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Momusayus u yenv: AHanU3 reHOMa U TPAHCKPUIITOMA PA3IMYHBIX TKAaHEH U KJIETOK, a
TaKXe PETYSATOPHBIX MEXaHU3MOB JKCIPECCHU T€HOB MpPEICTaBIsIeT 3HAYUTEIIbHBIN
WHTEpEC IS CCIeJ0BaTeNeH, MOCKONBKY HapyllIeHHE TPAHCKPUIIIUOHHON aKTUBHOCTH
T'CHOB BOBJICYCHO B [1ATOI'€HE3 MHOTOUMCIICHHBIX 3a00sieBaHuid. Ha ceronHsamHuii 1eHp
OMHKCHBIE TEXHOJIOTUH HAlUTH ITUPOKOE MPUMEHEHHE BO BCEBO3MOXKHBIX 00IACTIX
MPEIUKTUBHOW MEAUIIUHEI, K IPUMEpY, B pa3pab0TKe METOIOB TUArHOCTHKH, CTPATETHH
MPOTHO3UPOBAHUS ¥ MPOMMIAKTUKY PA3TUUHBIX 32a00JI€BaHNH, BKIIIOYAs! H aKyIIEPCKYIO
NATOJIOTUIO, TJ€ B KauyecTBE OJHOTO M3 OCHOBHBIX OOBEKTOB H3YyU€HHS BBICTYHAET
ianenTa. HeoO0Xoaumo OTMETHTh, YTO HW3yYCHHE MOJICKYJSIPHBIX MPOIECCOB,
MPOUCXOISIINX B IUIAICHTAPHON TKaHU M CBA3aHHBIX C TPAHCKPHUIIIUOHHOHN PErysiuei
TCHHOW SKCIPECCHM, pPAacCMaTpUBaeTCsl Ha CErOAHAIIHMI JeHb Kak Hauboiee
MEPCIEKTHBHOE HAaMpaBJeHUE JJs PACKPBITHA MaTO(QU3UOJIOTHHA OCIOKHEHHOTO
Te4eHUs] OEepeMEHHOCTH, WM B YAaCTHOCTH TaKOTO TsDKEIOro 3a0oJieBaHUS Kak
npesknammcus (I19). B cBs3u ¢ yeMm 1enpro Hamieidl paboThl OBIIO OXapaKTepHU30BaTh
NaTTePHbl TPAHCKPUNTOMA IIALICGHTAPHON TKAaHM M €€ OTACIbHBIX CyONoITyssiuid
KIETOK, chenuduunple A SKeHmMUH ¢ [ID W (QU3HONOTHYECKUM TedeHHeM
0epeMEHHOCTH U OLICHUTHb POJIb MOJMMOP(HBIX MapKepoB IeHoB, AuddepeHIratbHO
SKCHPECCUPYIOIIMXCA MpPU MaTOJIOTHYEKOHW W HOPMalbHOM OEpeMEeHHOCTH, B
(hopMHpOBaHUH CTPYKTYPHI TIPeApacIonoxkeHHocTy K [13.

Memoowvr u ancopummur: T1OTHOTEHOMHBIM aHAJIN3 OSKCIPECCHOHHBIX MPOQHIIEH
24 06pa3oB AUCTATBHON YacTH IUJIALIEHTapHOM TKaHU MauueHToK ¢ I130 u xeHummH c
¢usnosiornyeckoir OepeMeHHOCThIO (DPB) BBINOJHEH C IOMOIIBI TEXHOJOTHH
mukpountioB (HT-12 BeadChip v.4, [llumina). Ennanunsie nenunyansabie knetku (1K)
n kjetkn cuHiuruorpododbnacra (CTH) ObliM MOMydYEeHBI C MOMOIIBIO TEXHOJOTHU
nazepHoit mukpoxnuccekunnu («Laser Capture Microdissection») mpenapaToB TOHKHX
okparnreHHbIX cpe3oB. ToransHast PHK 1000 m3omupoBanubeix K u knerox CTh Obuta
BeesieHa HabopoM Single Cell RNA Purification Kit (Norgen). Cunres Oubanorex st
MOJTHOTPAHCKPUIITOMHOTO aHaim3a nposoamiics Habopom SMARTer Stranded Total
RNA-Seq Kit v2 (Takara). ['oToBbIe OMOTHUOTEKH OOBEIMHSITN B Iy M CEKBEHUPOBAIIH
Ha 1uiargopme Illumina Next-seq 500. J[lns noucka auddepeHInanbHO
skcrpeccupytonuxcs reHoB ([I317) Obu1 nemons30BaH MeTOT 0000IIEHHBIX JTHHEHHBIX
mogenelt (GLM) mporpammHuoro makera limma. OyHKIIMOHANBHBIA aHAIM3 KllacTepa
J3I', mpoBoawau ¢ mnomolbio BeO-mHCTpyMeHTa Molecular Signatures Database
(MSigDB). KoHcTpynpoBaHue TeHHBIX CeTeli MPOBOAMIN C HCIOJIb30BAaHUEM
nporpammel STRING 9.0.
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CymMapHblii 00beM BBIOOpKH JUIsl aHanu3a BapuabenbHoctd [HK, BrimroueHHO# B
uccienopanue, cocraBui 6osee 1000 >xeHIIMH, KOTOPBIC COTJIACHO TCUSHHUIO U HCXOJIaM
OepeMeHHOCTH OBUIM pasfeneHsl Ha rpynmy OompHBIX ¢ 1D (N = 721 den.) u
koHTposbHYyI0 Tpymnmy (N = 552 gen.). ['eHoTHIMpOBaHNE TOIMMOP(HBIX MapKepOB
(tagSNPs) 12" ocymectrisu ¢ nomomsio MALDI-TOF macc-criekrpomerpuu. st
CpaBHEHMs YacCTOT aUleJiel M TE€HOTUIIOB MEXIy aHaJIU3UPYEeMbIMH IpyIIaMu
MCTIIONB30BaNN Kputepwii > [lmpcona ¢ mompaBkoit Ueiitca mm JIBYCTOPOHHUI TOUHBIN
tecT @uiepa.

Pezynomamur: B mnanenTapHoil TkaHu 0OHApYyKeHO 63 reHa, CTATUCTUYECKH 3HAYHMO
muddepeHnranbHO  OKCIPECCUPYIOMMXCA  MEXAy mamueHTkamMu ¢ [1D  u
¢usnoIornYecKoi 0epeMEeHHOCTBIO. OyHKIMOHAIIbHAS aHHOTaLUs Jicly
CBUJICTENILCTBYET O psiic OMOJIOTMYECKUX MPOIECCOB, MTPAIOUIMX BAXKHYIO POJIb B
MOJIEKYJSIpHOM maroreHe3e IID: peakuuu, cBsS3aHHBIE C HMMYHHBIM OTBETOM,
MEXKJICTOYHBIM  B3aUMOICWCTBHEM, pEryJslUsl amonro3a M JIp. AHamu3
METa0OJIMYECKNX IyTeH, B KOTOpble BKIrOuUeHb! JIOI, ykaspiBaeT Ha BO3MOXKHOE
ydacThe B NaTOQU3MOJIOTMYECKHX MexaHu3zMmax [ID myTeil IUTOTOKCHYHOCTH,
obycrmoBnenHot NK-kieTkamu, TpaHCIHIOTETHATFHOW MHTPANAN JIEHKOIIUTOB U
CUTHAJIBHBIX MyTeH, onocpenoBaHHbIX akTBaTopaMu GTP-a3. [loxydyennas ¢ momouiso
0a3pl gaHHBIX «STRING» ceTh O€lIOK-OCIKOBBIX B3aUMOJCHCTBUI IMOATBEPIKIACT
B3aMMOCBSI3M MEXy T'€HaMH, BbISIBIICHHbBIE IIPU UCCICIOBAHUN OMOJIOTMYECKUX ITyTel
u mporeccoB. MHTrerpamus maHHBIX (QyHKIMOHaNRHON amHOTammu J[DI' m aHanmsa
CETEBBIX B3aUMOJICHCTBUI OENKOB, KOIUPYEMbIX STHMHU T'€HAMH, [TO3BOJIHIIA BBIACTUTh
Kkjactep HauOojee 3HaunMbIX DI, HacieacTBeHHAs BapuabelnbHOCTh KOTOPBIX ObLIa
H3y4YeHa Ha TEHOMHOM YPOBHE.

B gactHOCTH, CpaBHUTENBHBIN aHAIN3 PACIIPEICNICHNS YaCTOT ajljiesiell U TeHOTHUIIOB 85
noumMoppHeix MapkepoB (tagSNPS) manubix DI Mexay naruentkamu ¢ 1D u
skeHmrHaMU ¢ @b BeIsIBIIT accormanmto ¢ pazsutreM 110 27 momuMopdHBIX BApHaHTOB
cnenyrommx renoB: ANKRD37, BHLHE40, CORO2A, GPT2, HK2, INHA, LEP, LHB,
NDRG1, PLIN2, PPP1R12C, SASH1, SIGLEC6, SYDE1l u ZNF175. Heobxognumo
OTMETHTH, YTO OOJBIINHCTBO accouurpoBaHHbIX ¢ [1D tagSNPs cornacHo pesynbratam
aHaNM3a C WCIONb30BaHWEM OHIAWH pecypcoB HaploReg m RegulomeDB Obumn
JIOKAJIM30BaHbI B CATaX CBSI3bIBAHUS TPAHCKPUIIIIMOHHBIX (DAKTOPOB M UMEITH BBICOKUIA
perynsTopHeld noreHuMan. [laHHoe HaOMIOAEHME NPENCTaBIsIET OCOOBIH MHTEpEC B
KOHTEKCTE pe3yJbTaToB, MOJIYYEHHBIX B Psiieé HEJaBHHUX paboT, AEMOHCTPUPYIOINX
BAXHYIO pOJIb DETYISATOPHBIX YYaCTKOB IUTAllEHTApHBIX TE€HOB Kak B pPa3BUTHH
OCIIOKHEHHOT'O TeUeHUsI OEPEMEHHOCTH, TaK ¥ B OTHOILIEHHH MPEAPACIIONIOKEHHOCTH K
MHOXECTBEHHBIM ITOCTHATAJIbHBIM 3a00JIeBaHUSAM 4YelOBeKa. 1eM He MEHEee CTOHT
OTMETHTh, YTO, UCXOJS M3 COBPEMEHHBIX NPEICTABICHUH O KpaiiHe TeTepOreHHOM
KJIETOYHOM COCTaBE€ IUIAIIEHThI BBICOKO aKTyaJbHBI HCCIIEOBAHUA MO KapTHPOBAHUIO
TCHETHYECKHX BapHUAHTOB, OINPEIEISIOMINX 3KCIPECCHIO T€HOB B PAa3IMYHBIX THUIAX
KJIETOK IJIALIEHTHI IPY HOPMAJILHOHM U aTOJIOrMYECKOH OEpEMEHHOCTH.

Tax, B pe3yibTare NpoBeIeHHOI0 HAMH aHaJIu3a TPAHCKPUIITOMA Ha YPOBHE OTAEIBHBIX
CyOnOmyJISINi KIETOK TUIAIICHTApPHOW TKAHH BBISBICHBI 26 TEHOB, IKCITPECCHSI KOTOPBIX
CTATUCTUYECKH 3HauuMo pasznnuyaercss B kietkax CTb xenmun c¢ IID wu
($u3Hn0IOrHYeCKUM TedeHrueM OepemenHoct, u 35 JIOI" oonapyxkeno ms JIK. Kimacrep
J3I comepkuT HE TONBKO N3BECTHBIE T€HBI-KAHUIATHI, BBIABICHHBIE pAaHEE€ BO MHOTHX
3apyOeHBIX MMOJIHOT€HOMHBIX MCCIIeIOBaHUsX IMaueHThl (k npumepy, LEP, INHBA u
FLT1), no u noBeie rensl (AC098613.1, AC087857.1, FCRLB, TENM4, PTP4A1P7,
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LINC01225 wu pgp.), KOTOpblE MOTYT pPaccMaTpuBaTbCs B KadeCTBE HOBBIX
Oouonornueckux MapkepoB 10 u npeacTaBisIOT UHTEpEC A AajbHEHIIEro N3yUeHUsI.
Pesynprarer pynkunonansHON anHOTanuu D1 mokassiBaroT, uTo ¢ passutHeM [10 Ha
ypoBHe CTB Moryr OBITH CBSI3aHBI CHUTHAJBbHBIE IyTH PETYJSIHH TOPMOHAIBHOM
cekpeuund, MAPK-kackana, ERK1 u ERK2 kackanga, MOJIOXHUTENbHOW perysuus
KJIETOYHOW aare3ud W mpoimdepanuvi SHAOTENHANBHBIX KJIeToK. Hapsay c stum
OmoormuecKre MPOIeCChl, 3a/JeHCTBOBAHHBIE B MOJEKYJSpHBIN marorenes [ID Ha
ypoBHe JIK, CBsf3aHBI C CHHTE30M TaMMa-aMHHOMACISHOW KHCIOTBI U Pa3BUTHUEM
OKCHJATUBHOTO CTpecca.

Buvigoowi: Takum o00pazoMm, B TIpEACTaBIEHHOW paboTe OOHApyKEHBI HOBBIE
regerndyeckrue Mapkepbl I1D u mokazaHa 3HauMMas poJb PETYNATOPHBIX YYacTKOB
reHoMa 4YeJoBeKa B IIOJBEP)KEHHOCTH K JaHHOM maronoruu. Ha mpumepe 119
anmpoOWpOBaH CHUCTEMHBIM TOAXOA K TIOWCKY TEPCIEeKTHBHBIX OHOMapKepoB
TeCTallMOHHBIX  OCIOKHEHW, OCHOBAaHHBIH HAa  KOMOWHAIMM  TE€HOMHBIX,
TPAHCKPHUIITOMHBIX M OMOMH()OPMATHIECKUX METOMOB. DTO UCCIICAOBAHUE PACIIHPSIET
MIpeJICTaBICHUE O 3aJeicTBOBAaHHBIX B [ID MONEKyISpHBIX MEXaHU3MaX U MOXKET
CIYXHUTh OCHOBOW [UIsl Pa3pabOTKH TPOPUIAKTUIECKUX, MPOTHOCTHUECKUX U
TEpaneBTHYECKUX CTPATETHH B 00JIACTH EPCOHUPHUIIMPOBAHHOTO aKyIIEPCTBA.
Qunancuposanue. ViccnenoBaHue BBIOJHEHO 3a CUYET CPENCTB TOCYIapCTBEHHOIO
3amanus mo teme GHM Ne 122020200083-8.

Preeclampsia: a view on the pathogenesis of disease
through the prism of genomics and transcriptomics

Trifonova E.A.*, Babovskaya A.A., Zarubin A A., Svarovskaya M.G., Stepanov V.A.

Research Institute of Medical Genetics, Tomsk National Research Medical Center, Tomsk, Russia
* Ekaterina.trifonova@medgenetics.ru

Key words: transcriptome; genome; preeclampsia; RNA-seq; tagSNPs

Motivation and Aim: The significant interest to researchers is the analysis of the genome
and transcriptome of various tissues and cells as well as the regulatory mechanisms of
gene expression since disruption of the transcriptional activity of genes is involved in
the pathogenesis of numerous diseases. Today, omics technologies have found wide
application in various areas of predictive medicine. For example, in the development of
diagnostic methods, strategies for predicting and preventing various diseases including
obstetric pathology where the placenta is one of the main objects of study. It should be
noted that the study of molecular processes occurring in placental tissue and associated
with the transcriptional regulation of gene expression is considered today as the most
promising direction for revealing the pathophysiology of complicated pregnancy, and in
particular such a serious disease as preeclampsia (PE). In this regard, the goal of our
work was to characterize the transcriptome patterns of placental tissue and its individual
cell subpopulations specific to women with PE and the physiological course of
pregnancy and to evaluate the role of polymorphic gene markers differentially expressed
in pathological and normal pregnancy in the formation of the structure of predisposition
to PE.

Methods and Algorithms: Genome-wide analysis the expression profiles of 24 samples
the distal part of the placental tissue from patients with PE and women with normal
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pregnancy (NP) was performed using microarray technology (HT-12 BeadChip v.4,
lllumina). Single decidual cells (DCs) and syncytiotrophoblast cells (SCTs) were
obtained using laser microdissection technology (“Laser Capture Microdissection”) of
thin stained sections. Total RNA of 1000 isolated DCs and SCTs cells were extracted
using the Single Cell RNA Purification Kit (Norgen). For full transcriptome analysis the
library synthesis was carried out using the SMARTer Stranded Total RNA-Seq Kit v2
(Takara). The libraries were pooled and sequenced on the Illumina Next-seq 500
platform. The generalized linear models (GLM) method of the limma software package
was used to search for differentially expressed genes (DEGSs). Functional analysis of the
DEG cluster was performed using the Molecular Signatures Database (MSigDB) web
tool. Gene networks were constructed using the STRING 9.0 program.

The total sample size for the analysis of DNA variability included in the study was more
than 1000 women were divided into a group of patients with PE (N = 721 people) and a
control group (N = 552 people) according the outcomes of pregnancy. Genotyping of
polymorphic markers (tagSNPs) of DEGs was carried out using MALDI-TOF mass
spectrometry. To compare allele and genotype frequencies between the analyzed groups
were used Pearson's y* test with Yates' correction or Fisher's exact test.

Results: We found 63 genes that were statistically significantly differentially expressed
between patients with PE and physiological pregnancy in placental tissue.

The functional annotation of DEGs indicates a number of biological processes that play
an important role in the molecular pathogenesis of PE: reactions associated with the
immune response, intercellular interaction, regulation of apoptosis, etc. Analysis of
metabolic pathways in which DEGs are included indicates a possible participation in the
pathophysiological mechanisms of PE pathways cytotoxicity by NK cells,
transendothelial migration of leukocytes and signaling pathways mediated by activators
of GTPases. The network of protein-protein interactions obtained using the STRING
database confirms the relationships between genes identified in the study of biological
pathways and processes. Integration the functional annotation data and analysis of
proteins interactions encoded made it possible to identify a cluster of the most significant
DEGs with the hereditary variability at the genomic level.

Thus, a comparative analysis of the distribution frequencies of alleles and genotypes of
85 polymorphic markers (tagSNPs) DEGs between patients with PE and NP revealed an
association with the PE of 27 polymorphic variants of the following genes: ANKRD37,
BHLHE40, CORO2A, GPT2, HK2, INHA, LEP, LHB, NDRG1, PLIN2, PPP1R12C,
SASH1, SIGLEC6, SYDE1 and ZNF175. It should be noted that the majority of
associated tagSNPs were localized in transcription factor binding sites and had a high
regulatory potential according of analysis using the online resources HaploReg and
RegulomeDB. However, studies on mapping genetic variants that determine gene
expression in various types of placental cells during normal and pathological pregnancy
are highly relevant based on modern ideas about the extremely heterogeneous cellular
composition of the placenta.

As a result of our analysis of the transcriptome of individual subpopulations cells of
placental tissue 26 genes were identified. Expression these genes is statistically
significantly different in the SCTs of women with PE and the NP, and 35 DEGs were
found for DC. The DEG cluster contains not only well-known candidate genes
previously identified in many foreign genome-wide studies of the placenta (for example,
LEP, INHBA and FLT1) but also new genes (AC098613.1, AC087857.1, FCRLB,
TENM4, PTP4A1P7, LINC01225 and etc.), which can be considered as new biological
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markers of PE and interesting for further study. The results of functional annotation of
DEGs show that the development of PE at the level of SCTs may be associated with
signaling pathways regulating hormonal secretion, MAPK cascade, ERK1 and ERK2
cascade, positive regulation of cell adhesion and proliferation of endothelial cells. Along
with this, the biological processes involved in the molecular pathogenesis of PE at the
DCs level are associated with the synthesis of gamma-aminobutyric acid and the
development of oxidative stress.

Conclusion: Thus, in the presented work were discovered new genetic markers of PE
and was shown the significant role of regulatory regions of the human genome in
susceptibility to this pathology. Using the example of PE was tested a systematic
approach to the search for promising biomarkers of gestational complications witch
based on a combination of genomic, transcriptomic and bioinformatics methods. This
study expands our understanding of the molecular mechanisms involved in PE and may
serve as a basis for the development of preventive, prognostic and therapeutic strategies
in the personalized obstetrics.
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