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POJIb TOJUI-HOJAOBHBIX PELIENITOPOB U UX MYTAIIMA B IATOT'EHE3E
IIUTOMETAJIOBUPY CHOM UH®EKIIUU

N.A.AuapueBckas, E.M.Ycrunos, I.A.I'accan

DedepanvHoe eocyoapcmeentoe DI00JCemHoe HAYUHoe yupedicoerue «/]anbHe80CmOouHbIlL HAYYHbII Yenmp gu3uonocuu
u namonozuu ovixaunusy, 675000, e. Bracosewenck, yn. Kanununa, 22

PE3IOME. Beenenue. Tomr-nono0usie perentopsl (TLR) npeacrapisitor coboit 00pa3-pacio3Harome peuenTopsl,
KOTOpPBIE 3KCIIPECCUPYIOTCS BO MHOTUX UMMYHHBIX U HEUMYHHBIX KJIETKaX, U BBINOJHSIOT PELIAIOILYIO POJIb B Pa3BUTHU
BOCIIAJICHUS ¥ CBA3aHHBIX C HUM MH(EKIMOHHBIX 3a00neBanuii. Lleab. O6061mTh 3Hanus o po TLR 1 ux reneTnyeckux
M3MEHEHHMH B pa3BUTHU nuToMerajgoBupycHoit (LIMB) undexnun Bo Bpemst 6epeMEHHOCTH ¥ BPOXKICHHON MHPEKINN Y
HOBOpOX/JCHHBIX. MaTepuas u MeToabl. CHCTEMaTHYECKUI TIOMCK JINTEPATYPBI, CoAeprKalield HH(POPMAIIHIO O COOTBET-
CTBYIOIIIUX MCCIIEI0BAHMUSX, TIpoBouiics B cucremax PubMed n Google Scholar. B 0630p Borie:n anamms 42 aHIIOSA3bIYHBIX
U PyCCKOSI3BIYHBIX crareil. [yOnHa nmoucka cocrasmia 19 siet 3a nepuoa ¢ 2004 mo 2023 roxer. [Touck npoBoamics no
KIIFOYEBBIM CJIoBaM: TOJUI-TI0JOOHBIE PELEeNITOPBI, IMTOMETraJ0BUPYC, MOIUMOP(U3MBI, BHYTPHYTpOOHas nH(peknus. Pe-
3yJbTaThl. B pabore npejcTaBieHsl cBeieHns 0 CTpyKType u Thnax TLR, packpbITbl OCHOBHBIE MOJIEKYJISIPHBIE MeXa-
HU3MBI, C IOMOII[BI0 KOTOPBIX PELIENITOPB! YUACTBYIOT B PETYISLIMA UMMYHHON CUCTEMBI U Pa3BUTHH BOCHAJICHUS IpU
nHpuuuposanuu. [IpogemMoHcTprpoBaHa noTeHuManbHas poib TLR 1 nX reHeTH4eckoil N3MEHYMBOCTH B IIATOT€HE3e
LIMB nndpexunu, kak B 001IEH MOMYIISIIHN JII0IEH, Tak 1y OepeMeHHbIX. Tarke onpenesieHo UX BO3MOXKHOE y4acTHe B
pas3BuTuM BpoxieHHOM [IMB nH(pekunu y HOBOpOXKICHHbIX. 3aK/I04eHune. Pe3ynbraTsl MOryT OBITh HCIIONB30BaHBI IS
pa3paboTKH TepaneBTHYECKUX MHUIIEHEH C LIEJIbI0 UX BO3MOXKHOTO IPUMEHEHHS U151 UMMYHOKOPPEKIINHY BOCHAJICHUS], BbI-
3BaHHOrO [ IMB nHbunmpoanuem.

Knrouesvie crosa: Tonn-nodobuvie peyenmopul, yumome2anoeupyc, HOIUMop@duamvl, 6epemenHocms, 8HYMpUympooHas
uHpexyus.

THE ROLE OF TOLL-LIKE RECEPTOR POLYMORPHISM IN PATHOGENESIS OF
CYTOMEGALOVIRUS INFECTION

I.A.Andrievskaya, E.M.Ustinov, D.A.Gassan

Far Eastern Scientific Center for Physiology and Pathology of Respiration, 22 Kalinina Str., Blagoveshchensk, 675000,
Russian Federation

SUMMARY. Introduction. Toll-like receptors (TLRs) are pattern-recognition receptors that are expressed in many
immune and non-immune cells, playing a crucial role in the development of inflammation and associated infectious dis-
eases. Aim. To summarize the knowledge about the role of TLRs and their genetic variations in the development of cyto-
megalovirus (CMYV) infection during pregnancy and congenital infection in newborns. Materials and methods. A
systematic literature search was conducted in PubMed and Google Scholar for relevant studies. A total of 42 English-lan-
guage articles and a Russian-language article were reviewed, covering a period of 19 years from 2004 to 2023. The search
was conducted using the keywords: Toll-like receptors, cytomegalovirus, polymorphisms, intrauterine infection. Results.
The paper shows the knowledge on the structure and types of TLRs, revealing the main molecular mechanisms by which
the receptors participate in the regulation of the immune system and the development of inflammation during infection.
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The potential role of TLRs and their genetic variability in the pathogenesis of CMV infection both in the general population
and in pregnant women is demonstrated. Their possible involvement in the development of congenital CMV infection in
newborns is also identified. Conclusion. The results could be used to develop therapeutic targets aimed at potential ap-
plication for immune correction of inflammation caused by CMV infection.

Key words: Toll-like receptors, cytomegalovirus, polymorphisms, pregnancy, intrauterine infection.

WudexnmonHble 3a001eBaHNS SBISIOTCS TPUINHON MMa-
TOJIOTUYECKUX COCTOSHUN y mrofed. JIoBoiIbHO 4YacTo
MCXOJI TAKKX 3a00JIeBaHNil BO BpeMs OEpeMEHHOCTH TIPH-
BOJWT K ()OPMHUPOBAHHIO BPOXKICHHBIX TIOPOKOB PA3BUTHS
Y HOBOPOXKJICHHBIX W MOCTHH(EKIIMOHHBIX OCIOKHCHNH y
B3pOCIIOTO HACENICHNS, YTO YBEIIMUMBACT PHCK COLMAIIBHO-
SKOHOMHUYECKHUX MOTEPh KaXKIbli rof o Bcemy Mupy [1].
CuTyanuio 0CIOXKHSAIOT 0COOCHHOCTH T€IEHHS MHOTUX UH-
(exnnii, KOTOpble MOTYT UIMETh CKPBITHIH XapakTep U IJIH-
TEJBHYIO TIEPCUCTCHIMIO BUpPYyCa, YTO TIOBBIIIAET
BEPOSITHOCTB €r0 Mepeiadl Kak FOpU30HTAIBHBIM, TaK 1
BEpPTHUKAJIbHBIM IyTeM [2].

MonekynsipHBIMA MEXaHW3MaMH pa3Ininil B COCTOS-
HUM MMMYHHOM CHCTEMBI BO BpeMsl HH(HUIIMpOBaHUS
MOTYT BBICTYyHaTh reHernyeckue mytanuu [3-5]. Psan
paboT IPOIEMOHCTPHUPOBAIN OOJBITYIO 3HAYUMOCTH UM-
MYHOT€HETHKH B BOCIIPUUMYHUBOCTH, YCTOWINBOCTH WIIN
niepenaun nHGEKMH. ViccneqoBanns KIIIOUEBBIX TeHETH-
YeCKUX (haKTOPOB, YNPABIAIOIINX UMMYHUTETOM YeIo-
BEeKa, TMpPHUBEIM K HWACHTUQHUKAINK  HECKOJIBKHX
o0pa3-pacro3Haromux pernentopoB (PRR), koTopsie mpe-
3EHTYIOT aHTHTEH M AKTUBUPYIOT BPOJKICHHBIN IMMYHHTET
[5].

Xapakrepucruka To11-n1o100HbIX penenTopos

Tomn-momobuere penentopsl (TLR) mpencraBnsioT
coboit PRR, KkoTOpbIC 3KCIIPECCHPYIOTCS MpPEHMYIIIe-
CTBEHHO B aHTHTCHITPE3EHTHPYIOIINX KJICTKAaX M UTPAIOT
peLIAIOIIYIO pOJIb B UBMEHEHMH UMMYHHOI'O OTBETa [6].
Tonmn-momo0GHbIe perenTops! MPEICTABICHBI ABYMSI OCHOB-
HBIMH TPYTITaMH: TPAHCMEMOpaHHbBIE HIIH TOBEPXHOCTHBIC
(TLR1, TLR2, TLR4, TLRS, TLR6 u TLR10) u BHyTpH-
xierognbie (TLR3, TLR7, TLR8 u TLRY). Peuenropsr
0051a1a10T BHEKJICTOUYHBIM JIOMEHOM, COJEpPXAIIiM I0-
BTOPHI U OorareM neinmHoM (LRR), 1 BHYTpUKIIE TOYHBIM
nomeHoM pereniropa Tomn-uaTtepneiikuaa 1 (TIR). Jomen
LRR yuacTByeT B pacrio3HaBaHWH PA3INIHBIX MOJEKYIISIP-
HBIX IIATTEPHOB, ACCOIMMPOBAHHBIX C MATOTCHAMHU
(PAMP), B To Bpems kak qomeH TIR urpaet pemraromntyio
poJb B mepesiade CUTHaja, BHI3BIBAIOIIETO BOCIAINTEIb-
ueie peakiun [7, 8]. LRR u TIR sBnstoTcst AByMs QyHK-
LIMOHAJBHO BaXXHBIMU JOMeHaMHM B cTpykrype TLR.
KoHcepBaTuBHBIE TIOCIEIOBATEILHOCTH OOHAPYKECHBI B
Ka)XJIOM U3 3THUX JOMEHOB. OTHAKO JIOKATIHM3ALIS KaXK10TO
TLR otnmuaercs. M3MeHeHUS B CTPYKType U (YHKIIHH
TLR B miepByIo ouepe/s SBISIOTCS PE3yJIbTaTOM BHIOCIIE-
IUGUIHON KOIBOJIOINH, BEI3BAHHON KOHBEPCHEH TeHOB
MEXIy peLenTopaMu, 9To MPUBOANUT K 00pa30BaHMIO Te-
TEPOANMEPOB M TYTUIMKANNI T€HOB C MOCIEAYIOIINMH Jie-
aersiMu. Ha IpoTshkeHnH Beell HBOTIOIINH BHEKIICTOUHBIN
LRR momeH craikuBajcs ¢ CHIBHBIM JaBJICHHEM 0TOOpa
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W3-32 €ro TOCTOSHHOTO BO3JEHCTBHSA C PasIMYHBIMA
PAMP, u, kak clieZICTBUE, JaHHBIH JOMEH UMEET 00Jiee BbI-
COKYIO uBepreHuuio mexay tunamu TLR [9].

OnuHOYHBIC HYKJICOTHAHbIE monmuMophu3Mel (SNP),
BBI3BAHHBIC MYTAIIMAMH B (DYHKIIMOHAIBHO BaXKHBIX aMH-
HOKHCIJIOTHBIX OCTaTKax, BKJIIOYAIOTCS B TTOJIOKNATEIBHBINA
oTbop, Torna Kak HeOIaronpusTHBIC MYTAIllUH MUTHOPH-
pytorcea. Kpome aroro, Bo3nelictBue paznnunbix PAMP,
KaK TPaBHIIO, JINTIOTIOJIMCAXAPHIOB, TAKXKE CO3/aBaIO MO-
CTOSIHHOE JIaBJICHHE 0TOOPA, KOTOPOE MPUBOAUT K TUME-
puzanun OerxxkoB TLR. Kpome Toro, 310 pacmmpsier
Bo3MokHOCTH TLR maeHTtndupoBars OONBIIHIA CHEKTp
pa3NYHBIX JIMTAHJIOB, HE MEHSS BHYTPUKJIETOUHBIN CHTI-
HaiuHr [10]. OnocpenoBaHHas peLienTopoM AUMEPHU3aLns,
Hanpumep, TLR2 u TLR6 yBenuuuBaeT ClieKTp JIUTraHa0B,
B TO BpeMs KaK OMOCpPe/I0BaHHAs JIMTaH/IaM1 JIMMEPH3aLIHs
WTPaeT PEIIAloONIyI0 pOoJib B MPHUBICYCHUN aJaNnTOPHBIX
0enKoB, HEOOXOMNMBIX Ul Nepeladyd CHTHajla BHYTPH
knetku [11].

Mexanu3sm aeiictBusi To1-nogo0HBIX pelenTopoB

Mormnekynspable curHaib py aktuBarun TLR Gopmu-
pyroTcs yepes saepHbIi Gpaxrop karnma B (NF-kB) nimm mu-
TOT€H-aKTUBUPYEMYIO MPOTEUHKUHA3Y (MAPK).
JanpHeWmuii Kackaj BHYTPUKJIETOYHOTO CHUTHAJIMHTA
MOXET peann3oBathcs depe3 MyD88 (6enok mepBUIHOTO
OTBeTa MUENONAHON M epeHnnPOBKH) 110 3aBHCUMOMY
WIN He3aBUCHMOMY ITyTH. [lepBblif 3aKaHINBaEeTCSl aKTH-
parerd NF-kB, KOTOpEIif, B CBOIO 09epe/Ib, TIOBBITIIACT SKC-
MPECCHI0  MPOBOCTATHUTENBHBIX IUTOKHHOB  ITyTEM
npusnedernss PHK-nonmmmepassl B mpoMOTOpHYIO 30HY.
MyD88-He3aBUCHMBII Ty Th, B OCHOBHOM, XapaKTePEeH AJIs
TLR3 u TLR4. /IanHbIi MyTh 3aKaHYMBAETCS aKTUBALIUEH
naTepdepona (IFN)-y 1, COOTBETCTBEHHO, TIOBEIIICHIEM
9KCIIPECCHUH MPOBOCHATIUTEIBHBIX HHTEP(EPOH-0ITOCPEIO-
BaHHBIX TeHoB [12, 13].

[IpoBocmanuTenbHbIE pEaKIHUU, WHIYIUPOBAHHBIC
TLR, paccMarpuBaroTCst Kak IepBast IMHUS 3alIUTHI, KOTO-
past He TOJIBKO YCTpaHseT yrpo3y OT HH(EKINH, HO U YCKO-
pSeT TpoIecc BOCCTAHOBICHNS HMMYHHOTO TOMEOCTa3a.
Bwmecre ¢ Tem HapymeHue peryiasiuuu aktuBHoctd TLR
4acTO MPUBOAMT K PA3BUTHIO MMMYHOIIATOJIIOTHH, B TOM
qrciIe npu NHQEKIMOHHbIX 3a00neBannsax. [ nnepakrusa-
nust win nHaktuBanus TLR B OCHOBHOM BBI3BaHa MyTa-
OUSIMH, KOTOpPBIE BIUSIOT Ha ()YHKIMOHWPOBAHHE STHX
peuentopos [11, 12].

MyTtauuu B renax To1-nogo0HbIX peuenTopoB

CoBpeMeHHBIE TOCTHKEHHS B TCHOMHKE PACKPbHUIH Ha-
Ju4yue MyTauuid B reHax 7LR, KOTOpble MOIYT Cylle-
CTBEHHO BIMATH HAa HMMMYHHBIH OTBET, OIpEACIIL
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BOCHPUUMYHUBOCTh WJIM YCTOWYUBOCTh OpraHU3Ma K HH-
¢dexmsaM. BaxxHo, 4TO pacnpocTpaHEHHOCTh 3TUX MOJIH-
MOp(hHU3MOB  JCMOHCTPHUPYIOT  BapHaOCIbHOCTH B
3aBUCUMOCTH OT reorpaduuecKkoro pacroaoKeHusl, yKasbl-
Basi HA €CTECTBEHHBII 0TOOD, KaK Ha JIOMUHHUPYIOLIHH (hak-
TOp TaKoTo T€HETUYECKOTO MHOT000pa3us.
[TomynsAMOHHbIIN aHAJIN3 BBIABUI, YTO BHYTPHKJIETOUYHBIE
peuentopsl TLR3, TLR7, TLRS8 u TLRY, Bemonssitomue
Ba)XKHYIO POJIb B IPOTUBOBUPYCHOM 3aIUTE, 3BOIIOIHOHH-
POBaJIU TIO]T JABJIEHHEM CTPOTOro OTPULATEIBHOT0 0TOOpa
[14]. Torna kak noBepxHocTHBIE perentopsl TLR1, TLR2,
TLR4, TLR6 u TLR10, neiicTBre KOTOPHIX HAIIPABJIEHO HA
00pBOY C IKCTPAICIUTFOSIPHBIMHU [TATOTCHAMH, YBOJTFOLIAO-
HUPOBAJIM B YCIOBUAX Oosee MITrkoro ordopa, mposiBiss
YCTOMUYUBOCTh K MyTallUsAM, KOTOPbIE BKJIIOYAJIN HECHHO-
HUMUYHBIC U CTON-MyTaluu. Takike ObLJIO yCTaHOBJIEHO,
YTO T€HOMHBIE Y4acTKH, oTBevaronye 3a Gpynkuun TLR1,
TLR6 u TLR10, noaBepraiuck MoJIOKUTEILHOMY OTOOPY
cpean Hea)pUKAHCKOTO HACENeHMs, YTO MOAYEPKHUBACT
BJIMSIHUE Te0orpaduyecKux yCJIOBHH Ha SBOJIIOIHUIO ATHX
peuenTopoB ¥ ux (yHKIHH.

Hpyroe uccnenoBanue [15], B KOTOpOM U3ydeHBI Ya-
CTOTHI TeHOTUNOB 24 myTanuii B reHax TLR 1, TLR2, TLR4,
TLR6 w TLRY, BBISIBIUIO acCOIHUAIMIO TOTUMOP(U3MOB C
TEHOMHBIM TIPOUCXOKICHUEM €BPOIEHIIeB, YTO MOXKET
CBUJIETEJICTBOBATh O COCTOSHUH MX aaNTHBHOTO UMMY-
HUTEeTa. B 4acTHOCTH, OBLIO BBISBIEHO, YTO €BPOIIEHCKOE
MPOHMCXOXKACHUE aCCOLIMUPOBAHO ¢ HAIM4YKMeM aiiens G B
nonumopduzme /6028 rena TLRI, BaxXxHOM ISt TOJIEP-
YKaHWUS HU3KOM PEaKTUBHOCTH B ACUMIITOMaTUYECKHX CITy-
gassx manapuu B FOro-Bocrounoit bpasmnuu. CormacHo
JIpyruMm uccienoBanusM [ 16], cpauenue reHoB 7LR B Mo-
HOIMTaX y a)pUKaHILIEB U €BPOICHIIEB BBIIBUIIO PsiJ 110-
JMMOP(U3MOB B JIOKyCaX, CBI3aHHBIX C KOJIMYECTBEHHBIMH
U3MEHEeHUsIMU B ripoduie sxcnpeccun renos (eQTL), uto
BJIMSICT Ha pa3HooOpa3re MMMYHHOTO OTBeTa Ha MH(pEK-
0. Y eBporeiiiieB ooHapyxeHa myrarus trans-eQTL B
rede TLRI, perynupyroas yrHeTeHHEe 3KCIPECCUH Mpo-
BOCHAJIUTEIBHOTO T€Ha MPU MOBBIIICHUH BUPYCHOHN Ha-
Ipy3KH, 3allMiias HMX OT M30BITOYHOH aKTUBAlMU
UMMYHHOM CUCTEMBI U Pa3BUTUS TUIIEPEPIUYECKON peak-
UK. OTH UIMMYHOPETYJIATOPHbIE PEaKIIMi MOXKHO HHTEP-
NPETUPOBAaTh KaK Ba)KHbIE (AKTOPHI ECTECTBEHHOTO
0T00pa, CrIOCOOCTBYIOIIHME IBOJIOIIMOHHON aJaNnTaluu K
undexuusim [17, 18].

CrnenoBarenbHO, MyTallui TeHOB 7LR MOXKHO paccMar-
pHUBAaTh KaK «IBOJIOIMOHHBIN MEPEKIIIOYATENb) MEXKIY aK-
THUBaLMEd UMMYHHOM CUCTEMBI U BOCIIAJICHUEM, a TAKKE
HO/IaBJICHUEM €TI0 HEraTHBHBIX d((EKTOB, BOSHUKAIOLIUX
B pe3ynbTaTe B3aMMO/ICHCTBUS OpraHu3Ma YesloBeKa 1 UH-
Gbexium.

Posab mytanmii Ton1-nmono0HbIX pelenTopoB B
naTroreHese HMTOMEraja0BMPYCHON UH(peKIUH

Kak rmoxa3bIBarOT HCCIIEIOBAHMs, TeHETHYECKHE (aK-
TOPBI MOTI'YT CYLIECTBEHHO U3MEHATh UyBCTBUTEIbHOCTD
OpraHu3Ma K BUPyCaM, YTO MOXKET ObITh MPUYMHON HX
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JuTenbHol nepecucreniuu [19, 20]. HuromeranoBupyc
(LIMB) siBnseTcs 0OIHUM M3 CaMBIX PacHpOCTPaHEHHBIX
BUPYCOB B IOMYJISALNHU JIFOJIEH C CepONPUBaICHTHOCTHIO OT
50% mo 80%. 3apaxenne [[MB moxeT ObITh BBI3BaHO Jie-
(exTamMH BPOXKJIEHHOTO M aJIalTUBHOTO UMMYHHUTETA, B
TOM YHCJIe MyTalluAMu B cucteMe peuentopoB TLR [21-
23]. Uccnenosanue, nposenenHoe Jabtonska A. u kome-
ramu [24], mokaszango, 4TO TeTePO3UTOTHBIE T€HOTHUIIbI
Arg677Trp (rs121917864) rena TLR2 wu Asp299Gly
(rs4986790) rena TLR4 cBsizaHbl ¢ HU3KOH BUpEeMHEH
LIMB u BeposiTHOCTBIO pa3BUTHs UH(EKINHU, KaK Cpelu
HOBOPOXKJCHHBIX, TaK M B KOrOpTe B3pOCIbIX Jitonei. Torna
KaK roMO3UTOTHBIN renoTun TLR2 aukoro tumna yBeaudu-
BaJ1 puck 3apaxkerus LIMB tonbko y B3pocibix. B padote
Kijpittayarit S. u komter [25] ObUIO BBISIBJIEHO, YTO TOMO-
3UTOTHBIM M TeTepO3UTroTHBIN reHoTun Arg753Gln rena
TLR2 cBsizaHBI C BBICOKUM YPOBHEM BHPYCHON Harpy3ku
[IMB. Cpennsist MakcuMalbHasi BApyCHas Harpy3ka cocra-
Buiia 37059 kormit/mut u 29718 komuit/Mir COOTBETCTBEHHO.
OTH 3HAYEHUS CYNIECTBEHHO MPEBHIIIAIOT MOKA3aTeNH Yy
MAaIMEeHTOB, HE UMEIOIUX AHAJOIMYHBIX MyTallUii B TeHE
TLR2.

CormacHo apyruM HCCIEAOBaHUAM [26], MyTarus
16354> G (1s352140) rena TLRO cBsizaHa ¢ BBICOKUM pHUC-
koM paszButus [IMB nH}pexkunu y vHOUIMPOBAHHBIX BH-
pycom HMMYHOIEpHUIIHUTA YyesjoBeKa (BNY)
HOBOPOXXICHHBIX. AHAJIOTMYHBIE PE3YIbTAThl OBLIH TOJTY-
yeHbl Jablonska A. u kojuteraMu, HO B KOrOpTE B3POCIIBIX
MAIMEHTOB ¢ KonH(pekmel Be3anHon [[MB u BUY [27].
beuta mokazana acconumanus nonuMmopdusma 2848C>T
(rs352140) rena TLR9 ¢ ypoBHEM BHPYCHOH Harpy3ku
IIMB. Hanuuue wmytauuii [2377>C (rs5743836) u
1486T> C (rs187084) MoxxeT ObITH CBSI3aHO C U3MEHEHUEM
(YHKIMOHAILHOW aKTMBHOCTH peLenTopa. AHaIU3 Hoclie-
JIOBAaTEIBbHOCTH MIPOMOTOPHOTO reHa 7LRY mokasain, 4To
HocutenbeTBo amens C B nonoxenun /2377>C coznaer
mpeanojaraeMblii cait cBs3biBanus s NF-kB, dro,
MIPETONOKUTENBHO, BIUACT HAa TPAHCKPUIIIMOHHYIO aK-
TuBHOCTH reHa [28]. Torna kak nmonumopdusm 2848G>A
reHa TLRY cBsi3aH ¢ UBMEHEHHUSMHU B DKCIPECCUU TCHOB,
Y4acTBYIOIIMX B Pa3BUTHUHU BocmaneHus [29].

IIpencraBneHHbIe JaHHBIE TOJYEPKUBAIOT 3HAUUMOCTh
FEeHETUYECKOW U3MEHYUBOCTH /LR B HAPYLIEHUU UMMYH-
Horo oteTa u pasputus LIMB undexunu. Oqnako More-
KyJISIpHbIE MEXaHU3MBbl (DYHKLIMOHUPOBAHUS MPEACTOUT
eI11e U3YUUTh.

I'eneTnyeckast ”3BMEHYNBOCTH To/1I-MOAOOHBIX
PeLenTopoB U ee BJAUsIHME HA Pa3BUTHE
HHUTOMEraja0BUPYCHOI nH(pexknun y 6epeMeHHbIX

Cuuraercs, 4yto MmyTauuu B renax 7LR2, TLR7 v TLR9
MOTYT BJIHSITH Ha pa3BuTHe rnepsuyHoil [{MB nabekmm y
JKSHIIMH BO BpeMsi OepeMeHHOoCTH. [lonTBepKaeHHEM sIB-
nsiercs padora Mhandire D.Z. u ero komrer [30], B KoTo-
poil moka3aHo, 4To MyTaHTHBINA reHotun 4> C rs179008
reHa TLR7 cBsi3an ¢ pa3sutieM LIMB un(exmn y sxen-
IIMH Ha MO3JHAX CPOKax OEPEMEHHOCTH, TOTIa KaKk MyTa-
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must 7>C rs352139 rena TLRY Taxoil accoruaiuu He
umeert. ['enorun C>T'1s1816702 rena TLR2 cBs3aH ¢ HU3-
KOI BEpOSATHOCTHIO 3apakeHusi [[IMB OepeMeHHBIX, 4TO
MOKET CBHJIETEIbCTBOBATh 00 Y4aCTHN JAHHOTO MOJTUMOp-
(hu3ma B HEBOCIIPUUMUYHMBOCTH K BUpYCY. B npyrom nccie-
noBaHuu, posegenHoM Wujcicka W. u kosteramu [31],
BBISIBIIEHA CBA3b MyTanui 22584> G (rs5743708) rena
TLR2, 896G>A (1s4986790) u 1196C>T (rs4986791) rena
TLR4, 2848G>A (rs352140) rena TLR9 c mepBUYHOI
LIMB undexkuueit y 6epemenHbIx. B padbore nokaszaHo, uto
TOMO3UTOTHBIN reHoTunn GG U TeTepO3UroTHBIN TeHOTHIT
GA, a Takke HOCHTEILCTBO ayuteis G B momumopusme
2848G>A rena TLRY cBsi3aHbl ¢ HU3KUM PUCKOM 3apake-
Hust LIMB sxeHiuH Bo Bpemsi bepemenHocTH. MyTanuu
22584> G rena TLR2, a taxxe 896G>A n 1196C> T rena
TLR4 takux accoumanuii He umerot. Torki S.H. u Naif
H.M. [32] mpoieMOHCTpHUPOBAIN CBSA3b TOMO3UTOTHOTO Te-
Hotuma rs5743708 rena TLR2 ¢ BBICOKUM PUCKOM Pa3BH-
tust LIMB undekuun y 6epeMeHHbIX.

OTU JaHHBIE ONPEAEISIOT BAXKHOCTh TIOHUMaHUS TeHe-
THUYECKOH M3MeHYMBOCTH TLR y MHOUIMPOBAHHBIX U HE-
uHpuuupoBanHbix [[MB OGepeMeHHBIX Kak OCHOBBI JJIs
MOHHUTOPHHIA MO ONTHUMM3AIMUU TUATHOCTUKH U MPOTHO-
3MPOBAHUS BHYTPHYTPOOHOTO MH(PHUIIMPOBAHUS TUIOAA.

3Hauenue To1-MoAO0HBIX pellenTOPOB B Pa3BUTHH
BPOKICHHOM LIUTOMEraJIOBUPYCHOM MHeKInU y
HOBOPOK/ICHHBIX

Kak mokassIBaroT mcciefoBaHusl, HapyleHne QyHK-
[IUOHMPOBAHUS BPOXKJICHHOTO HMMYHHUTETA y KEHIINH C
MEepBUYHON MM peakTuBauueil xponnueckoi [IMB un-
(exrmu Bo BpeMst 0EpEMEHHOCTH, B TOM YHCIIE CBA3aHHOE
C UMMYHOJIOTHYECKON PEaKTUBHOCTHIO M Ie(PEKTaMU CH-
crembl TLR, MOXeT NPUBOANTH K 3apaskeHUIO IIJI0Ia U pa3-
BHUTHUIO BPOXKICHHOW MH(EKIIUU Y HOBOPOXKACHHEIX [33,
34]. Cunmurnorpodobiact Takke MOXKET OBITH BOBJICUEH
B TIPOLIECC PACIIO3HAHUS BUPYCa M €r0 BEPTHKAIBHYIO TIe-
penady, Tak Kak aKTHBHO SKCIIPECCHPYET Pa3IMYHbIE THITBI
TLR Ha npoTtshxeHnu Beelt Oepemennoctd [35]. Hanboms-
HIyI0 3HAYUMOCTh cpean u3BecTHbIX TLR 31eck uMeror
Tunbl 2 1 4 [36]. Peanu3amust ux GyHKIUH CBs3aHa ¢ Gop-
MHPOBaHHEM MPOTHBOBUPYCHOTO MMMYHHUTETA HA TPAHHILIE
Matb-1u10/1. lHTepecHo, 4T0 Ha MPOTSHKEHUH NTEPBOTO TPH-
MecTpa OCpeMEHHOCTH BBICOKas dkcmupeccus TLR2 wm
TLR4 oTMmedaeTcss Ha MOBEPXHOCTH IUTOTpodobIacTa,
TOI/a Kak B TpeTheM TpumecTpe TLR2 nmpenmymiecTBeHHO
pacrosiaraercsi Ha SH/IOTEIHAIBHBIX KIETKaX COCYJ0B H
Makpodarax ruanentsl, a TLR4 — Ha moBepXHOCTH CHH-
utHoTpododacra u pudpodiacrax [37]. BosmokHo, uTO
orcyrcrBre 3kcrpeccun TLR Ha BHemHeM ciioe Tpodo-
Onacra B IIEPBOM TpUMECTpPE OEPEMEHHOCTH BBITIOIHSIET
3AIMUTHYIO (DYHKIIMIO, TIO3BOJISIS IIUTALICHTE pearnpoBaTh Ha
MH(EKIHNIO TOJIBKO TPH MOBpEeKACHUU Oapbepa. B To
BpeMs1 Kak HaJIM4Me MOBBILEHHON 3kcnpeccun TLR Ha mo-
BEPXHOCTH IUIAIICHTHI B TPETHEM TPHUMECTpE OEpeMEeHHO-
CTH MOXXET MMETh HEraTHBHBIN 3(deKT, cBA3aHHBIN C
aKTHBAIMEH UMMYHHOW CHCTEMBI U Pa3BUTHEM BOCIIAJIC-

137

HUSI, YTO YCUJIMBAET PUCK BHYTPUYTPOOHOI nepeadu Bu-
pyca Iiofy.

Crenyer OTMETUTb, YTO HebIaronpusTHble 3 (EeKTh B
OTHOIIEHNH OEPEMEHHOCTH, COIIPOBOK/IAIOIINECS MOBBI-
IIEHHBIM PHUCKOM Pa3BUTHsI BHYTPUYTPOOHOU MH(DEKIH,
MOTYT OBITh CONPSIKEHBI C TEHETUYECKUMHU BapHaIHsIMU
TLR, onpenenstomumMu GyHKIIMOHAIBHYIO aKTHBHOCTD pe-
LIENTOPOB U MOCIIEAYIOINI CUTHAIMHT. B ucciaenoBanum,
nposeaenHoM Taniguchi R. u xomneramu [38], ormeyena
cBs13b rerotuna CC B momumopdusme rs3804100 rena
TLR2 ¢ puckoM BHYTpryTpoOHOTO nHpuuposanus LIMB
BO BpeMs OepeMeHHOCTH, a reHotuna AG B MOIUMOp-
dbusme 151898830 — ¢ BpokaenHoi [IMB undexiueii y
HOBOPOX/ICHHBIX, YTO TaKXKe HE HCKII0YAaeT BEePTUKAIb-
Hyto nepenady Bupyca [39]. Eldar-Yedidia Y. u komnern
[40] uccnenoBanu cBsa3b reHOTUIIOB 154696480, 1s3804100
nrs1898830 rena TLR2, 1s3775291 rena TLR3 n rs179008
reHa TLR7 c pa3ButreM BHYTpuyTpoOHOU [IMB nudek-
LUK TIPH 3apaKEHUU KEHIIUH BO BTOPOM TpUMecTpe Oe-
pemeHHoCTU. BrIsBieHa cBsa3p reHotumna rs1898830 rena
TLR2 c BHyTpHYTpOOHOH Nepenadyeii BUpyca Bo Bpemsi Oe-
pemenHoctu u reHotunoB rs3804100 u rs1898830 — ¢
BpoxkieHHol LIMB nHdekuuei y HoBopoxJeHHbIX. Bapu-
aHThl MyTanuil B reHax 7LR3 u TLR7 Takoil CBS3U HE
numenu. J{pyroe uccrnenosanue, BoinonHeHHoe Paradowska
E. u xomneramu [41] moaTBepauio, 4TO reTepPO3UTOTHBIN
rernotun 15187084 rena TLRY cBsi3aH C BLICOKHMM YPOBHEM
Bupemuu. Studzinska M. u koyutern [42] Takke oKasai,
YTO HAJINYME FeTePO3UTOTHBIX TeHOTUIIOB 153775291 rena
TLR3 u rs5741880 rena TLR7 onpenensieT MOBbIIISHHBII
puck pazBuTus BpoxaeHHor [IMB undexumu.

JlanpHelee necaeaoBaHue B 3TOM 001aCTH MO3BOJIUT
ONpeAeNUTh posib TLR 1 UX MyTaluil B pa3sBUTUU BPOXK-
nennoit [IMB undexuu.

3akaouenune

AHanu3 JaHHBIX HAYYHBIX MyOIMKAaIWH IPOAEMOH-
CTPUPOBAJI MOTCHIHAIBHO BAXKHYIO POJIb PELEHTOPOB
TLR2, TLR4, TLR7 n TLRY, a Takke UX T€HETHYECKOMN
U3MeHYNBOCTH B marorcHeze [IMB wmH)ekmumn, kak B
00TIIel MOMYISINHY JIFONeH, Tak Uy OepeMeHHBIX. Ompee-
JICHO WX BO3MOKHOE y4YacTHE B Pa3BUTHHU BPOXKACHHOU
IMB unH(beknnu y HOBOpOXKICHHBIX. BMecTe ¢ Tem moure-
KyJISIpPHBIC MEXaHW3MbI (yHKIIMOHMPOBAHUS OTAEIBHBIX
TLR ¥ uX reHeTHYecKre BapHalliK, KOTOPBIC CBSI3aHbI C
IMB uH(puIMpOoBaHUEM, KaK y MaTepH, TaK U Y HOBOPOXK-
JICHHOTO, TPeOYyIOT JaJbHEeHIIero n3yueHus. Pesynbrarsl
WCCIIEIOBAaHNI MPEICTABISIIOT ICHHYI0 HAay4YHYI0 HH(POP-
Malnio, KOTopasi MOJKeT OBITh MCIOJIb30BaHa JUIsl pa3pa-
OOTKM TEpaneBTHYECKUX MHIICHEH C IEIbl0 HX
BO3MO)KHOTO TIPUMEHEHUS JUIsI UNMMYHOKOPPEKIINU BOC-
nayneHus, BezBanHoro [{IMB uHumpoBannem.

Kongpnuxm unmepecos

Aemop Oeknapupyem omcymcmeue A6HbIX U NOMeHYU-
ANIbHBIX KOHPDAUKMOB, CBA3AHHBIX C NyOnuKayuel Hacmosi-
weti cmamvl.



bronnemens gusuonozuu u namonozuu Bulletin Physiology and Pathology of

Ovixanus, Boinyck 92, 2024 Respiration, Issue 92, 2024
Conflict of interest Hcmounuxu punancuposanusn
The author declares that there are no obvious or po- Hccneoosanue nposoounoce be3 yuacmus CnoHCopos.
tential conflicts associated with the publication of this ar- Financing Sources
ticle. The study was not sponsors.
JUTEPATYPA

1. Silva S., Ayoub H.H., Johnston C., Atun R., Abu-Raddad L.J. Estimated economic burden of genital herpes and HIV
attributable to herpes simplex virus type 2 infections in 90 low- and middle-income countries: A modeling study // PLoS
Med. 2022. Vol.19, Iss.12. Article number:1003938. https://doi.org/10.1371/journal.pmed.1003938

2. Barreiro L.B., Quintana-Murci L. Evolutionary and population (epi)genetics of immunity to infection / Hum. Genet.
2020. Vol.139, Ne6-7. P.723-732. https://doi.org/10.1007/s00439-020-02167-x

3. Sherwood E.R., Burelbach K.R., McBride M.A., Stothers C.L., Owen A.M., Hernandez A., Patil N.K., Williams
D.L., Bohannon J.K. Innate immune memory and the host response to infection // J. Immunol. 2022. Vol.208, Ne4. P.785—
792. https://doi.org/10.4049/jimmunol.2101058

4. Germic N., Frangez Z., Yousefi S., Simon H.-U. Regulation of the innate immune system by autophagy: Monocytes,
macrophages, dendritic cells and antigen presentation // Cell Death. Differ. 2019. Vol.26, Ned4. P.715-727.
https://doi.org/10.1038/s41418-019-0297-6

S. Fitzgerald K.A., Kagan J.C. Toll-like receptors and the control of immunity // Cell. 2020. Vol.180, Ne6. P.1044—
1066. https://doi.org/10.1016/j.cell.2020.02.041

6. Fore F., Indriputri C., Mamutse J., Nugraha J. TLR10 and its unique anti-inflammatory properties and potential use
as a target in therapeutics // Immune Netw. 2020. Vol.20, Ne3. Article number:e21. https://doi.org/10.4110/in.2020.20.e21

7. Kemball C.C., Alirezaei M., Whitton J.L. Type B coxsackieviruses and their interactions with the innate and adaptive
immune systems // Future Microbiol. 2020. Vol.15, Ne9. P.1329-1347. https://doi.org/10.2217/fmb.10.101

8. Akira S., Takeda K. Toll-like receptor signaling // Nat. Rev. Immunol. 2004. Vol.4, Ne7. P.499-511.
https://doi.org/10.1038/nri1391

9. Werling D., Jann O.C., Offord V., Glass E.J., Coffey T.J. Variation matters: TLR structure and species-specific patho-
gen recognition // Trends Immunol. 2008. Vol.30, Ne3. P.124—130. https://doi.org/10.1016/5.1t.2008.12.001

10. Farhat K., Riekenberg S., Heine H., Debarry J., Lang R., Mages J., Buwitt-Beckmann U., R6schmann K., Jung G.,
Wiesmiiller K.-H., Ulmer A.J. Heterodimerization of TLR2 with TLR1 or TLR6 expands the ligand spectrum but does
not lead to differential signaling // J. Leukoc. Biol. 2007. Vol.83, Iss.3. P.692—701. https://doi.org/10.1189/j1b.0807586

11. Mukherjee S., Huda S., Sinha Babu S.P. Toll-like receptor polymorphism in host immune response to infectious
diseases: A review // Scan. J. Immunol. 2019. Vol.90, Nel. Article number:12771. https://doi.org/10.1111/sji.12771

12. Joosten L.A., Abdollahi-Roodsaz S., Dinarello C.A., O'Neill L., Netea M.G. Toll-like receptors and chronic in-
flammation in rheumatic diseases: New developments // Nat. Rev. Rheumatol. 2016. Vol.12, Ne6. P.344-357.
https://doi.org/10.1038/nrrheum.2016.61

13. Medvedev A.E. Toll-like receptor polymorphisms, inflammatory and infectious diseases, allergies, and cancer // J.
Interferon Cytokine Res. 2013. Vol.33, Ne9. P.467-484. https://doi.org/10.1089/4ir.2012.0140

14. Barreiro L.B., Ben-Ali M., Quach H., Laval G., Patin E., Pickrell J.K., Bouchier C., Tichit M., Neyrolles O., Gicquel
B.,Kidd J.R., Kidd K.K., Alcais A., Ragimbeau J., Pellegrini S., Abel L., Casanova J.-L., Quintana-Murci L. Evolutionary
dynamics of human toll-like receptors and their different contributions to host defense // PLoS Gen. 2009. Vol.5, Ne7.
Article number:1000562. https://doi.org/10.1371/journal.pgen.1000562

15. Guimaraes L.O., Bajay M.M., Monteiro E.F., Wunderlich G., Santos S.E., Kirchgatter K. Genetic ancestry effects
on the distribution of toll-like receptors (TLRs) gene polymorphisms in a population of the Atlantic Forest, Sdo Paulo,
Brazil / Hum. Immunol. 2018. Vol.79, Ne2. P.101-108. https://doi.org/10.1016/j.humimm.2017.11.007

16. Quach H., Rotival M., Pothlichet J., Loh Y.-H.E., Dannemann M., Zidane N., Laval G., Patin E., Harmant C.,
Lopez M., Deschamps M., Naffakh N., Duffy D., Coen A., Leroux-Roels G., Clément F., Boland A., Deleuze J.-F., Kelso
J., Albert M.L., Quintana-Murci L. Genetic adaptation and Neanderthal admixture shaped the immune system of human
populations // Cell. 2016. Vol.167, Ne3. Article number:100024. https://doi.org/10.1016/j.cell.2016.09.024

17. Deschamps M., Laval G., Fagny M., Itan Y., Abel L., Casanova J.-L., Patin E., Quintana-Murci L. Genomic sig-
natures of selective pressures and introgression from archaic hominins at human innate immunity genes // Hum. Genet.
2016. Vol.98, Nel. P.5-21. https://doi.org/10.1016/j.ajhg.2015.11.014

18. Reher D., Key F.M., Andrés A.M., Kelso J. Immune gene diversity in archaic and present-day humans // Genome
Biol. Evol. 2018. Vol.11, Nel. P.232-241. https://doi.org/10.1093/gbe/evy271

19. Frascaroli G., Rossini G., Maltoni V., Bartoletti M., Ortolani P., Gredmark-Russ S., Gelsomino F., Moroni A.,
Silenzi S., Castellani G., Sambri V., Mastroianni A., Brune W., Varani S. Genetic and functional characterization of toll-
like receptor responses in immunocompetent patients with CMV mononucleosis // Front. Cell Infect. Microbiol. 2020.

138



bronnemens gusuonozuu u namonozuu Bulletin Physiology and Pathology of
Ovixanus, Boinyck 92, 2024 Respiration, Issue 92, 2024

Vol.10. Article number:386. https://doi.org/10.3389/fcimb.2020.00386

20. El-Nabi S.H., Sayed S., Abd-Elhafez M.A., Elfiky M., Abdel Moneim A.E., El-Garawani 1. Arg753GlIn polymor-
phisms in the toll-like receptor 2 gene are associated with cytomegalovirus infection in Egyptian bone marrow recipients
/ Endocr. Metab. Immune Disord. Drug. Targets. 2020. Vol.20, Neq, P.619-624.
https://doi.org/10.2174/1871530319666191018124710

21. Sezgin E., An P., Winkler C.A. Host genetics of cytomegalovirus pathogenesis // Front. Genet. 2019. Vol.10. Article
number:616. https://doi.org/10.3389/fgene.2019.00616

22. Redondo N., Rodriguez-Goncer 1., Parra P., Ruiz-Merlo T., Lopez-Medrano F., Gonzalez E., Polanco N., Trujillo
H., Hernandez A., San Juan R., Andrés A., Aguado J.M., Fernandez-Ruiz M. Influence of single-nucleotide polymorphisms
in TLR3 (rs3775291) and TLRY (rs352139) on the risk of CMV infection in kidney transplant recipients // Front. Immunol.
2022. Vol.13. Article number:929995. https://doi.org/10.3389/fimmu.2022.929995

23. Bulka C.M., Bommarito P.A., Aiello A.E., Fry R.C. Cytomegalovirus seroprevalence, recurrence, and antibody
levels // Environ. Epidemiol. 2020. Vol.4, Ne4. Article number:1000. https://doi.org/10.1097/e¢9.0000000000000100

24. Jabltonska A., Paradowska E., Studzinska M., Suski P., Nowakowska D., Wisniewska-Ligier M., Wozniakowska-
Gesicka T., Wilczynski J., LeSnikowski Z.J. Relationship between toll-like receptor 2 ARG677TRP and Arg753GIn and
Toll-like receptor 4 asp299¢gly polymorphisms and cytomegalovirus infection // Int. J. Infect. Dis. 2014. Vol.25. P.11-15.
https://doi.org/10.1016/5.1jid.2014.04.001

25. Kijpittayarit S., Eid A.J., Brown R.A., Paya C.V., Razonable R.R. Relationship between Toll-like receptor 2 poly-
morphism and cytomegalovirus disease after liver transplantation // Clin. Infect. Dis. 2007. Vol.44, Ne10. P.1315-1320.
https://doi.org/10.1086/514339

26. Beima-Sofie K., Wamalwa D., Maleche-Obimbo E., Lingappa J.R., Mackelprang R., Gantt S., John-Stewart G.,
Casper C., Slyker J.A. Toll-like receptor 9 polymorphism is associated with increased Epstein-Barr virus and cytomega-
lovirus  acquisition in  HIV-exposed infants //  AIDS. 2018.  Vol.32, Ne2.  P.267-270.
https://doi.org/10.1097/QAD.0000000000001680

27. Jablonska A., Jabtonowska E., Studzinska M., Kamerys J., Paradowska E. The TLR9 2848C/T polymorphism is
associated with the CMV DNAemia among HIV/CMV co-infected patients // Cells. 2021. Vol.10, Ne9. Article
number:2360. https://doi.org/10.3390/cells10092360

28. Ng M.T., Van't Hof R., Crockett J.C., Hope M.E., Berry S., Thomson J., McLean M.H., McColl K.E., EI-Omar
E.M., Hold G.L. Increase in NF-kappaB binding affinity of the variant C allele of the toll-like receptor 9 -1237T/C poly-
morphism is associated with helicobacter pylori-induced gastric disease // Infect. Immun. 2010. Vol.78, Ne3. P.1345-1352.
https://doi.org/10.1128/1A1.01226-09

29. Carvalho A., Osério N.S., Saraiva M., Cunha C., Almeida A.J., Teixeira-Coelho M., Ludovico P., Pedrosa J., Pitzurra
L., Aversa F., Romani L., Castro A.G., Rodrigues F. The C allele of rs5743836 polymorphism in the human TLR9 promoter
links IL-6 and TLR9 up-regulation and confers increased B-cell proliferation // PLoS One. 2011. Vol.6, Nell. Article
number:e28256. https://doi.org/10.1371/journal.pone.0028256

30. Mhandire D.Z., Mhandire K., Magadze M., Wonkam A., Kengne A.P., Dandara C. Genetic variation in toll like re-
ceptors 2, 7, 9 and interleukin-6 is associated with cytomegalovirus infection in late pregnancy / BMC Med. Gen. 2020.
Vol.21, Nel. Article number:10448. https://doi.org/10.1186/s12881-020-01044-8

31. Wujcicka W., Paradowska E., Studzinska M., Wilczynski J., Nowakowska D. Toll-like receptors genes polymor-
phisms and the occurrence of HCMV infection among pregnant women // Virol. J. 2017. Vol.14, Nel. Article number:730.
https://doi.org/10.1186/s12985-017-0730-8

32. Torki S.H., Naif H.M. Gene-polymorphisms in tell like receptors (TLR-2 and TLR-9) with cytomegalovirus infec-
tion in aborted women // TM.J. 2022. Vol.45, Iss.2. P.5815-5821.

33. Enders G., Daiminger A., Bader U., Exler S., Enders M. Intrauterine transmission and clinical outcome of 248
pregnancies with primary cytomegalovirus infection in relation to gestational age // J. Clin. Virol. 2011. Vol.52, Ne3. P.244—
246. https://doi.org/10.1016/.jcv.2011.07.005

34. Adonun A.A., JleskoBuy A.1O., JleskoBuu M.A., KpaBuenko JI.B. Ponb skcnpeccun TLR2, TLR6 u monumop-
(u3Ma MX IreHOB B Pa3BUTHH I'€HEPATM30BaHHOW [IUTOMETaJIOBUPYCHOM M TepreTHYeCKON HH(PEKIIMU Y HOBOPOXKIEHHBIX
nerelt // Menuuunckuii BectHuk FOra Poccuu. 2015. Ne3. C.24-27. https://doi.org/10.21886/2219-8075-2015-3-24-27

35. Njue A., Coyne C., Margulis A.V., Wang D., Marks M.A., Russell K., Das R., Sinha A. The role of congenital cy-
tomegalovirus infection in adverse birth outcomes: a review of the potential mechanisms // Viruses. 2020. Vol.13, Nel.
Article number:20. https://doi.org/10.3390/v13010020

36. Koga K., Mor G. Toll-like receptors at the maternal-fetal interface in normal pregnancy and pregnancy disorders
// Am. J. Reprod. Immunol. 2010. Vol.63, Ne6. P.587-600. https://doi.org/10.1111/j.1600-0897.2010.00848.x

37. Pudney J., He X., Masheeb Z., Kindelberger D.W., Kuohung W., Ingalls R.R. Differential expression of toll-like
receptors in the human placenta across early gestation // Placenta. 2016. Vol.46. P.1-10.
https://doi.org/10.1016/j.placenta.2016.07.005

139



bronnemens gusuonozuu u namonozuu Bulletin Physiology and Pathology of
Ovixanus, Boinyck 92, 2024 Respiration, Issue 92, 2024

38. Taniguchi R., Koyano S., Suzutani T., Goishi K., Ito Y., Morioka I., Oka A., Nakamura H., Yamada H., Igarashi T.,
Inoue N. Polymorphisms in TLR-2 are associated with congenital cytomegalovirus (CMV) infection but not with congenital
CMV disease // Int. J. Infect. Dis. 2013. Vol.17, Ne12. Article number:1304. https://doi.org/10.1016/5.1jid.2013.06.004

39. Fernandez-Ruiz M., Corrales 1., Arias M., Campistol J.M., Giménez E., Crespo J., Lopez-Oliva M.O., Beneyto 1.,
Martin-Moreno P.L., Llamas-Fuente F., Gutiérrez A., Garcia-Alvarez T., Guerra-Rodriguez R., Calvo N., Fernandez-Rod-
riguez A., Tabernero-Romo J.M., Navarro M.D., Ramos-Verde A., Aguado J.M., Navarro D. Association between individual
and combined SNPs in genes related to innate immunity and incidence of CMV infection in seropositive kidney transplant
recipients / Am. J. Transplant. 2015. Vol.15, Ne5. P.1323—-1335. https://doi.org/10.1111/ajt.13107

40. Eldar-Yedidia Y., Hillel M., Cohen A., Bar-Meir M., Freier-Dror Y., Schlesinger Y. Association of toll-like receptors
polymorphism and intrauterine transmission of cytomegalovirus // PLOS One. 2017. Vol.12, Nel2. Article
number:0189921. https://doi.org/10.1371/journal.pone.0189921

41. Paradowska E., Jabtonska A., Studzinska M., Skowronska K., Suski P., Wisniewska-Ligier M., Wozniakowska-
Gesicka T., Nowakowska D., Gaj Z., Wilczynski J., Lesnikowski ZJ. TLR9 -1486T/C and 2848C/T SNPs are associated
with human cytomegalovirus infection in infants / PLoS One. 2016. Vol.11, Ne4. Article number:154100.
https://doi.org/10.1371/journal.pone.0154100

42. Studzinska M., Jabtoniska A., Wisniewska-Ligier M., Nowakowska D., Gaj Z., Le$nikowski Z.J. Association of
TLR3 L412F polymorphism with cytomegalovirus infection in children // PLoS One. 2017. Vol.12, Nel. Article
number:169420. https://doi.org/10.1371/journal.pone.0169420

REFERENCES

1. Silva S., Ayoub H.H., Johnston C., Atun R., Abu-Raddad L.J. Estimated economic burden of genital herpes and HIV
attributable to herpes simplex virus type 2 infections in 90 low- and middle-income countries. PLOS Med. 2022;
19(12):1003938. https://doi.org/10.1371/journal.pmed.1003938

2. Barreiro L.B., Quintana-Murci L. Evolutionary and population (epi)genetics of immunity to infection. Hum. Genet.
2020; 139(6-7):723-732. https://doi.org/10.1007/s00439-020-02167-x

3. Sherwood E.R., Burelbach K.R., McBride M.A., Stothers C.L., Owen A.M., Hernandez A., Patil N.K., Williams
D.L., Bohannon J.K. Innate immune memory and the host response to infection. J. Immunol. 2022; 208(4):785-792.
https://doi.org/10.4049/jimmunol.2101058

4. Germic N., Frangez Z., Yousefi S., Simon H.-U. Regulation of the innate immune system by autophagy: Monocytes,
macrophages, dendritic cells and antigen presentation. Cell Death. Differ. 2019; 26(4):715-727.
https://doi.org/10.1038/s41418-019-0297-6

5. Fitzgerald K.A., Kagan J.C. Toll-like receptors and the control of immunity. Cel// 2020; 180(6):1044—-1066.
https://doi.org/10.1016/j.cell.2020.02.041

6. Fore F., Indriputri C., Mamutse J., Nugraha J. TLR10 and its unique anti-inflammatory properties and potential use
as a target in therapeutics. Immune Netw. 2020; 20(3):e21. https://doi.org/10.4110/in.2020.20.e21

7. Kemball C.C., Alirezaei M., Whitton J.L. Type B coxsackieviruses and their interactions with the innate and adaptive
immune systems. Future Microbiol. 2020; 15(9):1329—-1347. https://doi.org/10.2217/fmb.10.101

8. Akira S., Takeda K. Toll-like receptor signaling. Nat. Rev. Immunol. 2004; 4(7):499-511.
https://doi.org/10.1038/nri1391

9. Werling D., Jann O.C., Offord V., Glass E.J., Coffey T.J. Variation matters: TLR structure and species-specific patho-
gen recognition. Trends Immunol. 2008; 30(3):124—130. https://doi.org/10.1016/].it.2008.12.001

10. Farhat K., Riekenberg S., Heine H., Debarry J., Lang R., Mages J., Buwitt-Beckmann U., R6schmann K., Jung G.,
Wiesmiiller K.-H., Ulmer A.J. Heterodimerization of TLR2 with TLR1 or TLR6 expands the ligand spectrum but does
not lead to differential signaling. J. Leukoc. Biol. 2007; 83(3):692—701. https://doi.org/10.1189/j1b.0807586

11. Mukherjee S., Huda S., Sinha Babu S.P. Toll-like receptor polymorphism in host immune response to infectious
diseases: A review. Scan. J. Immunol. 2019; 90(1):12771. https://doi.org/10.1111/sji.12771

12. Joosten L.A., Abdollahi-Roodsaz S., Dinarello C.A., O'Neill L., Netea M.G. Toll-like receptors and chronic in-
flammation in rheumatic diseases: New developments. Nat. Rev. Rheumatol. 2016; 12(6):344-357.
https://doi.org/10.1038/nrrheum.2016.61

13. Medvedev A.E. Toll-like receptor polymorphisms, inflammatory and infectious diseases, allergies, and cancer. J.
Interferon Cytokine Res. 2013; 33(9):467-484. https://doi.org/10.1089/jir.2012.0140

14. Barreiro L.B., Ben-Ali M., Quach H., Laval G., Patin E., Pickrell J.K., Bouchier C., Tichit M., Neyrolles O., Gicquel
B.,Kidd J.R., Kidd K.K., Alcais A., Ragimbeau J., Pellegrini S., Abel L., Casanova J.-L., Quintana-Murci L. Evolutionary
dynamics of human toll-like receptors and their different contributions to host defense. PLoS Genetics. 2009; 5(7):1000562.
https://doi.org/10.1371/journal.pgen.1000562

15. Guimaraes L.O., Bajay M.M., Monteiro E.F., Wunderlich G., Santos S.E., Kirchgatter K. Genetic ancestry effects
on the distribution of Toll-like receptors (TLRs) gene polymorphisms in a population of the Atlantic Forest, Sdo Paulo,

140



bronnemens gusuonozuu u namonozuu Bulletin Physiology and Pathology of
Ovixanus, Boinyck 92, 2024 Respiration, Issue 92, 2024

Brazil. Human Immunol. 2018; 79(2): 101-108. https://doi.org/10.1016/j.humimm.2017.11.007

16. Quach H., Rotival M., Pothlichet J., Loh Y.-H.E., Dannemann M., Zidane N., Laval G., Patin E., Harmant C.,
Lopez M., Deschamps M., Naffakh N., Duffy D., Coen A., Leroux-Roels G., Clément F., Boland A., Deleuze J.-F., Kelso
J., Albert M.L., Quintana-Murci L. Genetic adaptation and Neandertal admixture shaped the immune system of human
populations. Cell/ 2016; 167(3):100024. https://doi.org/10.1016/j.cell.2016.09.024

17. Deschamps M., Laval G., Fagny M., Itan Y., Abel L., Casanova J.-L., Patin E., Quintana-Murci L. Genomic sig-
natures of selective pressures and introgression from archaic hominins at human innate immunity genes. Hum. Genet.
2016; 98(1):5-21. https://doi.org/10.1016/j.ajhg.2015.11.014

18. Reher D., Key F.M., Andrés A.M., Kelso J. Immune gene diversity in archaic and present-day humans. Genome
Biol. Evol. 2018; 11(1):232-241. https://doi.org/10.1093/gbe/evy271

19. Frascaroli G., Rossini G., Maltoni V., Bartoletti M., Ortolani P., Gredmark-Russ S., Gelsomino F., Moroni A.,
Silenzi S., Castellani G., Sambri V., Mastroianni A., Brune W., Varani S. Genetic and functional characterization of toll-
like receptor responses in immunocompetent patients with CMV mononucleosis. Front. Cell Infect. Microbiol. 2020;
10:386. https://doi.org/10.3389/fcimb.2020.00386

20. El-Nabi S.H., Sayed S., Abd-Elhafez M.A., Elfiky M., Abdel Moneim A.E., El-Garawani 1. Arg753GlIn polymor-
phisms in the toll-like receptor 2 gene are associated with cytomegalovirus infection in Egyptian bone marrow recipients.
Endocr. Metab. Immune Disord. Drug. Targets. 2020; 20(4):619-624.
https://doi.org/10.2174/1871530319666191018124710

21. Sezgin E., An P., Winkler C.A. Host genetics of cytomegalovirus pathogenesis. Front. Genet. 2019; 10:616.
https://doi.org/10.3389/fgene.2019.00616

22. Redondo N., Rodriguez-Goncer 1., Parra P., Ruiz-Merlo T., Lopez-Medrano F., Gonzalez E., Polanco N., Trujillo
H., Hernandez A., San Juan R., Andrés A., Aguado J.M., Fernandez-Ruiz M. Influence of single-nucleotide polymorphisms
in TLR3 (rs3775291) and TLRO (rs352139) on the risk of CMV infection in kidney transplant recipients. Front. Immunol.
2022; 13:929995. https://doi.org/10.3389/fimmu.2022.929995

23. Bulka C.M., Bommarito P.A., Aiello A.E., Fry R.C. Cytomegalovirus seroprevalence, recurrence, and antibody
levels. Environ. Epidemiology. 2020; 4(4):1000. https://doi.org/10.1097/e€9.0000000000000100

24. Jablonska A., Paradowska E., Studzinska M., Suski P., Nowakowska D., Wisniewska-Ligier M., Wozniakowska-
Gesicka T., Wilczynski J., Le$nikowski Z.J. Relationship between Toll-like receptor 2 ARG677TRP and Arg753GlIn and
toll-like receptor 4 asp299gly polymorphisms and cytomegalovirus infection. /nt. J. Infect. Dis. 2014; 25:11-15.
https://doi.org/10.1016/5.1jid.2014.04.001

25. Kijpittayarit S., Eid A.J., Brown R.A., Paya C.V., Razonable R.R. Relationship between Toll-like receptor 2 poly-
morphism and cytomegalovirus disease after liver transplantation. Clin. Infect. Dis. 2007; 44(10):1315-1320.
https://doi.org/10.1086/514339

26. Beima-Sofie K., Wamalwa D., Maleche-Obimbo E., Lingappa J.R., Mackelprang R., Gantt S., John-Stewart G.,
Casper C., Slyker J.A. Toll-like receptor 9 polymorphism is associated with increased Epstein-Barr virus and Cytomega-
lovirus acquisition in HIV-exposed infants. AIDS 2018; 32(2):267-270. https://doi.org/10.1097/QAD.0000000000001680

27. Jablonska A., Jabtonowska E., Studzinska M., Kamerys J., Paradowska E. The TLR9 2848C/T Polymorphism Is
Associated with the CMV DNAemia among HIV/CMV Co-Infected Patients. Cells 2021; 10(9):2360.
https://doi.org/10.3390/cells 10092360

28. Ng M.T., Van't Hof R., Crockett J.C., Hope M.E., Berry S., Thomson J., McLean M.H., McColl K.E., EI-Omar
E.M., Hold G.L. Increase in NF-kappaB binding affinity of the variant C allele of the toll-like receptor 9 -1237T/C poly-
morphism is associated with Helicobacter pylori-induced gastric disease. Infect. Immun. 2010; 78(3):1345-1352.
https://doi.org/10.1128/1A1.01226-09

29. Carvalho A., Osério N.S., Saraiva M., Cunha C., Almeida A.J., Teixeira-Coelho M., Ludovico P., Pedrosa J., Pitzurra
L., Aversa F., Romani L., Castro A.G., Rodrigues F. The C allele of rs5743836 polymorphism in the human TLR9 promoter
links IL-6 and TLR9 up-regulation and confers increased B-cell proliferation. PLoS One 2011; 6(11):¢28256.
https://doi.org/10.1371/journal.pone.0028256

30. Mhandire D.Z., Mhandire K., Magadze M., Wonkam A., Kengne A.P., Dandara C. Genetic variation in toll like re-
ceptors 2, 7, 9 and interleukin-6 is associated with cytomegalovirus infection in late pregnancy. BMC Med. Gen. 2020;
21(1):10448. https://doi.org/10.1186/s12881-020-01044-8

31. Wujcicka W., Paradowska E., Studzinska M., Wilczynski J., Nowakowska D. Toll-like receptors genes polymor-
phisms and the occurrence of HCMV infection among pregnant women. Virol. J. 2017; 14(1):730.
https://doi.org/10.1186/s12985-017-0730-8

32. Torki S.H., Naif H.M. Gene-polymorphisms in tell like receptors (TLR-2 and TLR-9) with cytomegalovirus infec-
tion in aborted women. 7.M.J. 2022; 45(2):5815-5821.

33. Enders G., Daiminger A., Bader U., Exler S., Enders M. Intrauterine transmission and clinical outcome of 248
pregnancies with primary cytomegalovirus infection in relation to gestational age. J. Clin. Virol. 2011; 52(3):244-246.

141



Bulletin Physiology and Pathology of
Respiration, Issue 92, 2024

Bionnemens pusuonozuu u namonozuu
Ovixanus, Boinyck 92, 2024

https://doi.org/10.1016/j.jcv.2011.07.005

34. Afonin A.A., Levkovich A.Y., Levkovich M.A., Kravchenko L.V. [The role of TLR2 and TLR6 gene expression
and polymorphism in the development of generalized cytomegalovirus and herpes infections in newborns]. Meditsinskiy
vestnik Yuga Rossii = Medical Bulletin of Southern Russia 2015; 3:24-27 (in Russian). https://doi.org/10.21886/2219-
8075-2015-3-24-27

35. Njue A., Coyne C., Margulis A.V., Wang D., Marks M.A., Russell K., Das R., Sinha A. The role of congenital cy-
tomegalovirus infection in adverse birth outcomes: a review of the potential mechanisms. Viruses 2020; 13(1):20.
https://doi.org/10.3390/v13010020

36. Koga K., Mor G. Toll-like receptors at the maternal-fetal interface in normal pregnancy and pregnancy disorders.
Am. J. Reprod. Immunol. 2010; 63(6):587-600. https://doi.org/10.1111/j.1600-0897.2010.00848.x

37. Pudney J., He X., Masheeb Z., Kindelberger D.W., Kuohung W., Ingalls R.R. Differential expression of toll-like
receptors in the human  placenta across ecarly gestation. Placenta 2016; 46:1-10.
https://doi.org/10.1016/j.placenta.2016.07.005

38. Taniguchi R., Koyano S., Suzutani T., Goishi K., Ito Y., Morioka I., Oka A., Nakamura H., Yamada H., Igarashi T.,
Inoue N. Polymorphisms in TLR-2 are associated with congenital cytomegalovirus (CMV) infection but not with congenital
CMV disease. Int. J. Infect. Dis. 2013; 17(12): 1304. https://doi.org/10.1016/;.1jid.2013.06.004

39. Fernandez-Ruiz M., Corrales 1., Arias M., Campistol J.M., Giménez E., Crespo J., Lopez-Oliva M.O., Beneyto 1.,
Martin-Moreno P.L., Llamas-Fuente F., Gutiérrez A., Garcia-Alvarez T., Guerra-Rodriguez R., Calvo N., Fernandez-Rod-
riguez A., Tabernero-Romo J.M., Navarro M.D., Ramos-Verde A., Aguado J.M., Navarro D. Association between individual
and combined SNPs in genes related to innate immunity and incidence of CMV infection in seropositive kidney transplant
recipients. Am. J. Transplant. 2015; 15:1323—1335. https://doi.org/10.1111/ajt.13107

40. Eldar-Yedidia Y., Hillel M., Cohen A., Bar-Meir M., Freier-Dror Y., Schlesinger Y. Association of Toll-like receptors
polymorphism and intrauterine transmission of cytomegalovirus. PLOS One. 2017; 12(12):189921.
https://doi.org/10.1371/journal.pone.0189921

41. Paradowska E., Jabtonska A., Studzinska M., Skowronska K., Suski P., Wisniewska-Ligier M., Wozniakowska-
Ggsicka T., Nowakowska D., Gaj Z., Wilczynski J., LeSnikowski ZJ. TLR9 -1486T/C and 2848C/T SNPs are associated
with human cytomegalovirus infection in infants. PLoS One 2016; 11(4):154100.
https://doi.org/10.1371/journal.pone.0154100

42. Studzinska M., Jabtoniska A., Wisniewska-Ligier M., Nowakowska D., Gaj Z., Le$nikowski Z.J. Association of
TLR3 L412F polymorphism with cytomegalovirus infection in children. PLoS One 2017; 12(1):169420.
https://doi.org/10.1371/journal.pone.0169420

Hughopmayus 06 agmopax:

Hpuna AnatoabeBHa AHIpUeBCKasi, 1-p ONoi. Hayk, mpodeccop PAH,
3aB. JJabopaTopueil MEXaHN3MOB ITHOIIATOTeHe3a U BOCCTAHOBHTEIBHEIX
IPOIIECCOB ABIXAaTEIBHON CUCTEMBI IIPH HECHELN(PUISCKIX 3200 IeBaHUIX
nerkux, denepaabHOE rOCyIapCTBEHHOE OIOKETHOE HAYYHOE YUPEexK-
neHue «/laabHeBOCTOUHBIH HAyYHBIH NEHTP (HH3HOJIOTHH U HaTOIOT UK
IBIXaHHsD); e-mail: irina-andrievskaja@rambler.ru, ORCID 0000-0003-
0212-0201

Erop MuxaiijioBu4 YCTHHOB, T1a00paHT-HCCICAOBATEb, Ta00PATOPUS
MEXaHH3MOB 3THONATOTe€HE3a H BOCCTAHOBUTENIBHBIX IIPOLIECCOB JbIXa-
TENIBHOH CHCTEMBI IPX HecTienu(IIecKuX 3a0oneBanmsIx 1erkux, deme-
pambHOE TOCYJApCTBEHHOEC OIO[UKETHOE HAydHOE  YUPEKACHHE
«/laTbHEBOCTOUHBII HAayYHBIH HEHTP (GU3HOIOTUH U MATONIOTHHU JbIXa-
HILD; e-mail: eustinov.asma@gmail.com, ORCID 0000-0002-6235-8732

Jluna AnatosnbeBHa I'accaH, KaH/l. MeJl. HAyK, HAy4YHbIH COTPYIHHUK, J1a-
GopaTopusi MOJICKYIISIDHBIX M TPaHCISALMOHHBIX HMccieoBanuii, Dene-
pajJibHOE  TOCYJAPCTBEHHOE  OIO[UKETHOE HAy4yHOE  YyupeXaAeHHe
«JlanbHEBOCTOUHBII HAayYHBIH LEHTP (HU3HOJIOTUH U IIATOJIOTHH JbIXa-
Hus»; e-mail: dani-shi@mail.ru, ORCID 0000-0003-3718-9962

Author information:

Irina A. Andrievskaya, PhD, D.Sc. (Biol.), Professor RAS, Head of La-
boratory of Mechanisms of Etiopathogenesis and Recovery Processes of
the Respiratory System at Non-Specific Lung Diseases, Far Eastern Sci-
entific Center of Physiology and Pathology of Respiration; e-mail: irina-
andrievskaja@rambler.ru, ORCID 0000-0003-0212-0201

Egor M. Ustinov, Research Laboratory Assistant, Laboratory of Mech-
anisms of Etiopathogenesis and Recovery Processes of the Respiratory
System at Non-Specific Lung Diseases, Far Eastern Scientific Center of
Physiology and Pathology of Respiration; e-mail:
eustinov.asma@gmail.com, ORCID 0000-0002-6235-8732

Dina A. Gassan, PhD (Med.), Staff Scientist, Laboratory of Molecular
and Translational Research, Far Eastern Scientific Center of Physiology
and Pathology of Respiration; e-mail: dani-shi@mail.ru, ORCID 0000-
0003-3718-9962

Iocmynuna 23.04.2024
Ipunama x newamu 13.05.2024

Received April 23, 2024
Accepted May 13, 2024

142



