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MuoMa MaTkM — camasi yacTas [O0O6pOoKayeCTBEHHAs OMyXO/b Y >KEHLMH, NPEUMYLLECTBEHHO PEnpoAyKTMBHOrO BO3pacTa.
bonee Toro, yactoTa AaHHOM MAaToONOrMK B MONYNSLMU NPOAOIKAET PACTH, B TO BPEMS KaK BO3PACT MALMEHTOK HEYKOHHO
CHWxaeTcs. Ho HecMOTps Ha KONOCCanbHY0 pacnpoCTPAaHEHHOCTb 3TOro 3aboneBaHus, NnaToreHes ero A0 CUX NOp M3yyeH
He B NoniHoi Mepe. B 0630pe npeactaBneH aHanus nyb6amnkaumii, NOCBALWEHHbIX U3YYEHUIO MEXAHU3MOB POCTA U Pa3BUTUS
MMOMbI MaTKW, NpUBEAEHbI AaHHbIE O PONM Pa3nnyHbIX GakTopoB B ee 06pa3oBaHuK. PaccmoTpeHbl Haubonee nonynspHble
KOHLEeNuuu naTtoreHesa AaHHOro 3ab60/ieBaHUS, B COOTBETCTBMM C KOTOPbIMU BO3MOXHbBIMU MPUYUHAMKU PA3BUTUS MUOMA-
TO3HbIX Y3/10B SBNATCS NOBbILIEHNE YPOBHEN MOMOBbIX FOPMOHOB (3CTPOreHOB M MPOreCTUHOB), YCUEHHAs 3KCNPeccus ux
peLenTopoB, HapyLleHWe anonTo3a, Bo3aencTeMe GakTOpOB pocTa (TakMX KakK 3nuaepMabHblii GakTop pocTa, renapuHCBA3bI-
BAOLWMI 3NUAEPMANbHbIA GAKTOP pOCTa, KUCNOTHbIA M OCHOBHbIM (hakTopbl pocTa pubpobnactos, hakTop pocTa 3HAOTENUS
COCYOB, MHCYNMHOMOAOOHBIN dakTop pocTa, hakTop pocTa TPOMBOUWUTOB, TpaHCHOpPMUPYOLWMIA haKTOp pocTa-f, akTUBWH,
MWOCTaTKH), aHOMasbHOE OTNIOXEHME BHEK/IETOYHOIO MaTPUKCA, AefCTBME reHeTUYeCKMX (pas3fiMuHble XpOMOCOMHble abeppa-
unm u pedekT reHa MED12) v snureHeTMYeCcKUX MexaHM3MoB (Takux Kak pencteme MMkpoPHK), HapyLeHne KpoBOCHabxeHus
MUOMeTpUS U anudPepeHLUNPOBKM ero KNeTok n3 f06aBOYHbIX NOMynsuMi CTBONOBLIX KneTtok. OTMeyaeTcs, YTo natoreHes
[laHHOM naTtonoruu TpebyeT fanbHeWLIero AeTanbHOrO U3yYeHUs, MOCKObKY NOHMMaHWe NpOLLECCOB, MPUBOASLLMX K ee pas-
BMTUIO, BO MHOrOM Mor/0 6bl CNocO6CTBOBATH YCOBEPLUEHCTBOBAHMIO TAaKTUKK IEYEHUS NAaLMEHTOK U, BO3MOXHO, MO3BOUTb
pa3paboTaTb npodunakTUieckue MeponpuaT1a Ans NpeaoTBPaLLEHUS PA3BUTUS MUOMbI.
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Uterine myoma is the most common benign tumor among women which affects mainly those of reproductive age. Moreover,
the frequency of emergence of this pathology in population is growing while the age of patients is steadily decreasing.
Despite the enormous prevalence of this disease, its pathogenesis has not been studied properly. This article is concerned
with an analysis of publications devoted to the study of the mechanisms of growth and development of uterine fibroids,
it provides some data on the role of various factors in its extension. The article concerns the most popular concepts of the
pathogenesis of this disease according to which the illness may be caused by increased levels of sex hormones (estrogens
and progestins), enhanced expression of their receptors, impaired apoptosis, the effect of growth factors (e. g. epidermal
growth factor, heparin-binding epidermal growth factor, acid and basic fibroblast growth factors, vascular endothelial
growth factor, insulin-like growth factor, platelet-derived growth factor, transforming growth factor-, activin, myostatin),
abnormal deposition extracellular matrix, genetic (chromosomal aberration and various MED12 gene defect) and epigen-
etic mechanisms (such as action microRNA), circulatory disorders and impairment of cell differentiation from a population
of accessory stem cells. However, it is noted that the pathogenesis of this pathology requires further detailed study, as
the understanding of the processes leading to its development could greatly contribute to the improvement of the tactics
of treatment and possibly allow to elaborate some preventive measures to avert the development of fibroids.

Keywords: uterine myoma; pathogenesis; apoptosis; growth factors; steroid hormones.

Mpuoma MaTKH, TakKe 4acTo HasblBaeMas JEHOMHO-  TaJKUX MBI MUOMETpHUs. DT0 Hanbolee pacnpocTpa-
MOH, TpEACTaBIsIET cO00M TOOPOKAYECTBEHHYI0O MOHO- HEHHOE HOBOOOPA30BaHHE y JKCHIIMH PENpPOIYyKTUBHO-
KJIOHAJIbHYIO OIyXOJIb, KOTOpasi pa3BUBACTCS U3 KJIIETOK IO Bo3pacTa M auarHoctupyercss y 30-35 % mnanmen-
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ToK [7, 13]. B 30 % cinyyaeB MHOMa MaTku CTAHOBUTCS
CHUMIITOMHOH, YTO TIPOSIBISIETCS Ta30BBIMH OOJISIMHU,
OecrutomyieM, HEONAarONMPHUATHBIM  PENPOAYKTHBHBIM
IIPOTHO30M M MATOYHBLIMU KPOBOTCUCHUAMU, 3a4aCTYIO
MMPpUBOAAIIIMMH K aHCMUMU. PasButne cuMnToMoB npu
JTAHHOW TATOJIOTMW 3aBUCHT OT JIOKAIM3AlUM W pas-
MEpOB OITyXOJIM, HO Yallle BCEro sipKas KIMHHYECKAas
KapTUHA HaAONIONETCS TP aTHIWYHBIX JIOKAJIH3AINIX
y3710B OobIIMX pa3MepoB. CaMblii 4YacThbIid CITyTHUK
MHOMBI MaTKu — OOJICBOW CHUHJIPOM, KaK MpPaBUIIO, OH
MIPOSIBIISIETCST BTOPUYHON JTMCMEHOPEeH, CXBaTKOOOpas-
HBIMH OOJISIMH TTPH CYOMYKO3HOM PacIIONIOKEHUH y3I1a,
0O0JIIMHU HOIOIIIETO XapakKTepa MpH ObICTPOM poCTe y3ia,
ero OONBIIMX pa3Mepax, TAKKE IMPH MEKCBI30YHOM
PACIIONIOKEHUH OITYXOJIH, CIIABICHHUA COCEIHUX Opra-
HOB, JICTCHEPATHBHBIX W3MCHEHHSX B y3JIeé U COIYT-
CTBYIOIIIMX BOCTIAJIUTENBHBIX 3a00JIEBAHNSAX TEHUTAIHH.
B peE3IYNbTATE pa3BUTHUA BbIIICYKA3aHHBIX CHUMIITOMOB
MHOMa MAarKd, IO JaHHBIM Pa3JIMYHBIX HCTOYHUKOB,
CTaHOBHTCS TPUYMHONH HOMEP OJHMH IS TPOBEICHHUS
ructepakromuu [3, 22, 30].

JlokazaHo, 9TO0 0Opa30BaHUIO MHUOMBI MATKH CIIO-
COOCTBYIOT OIpe/esieHHbIe (aKTOPhl, TAKUE KaK paH-
HEe MEHapxe, OTCYTCTBUE OCpeMEHHOCTEH U pOJOB
B aHamHe3e, IO3JHUN PEeNMpOAyKTUBHBIA BO3PACT,

HapylIeHUsT MEHCTPYaJbHOTO IHMKJIA (XpOHHUYECKas
AHOBYJIAIHMS, JUCMEHOpes), yrnorpeOneHne KodenHa
1 AJKOTOJIs, OXHPEHHE U BBICOKOE KPOBSIHOE AaBJe-
Hue [3, 26].

[ToBcemecTHass pacnpoCTpaHEHHOCTh MHUOMBI Mart-
KM Yy JKCHIIMH HEW30€XHO CTaBUT IEped YUYCHBIMU
BOIIPOC O IaToreHe3e 3aboyieBaHus, HO, HECMOTPs
Ha OIPOMHOE KOJIMUYECTBO IIOCBSILEHHBIX 3TOH TEeMe
paboTt, ocTaeTcss MHOTO HEM3yYEHHBIX aclekToB [22].

Ha puc. 1 mpeacraBieHa TumoTeTHveckas cxema
MaTOTeHEe3a MAaTKU Ha OCHOBE M3JIOKCHHBIX HIKE TEO-
puii pa3BUTHS MHUOMBI Marku [3].

OpnHa U3 caMBIX paclpOCTPAHEHHBIX TUIIOTE3 MaTo-
reHe3a MHOMBI MaTKH CBSi3aHa C YPOBHEM TOPMOHOB
SIMYHUKOB M M3MEHEHHEM 3KCIPECCHH TOPMOHAJIBHBIX
penentopoB [2]. Panee ObUTO MPUHSATO CBA3BIBATH MHU-
OMY MaTKH NPEUMYIIECTBEHHO C AEHCTBHEM 3CTpOre-
HOB. B pe3ynbrare MHOKECTBa KIMHUYECKHUX UCCIIEN0-
BaHM OBIJIO BBISBICHO, YTO TKAHb MHUOMBI COICPKHT
OoJiplIee KOJIMYECTBO PELENTOPOB U JAaHHOTO TOp-
MOHA HEXEJH 310pOBasi TKAHb MHUOMETPHs, a IpUMeE-
HEHHE aHTaroOHUCTOB TOHAJIOTPOITUH-PHIN3HHT-TOPMO-
Ha JIOCTOBEPHO YMEHbLIAeT 00beM omyxoiu. JlokazaH
TaKke TOT (PaKT, YTO y MAaUEHTOK C AUArHOCTUPOBAH-
HOW MHOMOM MaTKH HEPEIKO BBISBIISETCS MOBBILICHHAS
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Puc. 1. TunoteTnyeckaa cxema natoreHesa MMOMbl MaTKM
Fig. 1. Hypothetical pathogenesis of uterine fibroids
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apoMaru3alus TECTOCTEPOHA B 3CTPAIUON B JKUPOBOU
tkanu. OmnHako J.Y. Wong et al. mokazamm, 4TO BBHI-
COKHE YPOBHH TECTOCTEPOHA, apOMATHU3UPYIOLIETOCH
B 3CTPaMOI, U CaMOTO 3CTPaaNoJia MOBBIIIAIOT PUCK
pa3BUTHSL TOJBKO BIIEPBbIE BO3HUKAIOLIEH MHOMBI,
a peLuIUBBl MUOMBI, HAlIPOTHUB, CBA3AaHbBI C MOHM)KEH-
HBIM YPOBHEM 3TUX ropmMoHoB [3, 30].

Ponp scTporena B maroreHe3e MHOMBI MAaTKH He-
OCIiopuMa, OJIHAKO B IOCIIEHEe BpeMs Bce Ooblias
POJIb OTBOJUTCA JIEHCTBUIO MTPOTECTEPOHa. DTO CBSI3aHO
C TEM, YTO, 110 JaHHBIM PA3JIMUYHBIX HCCIEAOBAHNM, ITHK
HanOoJee aKTUBHOIO POCTa MHUOMATO3HBIX Y3JIOB IIPHU-
XOIIUTCSA HA CEKPETOpHYIO (pa3y IMKIAa, B 3TOT MOMEHT
B MHOME BO3pPaCTacT MHUTOTUYECKAas aKTUBHOCTH [22].
Beiio  Takxke OOHApyKEHO YBEIMUCHHE PELENTOPOB
MIPOreCTepOHa B MUOME MATKH 10 CPaBHEHUIO C HOp-
MatbHBIM 3HIoMeTpueM [11]. B.E. Pamsunckmii otme-
YaeT, 4TO MPOTreCTepOH WUIpaeT KIIOUEBYIO pPOJb B pas-
BUTHH MOJIEKYJIAPHO-TEHETHUECKUX HapylieHun [5].

OpHako € TE4YeHHWEM BPEMEHU CTajlo0 MOHATHO,
YTO JEMCTBHE 3CTPOT€HAa W MPOrecTepoHa B pa3BU-
TAW MHOMBI MaTKH SIBJISIETCS B3aMMOIOTIOIHSIOIINM.
B HOpMaJIbHOM TKaHU MHOMETpHUS BO BpPEMsI OBYJIS-
TOPHOTO IUKJIA 3CTPAIHONl CTUMYIUPYET BBIPAOOTKY
PELENnTOPOB MOJOBBIX TOPMOHOB M (aKTOPOB POCTA,
a HapacTalue KOHIEHTPALUU IPOTECTEpOHA IIpH-
BOJAT K Pa3BUTHUIO TUIEpIUIaZuu Muomerpus. Jlei-
CTBYET MPOTeCTEPOH ONOCPEIOBAHHO Yepe3 CBOM pe-
uentopsl — A (Onoxupyromue) u B (addexropusie),
OHHM PaBHOMEPHO pacHpeiesieHbl B TKAHM MHOMETPHS,
U B HOpME, €ciii OEpeMEHHOCTb HE HACTYIAeT, ypo-
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Hepenaqa CUTHAJIOB MEXKY KIETKaMH JIGHOMHOMBI U BHEKJIETOYHOTO MaTpuKca
<

BEHb MPOreCTEPOHA HAYMHACT CHUKATHCSA U BKITIOYA-
IOTCSl MEXaHHM3MBbI aronTo3a. AINONTO3 CHOCOOCTBYET
MOJIeP)KaHNI0 HOPMAJIbHOTO OObeMa MaTku, Oe3 ee
YBETUYCHHSI CO BpeMeHeM [8, 9].

N.C. CupopoBa u 1p. OTMEUAIOT, YTO IIOJOBBIC
TOPMOHBI TOMHMO YKAa3aHHBIX BbIIIEe (YHKIHHA TaKKe
MOT'YT BIMSTH Ha TPOIECCHI arloNTo3a, MOBBIMAS JKC-
MPECCHI0 TOPMO3SIIET0 arolTo3 CIENUATBHOTO IMPOTe-
uHa Bcl-2 [11]. Takum o0pazom, 3a cUeT HapyIICHUS
MIPOLIECCOB aIoNTO3a B MHUOMETPUH HAKATUTUBAIOTCS TIO-
BPSKJICHHBIC KJICTKH, TIOJ JICHCTBHEM TIOJOBBIX TOPMO-
HOB W Pa3IMYHBIX TMPEIpacIIofiaralonmx (HakTopoB OHH
CIOCOOHBI TIPE0OPa30BbIBAThCS B MHOMATO3HBIA Y3€Il.
OnHako Ha JaNBHEUIIMN POCT MHUOMBI HAUUHAIOT BO3-
JICUCTBOBATh HECKOIIBKO MHBIC MEXAHU3MBI, a TMOJOBbIC
CTEpOUIbI, BEPOSTHO, OTXOAAT Ha BTOpoi 1utad [8—10].

JlokazaHo, 4TO MHOMa MarKH Oorara KOJIIareHOM,
(pUOPOHEKTHHOM, MPOTEOIIMKAHAMH W JIAMUHHHAMH,
CrOCOOHBIMU BBI3BIBATH AKTHUBAIMIO CHUTHAJBHBIX IIy-
TeH, TAKUX KaK MyTh MUTOICH-aKTHBUPYEMOH MpoTe-
WHKHMHA3bl, ¥ MPUBOJUTh K YCHJICHHIO CHHTE3a BHE-
KJICTOYHOTO MaTpHKCA, CJICACTBHEM Yero CTaHOBSITCS
KJICTOUHBIE OTBETHI, KOTOPHIC YYacTBYIOT B IaTOTCHE3e
W Tiepeliadye CUTHAIOB MEXAY KIETKAaMH JICHOMUOMBI
M BHEKJIETOYHBIM MarpukcoMm. M.S. Islam et al. Tak-
e OTMEYaloT B CBOe paboTe B3aMMOCBSI3b pPOCTa
U pa3BUTHA MUOMBI MAaTKu C I/I36I)ITO‘IHI)IM CHHTC30M
BHeKjIeTouHoro Mmarpukca (puc. 2). Ilog neiictBuem
(hakTopoB pocTa, TAKUX KaK aKTUBUH-A, TpaHchopmu-
pyromuit dakTop pocra-pl, Tpanchopmupyromuii dak-
TOp pocta-B3, TpoMOOLUTAPHBIN (aKTOP POCTa, TOBBI-
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Fig. 2. The role of extracellular matrix in uterine fibroids development
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LICHHYIO 9KCIPECCHIO KOTOPBIX OTMEUAIOT Pa3IdYHbIC
aBTOPBI, HAOIOIACTCS TOBBIIICHHOEC OTIOKCHHUE BHE-
KJIETOYHOTO MAaTpHKCa, a TaKXKe ITUTOKWHOB ((akxTop
HEKpO3a OITyXOJIH-0l), CTEPOMIHBIX TOPMOHOB (3CTPO-
reH u nporecrepon) u MUKpoPHK (miR-29, miR-200c
1 miR-93 / 106b). imeHHO BBICOKOE COJiepKaHUE BHE-
KJICTOYHOTO MATPUKCA UTPACT KIFOYEBYIO POJb B TOSIB-
JICHUW OCHOBHBIX CUMIITOMOB MHOMBI MaTKH: aHOMAaJTb-
HBIX KPOBOTCUEHHMH M Ta30BbIX Oouieit [16, 19].

M. Wolanska et al. yka3piBaroT Ha CtocOOHOCTB (hak-
TOPOB POCTa MOMYJIUPOBATh JCHCTBUE ICTPOTCHOB, KO-
TOpBIE B CBOIO OUepe/lb CTUMYJIHPYIOT X CUHTE3 [29].
Takum 00pa3oM, B MHOME MAaTKH IPEAIOIOKHTEIHEHO
MOT'YT UMETh MECTO MOCTOSIHHASI CaMOCTHMYITUPYIOIIAs
nponudeparys u TUIEPIUIa3usl, CBA3aHHAs C IHPKYIIs-
el MONOBBIX TOPMOHOB M CHHTE30M (DaKTOPOB POCTA.

P. Ciarmela et al. paccmoTpenu BIusSHIE HA MUOMY
MaTKH HEKOTOPBIX (hakTopoB pocta [16], npencrasieH-
HBIX B TaOJHIIE.

Ponb dakTopoB pocTa B natoreHese MMOMbl MaTKu
The role of growth factors in uterine fibroids pathogenesis

KpoBooOpaiienne Takke HUrpaeT HEMaJOBAXKHYIO
poib B pa3BuTHH MHUOMBL. llepdy3ust B HOpManbHOM
MHOMETPHH BO BpeMs CEKpeTOpHOW (asbl HIDKE, ueM
B nponudeparuBHOi ¢aze. Bo Bpems mponudeparus-
HOW (a3l pa3BUBAIOTCS HEOOJBIIME COCYAbI, B TOM
YHCcJe CNUpaJbHbIE M NPSMBIC apTEpUObl BO BHY-
TpeHHeM ciioe Muomerpusa. Kpome toro, yBenuuenue
YPOBHEH ACTpajioNa B ChIBOPOTKE W CHIIKCHUE MH-
KPOCOCYIHMCTOH PE3UCTEHTHOCTH BO BpeMs mpoiude-
paruBHOH (a3l ycunuBaioT KpoBoTok. N. Takahashi
et al. B cBoeil pabore ucciegoBaJid KPOBOTOK B Ma-
TOYHOM apTepuu y JKCHLIMH C MHOMaMu U 0e3 HuX,
B pe3ylbTaTe 4ero ObUIO BBISBICHO YBEIWYECHUE KPO-
BOTOKa B MAaTOYHOW apTepHH y JKCHIIMH C TUarHo-
CTHPOBAaHHOM MUOMOHN MaTku. McciaenoBanus curxana
ASL (arterial spin labeling, mMeueHue aprepuambHBIX
CIIMHOB) OTPENEIHIO, YTO MHOMATO3HBIA y3€d CIIo-
coOeH BBI3BIBATH JMCOAIaHC pACIpEeNIeHUs] KpPOBH
B MuOMeTpuHu. [lOBBIIICHHBIH aHTHMOI€HE3 CBS3aH

Tabnuua / Table

®daxkrtop pocra /
Growth factor

BiusiHMe HAa TKaHb MHOMETPHS U Pa3BUTHE MHOMBI /
Effect on myometrial tissue and fibroid development

(haxTop pocta
¢hubpobractos /
Acidic fibroblast
growth factor,

¢dakTopa pocra [16] /

Dnujiepmalib- EGF usbuparensro crumynupyet cuate3 JHK v nmonunimonn3anuio B TaJKOMBIIICYHBIX KICTKAX

HBIH (akTop JIeHOMHOMBI IIOCPEJICTBOM BpeMEeHHON akTuBaruu nytu penentop EGF —MuToren-aktuBnpyemas mpoTenHKH-
pocra / Ha3a, 4TO CIIOCOOCTBYET Pa3BUTHIO JICHOMUOMBI MaTKH [23] /

Epidermal EGF selectively stimulates DNA synthesis and polyploidization in smooth muscle cells of leiomyoma, by tem-
growth factor, porarily activating the EGF receptor—mitogen-activated protein kinase receptor, which contributes to the
EGF development of uterine leiomyoma [23]

l'emapuHcBs- HB-EGF cBsi3piBaeTCs ¢ perenTopoM 4eIoBEUYeCcKOro anuaepmaibHoro gpakropa pocta-1 (HERI1), ypenuunpa-
3BIBAIONINIA JIU- | €T er0 AKCIPECCHI0 U CTUMYJIMPYET Mpoiudepaio KJISTOK JISHOMHUOMBI M KJIETOK HOPMaJIbHOI'O MHOMETPHS,
JiepMalibHBIHN a Tak)Ke MHruoupyeT ux amontos [16, 27] /

¢paxtop pocra / | HB-EGF binds to the receptor for human epidermal growth factor-1 (HER1), increases its expression and
Heparin- stimulates the proliferation of leiomyoma cells and normal myometrium cells, as well as inhibits their apopto-
binding EGF, sis [16, 27]

HB-EGF

KucnoTHsrii Kax u ocTanbHble IpeICTaBUTENN JaHHOHM T'PyNIbl (AaKTOPOB POCTA, TENAPUHCBI3BIBAIONINI OCIOK, CTUMYJIHU-

pyer cunte3 JJHK u perymupyet poct u auddepeHnnpoBKy KiaeTok depe3 cBoii peuentop (FGF-R), cBs-
3aHHBIH C THPO3MHKHMHA30H. BO BpeMs pocTa omyxosin 0OHapy>KMBACTCS MOBBILICHHAS SKCIIPECCUs JaAHHOTO

It is heparin-binding protein as well as the rest of the representatives of this group of growth factors. It

(hakTOpEI pocTa
¢ubpobdiacros /
Basic fibroblast
growth factor,
FGF-2

FGF-1 stimulates DNA synthesis and regulates cell growth and differentiation. It acts through its receptor (FGF-R),
associated with tyrosine kinase, on the regulation of cell growth and differentiation. During tumor growth,
increased expression of this growth factor is detected [16]

OCHOBHBIH FGF-2 nmoBbIIaeT 3KCIPECCHIO COCYIUCTO-IHI0TEIHAIBHOr0 (GakTopa POCTa U IPOSIBISICT CHHEPTU3M

C HUM B IIpoliecce aHTHoreHesa. Haxoaurces Bo BHEKIETOYHOM MAaTPHKCE M PEryIUpPyeT MPOAYKIUIO
KOJIJIaT€Ha3bl, aKTUBATOpa IUIa3MHHOTEHA, BIMSICT Ha SKCIPECCUIO0 MOJICKYJI KJIIETOUHOH aare3un. BepostHee
BCEro, OCHOBHOW MEXaHU3M JEHCTBUS JJAHHOTO (PaKTOpa pocTa B ITaTOTCHE3€ MHUOMBI CBS3aH C y4acCTHEM

B IIEPECTPOIlKe BHEKJICTOYHOI'0 MAaTPHUKCAa U CTUMYJIsIHK aHTHoreHesa [1, 16] /

FGF-2 increases expression of vascular endothelial growth factor and manifests synergism with it in the
process of angiogenesis. It is located in the extracellular matrix and regulated the production of collagenase,
plasminogen activator, affects the expression of cell adhesion molecules. The main mechanism of action of
this growth factor in the pathogenesis of fibroids is associated with participation in the restructuring of the
extracellular matrix and stimulation of angiogenesis [1, 16]
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lpodomwxerHue maba. / Table (continued)

daxTop pocTta /
Growth factor

BiusiHre HA TKAHb MHOMETPHSI H Pa3BUTHE MHOMBI /
Effect on myometrial tissue and fibroid development

®daxkTop pocra
SHAOTETHS
cocyzIoB /
Vascular endo-
thelial growth
factor, VEGF

VEGF — renapuHCBS3bIBAIOLINI TIIMKONPOTENH, cOcTOUT u3 mmectu uzopopm (VEGF121, VEGF145,
VEGF165, VEGF183, VEGF189 u VEGF206). VEGF nponynupyeTcs 3uTeIHaIbHBIMU 1 HHTEPCTULHATBHO-
CTPOMAJIbHBIMH KJIETKAaMHU B BEPXHEM CII0€ SHIOMETPHSI, CTUMYIHPYS KIETOUHBIE OTBETHI TyTEM CBSI3bIBAHUS
¢ peuentopamu TuposunkuHasel, VEGFR-1 1 VEGFR-2, ux skcrpeccusi IpOMCXOANUT B SHIOTEIUATBHBIX
kieTkax. B Muome sxcnpeccuss VEGF mponcxoaut akTuBHEe, YeM B ATOJIOTHYECKH HE HM3MEHEHHOM
MHOMETPHH, YTO CTUMYINPYET aHTHOTEHHYI0 aKTUBHOCTbh, KOTOpPAsi OTBEYAET 32 AKTUBHO PACTYIIHE OIYyXOIH
1 MOXET YCHJIUTh POCT MHOMBI U IIporpeccupoBanue 3abonesanus [16, 20] /

VEGF is heparin binding glycoprotein family, consisting of six isoforms (VEGF121, VEGF145, VEGF165,
VEGF183, VEGF189 u VEGF206). VEGF is produced by epithelial and interstitial-stromal cells in the upper
layer of the endometrium, stimulating cellular responses by binding to receptor tyrosine kinase, VEGFR-1 and
VEGFR-2, whose expression occurs in endothelial cells. The expression of VEGF in myoma occurs more active-
ly than in the pathologically unchanged myometrium, which stimulates angiogenic activity, which is responsible
for actively growing tumors and can enhance the growth of fibroids and progression of disease [16, 20]

MNucynunonono-
OHBIN (akxTop
pocra /
Insulin-like
growth fac-

tor, IGF

IGF — nentunsl, cocrosmue u3 AByx juranaos, IGF-1 n IGF-11. lannsrii ¢pakTop pocTa CBI3BIBACTCS

CO CIeIU(pHUUSCKUMHU penenTopamMu HHeynnHonogoouoro gakropa pocta (IGF-IR n IGF-1IR) n ¢ cemelicTBoM
IGF-cBsa3pBaromux 6exkoB (IGFBP 1-6). IGF-I urpaer pemraroniyto posb B KJISTOYHOH Ipoaudepannn

B JICHOMUOME MyTEM aKTHBAIlUU CUTHAJIBHOTO MyTH MUTOTECH-aKTUBHpYeMoil mporenHknHa3sl (MAPK) [16] /
IGF are peptides, consisting of two ligands, IGF-I and IGF-II. This growth factor is associated with spe-

cific insulin-like growth factor receptors (IGF-IR and IGF-IIR) and with a family of IGF-binding proteins
(IGFBP 1-6). IGF-I plays an important role in cell proliferation in leiomyomas by Activation of the mitogen-
activated protein kinase (MAPK) signaling pathway [16]

daxTop pocta
TpoMOOIUTOB /
Platelet-derived
growth factor,
PDGF

PDGF, uzodopmer (PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC u PDGF-DD), koTopbie aKTHBUPYIOT
kyetounsle oTBeThl yepe3 PDGF-Ra u PDGF-Rp [11]. Dxcnpeccust PDGF n PDGF-R npoucxoaut B HOp-
MaJIbHbIX TKaHsIX MuoMeTpus u B aeifomuome. PDGF-CC Gonee BblpaxeH B TKaHAX JCHOMUOMBI, YTO MOXKET
CI0COOCTBOBATH KJIOHAJIBHOMY Pa3MHOKEHHUIO TPaHC(HOPMHUPOBAHHBIX TJIaJKOMBIIICYHBIX KJIETOK B 00pa3o-
BaHUU MUOMEL [24]. dakTop pocTa TPOMOOIMTOB UI'PAET HEHTPAIBHYIO POJIb Yepe3 MEXaHU3M, CBSI3aHHBIH

C Ype3MEepHOH IKCIpeccHeil BHEKJICTOUHOro MaTpuKca [28], a Takxke 3a CUeT YCHJICHUSI UMMYHOPEaKTUBHOCTH
(dbakTopa pocta 3HIOTENUA cocynoB [16] /

PDGF, isoforms (PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC and PDGF-DD), which activate cellular respons-
es through PDGF-Ra and PDGF-R [11]. The expression of PDGF and PDGF-R occurs in normal tissues of the
myometrium and in leiomyoma. PDGF-CC is more pronounced in leiomyoma tissues, which may contribute to
clonal reproduction of transformed smooth muscle cells in the formation of fibroids [24]. Platelet-derived growth
factor plays a central role through the mechanism associated with excessive expression of the extracellular ma-
trix [28] and also by increasing the immunorectacity of the Vascular endothelial growth factor [16]

Tpaucdopmu-
pytomuit paktop
pocta-f3 /
Transforming
growth factor
beta, TGF-f

CewmeiictBo TGF-f Brmtouaet rpynmny romoioruunbix 6enkos (TGF-B1, TGF-2, TGF-B3, TGF-p4). Cpazy
HOCIIe CHHTE3a OHU IPECTABIAIOT COOOH MPENponenTua, OT HEro B JajbHEHIIEM OTIIEIUISeTCS HenTH

U TIPOJIOMEH ¢ 00pa3oBaHueM 3peinoro Oeinka. [IponenTun, WM JaTEeHTHO accounupoBaHHbli nentun (latency
associated peptide, LAP), ocTaeTcs HeKOTOpOe BpeMsl CBA3aHHBIM CO 3peJoif MOJeKyJol. B TakoM Bue

OH COJCP)KUTCS BO BHEKJIETOUHOM MaTpHKce. AKTHBAIMS MPOUCXOIUT, Korna LAP oTmeruisiercs ot Mole-
kynsl [30]. TGF-B ocymecTtBaseT ¢pyHkuu onocpenoBanHo yepes penentopsl I, 11, 111 Tunos. KotoueBoit
npoGUOPOTHYECKHH [IUTOKHH B MATO(PHU3NOIOIMH MUOMBI MaTKH. [Ipy HU3KUX KOHIIEHTPALUAX BCe U30(OPMBI
TGF-p unnyuupyot nponudepaliio riaIKoMbIIIEYHbIX KIeTOK MaTki. Muomsl BeipadbateiBatoT TGF-B3 B ro-
pa3zo OOJIBIIEM KOJIMYECTBE, YeM HOPMaJIbHbIIl MUOMETpHIl, KOTOPOH OKa3bIBAET IAaryOHOe BIMSHHUE HA CUT-
HaJIbHBIC Y TH, HEOOXOIMUMBbIE AJIs1 BOCIPUUMUYHUBOCTH SHJOMETPHUS K KOCTHOMY MOp(OreHeTHYeCKOMY Oenky-2
(BMP-2), 3a cuet ymeHblIeHuUs dKkcipeccun peuentopos BMP [11, 17]. Tpauchopmupytomuii dpaxtop pocra-p2
B ONPEICICHHBIX YCIOBUAX M [103aX CIIOCOOEH, HAIPOTUB, CYIIPECCHPOBATH OMyXOJEBbIi pocT [4] /

The TGF-f family includes a group of homologous proteins TGF-B1, TGF-B2, TGF-f3, TGF-p4. After synthesis,
these proteins are a prepro peptide, from which the peptide and the prodomain are subsequently cleaved to form

a mature protein. The propeptide, or LAP (latency associated peptide), remains associated for some time with the
mature molecule. As such, it is contained in the extracellular matrix. Activation occurs when LAP is cleaved from
the molecule [30]. It performs the functions of TGF-f mediated through receptors of types I, IL, III. It is a key
profibrotic cytokine in the pathophysiology of uterine fibroids. At low concentrations, all TGF-f isoforms induce
proliferation of uterine smooth muscle cells. TGF-B3 is produced by myomas is larger amount than normal myo-
metrium, and also it has a detrimental effect on the signaling pathways necessary for susceptibility of the endome-
trium to bone morphogenetic protein-2 (BMP-2) by reducing the expression of BMP receptors [11, 17]. In certain
conditions and doses, transforming growth factor-p2 can, on the contrary, suppress tumor growth [4]
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OkonyaHue mabn. / Table (continued)

daxTop pocta /
Growth factor

BiusiHue Ha TKaHb MHOMETPHS U Pa3BUTHC MHOMBI /
Effect on myometrial tissue and fibroid development

AXTHBUH /
Activin

kosutarena 1A [14] /

AKTUBUH A MHAYyLUPYET Npoaudepannio KJIeTOK U HaKOMJIeHHe OeJIKOB BHEKJIETOYHOTO MAaTPUKCa B KIETKAX
JICHOMHOMBI Y4epe3 MyTh MUTOICH-aKTUBUPYEMOW TPOTEMHKUHA3bl. AKTUBHH A TaKXKe HHAYLUPYET
MHOGUOPOOIACTOBYIO TPAaHCHOPMAIUIO B KJIETKAX MUOMETPHU S, YBEIMUYHUBACT KOIHYECTBO GUOPOHEKTHHA,

Activin A induces cell proliferation and the accumulation of extracellular matrix proteins in the leiomyoma
cells through the mitogen-activated protein kinase pathway. Activin A also induces myofibroblast transforma-
tion in myometrial cells, increases the amount of fibronektin, collagen 1A [14]

MuocraTtus /
Myostatin

MuocTaTHH HMEET MOBBILICHHYIO YKCIIPECCHIO B MHOME MATKH MO CPABHEHUIO C HOPMAJIbHBIM
muomeTrpueM. LleneHanpaBieHHOe HapyIICHUE TeHa MUOCTAaTHHA Y MbILICH IPUBOANUT K THIEPTPOGUHI
MBILII U THIIEPIUIA3HK C YABOCHHEM MBIIICYHOI Macchl. MHOCTaTHH MHIYLHPYET CHTHAIU3anno Smad-
Gerka B KJIETKaX MHOMETPHS U HE SKCIIPECCUPYETCsl B MaTKE B IPUCYTCTBHH BBICOKHX YPOBHEH 3CTpOreHa.
IToBbIIICHHAS TPOAYKIMS MHOCTATHHA MPOUCXOAMT MPU HAJINYMK HU3KUX YPOBHEH CTEPOUIOB, TUKOBBIC
3HAYHUS UMEET IPH OTCYTCTBHH IIOJOBBIX TOPMOHOB IOCIIE OBapudKTOMHuU [16] /

Myostatin has increased expression in the uterine myoma compared with normal myometrium. Purposeful
disruption of the myostatin gene in mice leads to muscle hypertrophy and hyperplasia with a doubling of
muscle mass. Myostatin induces Smad protein signaling in myometrial cells and is not expressed in the uterus
in the presence of high levels of estrogen. Increased production of myostatin occurs in the presence of low
levels of steroids, and it has a peak in the absence of sex hormones after ovariectomy [16]

C TIOBBITIICHHOW JKCTPECCHEH TakuX (hpaKTOPOB pPOCTa,
kak VEGF, bFGF u PDGF [25].

Bompoc 0 ponmu reHeTndeckoi MpeapactoioKeHHO-
CTH K MHOME MAaTKd J0 CHX IOp SIBJSIETCSI OTKPBITBHIM.
Hammame cemelHBIX (hOpM MHOM, BBISIBICHHAS CBS3b
pa3BUTHS TATOJIOTUM C PACcOBOM  MPHUHAJICKHOCTHIO
0e3yCIIOBHO HATAIKMBAIOT HA MBICIIb O HAJIMYMU OIpe-
JICJICHHBIX TEHETHYECKUX JIEEKTOB, CIIOCOOCTBYOIIMX
pazBuTHio 3aboneBanus. B.E. PamsuHckuii n ap. yKasbl-
BAfOT Ha TO, YTO HCCIEAyeMble XPOMOCOMHBIE abeppariu
(B xpomocomax 6, 7, 12, 14, B TeHax, MPeUMyIIIECTBCHHO
OTBETCTBEHHBIX 32 IMPOLECCHI JeNICHHsI, arlonTo3a 1 Aud-
(hepEeHIMPOBKH KJIETOK) SIBIISUTUCH BTOPUYHBIMUA. OIHAKO
B 40 % omyxomnell OOHAPYXMUBAIOTCSI Pa3IMUYHBIE XPOMO-
COMHBIE abepparyy, 9To TpeOyeT NaTbHEHIIIErO N3y ICHIS
aToro Bompoca [6]. CymiecTByeT TakKe BEPCHsI O TOM, YTO
B [IATOT€HE3¢ MUOMBI MaTKU HEMAJIOBKHYIO POJIb UTPACT
MyTaiusa reia MEDI2, OTBETCTBEHHOTO 3a aKTHBAIIUIO
reHa (-kapaThHa, TI0 HEKOTOPHIM JaHHBIM, OH IPUBOAWT
K pa3BUTHIO MUOMBI MaTkd [3].

B mocnennee BpeMmsi cTaHOBHTCS Bce Oosee Io-
myssipHoi Teopus yudactust MUkpoPHK B marorenese
muombl Matkd. H.C. CorosiH u ap. B CBOEH cTarbe
V3TIOKHIIA PE3YNbTaThl HWCCIEIOBAHUS IO STOMY BO-
npocy [12]. IIpenmonaraercsi, uto MukpoPHK Bimsier
Ha PEryJslHi0 KIETOYHOTO IMKIa, anontos, audde-
PEHUUPOBKY KJIETOK. BpisiBneno, yro mukpoPHK-21
KOHTPOJIMPYET SKCIPECCHI0 perenTopa TpaHchopMu-
pyromiero ¢akropa pocta-f§ 2-ro THMIAa (KJIIOUYEBOTO
po(GUOPOTUYECKOTO I[UTOKHWHA, KOTOPBIM BBI3BIBACT
TUIEPTPOPUIO KJICTOK, HapyllaeT OOMEH KOMIIOHCH-
TOB MEXKKJIETOYHOTO MAaTpUKCa W BIUSET HA aHTHOTe-
ues). J.B. Fitzgerald et al. moxa3anm, 4ro yBenmueHue

MukpoPHK-21 Biuser Ha CHW)KEHHE amornTo3a, Io-
CKOJIbKY B HCCJICJOBAaHHH YIaJlOCh BBISIBUTH yBeIU4e-
HHUE paclLIeNyICHUs Kacmasbl-3, 4To SABISIETCS MapKepoM
anomnro3a, npu cHukeHuu ypoBHs MukpoPHK-21 [18].

IlepBuyHOI KJIETKOM, M3 KOTOPOM B AajibHEHIIEM
pa3BUBAaeTCS MHOMa MAaTKH, BEPOSTHO, MOXET CTaTbh
Me3eHXHUMallbHast KJIETKa WM TIaKOMBIIIeYHass KIeT-
Ka MHOMETpUSI.

Mas et al. yka3pIBalOT Ha HajJuMyue B MHOME
xinetok SP (side population, mo6aBounas mormyss-
1[Usl CTBOJIOBBIX KIIETOK, CIIOCOOHAst Au(depeHIIpo-
BaThcsi B MuobOnactel) ¢ SC (stem cells, cTBomoBbIe
KJIETKH) — XapaKTePUCTUKAMHU OIyX0JIe00pas3yoLInX
kietok. Jloms SP Bo Bcelt (hpakiuu TeHOMHUOMBI CO-
craBiasna 0,63 £0,21 %. Ona He 3aBHCUT OT BO3-
pacta MAmUEeHTOB, COCTOSHUS (QEepPTHIBHOCTH, Me-
CTOIOJIOKEHUSI MHOMBI B ee pazmepa. MoJekynsapHas
XapaKTEPUCTHKA ITUX KIETOK I0Ka3aja, YTO OHH elle
HE MNpPUBSI3aHbl K OIPEICICHHONW JIMHUU, MOCKOJIBKY
B HUX OTCYTCTBYIOT THUIIMYHBIC MBIIIEYHBIC MapPKEPHI
(cMyTeNnMH M KaJbIIOHWH) M TOPMOHAJIBHBIC peLel-
topsl (ESR1, peuentop scrporena 1 u PR, peuen-
TOp TporectepoHa). BeinBuraercs npennoaoxeHue
0 TOM, YTO POCT OMYXOJIU MOXET OBITh pe3yibTa-
TOM B3aUMOJICHCTBHS MEXIY PAKOBBIMH CTBOJIOBBIMU
KJIETKaMH M KJIETKaMH — WHULHATOpaMH OIyXoJeh
U X MUKPOOKPYXXECHHEM. DTH KJIETKH OPTaHNU30BaHbI
MoA00HO HOPMAaJbHBIM TKaHSM, ¢ HEOONBIIOH camo-
OOHOBIISIIONIEHCS TOMYNSIIHEH CTBOJIOBBIX  KJIETOK,
reHepHUpyIoIel OONbUIYI0 MOMYJSIIUI0 Tpoaudepu-
PYIOLIMX KJIETOK, KOTOPasi OTINYAETCS OT OCTaIbHBIX.
Takum o00Opa3oM, OHM HHHMLUHUPYIOTCS C IOMOIIbBIO
HEOOJBIIOTO TIOJAMHOKECTBA OMYXOJIEBBIX KJIETOK,
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KOTOpbIE B KOHEYHOM CYETE€ OTBETCTBEHHBI 3a HX
thopmupoBanue u poct [15].

CTBONIOBBIE ~ KJIETKH,  Pa3yMeeTcsi,  BCTPEYarOTCA
HE TOJILKO B MATOJIOTMYECKH M3MEHEHHOW TKaHU MHOMBI,
HO U B 310poBoM MuomeTpud. M. Orciani et al. Taxke
OOBSICHSIET Pa3BUTHE MHOMBI MaTK{ JICPETyIILEH Me3eH-
XHMMAJIbHBIX CTBOJIOBBIX KJIETOK. TakuM 00Opa3oM, pa3BUTHE
MHOMBI MOJKET OBITH PE3yJIbTaToOM HapyIIeHus (DyHKITHH,
nporudeparm 1 auddepeHimpokr  HenuddepeHIm-
POBaHHBIX KJIETOK MHOMETPHS, KOTOpbIe HAXOMATCS MOJ
JICHCTBHEM TOPMOHOB STMYHMKOB. ABTOPBHI TaKXKe YKa3bl-
BAafOT HA BO3MO)KHOE BIMSIHUE BOCIAIMTEIILHOTO TPOIIEC-
ca Ha JUCPETYJSILIUIO KIIETOK-TIPEIIIECTBEHHUKOB [21].

Hecmotpst Ha m300mIKMe TeOpuil U TUTIOTE3, MOCBS-
MICHHBIX MTATOT€HEe3y MUOMBI MAaTKU, Ha CETOIHSIITHHMA
JICHb TTOJTHOTO TIOHUMAaHHSA NPUYHH Pa3BUTH JaHHON
narosoruu HeT. CTOUT OTMETHUTh HEOOXOAMMOCTH TIPO-
BEJICHUSI JTAIBHEHINX WCCIEOBAaHUH C TENbI0 HU3y-
YEeHUS MPOLIECCOB, MPHUBOIIIINX K PA3BUTHUIO MHUOMBI,
MOCKOJIBKY MX MTOHMMaHUE€ BO MHOTOM MOIJIO OBI CIIO-
CcOOCTBOBaTh yCOBEPIICHCTBOBAHUIO TAKTHKH JICUCHHS
MAIMEHTOK W, BO3MOXKHO, TIO3BOJIUTH pa3padoTaTh mpo-
buIaKTHYECKUEe MEPONPHUSTUSL IJIsl MPEAOTBPAILCHHS
pa3BUTHUS MUOMBI.
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