTpUIEcKoMy KPUTEpHIO X2, a pa3iiu-
4ye MPUHUMAIOCH CTATUCTUYECCKH 3HAYUMBIM
nipu p<0,05.

Pe3yabTaThl U UX 00Cy:KIeHHe. AHa-
nu3 mkansl MMSE nokasan, 4to y maiueHToB
60-74 net, crpamaroniux u3oaupoBanHo Al
cpenHuil Oall CTaTUCTUYECKH 3HAYMMO BBIIIE
(p<0,001), ueM y nanMeHTOB ABYX APYTUX BbI-
JIEJICHHBIX KIIMHUYECKUX TPy aHATOTHYHOTO
BO3pacTHOrO IieH3a — ¢ u3zonupoBanHoii UbC
u komopouaHoii AI'+UBC (Puc. 1). Benunuuna
cpenneapudmeTrdeckoro 6asnia maueHToB C
u3onupoBaHHOH Al COOTBETCTBYET yMmepeH-
HBIM KOTHUTHBHBIM HAPYIICHUSM, TOTIa KaK y
naiueHToB ¢ uzoaupoBaHHoil UBC — nérkoii
JIEMCHIINH, a y TIAIUCHTOB C HAJIMYUEM OJIHO-
BpeMeHHO koMmopouuoit AI' u UBC — nemen-
IIUU CPEHCH CTEIECHU TSDKECTH.

21,3+0,2*

14,2+0,2** #

NBC AT+UBC

[Mpumeuanue: *p<0,001 mexay manueHTamu ¢ u3onupoanHoiit A" u nzonuposannoit UBC, **p<0,001 mexay nanueH-
Tamu ¢ u3onupoBanHoit A" u komopougHoit AI+UBC, #p<0,001 mexay nanueHtamu ¢ nzonupoBanHoit UBC u komop-

ounuoii AT+UBC

Puc. 1. KorautuBHbie Hapy1IeHus cpeay nanueHToB 60-74 et ¢ uzonuposannon Al', UbC

u komopouanoit AI'+MBC no mkane MMSE (M+m, Gaibl)
Note: *p<0.001 between patients with isolated AH and isolated CHD, **p<0.001 between patients with isolated AH and
comorbid AH+CHD, #p<0.001 between patients with isolated CHD and comorbid AH+CHD

Fig. 1. Cognitive impairment in 60-74-year-old patients with isolated AH, CHD
and comorbid AH+CHD on the MMSE scale (M+m, points)
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CiienoBaTenbHO, CTENEHb KOTHUTUBHOM
TUCHYHKITUH CYIECTBEHHO U3MEHSETCS Y Ta-
[MEHTOB MOXKUJIOTO BO3pacTa C HU30JMPOBaAH-
HOM Al mo cpaBHeHuIo ¢ nanueHtamu 60-74
net ¢ uzonupoBanHo MBC u emé Gomnee cy-
HIECTBEHHO OTHOCUTEIJILHO MAIIMEHTOB TOTO KE
BO3PaCTHOTO II€H3a C HaJIMYUEM OJHOBpE-
MeHHO komopoumaHoit AI' m MBC. Haubonee
HEraTWBHO HAa MEHTAIBbHYIO (PYHKIIHIO TIOXKH-
JBIX BIIMSET, KaK BUJHO M3 IMOJYYEHHBIX pe-
3ynbraToB, Komopouanas Al' u UBC.

12
10 8,440 2

8

6

4

2

0

AT

9,1+0,2*

Cpennue BETUYHHBI TPEBOXKHOCTU IO
mkane HADS-A cpeny MOXUIIBIX MAllMeHTOB
COTIOCTABJIIEMbIX KIIMHUYECKUX TPYII C U30-
JMPOBAHHOW U KOMOPOUIHOHN CepAEeYHO-COCY-
JUCTON MAaTOJIOTHEH CTaTUCTUYECKU 3HAUYMMO
paznuuanuck (Puc. 2). Cratuctuuecku 3Ha4u-
MO€ pa3lnyue B YPOBHE TPEBOXKHOCTH YCTa-
HOBJICHO HE TOJILKO MEX 1y MallueHTaMH C U30-
JMPOBAHHOW U KOMOPOUIHOMN CepAeYHO-COCY-
JUCTON MATOJIOTUEH, HO U MAallUeHTaMU TOKH-
JIOr0 BO3pacTa ¢ U30JIMPOBAHHBIMU CEPJEUHO-
COCYAMCTHIMH 3a00JI€BaHUSIMH.

11,2+0,3** #

NBC AT+UBC

[Mpumeuanue: *p<0,01 mexny nauueHtamu ¢ nzonuposanHoil Al u mzonuposanHoit UBC, **p<0,01 mexxay nauueHTaMu
¢ uzonmpoBanHoit AI' u komopounnoit AI'+UBC, #p<0,01 mexny naunenramu ¢ nzonupoBannoir MUBC n xomopOumHOit

AT+UBC

Puc. 2. YpoBeHb TpEeBOKHOCTH Y MOKUJIBIX MMALIMEHTOB ¢ N30JIMpoBaHHON Al', n30nupoBaHHON

NBC u xomopbuanoiit AI+1UBC (M+m, Gamnsr)
Note: *p<0.01 between patients with isolated AH and isolated CHD, **p<0.01 between patients with isolated AH
and comorbid AH+CHD, #p<0.01 between patients with isolated CHD and comorbid AH+CHD

Fig. 2. The level of anxiety in elderly patients with isolated AH, isolated CHD
and comorbid AH+CHD (M#+m, points)

Tak, mnoka3arenb TPEBOXKHOCTH IO
mkaie HADS-A cratucTiiecku 3Ha9MMO OKa-
3asica Bblme y manueHTtoB ¢ MBC oTtHOCH-
TEbHO TAIMEHTOB TOr0 K€ BO3PAaCTHOIO
nenza ¢ Al (p<0,01). Hecmotpss Ha cyie-
CTBEHHOCTB Pa3jIn4Mil YpOBHS TPEBOKHOCTHU B
BBIIIIEHA3BaHHBIX KOrOpPTaxX MallMeHTOB, OH CO-
OTBETCTBOBAJI B 00€UX IpyIIax CyOKIMHHUYE-
ckoit TpeBore. OJIHAKO CpPe/IM MALUEHTOB C KO-
mop6uanoit AI' u UBC ypoBeHb TpeBOXKHOCTH
OKa3aJiC MaKCHUMAJIbHBIM CO CTATUCTUYECKU
3HAQUUMBIM Pa3IMYMEM K paHee pacCMOTPEH-
HBIM TPyIIiaM ¢ U30JUPOBAHHOM KapaAHOIIaTO-
JIOTUEM W  COOTBETCTBOBAI  KIMHUYECKH

BBIPAKEHHOW TPEBOTE, UTO CBUAECTEIILCTBYET O
HauOosiee HEOJAroNmpusATHOM BO3JCUCTBUHU
UMEHHO KOMOPOUIHOW, YeM H30JMPOBAHHOM
AT u UBC Ha cocTosiHHE TPEBOKHOCTH NalU-
eHToB 60-74 ner.

JlenpeccuBHBI TpOGUIs MAIUEHTOB C
o0cykaaeMol KapAuOnaToJIOTHel XapaKTepu-
3yeTcsl CTATUCTUYECKU 3HAYUMBIMHU Pa3Inyu-
ssMHu BO Bcex ciyyasx (Puc. 3). Yposens ne-
MPECCUU MUMENT 3HAUMMOE Pa3JIMure 10 IIKaje
HADS-D cpenu manueHToB ¢ H30IMPOBAHHON
A" u uzonmupoBannoit MBC (p<0,01), HO B
00enx rpymnmax COOTBETCTBOBAJ CyOKIMHUYE-
CKOM JIETIPECCUU.
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14
12

10 8,7+0,3

o N b~ O ©

AT’

9,6+0,2*

11,5+0,4** #

NbBC AT'+1BC

[Mpumeuanue: *p<0,01 mexny nauueHtamu ¢ n3onuposanHoil Al u m3onmposanHoi UBC, **p<0,01 Mexxay nanueHTaMu
¢ uzonmpoBanHoit AI' u komopounnoit AI'+HUBC, #p<0,01 mexny naunenramu ¢ nzonuposannoid MUBC n xomopOumHOi

AT+UBC

Puc. 3. YpoBeHb fenpeccuu y NoxWIbIX NallMEHTOB ¢ U30JUpOBaHHON Al
n3zonupoBanHoit UbC u komopouanoit AI'+MBC (M+m, 6asisl)
Note: *p<0.01 between patients with isolated AH and isolated CHD, **p<0.01 between patients with isolated AH
and comorbid AH+CHD, #p<0.01 between patients with isolated CHD and comorbid AH+CHD
Fig. 3. The level of depression in elderly patients with isolated AH, isolated CHD
and comorbid AH+CHD (M=+m, points)

bonee BbICOKMII ypOBEHb jenpeccuu
MMEJICS CPe/IM NAllUEHTOB ¢ KOMOpOuIHONH Al
u MBC, cTaTUCTHYECKH 3HAYMMO MPEBBIMIAS
aHAJIOTMYHbIE TapaMeTpbl KaK IMalUEeHTOB C
n3onupoBaHHo Al', Tak M H30JMPOBAHHOM
NBC. YpoBeHs aenpeccuu y MallueHTOB ¢ KO-
Mopounuoi AI' u UbC, B oTinuue ot nanueH-
ToB ¢ u3onuposanHoil AI' u UbC, coorser-
CTBOBaJl KJIMHUYECKH BBIPAXEHHOW Jernpec-
CHM, YTO yKa3bIBaeT Ha 0OoJiee 3HAaUMTEIbHOE
BiusiHue komopouaHoi AI' u UBC na cocros-
HUE JIENTPECCUN TIOKUIIBIX AI[UEHTOB U COTJIa-
CyeTcsl ¢ paHee IMOJyYEHHBIMHU pe3yJIbTaTaMU
[9], HO ypOBEHb Jenpeccuu B yKa3aHHOU my0-
JUKalUUU ObLI 3HAYMTEIbHO HMXKE YCTAHOB-
JIEHHOT'O HaMH.

B rereporeHHoil mo BO3pacTy TIpymIe
naueHToB ot 55 jer u cBeimie 80 ner c
AT'+UBC u uzonupoBanHoil Al' He yCTaHOB-
JIEHO CTaTHMCTUYECKU 3HAUUMBIX PAa3IU4Yuil 10
nokasartesto TpeBoxkHocTH mKkansl HADS-A u
JI0JI€ JIUI] ¢ TPEBOKHOM CUMIITOMATHKOM JIO-
0ol cTeneHu BHIPaXXEHHOCTH [8], XOTs Benu-
YUHBI JIETIpECCuu y nanueHTos ¢ Al u komop-
ounHoit AI+UBC nocToBepHO pa3nuyaiuch
(p<0,001) u cpeau mocieaHUX Yale OOHAPY-
KUBAJIACh KJIMHUYECKHU BBIpAKEHHAs Jempec-
cuBHas cumnromaruka (20,9% npotus 13,9%

npu uzonupoBaHHou Al, p<0,001). Cumn-
TOMBI JCTIPECCUH Pa3INYHON CTEIEHH HAOIIO-
nanuck y nauuentoB 65-79 net ¢ UbC B 35,1%
ciy4aeB U B 48,0% cirydaeB y HalueHTOB TOTO
e Bo3pacta ¢ Al [15], a nenpeccust cooTBeT-
ctBeHHO — B 50,0% u 38,0% ciyuaes. [loka-
3aHO TaKXe, 4TO C YMEpPEHHOW/TskEmon Je-
MPECCUBHON CHUMIITOMATUKOM CBSA3aH, MPEXK/IE
BCET0, BEICOKHHU YpoBeHB cTpecca [9]. Mexmy
JENPECCUEN U TPEBOI'OM y MalMEHTOB B BO3-
pacte 66,5+11,2 nmer ¢ AI'+MbC metomom
MHOTOMEpPHOU perpeccuu oOHapy»x eHa acco-
nuanus [ 16]. PacnpocTpan€HHOCTH JeNpeccuu
cpenu manveHToB ¢ Al, NpoXuBawOIIMX B
Dduonun, BeisiBiieHa B 37,8% U acconuupo-
BaHAa MPEUMYIIECTBEHHO C KEHCKUM TOJIOM
[17], 9TO CylIECTBEHHO HHMXKE, YEM CPE/IU aHa-
JIOTUYHOM TpyMNIbl, MpoKHUBaroLen B ['ane, —
6,3% [18]. Cpenu xe naunentos ¢ MbC B BO3-
pacre ctapuie 40 JgeT pacnpocTpaHEHHOCTH Jie-
npeccuu cocrasuina 11,4% [19].

Jlenpeccusi, Kak CBUAETEILCTBYIOT CO-
BpEeMEHHbIE uccaeaoBanus [9, 17], BeicTynaet
BeIyIIMM (DaKTOPOM TOBBHIIIIEHHOTO PHCKA 3a-
00J1eBa€MOCTH U CMEPTHOCTHU OT CEPJIEUHO-CO-
CynucThiX 3aboneBanuii, Takux kak MBC. B
HCCIe0BaHUH, TPOBEICHHOM Ha penpe3eHTa-
THBHOW Ha HAIlMOHATHLHOM YpPOBHE KOTOPTE
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Hacenenus: CIIA, oOHapy>keHO, YTO ypOBEHb
JIEPECCUM HE3aBUCUMO CBsI3aH ¢ 00Jiee BbICO-
kuM puckom paszButus MbC, uHCcynbTa, a
TaKkK€ CMEPTHOCTH OT BCEX IMPUYUH U Cep-
JIEYHO-COCYIUCTOM cMepTHOCTH. Y 20% manu-
€HTOB C CePJICYHO-COCYAUCTHIMU 3a00JICBaHU-
aMu HaOJI0a1ach JIenpeccus OT YMEPEeHHON
JI0 TSDKEJION CTerneHH, a enie y 20% maiueHToB
C CepIeYHO-COCYAWCTHIMU 3a00JICBAaHUSIMH
HabIo1anach Aenpeccust OT JIETKOW /10 yMe-
PEHHOM CTEeNeHU, YTO NPUMEPHO B JBA-TPHU
pa3a MpeBBIIIACT MOKa3aTeslb B OOIIeH momy-
msiuuu. Kpome toro, Meraanaius co cpeaHeit
MPOJOIKUTENFHOCThIO HaOmoAeHus 8,4 roaa
MoKa3aj, YTO KyMYJISITUBHas 4YacToTa cep-
JICYHO-COCYTUCTHIX 3a00JIEeBaHUMN y MallUeH-
TOB C TSKEJIBIMU MICUXUYECKUMH 3a00J1€BaHU-
amu (TII3) cocraBuna 3,6% (95% AU = 2,7—
5,3%), 4TO 3HAYUTENHHO BBIIIE, YEM Y JIIOJIEH
6e3 TII3 (OP = 1,78; 95% AW = 1,60-1,80) mo
CPABHEHUIO C KOHTPOJIBHOW I'PYIIIION.
MexaHu3msbl, Jiexkanue B OCHOBE JaH-
HBIX KoMmopOuaHoctelt, — aenpeccun U UBC,
SIBJISIFOTCA CJIO’KHBIMU M TEKYLIUE HCCIIEI0Ba-
HUs Mokasanu, uyro genpeccus u UbC moryr
OBITh CBSI3aHBI OMOJIOTUYECKUMU U MTOBEACHYE-
CKMMH MEXaHW3MaMH, B TOM YHUCJIE Yepe3 Me-
TabOMUYECKU CUHAPOM, KOTOPHBIH mpeoda-
JaeT TIpU JEMpPEecCHH, caxapHoM auadere 2
TUMA, YBEJIMYEHUU TOJIMHBI BUCLIEPATHLHOTO
KUpa, U3MEHEHUH YPOBHS KOPTH30JIa H3-3a
HapyIICHUs PEryJIsIUU TUIoTaIaMo-THIO(U-
3apHO-HAAMOYEYHUKOBOM CHUCTEMBI U HE3JIO0-
poBOro 00pasa Ku3HU (KypeHHe, HEeMpPaBHIIb-
HO€ TIMTaHWe, OTCYTCTBHE (UBHUUYECKUX
ynpaxkHeHuit u 1.1.) [7]. bonee Toro, B ucce-
JIOBAHUSX TOCIEIHUX JIET TAKKE COOOIIAIOCH,
YTO CEPACHYHO-COCYJIUCTHIE XapPAKTEPUCTHUKH,
TaKue Kak apTepUalIbHOE JIaBJICHHE U KECT-
KOCTb apTepuid, 3aBUCST OT JEMPECCUU U CBS-
3aHbl ¢ Hel. CrieryeT OTMETUTh, YTO JIeTpec-
CHUsl IPUBOJUT K CHUKEHHUIO CUCTOJIUYECKOTO
aprepuanbHoro nasienus (CAJl) va 1 mm pT.
cT. B Bo3pacte 45 net u cHmwxkenuto CAJl Ha
2,5 MM pT. CT. B Bo3pacte 65 JeT y Jul MyX-
ckoro noJia [20]. TeM He MeHee, TakKe CTOUT
OTMETHUTH, 4TO cpennue 3HaueHus CAJl y nui
MY>KCKOTO mojia Obitu okosio 140 MM prt. CT.,
KaK B TPYIITIE 3JJ0POBOTO KOHTPOJIS, TaK U y TIa-
uuentoB ¢ UbBC. B 3TOM KOHTEKCTE BIMSIHUE

Takoi HeOobIoi pazHuilkl CAJl Ha KOpoHap-
HbI€ apTepPUM ObLIO HE3HAYUTENIBHBIM y IIPE.-
CTaBUTeJIeH My>KCKOro mojia. TakuMm oopazom,
uccneaoBanus nokasanu, yto UbC u nemnpec-
CHsI MOTYT OBITh OOYCIJIOBJIEHBI O0IIIEH TCHETH-
YECKOW MpeapacroyioKEHHOCTbIO, U KaxX/10e
3a00JieBaHUE YBEIIMYMBAET PUCK JPYTOro.

[Ipenpiaymiye ucciaenoBanus MoKasany,
4TO Aerpeccusi ObuIa HASHTU(DUIIMPOBaHA KaK
(hakTop pucka cepAeuHO-COCYIUCTHIX 3a00Jie-
BaHwuii [8, 9], Torna Kak cBsI3b MEX/1y KOHKpET-
HOU TsiKecTho Aenpeccuu U MbC, puckom vH-
CyJIbTa, a TAKKE CMEPTHOCTBIO JI0 CUX I1Op He-
n3BecTHa. OOHAPYKEHO, YTO C KAXKIBIM J0-
MIOJIHUTENIbHBIM YBEIIMUEHUEM YPOBHS Jenpec-
CUM TIOCJIEJICTBUSL TAKOTO YBEIMUYEHUS PUCKA
passutus UbC, uncynbTa u cMepTHOCTH ObLIN
OTPOMHBIMH.

Taxum 00pa3oM, MOHMMAs B3aUMOCBSI3b
U CTENEHb BO3ACHCTBUS, MOXKHO IMPABHIIBHO
BBISIBIISITH, NpefoTBpamare u jeuntb UbC, a
TaK)Ke CO3/1aBaTh MOJUTHKY U CTPATErHH, KO-
TOPBIE IOMOT'YT CHM3UTH €€ pacHpOCTpaHCH-
HOCTb U yJIYYIIUTH KAYECTBO KU3HH ITyTEM pe-
IICHHST TIPOOJIEM JIENPEecCHr. ITO TOTICPKU-
BaeT BaXXHOCTh PETYJSIPHOTO CKPUHHUHTA Jie-
IIPpECCUM Y TMAlMEHTOB C CEPAEUHO-COCYIU-
CTBIMU 3a00JeBaHusIMU, B ToM yrciie bC.

WNHTepecHo, 4TO ManueHTsl ¢ 6ojiee BbI-
COKHMM YPOBHEM JIETIPECCUU UMeNu 0ojiee Bbl-
COKHMU PHUCK CMEPTHOCTH OT BCEX NPHUYHMH
U CMEPTHOCTbH NAIIUEHTOB C JIEIPECCUEN U CO-
MyTCTBYIOLIUMHU CEPAEUHO-COCYTUCTHIMU 3a-
00JIeBaHUSAMH, Y KOTOPBIX JETIPECCUsl XOPOIIO
Jednsach, Oblla pe3UCTEHTHA K JICUEHHIO U He-
JOCTaTOYHO JIeuujach, cocranisiaa 2,4%, 5%
1 6,9% cooTBeTcTBEHHO [21]. DTH pe3yabTaThl
CBUJIETEIBCTBYIOT O TOM, YTO aKTUBHOE JieUe-
HUE JIeNPEeCCUU CHUXKAET PUCK CMEPTU OT
NBC.

[Ipu ananu3ze cBSA3M MEXAYy YPOBHEM Jie-
IIPECCUH M CEPIIEYHO-COCYAUCTON CMEPTHO-
CThIO0 OOHApPYKEHO, YTO PUCK CEPJIEYHO-COCY-
JTUCTON CMEPTU OBLIT CAaMBbIM HU3KUM B TPYIITIE
C TSKEJION JIeTpecCuei. DTO SIBICHHE MOXXHO
OOBSICHUTH pe3yNbTaTaMH aHajlu3a MPUYHH
CMEpTH, COTJIACHO KOTOPOMY, BeAylIe Mpu-
YUHOU B JTOW TrpyImme ObUIM BCE OCTAlIbHBIC
npuuauHbl (5,03%), 32 KOTOPBIMH CII€A0BAIN
HECUaCTHble cliy4au (HempeJIHaMepeHHbIe
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tpaBmbl) (1,79%), 31m0KkayecTBEHHbIE HOBOOO-
pazoBanus (1,25%) u 6ome3nn cepana (1,05%)
[15]. IToaTOMY, aiieHTaM C JENpeccue Mo-
I'yT TOTpeOOBaThCSl paHHHE W/WIN JONOJIHH-
TeJIbHBIE MEpbl MEPBUYHON MNPOGUITAKTHKU
NBC, 4T00Bl YMEHBIIUTH YpE3MEPHOE Opemst
CepJICYHO-COCY IUCTHIX 3a00IEBaHUI.

CyOxnuHMYecKas TpeBora u Jenpeccus
3apEruCTPUPOBAHBl CPEAM MOKWIBIX MalUEH-
TOB C U30JUPOBAHHOW Al' COOTBETCTBEHHO B
27,2% wn 32,7% cnyuaes [20], 4TO, IO MHEHHUIO
aBTOPOB, YKa3bIBA€T HAa aKTyaJIbHOCTh MpPOBe-
JEHUsI PEryJsipHOro cKpuHuHra. bamisl ne-
mpeccud Mo Mmikane baka okazanuch 10CTO-
BEPHO BBILIE Y MAIUEHTOB € pe3UCTEHTHOM Al
(3,0-11,5) mo cpaBHenuto ¢ xKoHTpojem (1-6
6amioB) (p<0,05) [21], 9TO COOTBETCTBYyET
HAIIUM pe3yJbTaTaM Ui MallueHTOB C U30JIH-
poBanHOi AI'. AHanoruyHas 3aKOHOMEPHOCTh
YCTaHOBJICHA U JJISl YPOBHS TPEBOXKHOCTH KaK
y naruenToB ¢ Al', tak u UBC [22].

VY MOXUIBIX MAI[UEHTOB C W30JMPOBAH-
Holi Al' runiepToHus ABISETCS OCHOBHBIM (hakK-
TOPOM pHUCKa CHI)KEHUS KOTHUTHUBHBIX (DYHK-
uui u gemeHnuu. OJHAKO YTBEPXKIECHUE O
TOM, YTO CHIDKEHUE apTepPHAIbHOTO JAaBJICHUS
CHIDKAeT PHCK KOTHHTHUBHBIX HapyIICHUH,
ocraercsi crnopHbIM. Hekoropsle wnccnenosa-
HUS COOOIIAIOT, YTO KOHTPOJIb apTEPHATIBHOTO
JaBJeHUS MOXKeT 3((HEKTUBHO CHU3UTHh PHUCK
CHI)KEHUS KOTHUTHUBHBIX (PyHKuMiA. Tem He
MEHEE, MHCIIOIb30BAaHUE IIEJIEBOTO 3HAYCHUS
CUCTOJIMYECKOTO apTEepUAIIbHOTO JaBJICHUS
<120 MM pt. cT. y mauueHtoB ¢ Al cyme-
CTBEHHO HE CHMKAET PUCK JIEMEHIUH I10 CpaB-
HEHHUIO ¢ ypoBHeM 140 MM pT. cT. AHanoruu-
HBIM 00pa3om, wuccienoBanue Secondary
Prevention of Small Subcortical Strokes moxa-
3aJ10, YTO KPaTKOBPEMEHHOE JIeUeHUE, CHUKa-
IOLLEE apTEpUAIBHOE JaBICHUE, HE YJIy4IIacT
KOTHUTHUBHbIE (YHKIMHU mnanueHToB ¢ Al B
Bo3pacte crapuie 60 set. [Tokazana U-o6pas-
Hasl CBSI3b MEX/1y apTepuaibHbIM JaBICHUEM U
KOTHUTUBHBIMU CIIOCOOHOCTSIMHU: KaK BBICO-
KO€, TaK 1 HU3KOE apTepuaibHOE JaBICHHUE OT-
pUIIATENLHO BIMSIOT HA KOTHUTUBHBIE (DYHK-
nmuu  [20]. COOTBETCTBEHHO,  B3aUMOCBSI3h
Mexay Al v pa3BUTHEM KOTHUTHBHOW JHC-
¢byHKIuH ciaoxHa. OleHKka KOTHUTUBHBIX CIIO-

cobnocreit nmo mkaie MMSE y 1171 naruen-
ToB crapuie 60 et B ceBepHoi yactu Kutas
BbIIBUJIA HEOJHO3HAYHBIC pE3yJbTaThl [22].
PacnipocTtpan€HHOCTh KOTHUTUBHBIX Hapyle-
HUH cpeau o0cenoBaHHbIX cocTaBmia 32,4%
B 11eJI0M, 25,6% cpenu JIMIl My>KCKOTO ToJia U
38,1% - cpemu mur xeHckoro mosia. OxHAKO
pacrpocTpaHéHHOCTh KOTHUTHBHBIX HapyIlle-
Huil B rpynne Al B nenom u B rpynie ¢ Al 3-
1 cranuu yBenuuwiack Ha 41,5 u 73,4% coot-
BETCTBEHHO 110 CPaBHEHHUIO C TaKOBOW B
rpynre 6e3 Al'. [lo cpaBHeHUIO ¢ Tpynmou ¢
HOPMAaJIbHBIM apTePUATIbHBIM JIaBJIICHUEM I10-
Ka3aTely OpPHCHTAIlMH, BHUMAHUS U CUeTa, a
TakKe sA3bIKa B rpymie ¢ A" cHU3MImCH Oolee
yeMm Ha 0,2 Gamna. C KaKIbIM yBEIHMUYECHUEM
craaguu AT 6amsl o MMSE camxkanuce 60-
jee ueM Ha 0,5 6aiia.

BreilioHEHHOE  HAaMM  MCCJIEIOBAHUE
YCTaHOBUJIO CHM>KEHHE KOTHUTUBHBIX CIIOCO0-
HocTel Ha ¢oHe n3onmmupoBanHou Al', urto co-
rylacyercs ¢ pe3yibTaTaMH MPeIbIIyIIuX Hc-
CJIIeIOBaHMM, TOKA3aBIINX, 4TO Al" MOXKET BEI-
3BaTh CHIJKEHHE KOTHUTUBHBIX (DYHKLIHH, a
AT, HayaBmIasicsi B CpeJIHEM BO3pacTe, OKa3bl-
BaeT Hamboyiee CHJIBHOE BIIMSHHE Ha KOTHH-
TUBHbIE QYHKIMU y MOXWIbIX Jroaei [18]. B
COOTBETCTBUU C PE3YJNbTATAMH MPEIbIAYLIUX
WCCTIE0OBaHUM, IO CPaBHEHUIO C JIMIAMH C
HOpPMAaJIbHBIM apTepUATbHBIM JIaBJICHHEM, pac-
MPOCTPAHEHHOCTh KOTHUTUBHBIX HAPYIICHHUI
y nun ¢ A" 3HaunTensHO Boile Ha 41,5%.

Kak ortmewanoch panee, CBSI3b MEXIY
ATl" 1 KOTHUTUBHBIMH HAPYIIEHUSIMU HE SBIIS-
eTcsl NPSIMOJIMHEMHON. DTO MOATBEP)KIAeTCs
TeM, 4TO y narueHToB 6e3 Al (¢ HopMallbHBIM
YPOBHEM apTEpPUATBLHOTO JABJICHHS) 110 CPaB-
HeHuio ¢ nanuentaMu ¢ AI' 1-i ctagun u AT’
2-ii cTaAWM HE YCTAaHOBIIEHO CYIICCTBEHHBIX
pasnnuuii B BenmuuuHax OamoB nmo MMSE
(p=0,84 u p=0,05 coorBercTBeHHO) [23].
HamnpoTus, cyuiectBoBana 3HauMTENbHAs IO-
JIO)KUTENbHAS Koppesinust Mexay Al 3-i1 cra-
U U PaclpOCTPaHEHHOCThIO KOTHUTUBHBIX
HapyIlieHui (otHomenune mmancoB 1,73; 95%
JIOBEPUTEIIbHBIN WHTEpBaI: 1,13-2,66;
p=0,012). AT 6e3 y4éra cTaauu MOBHIIIAET Be-
POSITHOCTh Pa3BUTHSI KOTHUTUBHOU auchyHK-
uuu B 1,42 pasa (oTHomeHHe mIaHcoB 1,42;
95% noBepurenbHbi wHTEpBan: 1,01-1,99;
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p=0,047). Kpome TOr0, BBISBIICHA 3HAYUTEIIb-
Hasi CBsI3b Mexay craausimu Al u apTepuans-
HOIO JaBiieHus ¢ Iokaszareasmu MMSE
(p<0,05). B rpymnmne mamuentoB ¢ Al oTHOCH-
TeJIbHO marueHToB 6e3 Al' moctoBepHO HIXKE
0ayuTbl 32 OPUCHTAIMIO, BHUMAHUE U CUET, a
Taroke peus Ha 0,24, 0,23 u 0,27 6a)10B COOT-
BerctBeHHO (P<0,05).

OnHako B3aUMOCBSI3b MEXAY apTepH-
QJIbHBIM JaBJICHUEM U KOTHUTUBHBIMHU CIIOCO0-
HOCTSIMM HE MOKET OBITh IPSIMOJIMHENHOH, U
CYIIECTBYET HeJIMHeWHas 3aBHCH-
MocTbh. Cpean aMOyJIaTOpHBIX B3pOCibiX ¢ Al
KOHTPOJIb LIEJIEBOTO CUCTOINYECKOTO apTepu-
albHOTO AaBiieHus Huxe 120 MM pT. CT. HE
MpHUBEJ K 3HAYUTEIbHOMY CHUKEHHIO PHCKa
JNEMEHIIUU 1o cpaBHEeHHIO ¢ 140 MM pT. CT.
[20]. ¥V B3pocabix ¢ Al cHkeHue QyHKIUU
MOYEK, U3MEPsieMOe M0 PACUETHOW CKOPOCTH
KITyOO4KOBOW (PUIIBTpALIUU, CBS3aHO C MOBBI-
IICHHBIM PUCKOM JEMEHIIMH; TEM HE MEHee,
UHTEHCUBHOE JeueHne Al He CHU3HIO
PHUCK. DTO MOXET OBITh CBA3aHO C B3aUMOCBSI-
3bI0 MEX]Iy apTepUaIbHbIM JaBICHUEM U lie-
pedpanbHO TIepdy3ue, P KOTOPOU MocIe
WHTEHCUBHOT'O CHIKEHUS apTEPUAIBHOTO J1aB-
JICHUS] TUTIOTOHMS W IepeOpabHas THITONEP-
(y3usi MOTYT OTPHUIIATENFHO BIHUATH Ha KOTHU-
THUBHBIE ()YHKIIH MO3Ta.

Huskas nepeOpanbHas OKCUTEHALINS, 10
mueHuo Gayda M. [24], nexuT B OCHOBE pa3-
BUTHS KOTHUUBHOMN MTUCHYHKIUH Y MTAlIUEHTOB
¢ UBC, monynupyromei, Hapsay ¢ BO3pacTom,
CHIDKEHHE MeHTalbHOCTH. Ha ocHOBaHMM co-
CYJIUCTOM THUIIOTE3bI BHICKA3aHO MPEANOI0XKE-
HUEe, 4T0 ocobeHHOo y mamnueHtoB ¢ UBC,
HabmoaroTes 60s1ee HU3KUE YPOBHU OKCHIe-
HallUd KPOBH M IIepeOpPOBACKYISIPHOTO pe-
3epBa. [IpoBeneHHOe ncciieJ0BaHNE MTOKA3aJIo,
gto 1o mkaie MMSE y nouibIx manueHToB
¢ UBC cpennuii Oayym 3HAYUTENILHO HIKE
(28,1£1,1), ywem y 3mopoBeix 0e3 UBC
(29,2+0,8 6amnoB) (p<0,01). Takxe BBISBIEHBI
CTaTHUCTUYECKHU 3HAUMMBIE pa3Inyus B TIOKa3a-
TEIsAX KpAaTKOBpeMEHHOW mnamsth — 8,3+1,7
6amtoB mpotuB 11,9+1,7 GamnoB cooTBeT-
ctBeHHo (Pp<0,001). VYxyxamieHne KOTHUTHB-
HBIX CITIOCOOHOCTEH 00YCIIOBICHO CHUKEHUEM
1epedpaIbHOTO KPOBOTOKA, COCTABUBIIETO Yy

noxuneix ¢ UBC 36,0+8 mi/MHMH OTHOCH-
tenbHO MmoKuiIbix 0e3 UBC 42,0+6 ma/mMuH
(p<0,01) u momompix 6e3 MBC — 59,048
wi/muH (p<0,01) [24].

Taxkum o6pazom, manueHtsl ¢ UBC, He-
CMOTpSl Ha XOpOLIEE COCTOSHUE, IOKa3aliu
3HAYUTENIBHO XYJUINE Pe3yJbTaThl B KOTHHU-
TUBHBIX TECTAX, KACAIOIIMXCS KPaTKOBPEMEH-
HOM 1 paboyel maMsATH, CKOPOCTH 00pabOTKU
nH(popMaluK, TOPMOXKEHHUS M THOKOCTH, a
TaK)Ke JOJTOBPEMEHHON BepOaJIbHOM MaMsTH,
[0 CPAaBHEHUIO C JIUI[AMH TOTO K€ BO3pacTa U
Y MOJIOJBIX 3I0POBBIX JIFOJIEH U3 KOHTPOJIBHOMN
rpynnsl. LlepebpanbHas okcureHarus/mepdy-
3Ws BO BpeMsi (PU3NYECKUX YIPAXHEHUH Obl1a
3HAYUTENBHO HUXKeE cpenu nanueHToB ¢ UbC u
KOHTPOJIBbHON TIPyHIbl TOTO K€ BO3pacra Io
CPaBHEHHUIO C MOJIO/IBIMU MAllUEHTAMHU.

bonpmoi W MOCTOSHHO  pacTyIuid
00BEM JTaHHBIX MOJYEPKHUBACT IOJIOKHUTEIb-
HYI0 B3aMMOCBS3b, CYILIECTBYIOIIYIO MEXITY
NBC 1 KorHUTUBHBIMH (QYHKITUSIMU KaK Y 3/10-
POBBIX B3POCIbBIX CPEJAHETO BO3pacTa, TaK U y
noXXuielx monaen. Kpome Toro, Gonee BbIco-
Kas ¢usndeckas GopMa B MOJIOZIOM BO3pacTe
Mpe/ICKa3bIBaCT YJIYYIIEHHEe KOTHUTHUBHBIX
GyHKIUH B JabHEHIICH )KU3HU. DTH JaHHBIC
TaK)KE€ COIVIACYITCS C IPYTMMH JaHHBIMU, 110-
Ka3bIBAIOIIUMH MOJIb3Y PU3NYECKUX YIIpasKHE-
HUH U1 KOTHUTUBHBIX (DYHKIMH y 3T0POBBIX
monaeit. Koppenstamu 3Toi accouanuu sBiisi-
I0TCS CTPYKTYpHBIE pa3ianuus (6obliast 4acTh
0enoro BelecTBa, MO3rOBOM KPOBOTOK U T.
1.). Cpenn moxuiblx MapadoHIEeB (CpeaHui
BO3pacT 66 JeT, PyHKIMOHAIbHbIE CIOCOOHO-
ctu 140% OT MpOrHO3MPYEMBIX) MPOJIEMOH-
CTPUPOBAHO YJIy4IlIEHUE KOTHUTUBHBIX (YyHK-
Ui B OJHOW OOJIACTH yNpaBIAOMUX (YHK-
uuit (HeBepOanbHast OEryocTh, OLIEHUBaeMasl C
MIOMOIIBIO MATHOAIBHOTO TeCTa) MO CpaBHE-
HHUIO C KOHTPOJIBHOW TPYIIIOW TOTO k€ BO3-
pacTa, B TO BpEMsI KaK BCE OCTaJIbHbIE UCIIOJI-
HUTENbHbIE QYHKIUU ObUIM CXOKUMHU MEXIY
rpynnamMu. B HeOonbIioM — Hccel0BaHUU
cpenu CropTCMEHOB-MacTepoB (n=12, cpen-
HUll Bo3pacT 72 rosaa) 6eriaocTh OYKB U KaTe-
ropuil ObUIa 3HAYUTENBHO JIy4Ille IO CpaBHe-
HUI0O KaK C MAaJIONOJBMKHBIMHU IOKUJIBIMU
JIOABMH, TaK U C MOJIOJIBIMH JIFOIbMH U3 KOH-
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TPOJIBHOM IPYyMIIbI, B TO BpeMs KakK JIpyrue Ko-
THUTHBHBIE 00JIACTH OBbLTH OJUHAKOBBIMU BO
BCEX Tpex rpymnmnax [24].

KorautuHast nuchyHKIUS TO IIKaje
MMSE y naruenTto 50-60 et ¢ UbC auaruno-
ctupoBana B 61,4% cnydaes, a cpeiy namyeH-
ToB ¢ Al' u caxapHbIM TuabeToM 2-To TUIIA — B
79,4% cnyuaes [25]. IIpu 3TOM yAenbHbIN BeC
CpPEeIHUX U THKENBIX HAPYIIEHUN COOTBET-
CTBEHHO cocTaBisl 6,8% u 44,1%. Cpennuit
0aJu1 M0 CPaBHEHUIO C HAIIIUM HCCIIEJOBAHUEM
y nanuentoB ¢ UbC 50-60 net okazasncs cyle-
CTBEHHO BbIe — 25,3+0,21 6amna [25]. [anu-
eHThl 45-65 net ¢ uzonupoBanHo Al' numenu
cpennuii 6amt 18,9, a 93,3% obcnenoBaHHBIX
HIke 26,0 mo MoHpeanbCKo# IIKajge KOrHH-
TuBHOM onieHku [26]. IIpu atom 51,6% mnanu-
€HTOB CTPaJaJId YMEPCHHBIMH KOTHUTHBHBIM
napymenusimu. Cpenu nanuentoB ¢ UbBC mo
BBIIIIEYKa3aHHOM LIKajie CpeqHuil 6amn cocra-
BUJI 25,443,73 1 yacTOoTa YMEPEHHBIX KOTHU-
THUBHBIX HApYIICHUH YBEINUMBAaIach C BO3pac-
TOM [27].

3axuouenue. Komopoumnas AI' u UBC
HauOoJee HeraTUBHO BIMSET Ha BCE COCTaBIIS-
IOIUE TICUXOJOTHYECKOTO JePUIUTAPHOTO
npoduiIs TOXKWIBIX MAalUEeHTOB, 00YyCIIaBIu-
Bast GOpMHUPOBAHUE JEMEHIIUU CPEHEN TsxKe-
CTH, KJIMHUYECKU BBIPAKEHHON TPEBOTH U Jie-
npeccur. M3onupoBanHas Al' 1 M30JIMpoOBaH-
Hast UBC cnocoOCTBYIOT pa3BUTHIO MEHEE BbI-
PaXEHHBIX JIe(UIIUTOB MICUXOJIOTMYECKOTO J0-
MEHa.
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