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Role of WNT4, HOXA10 and TWIST1 genes
in the pathogenesis of external genital endometriosis
and uterine leiomyoma
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BACKGROUND: Uterine leiomyoma and endometriosis are the most common gynecological diseases in women of repro-
ductive age. A number of data indicate that there are common elements in the pathogenesis of these hyperproliferative condi-
tions. This article is devoted to comparative analysis of the role of the WNT4, HOXA10 and TWISTT genes in the development
of uterine leiomyoma and external genital endometriosis.

AIM: The aim of this study was to evaluate the frequency of polymorphic variants rs7521902 (WNT4) and rs4721745
(TWISTT) in patients with uterine leiomyoma, external genital endometriosis and in the comparison group; to determine the
frequency of rare allelic variants of the HOXA10 gene in patients with external genital endometriosis; and to study the expres-
sion of these genes in the endometrium in patients with uterine leiomyoma, EGE and in the comparison group.

MATERIALS AND METHODS: The polymorphic variants of the WNT4 and TWIST1 genes were studied by real-time PCR
in patients with external genital endometriosis, uterine leiomyoma and in the comparison group. In patients with EGE and
women in the comparison group, the second exon of the HOXA10 gene was sequenced. Real-time PCR with reverse transcrip-
tion analysis of the expression of the WNT4, TWISTT and HOXA10 genes in endometrial samples from the patients of the study
groups was performed.

RESULTS: The frequencies of polymorphic variants rs7521902 (WNT4) and rs4721745 (TWISTT) in patients with uterine
leiomyoma, external genital endometriosis and in the comparison group did not differ significantly. Minor alleles of the HOXAT0
gene were not identified in patients with external genital endometriosis. Expression of the WNT4 gene in the endometrium of
patients with external genital endometriosis was independent of menstrual cycle phase and was reduced by 1.9 times com-
pared to the endometrium of women with uterine leiomyoma. Expression of the HOXA10 gene in the endometrium of endo-
metriosis patients on days 20-23 of the menstrual cycle was significantly reduced compared to the women in the comparison
group. Expression of the TWISTT gene was not altered in the endometrium of patients with uterine leiomyoma and external
genital endometriosis.

CONCLUSIONS: We did not identify associations of the studied polymorphic variants of the WNT4 and TWIST genes and mi-
nor variants of the HOXA10 gene with uterine leiomyoma and external genital endometriosis. The expression of the WNT4 and
HOXA10 genes is reduced in the endometrium in patients with external genital endometriosis, but not in women with uterine
leiomyoma. Changes in expression patterns of the studied genes in the endometrium differ significantly in these two diseases.

Keywords: endometriosis; uterine leiomyoma; WNT4; HOXA10; TWIST1; gene polymorphism; expression.
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Aunanus ponu reHoB WNT4, HOXA10 v TWIST1
B NaToreHese HapyXHOro reHUTasbHOro
3HAO0METPUO3a U MUOMbI MaTKU
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06ocHosaHue. MuoMa MaTKM M 3HOOMETPMO3 — Haubonee pacnpocTpaHeHHble TMHEKoNoruyeckue 3aboneBaHuA
Y HKEHLUMH penpomyKTMBHOMO Bo3pacTa. PAQ AaHHbIX CBMOETENbCTBYET O HANWUMM 06LLMX 3NIEMEHTOB B MaTOreHe3e 3TUX
runepnponudepaTUBHbLIX COCTOAHMIA. PaboTa noceALLeHa CpaBHUTENBLHOMY aHanu3y ponu reHoB WNT4, HOXA10 v TWIST]
B Pa3BMTUM MUOMbI MaTKW U HapY*HOMO MEHWTANIbHOMO 3HAOMETPUO3a.

Llenb — oueHMTb YacToTy nonuMopHbIx BapuaHToB rs7521902 (ren WNT4) v rs4721745 (ren TWISTT) y naumeHToK
C MMOMOM MaTKM, Hapy*HbIM reHUTasIbHBIM 3HAOMETPUO30M U B IPYnne CPaBHEHMA; ONpeae/iuTb YacToTy peKuX annenb-
HbIX BapuaHToB reHa HOXA10 y NauMeHTOK C Hapy*HbIM reHUTaNbHbIM 3HAOMETPUO30M; U3Y4nTb 0COBEHHOCTM IKCNpeccUm
AaHHbIX FEHOB B 3HOOMETPUM Y NaLMEHTOK C MUOMOM MaTKK, HapyHHbIM FeHUTaNbHBIM 3HOOMETPUO30M U B rpynne cpaB-
HeHuA.

Mamepuanel u Memodel. Y NaLUEHTOK C HApPYHKHBIM reHUTaMbHBIM 3HAOMETPMO30M, MMOMOW MaTKW U B Ipynne cpas-
HEHMA METOJOM MOSIMMEPasHOM LiEMHOM peakuuMu B peanbHOM BPEMEHM ObiM MCCNeoBaHbl NOSIMMOPdHbIE BapUaHTbI
reHoB WNT4 n TWISTI. Y naumeHTOK ¢ HapyHbIM MeHUTaNbHbIM 3HAOMETPMO30M U KEHLUMH PYNMbl CpaBHeHUA 6bino
MpoBeeH0 CEKBEHWMPOBaHWE 3K30Ha 2 reHa HOXAT0. MeTogoM nonMMepasHOM LiEMHOM peakumu B peanbHOM BpEMEHM
C 0bpaTHOM TpaHCKpUNUMen NpoaHanuaupoBaHa aKkcnpeccua reHoB WNT4, TWISTT n HOXA10 B obpasuax aHAoMeTpuA na-
LIMEHTOK MccriesyeMbiX Fpymnn.

Pesynomamel. Yactota nonuMop¢Hbix BapuaHToB rs7521902 (reH WNT4) w rsh4721745 (ren TWISTI) y naumeHToK
C MUOMOW MaTKM, HapYXHbIM FEHWUTANbHBIM 3HOOMETPMO30M U B Ipynne CPaBHEHWA [OCTOBEPHO He OTiMyanac. MuHop-
Hble annenu HOXA10 He 6binK BbifBAEHbI Y HOMBbHBIX HApYHKHBIM FeHUTaNbHBIM 3HAOMETPMO30M. Kcnpeccusa reHa WNT4
B 3HOOMETPUM MALMEHTOK C HAPYHKHBIM MEHUTAIbHBIM 3HOOMETPUO30M He 3aBUCUT OT (asbl MEHCTPYaNbHOIO LIMKMA U CHU-
weHa B 1,9 pa3a no cpaBHEHMIO C 3HOOMETPMEM MKEHLUMH C MMOMOWM MaTku. Jkcnpeccua reHa HOXAT0 B 3HgoMeTpum
MaLMEHTOK C HapYHbIM FeHUTaNbHbIM 3HOOMETPUO30M Ha 20-23-1 [eHb MEHCTPYanbHOro LMKMA JOCTOBEPHO CHUMKE-
Ha N0 CPaBHEHMIO C XKEHLUMHAMW rpynnbl cpaBHeHnA. kcnpeccua reHa TWISTT He u3MeHeHa B 3HLOMETPUM NALMEHTOK
C MMOMOM MaTKU W HapyHbIM FeHUTasbHBIM SHOO0METPUO30M.

3aknioyeHue. Mbl He BbIABUAM accouMaLmMu UCCIeA0BaHHbIX NONMMOPOHLIX BapuaHToB reHoB WNT4 n TWIST n mu-
HOPHbIX BapnaHToB reHa HOXAT0 ¢ MMOMOW MaTKM W Hapy*KHbIM FreHUTaNbHLIM 3HAOMETPMO30M. JKcrpeccua reHos WNT4
n HOXAT0 cHvKeHa B 3HOOMETPUM Y NALMEHTOK C HAPYHKHbIM FEHUTANbHBIM 3HOOMETPUO30M, HO HE Y HEHLLMH C MUOMOM
MaTKW. VI3MeHeHWA B XapaKTepe 3KCNPeccuM B IHOOMETPUM U3YYEHHBIX FEHOB JOCTOBEPHO OTAIMYAIOTCA NPM 3TUX [BYX 3a-
boneBaHusXx.

KnioyeBble cnoBa: 3HAoMeTpno3; MuoMa Matku; WNT4; HOXA10; TWISTT; nonuMop@u3aM reHoB; aKcnpeccus.
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Y HR S -5 N R NOHA 103 [ 11 3% 3 /K 6 &
EES ETENBERAE B E T E NS,
2 R IR IR TE H RIS T-12 R B S 14- 1T R AN EH
20-23 R AR L B D £ ENIE R
RRE 233, & A FIH20-23K, A RE T
PN SR BB R R IS B R T R A 2 — 2

(p=0.0317) .

e

WFIEWNTA, TWISTIFHOXAIO 3N 7F 772 i
il 2 & 1A FHR IR AL WNTA (WntfF5 2
FRAC AR —) FIHOX10A ([FIYR & A FHAL0, H% )
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Se IR R AR A JG L B R IEH KB T
IR [12,13], HAt X FIE 5 A i i A Al
WRA AR A L EE (14, 15] . Y 2 AE AR R R TIR
WE9T, DARGWASERE e/, C&uEB1p364L i,
B HARHLE, WNT4RER A rs75219022 S R
KA AR B AR IS A S S A - LR R R
FH 2 I B B SNPZ— (5,16 - 18] GWAS KB 5 T
B RS E R R AR ORI 5 — ML 55 2 Tp13-pl5,
ZAL S S HOXATORE R [19] « HOX SR 5 3 [A] vy 5
TR5F, HOXATOK:RIA S A Z SNP, SR 1T, R4 — L
VEF Ui, 15 NESALE S, 785
BUR, T HE R H I b S R ) AR A AR S X
e AR S AE X IR AP VR B . X AR ok R e AT
T HOXA10 —ARFE RSB T[11, 19]. FATHFE IR =
WE BB DR R ZH ER 3 P HOXA10 AR FE K] A S -3
1T TP, LS RZFER M FE AR F,

TES AL B IR T8 NI R ALE A, R 2t
TN RARILTWISTIZER PR IA N ZEEAEN
Rz IEFE AR G E P Epithel ialmesenchymal
transition) FIHEINAILHHE RS TE M H A5 & [20]
2 I bz 18] 76 5 5 Ak 1) 4 i ] DL SR A5 T 41 i
FEIE, A 78 FUIRA BRI E Z R tERI 2414210,
R, TWISTIWIZR IR IR RN T8 Py i A i
Y0 PR e bR [22], HARYE ST T4 e
5 B SR ALRE A WL A A A BB £
AIREAESRIR M R R Al 5 s PR . bR 78
AT BESZ IR -5 P EAE AL IR R 28
PEAKITFR[20]. 7ESEZSE (FIUNAENED) Hd, —Lbg
MORTRER B EA I L B, Rk, 7E3A bz
Fe RS B LU, PR N B 5 PR (B
YA BB AR BRI, 0L 372 R
JEBITEE23] . WURLE T+ TWISTIE PR 2R A i
ST UZ24). FATERE T TWISTIEER I 22507
RrsAT217453 700, BN KREHARIZEZE
P55 BRI IR KBS A O, 1X 3R 1% %
B FIhREE X [25],

WF 5 R BN, K2 B b dse 20 2 1) fy 25 A 2L IR A
FRAFERR R 2 S AL S RA ST E R
SR, 2280 Brs7521902 (WNT4REERD) B8 17s S K]
AR AR AE AL A AR A5 I RS2 s 5 LR At
MR A 3 2 5, RS iR A, A
A7 R AR = 265, DLA/AFIA/CHE R N .
XLz G m (RS . AR, WNT4
FEHEMIX P25 (AEchrl: 2216423147 &

(GRCh38. p12) 55 Py s e A i i XU e %
{H AT B8 5 AN ZOiE AL/ B 7 1 PR 0 48 B R 1) R J&
BR, REARENARFEA A HERR X PP 2 72 1% 0
RN NHEZE.
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TE AL/ B R/ FG R 2 b B N
RRE B, BATEE KILHOXAT0— AR B 4
BT fR NS 5, T2 S 1HAR
F1s34957925F1rs560654095 1140 2 5 5] /8 4H T
5. K, AR TS 5, oA R
AR AR rsT521902 (WNTAER) Flrsd721745 (TWISTI
FERD GRS N5 S A B R
KATCHE, TAERATIREA, HOXAI0—AREEH 4
TRV NEA AR 5, BRI E e A
PR RE R R TG K

BERFENE, RECWASHEKEIFSL T
1p36F17p13p154L /5 LA KX WNTAFTHOXA 103 K 5
HETE R AN T E IR S ARE AN T B LR ) A R 22
(BRI DI, ARIX Fh OCTR i ARAE VT 2 W 9T R 45 2]
UESE. R, fEfIT R R —e SCEH, =OKH
VE# A R AETERS Y5 WIE S ARE AN N T4
FERI AL AR 2 (Al 2R [26), FHAELMEEAT I
WFFRIFSE | HOXA103E BRI SNP I Filvls B % J i AH
FME[1] . ATRE R A AR AR A F 5 P IR S E AN
T E N L 5 BT ST I SNP 2 R B TS5 11
BER, X LSNP A AT 3E s KA A
BRI H R

I 98 25 AL AR 7 B N R R 1 3R IR B 0L
BRILREE R WNTEE R RIS, 2/ TFEW
JBL SR N RE BB, AR T H & B IR B
TEF 5 PR S AALRE B 3 Ao R ZH R 22 57
EFENEEE R, RIE TP AN TFEN
Ji S ST E B 4H 1. 94 (p=0.0155) , {EbEfE
He A BHAR R B RS FIAE A, 3% 28 22 Sl
TR 225 FRATIIRAS BB I 3= B X B T HARAE &
5 S Fik, Buige N [27] FITulakZE A [28] &
IO R 2t H 28 F ARG 5 JA AN -0 3 1 2 P
HIFRIE A A . HREVE R [29] Gk TE % 5L
RIEF B WIE S AORE B3 T8 N IRR IE KT
Fez26%. SXIRAAMLL, FENUREE T2 N
W WNTA)ZRIE S A5 B A H 28 FE BRI AN [T A
Bk, WATRIREARIEARES H S5 1L, XA
] ATy SR A T R

HOXA 10 [R % b5 — F ) <7 1 % s R 7, 1% A
TR TFEAENNESETED Y K
HHEREEH, W& AN B N2 E bR E
Z—[13]. TaylorZE N R IH, EAERE Lok, HOXALO
FERTE 5 IR RIK, 720N L B 4h g
PIHERIE, MHRIEKPE W 2 Ty
PR R A2 Pl A (5N RS « 75
PN S S R 3 1 A R VA X Rk [ 1
hn030,31] . IX—&5 RALHANF A E W TAEFISE] T
TESE[32] o AREFRA B, 1575 W SARE,
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1EHZ JAMT-12 R 214-1TR, SRJ53120-23 R K
H1A], T B AR HOX I0AR) 227576 BRI R R,
JUE IR e 2 S AN T SE . ELECHT IR ZH S5 AE i As o b
FE NI SRALE 35 A EA20-23 K, FRATRIAH
P RS ALIE Lo Z L R R IE R % 12024
(p=0.0317) , BAGH¥E L.

fE—eFE RS, HOXAIOFERI) R ikt
AIREIR . A, RakovaZE N (331NN, 7ERLIE T
WL G vh, RIS LE JE ) S B B B, SRR
PEARLL, HOXATOBRERIZR A s> FA TR I
WU AN AR B 28 A5 I AL B3 H & SR
T-12K F= NI R NOHA 103E Rl 1 3 ik KT 2%
ZE 51 TEFRATIREAA, FRATAS AT RERF FTIXANFE A
(PR IEACTPAIE B AT R R ot H &
FEARAIB B, BRI, 2% B R AR s AT
DA IE SR S i S TR HOXA L0R) 26 34T e — N B R
LRI,

5, FITE TWISTIR I Fak, YERRHAE
A B A% AT B IR SR ARE AT B LR R AL
IR VER, FERATIFEEA T, TEAT A — BT 5
FRER VR B 2, T HAE AR AN T E R R
PLIE B3 TR A AR, X BT R B B
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