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AHHOTAIIA

C nespro u3yueHusi SKerpeccuu gakropa pocra sHporenusa cocynoB (VEGF), kocTHOro MOpgOoreHeTHUeCKOro mpoTe-
nHa — 15 (BMP-15) u xoHHekcuHa — 37 (Cx-37) B AMYHUKAX KPBIC C MOJIENIbI0 (DYHKIIMOHAIBHBIX KUCT AUYHUKOB U IIPH
UX KOPPEKIUH ObLI IIPOBEZIEH HKCIIEPUMEHT Ha IT0JI0BO3PEJIBIX OesIbIX Kphlcax-caMKkax nHun Wistar. I'pymma I (ocHOBHaS,
n = 25) — MOZleJINPOBaHNe (PYHKIIMOHATIBHBIX KUCT SUYHUKOB (BBeZieHHe (OJITTIKYIOCTUMYJIPYIOIIEro FOPMOHA) € IocIe-
JIyIOIUM JiedeHreM GeBanu3ymabom. I'pynma 11 (cpaBHEHUA, n = 35) — MOJie/IUPOBaHUE (PYHKITHOHATIBHBIX KHCT AUYHUKOB
6e3 mocyeyIomero jJeueHus. I'pymnmna KOHTposs (n = 20) — UHTAKTHBIE JKUBOTHBIE. KPBIChI BEIBOAMINCH U3 DKCIIEPUMEHTA
Ha 7, 15, 30-e cyTku. [IpoBesieHO UMMYyHOTHCTOXUMIYecKoe uccienoBanue skcnpeccru VEGF, BMP-15, Cx-37.

MopenupoBanue QYHKIIMOHATBHBIX KUCT SHUYHUKOB y GEJIBIX KPBIC COMPOBOXK/IATIOCH YBEJIMUEHHEM YIETIBHOTO 00b-
eMa COCyZIOB B IMYHHKAX, ycuaeHneM skcrpeccur VEGF B cTeHKe KHCTBI, U30BITOYHOU CTUMYJIANMEN (OJUIHKYIOTEeHesa,
COIIPOBOXKAABINEHCs ycuaeHueM skcnpeccurt BMP-15 u Cx-37 Ha paHHHX CPOKaX SKCIIepUMeHTa. BBeneHue mHrubuTOpa
COCYZIICTO-3H/IOTEIMATIFHOTO (PAKTOpa POCTa BBHI3BIBATIO YMEHBIIIEHHE KOJMYECTBA U Y/IEJIBHOTO 00beMa KHCT, CHI?KEHHE
skcupeccuu VEGF u pubmkeHue yieapHoro oobema cocyioB u akcrpeccur VEGF K 3HAUE€HUAM KOHTPOJIBHOU TPYIIIIBI
Ha 15-e cyTku. K 30-M cyTkam skcnpeccuss BMP-15 u Cx-37 He oT/imgasiach OT IoKasaTesiel IPYIIIbl HHTAKTHOTO KOHTPOJIS.

Taxum 06pa3oMm, BBeZieHHe OeBaru3yMaba yekopsieT perpecc GyHKIIMOHATBHBIX KUCT TMYHIKOB 32 CYeT CHUYKEHUsI Ba-
CKYJISIDU3ALlUU B CTEHKE KHCTHI, COIPOBOXK/AAIONIEHcs cHInKeHNeM sKcripeccut VEGF. BrIsfBiIeHHOE YMeHbIIIEHHEe KOJIHJe-
CTBa pacTyIux GOoJINKYJIOB, yCUJIEHHE IIPOLIeCCOB aTpe3uu B (POJIIMKyJIax U U3MEeHeHMe SKclpeccud (pakTopoB 0OBOCOMA-
TUYecKoro B3aumosieiicteus (BMP-15, Cx-37) UMEIOT KpaTKOBPEMEHHBIH XapaKTep.

Karoueewte croea: Geranusymab, jeueHne (PyHKIIHOHATBHBIX KUCT IMYHUKOB, COCYIMCTO-9H/I0TETHATIbHBIN (haKTOD
pocTa, KOCTHBIA MOpdOreHeTHUecKuil mpoterH — 15 (BMP-15), kouHekcuH — 37 (Cx-37).

ABSTRACT

To study the expression of vascular endothelial growth factor (VEGF), bone morphogenetic protein — 15 (BMP-15)
and connexin 37 (Cx-37) in the rat’s ovaries with the model of functional ovarian cysts and with their correction, an experi-
ment was conducted on mature white rats of Wistar line. Group I (main, n = 25) — modelling of functional ovarian cysts
(introduction of follicle-stimulating hormone) followed by treatment with bevacizumab. Group II (comparison, n = 35) —
modelling of functional ovarian cysts without further treatment. The control group (n = 20) is intact animals. Rats were
removed from the experiment on the 7, 15", 30" day. An immunohistochemical study of the expression of VEGF, BMP-15,
Cx-37 has been conducted.

Modelling of functional ovarian cysts in white rats was accompanied by an increase in the specific volume of blood
vessels in the ovaries, increased expression of VEGF in the cyst wall, excessive stimulation of folliculogenesis, accompanied
by increased expression of BMP-15 and Cx-37 at the early stages of the experiment. Introduction of an inhibitor of vascular
endothelial growth factor caused a decrease in the number and specific volume of cysts, a decrease in VEGF expression and
the approximation of specific vascular volume and VEGF expression to the values of the control group on the 15" day. By
day 30, expression of BMP-5 and Cx-37 did not differ from that of the intact control group.
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Thus, the introduction of bevacizumab accelerates the regression of functional ovarian cysts by reducing vasculariza-
tion in the cyst wall, accompanied by a decrease in the expression of VEGF. The revealed decrease in the number of growing
follicles, the enhancement of atresia processes in the follicles and the change in the expression of factors of oocyte-somatic

interaction (BMP-15, Cx-37) are of short duration.

Keywords: bevacizumab, treatment of functional ovarian cysts, vascular endothelial growth factor, bone morphoge-

netic protein — 15 (BMP-15), connexin 37 (Cx-37).

BBEJIEHUE

ITonck HOBBIX METO/IOB JieueHUs GYHKIINOHATb-
HBIX KHUCT SMYHUKOB B HACTOSIEE BpeMs SBJISETCS
BecbMa aKTyaJdbHbIM [1, 2]. CylliecTByIoIyue MeTo-
ITbI JIEYEHUsI, KAaK MeIUKAMEHTO3HBIE, TAK U XUPYP-
THYeCKHe, YacTO OKAa3bIBAIOTCA Hed(hD(hEKTUBHBIMU,
COIIPOBOXKAAIOTCS BBICOKMM DPHCKOM PEIHIUBUPO-
BaHusA. OnlepaTUBHBIE BMEIIATEIbCTBA HA SUYHUKAX
JlaxKe ¢ coOJIIo/IeHueM PHUHINIA QYHKIIMOHAIBHOM
XUPYPrUU ABIAIOTCA (GAKTOPOM, CHIPKAIOIIHUM OBa-
PUaIBHBIN pe3epB U PePTUIBHOCT [1—-3].

UccnenoBaHus MOCIENHUX JIET IIPOJIEMOHCTPHU-
poBayy, UTO JIOKAJbHBIE BHYTPUQOIIIHUKYJAPHbBIE
peryyisiTopHbIe MEXaHU3MBbI UTPAIOT KJIIOUEBYIO POJIb
B (U3HOJIOTHUYECKOM TedeHUu (GOJUIUKYJIOTeHe3a,
TaK KaK OMOCPEAYIOT ¥ MOJIYJIUPYIOT JeHCTBUE I[€H-
TPaJIbHBIX U MHOTUX APYTUX MEXaHU3MOB PEryJIsi-
nun [4-7]. 3ydyeHue GakTOpOB MapaKpUHHOU pe-
TYJISIIUY B3AUMOJIEHCTBUH MEXKIY OOIIUTOM U OKPY-
JKAIOIIMMU €ro KJIETKaMU TPaHyJie3bl TO3BOJIUT HC-
CJIeIOBATh HE TOJIBKO IMATOTeHe3 (PYHKITMOHATbHBIX
KHUCT SIMYHUKOB, HO U MeXaHU3Mbl (POPMUPOBAHUS
COIYTCTBYIOIIEN OBapUAJILHOU HEAOCTATOUHOCTH.
OCHOBHBIMH M HauboJiee N3yUeHHBIMHU (HAKTOPAMU
B3aMMO/IENCTBUS B CUCTEME OBO-COMATHYECKOTO TH-
CTHOHA ABJISIOTCS KOCTHBI MOpQOreHeTHYecKui
nporenH — 15 (BMP-15) [8—10] u KOHHEKCUH — 37
(Cx-37) [11].

B mocsegHue rofpl aKTUBHO H3YYaeTCs POJIb
COCYyZINCTO-3HA0TeMnanbHOTro (paktopa pocta (VEGF)
B maroreHe3e (QYHKIMOHAJIBHBIX KHUCT. JlOKa3aHO,
yrto VEGF ¢opmupyer cTabuibHBIA KPOBOTOK B CO-
CyZlax SUYHUKA, TMOBBINIAET IPOHUIIAEMOCTb CTEHKH
MHKPOCOCYZIOB aHTPIBHOTO (DOJITUKYJIA, UTO MPHU-
BOJIUT K aKKyMYJISIIUU (QOJUIHKYJIIPHOU JKUIKOCTH,
WHTUOUpPYyeT amnonTto3 [12—15]. JKCIepUMEHTaTIbHO
BBISIBJIEHO, UTO BBe/ieHre nurnoutopa VEGF B Haua-
J1e QOJUTUKYIIAPHOH (pa3bl MOABIIAET BaCKyJIApU3a-
IIUIO TEKAJIBHBIX KJIETOK U pOCT QOJIIUKYIOB [12, 13].

IIEJIb NCC/IEJOBAHUA

N3yunth sKCcmpeccrio (hakTopa pocTa 3HIOTe-
JIASI COCYZIOB, KOCTHOTO MOPGhOreHeTHYECKOTO IPO-
TEWHA — 15 ¥ KOHHEKCUHA — 37 B AMYHHUKAX KPBIC C
MOJIETBI0 (DYHKITHOHAIBHBIX KUCT SIMYHUKOBHU MPHU
HX KOPPEKIUH.

INTRODUCTION

The search for new methods of treating func-
tional ovarian cysts is currently highly relevant [1,
2]. Existing treatment methods, both medical and
surgical, are often ineffective, accompanied by a
high risk of recurrence. Surgical treatment, even
with the principle of functinhal surgery, is a factor
that reduces the ovarian reserve and fertility [1—3].

Recent studies have demonstrated that local in-
trafollicular regulatory mechanisms play a key role
in the physiological course of folliculogenesis, as
they mediate and modulate the action of central and
many other regulatory mechanisms [4—7]. The study
of the factors of paracrine regulation of interactions
between the oocyte and the granulose surrounding
it will allow investigating not only the pathogenesis
of functional ovarian cysts but also the mechanisms
of the formation of concomitant ovarian failure.
Bone morphogenetic protein — 15 (BMP-15) [8—10]
and connexin 37 (Cx-37) [11] are the main and most
studied interaction factors in the oocyte-somatic
histion system.

In recent years, the role of vascular endothelial
growth factor (VEGF) in the pathogenesis of func-
tional cysts has been actively studied. It has been
proven that VEGF forms a stable blood flow in the
vessels of the ovary, increases the permeability of
the wall of the microvessels of the antral follicle,
which leads to the accumulation of follicular fluid,
inhibits apoptosis [12—15]. It was experimentally
found that the introduction of a VEGF inhibitor at
the beginning of the follicular phase suppresses the
vascularization of the theca cells and the growth of
the follicles [12, 13].

AIM OF THE RESEARCH

To study the expression of vascular endothe-
lial growth factor, those of bone morphogenetic
protein — 15 and connexin 37 in rat’s ovaries with a
model of functional ovarian cysts and in their cor-
rection.

MATERIALS AND METHODS

Experimental animals were mature female
Wistar rats weighting 180—220 g. Group I (main,
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MATEPUAJIBI 1 METO/AbBI

IKCIIeEpUMeEHTAIbHbBIE JKUBOTHBIE — TI0JIOBO3PeE-
Jiple caMKH KpbIc yimHuN Wistar maccoit 180—220 T.
I'pymia I (ocHOBHAsA, 1 = 25) — KHUBOTHBIE C MOJIEJTBIO
(YHKITMOHAIBHBIX KHCT IMYHUKOB U BBeIEHUEM Oe-
Baru3ymaba; rpynmna II (cpaBHeHuUs1, n = 35) — KHU-
BOTHBIE C MOJIEJIbIO (DYHKIIMOHAIBHBIX KHUCT SHYHU-
KOoB 0e3 mocsesnytoriero yiedenus; rpymma 111 (koH-
TPOJIb, N = 20) — UHTAKTHBIE JKUBOTHBIE. [ pop-
MHPOBAaHUS SKCIEPUMEHTATHHBIX (DYHKIIMOHATBHBIX
KUCT SAUYHUKOB OKCIEPUMEHTATbHBIM >KHUBOTHBIM
BBOAWICA PEKOMOWHAHTHBIN (DOJUTUKYIOCTUMYITU-
pyromwuii ropmoH (p®CI) B noze 1.5 ME (mrpousBoju-
Tesib — «HAYyCcTpua ®apmaceioTrka CepoHo C.1.A.»,
Wranus) B TeueHUe 7 THEH B MIEPBOU IIOJIOBUHE JTHSA
BHYTPHUMBIIIIEYHO B ATOAUYHYIO 00J1aCTh. AHAJIOTHY-
HBIM 00pa30M BBOAWIN 6 MI OeBalu3ymaba — MHTH-
6utop VEGF (mpousBopuresns — «®. Xopdmanu-JIa
Poru JITa.», IlIBedniapust) ABaKpl HA 8-€ U 22-€ CyT-
KU JKcIepuMeHTa. beBanusymab — TyMaHH3HUPO-
BaHHbIE PEKOMOWHAHTHBIE TUIIEPXUMEPHBIE MOHO-
KJIOHAJIbHBIE AHTHUTEJIA, KOTOPBIE CEJIEKTUBHO CBS-
3bIBAIOTCA ¢ Grosornuecku aktTuBHbIM VEGF u Heli-
TPaJIU3yIOT €ro, UHruOMpys CBs3bIBaHUE (haKTOpa
pocCTa BHIOTENHUs COCYAOB C €ro perenTopaMu 1-To
u 2-ro Tuma (Flt-1, KDR) Ha TOBepXHOCTU SHAOTETH-
AJTBHBIX KJIETOK.

IKCIIEPUMEHT IIPOBEJIEH B COOTBETCTBUH C «EB-
pOTIEHCKOM KOHBEHI[MEN IO 3alUTe IO3BOHOUHBIX
JKUBOTHBIX, HCIIOJIb3YEMBIX JIJISI 3KCIIEPUMEHTAIb-
HBIX ¥ UHBIX HaydHbIX esed (ETS No 123)» (Crpac-
Oypr, ®panius, 1986), TPUHIUIAMU XeIbCHHK-
cKol Aextapanuu (9-i nepecmorp, dopranesa, bpa-
3wns, 2013). ccieoBarne 0100peH0 DTHYECKUM
komuteroM ®TBOY BO «Cubupckuii rocyaapcTBeH-
HBI MeUIIMHCKUY YHUBepcuTeT» Muuanpasa Poc-
cun, Tomck (mpotokos N2 4356 ot 30.11.2015).

SAUYHUKY SKCIIEPUMEHTATbHBIX KUBOTHBIX (DUK-
CUPOBIH B 10% HEUTPAIbHOM (DOPMAIIIHE, 3aJIHBA-
s B napadguH. IMMyHOTUCTOXUMUYECKAs METO-
Ka uccyaenoBanud skcnpeccuu BMP-15, Cx-37, VEGF
BKJIIOYaIa B ce0s WCIOJIb30BAHUE CTPENTABUANH-
6uoTHHOBOI cucreMbl gereknun Abcam®PLC (Be-
sukobputanus) Rabbit Specific HRP/DAB (ABC)
Detection THC kit m1s1 BBICOKOTEMITEPATYPHOM JIeMa-
CKUPOBKH aHTHTeHa. Pe3yJibrar ornpesiesisiiv o Ko-
PUYHEBOMY OKPAITUBAHUIO IIUTOILIA3MbI B MeMOpa-
HbL. [10JIyKOJIMYECTBEHHYIO OIIEHKY ITPOBOJIMJIN IO
dbopmyse H-score corimacHo R.A. McClelland et al.
(1991): (1 x mporteHT c1abo MO3UTUBHBIX KJIETOK) +
+ (2 X TPOLIEHT YMEepEeHHO MMO3UTUBHBIX KJIETOK) +
+ (3 * MPOIEHT CHJIbHO MTO3UTHUBHBIX KJIETOK).

Jns craTucTUYecKOi 06pabOTKU 1 aHAIU3a pe-
3yJIBTaTOB MCIOJIb30BaX Iporpammy IBM SPSS

n = 25) consisted of animals with a model of func-
tional ovarian cysts and introduction of bevaci-
zumab; group II (comparison group, n = 35) in-
cluded animals with a model of functional ovarian
cysts without further treatment; group III (control
group, n = 20) included intact animals. For the for-
mation of experimental functional ovarian cysts,
experimental animals were injected with recombi-
nant follicle-stimulating hormone (rFSH) at a dose
of 1.5 IU (manufactured by Industry Pharmaceuti-
cal Serono S.P.A., Italy) for 7 days in the first half
of the day intramuscularly into the buttock region.
Similarly, 6 mg of bevacizumab were injected as a
VEGF inhibitor (manufacturer: F. Hoffmann-La
Rosh Ltd., Switzerland) twice on the 8" and 22
day of the experiment. Bevacizumab is humanized
recombinant hyperchimaeric monoclonal antibod-
ies that selectively bind to biologically active VEGF
and neutralize it by inhibiting the binding of vas-
cular endothelial growth factor to its type 1 and
2 receptors (Flt-1, KDR) on the surface of endothe-
lial cells.

The experiment was conducted in accordance
with the “European Convention for the Protection
of Vertebrate Animals used for Experimental and
Other Scientific Purposes (ETS No. 123)” (Stras-
bourg, France, 1986), principles of the Helsinki
Declaration (9 revision, Fortaleza, Brazil, 2013).
The study was approved by the Ethical Committee
of the Siberian State Medical University, Tomsk
(Protocol No. 4356 of 11/30/2015).

Ovaries of experimental animals were fixed in
10% neutral formalin, embedded in paraffin. An
immunohistochemical method for studying the
expression of BMP-15, Cx-37, VEGF involved the
use of the Abcam®PLC (the UK) Streptavidin-Bi-
otin Detection System Rabbit Specific HRP / DAB
(ABC) Detection IHC kit for high-temperature un-
masking of antigen. The result was determined by
brown staining of the cytoplasm and membrane.
A semi-quantitative assessment was performed
using the H-score formula according to R.A. Mc-
Clelland et al. (1991): (1 x percentage of weakly
positive cells) + (2 x percentage of moderately
positive cells) + (3 x percentage of highly positive
cells).

For statistical processing and analysis of the
results, IBM SPSS Statistics v.23.0.5 was used.
Data distribution forms were checked, an explor-
atory analysis was used (Shapiro — Wilk criterion),
Mann — Whitney U-test was used to study the com-
pared groups (critical significance level p = 0.05).
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Statistics v.23.0.5. IIpoBommim mpoBepku (GOPMBI
pacrpesiesieHus JIaHHBIX, UCIIOJIH30BAIM Pa3BeZ0Y-
HbIl aHanmu3 (xkpurepmit llanupo — Ywuiika), mis
HCCJIEIOBAHUSI CPABHUBAEMbIX TPYIIl MPUMEHSIN
U-kputepuii ManHa — YuTHu (KpUTUYECKUH YpO-
BEHb 3HAYUMOCTH P = 0.05).

PE3YJIBTATBI 1 OBCY2KJIAEHUE

C npuMeHeHHeM MeTOAUKU UMMYHOI'MCTOXUMU-
YeCcKOro aHaIN3a B sSIMUYHUKaX b depeHITnPOBaHbI
MapKepbl B3aNMO/IEHCTBUA OOIUTA U KJIETOK I'paHy-
ne3sl (BMP-15, Cx-37), a Tak:ke aKTOp aHTHOTeHEe3a
VEGF. dkcripeccus uzygaeMbIx (aKTOPOB IIPU MO/Ie-
smpoBannu @K Oply1a TUIMYHOHN, OTHAKO IIpUMe-
HeHUe ITOJIyKOJIMYeCTBEHHOH MeTouku H-score mo-
3BOJIWJIO OIIEHUTD CTEIleHb SKCIIPECCUU U e€ U3MeHe-
HUA Y ’KUBOTHBIX CPAaBHUBAEMBIX TPYIIIL.

Akcnpeccuss BMP-15 Obl1a BbISBIIEHA B BUJIE
[IUTOIJIA3MATUYECKOTO OKPAIIMBAHUSA OBOIIUTOB U
KJIETOK KyMyJII0Ca, S9HJOKPUHOIIUTOB TEKHU, CTPOMBI
KOPBl ANYHUKA, JIIOTEOLUTOB KEJITOTO Tesa U Kie-
TOK IOBEPXHOCTHOTO BMUTENUA. B oBormurax mpu-
MODAHUAJIBHBIX U MEePBUYHBIX (DoTukysioB (II® u
[TP®), a TakKe B OBOIIUTAX PACTYIITUX (HDOJITHKYJIOB C
HaYaJIbHBIMU IPU3HAKAMHU aTPE3UHU, B KOTOPBIX 10~
JIoBas KJeTKa Oblia COXpaHHA, MHTEHCUBHOCTD HKC-
npeccuu ObIa HamuboJsiee BBIPAKEHHOU, B OBOIH-
Tax BTOPUYHBIX ¥ TPETUYHBIX HOJUTHKYIIOB (BPO u
TP®) — HauMeHee BhIpAKEHHOH. POJITUKYIIAPHBIN
SIIUTEJINH OKPAIINBAJICS MeHee MHTEHCUBHO, HKC-
IIpeccus yCUJINBAIach COOTBETCTBEHHO CTaUN Pas-
BuTuA dosuukynoB. Ha 7-e cyrku BBegenus OCI
yBeJIMUMBajach UHTEHCUBHOCTb HMMYHOOKPACKHU
OBOITUTOB BcexX TUIOB (osutukysioB (puc. 1, A, B).
VHTEHCUBHOCTh OKpACKU SIUTEIMOLUTOB Alile-
HOCHOTO OyropkKa ¥ IapHUeTaJIbHBIX SIIUTETHOIM-
TOB IPaHyJIE3bl B 9KCIIEPUMEHTAIIFHON T'pYyIIIIe He-
3HAUYUTEJIPHO IOBBINIAJIACh TOJIBKO B paHHHE CPO-
KU ombITa (7-e cyTku) B [1® u doutukyaax, TOJIBKO
BCTYNUBIIUX B pocT; B BP® u TP® usmenenuil He
obHapy:kuBaock. K 15-M CyTKaM OmbITa dKCIIpec-
cusi BMP-15 cHMKajach BO Bcex THUIAX (OJLIUKY-
JIOB, a K 30-M COOTBETCTBOBaJIa TAKOBOU B TpyIIIIe
KOHTPOJIA.

B ocHOBHOII TpyIIIIE HA 15-€ CYTKH SKCIIEpUMEH-
Ta 3Kcrpeccuss BMP-15 B ooniuTax Bcex TUIIOB PacTy-
Ux (POJUINKYJIOB CHUKAIACh, HE IEMOHCTPUPYS OT-
JIMYHH OT TPynIbl KOHTpossA. K 30-M cyTkam ycuie-
HUe 5KCIIPeCCUU COXPaHIOCh TONBKO B I1® u [TPD, B
TO BpeMs Kak 3HadeHus BP® u TP® cooTBercTBOBa-
JIW TAKOBBIM B TPYIIIEe KOHTPOJIA (Tabut. 1).

Akcrpeccus Cx-37 ObIa BBIABJIEHA B OOIUTAX,
zona pellucida, BuUCHEpasbHBIX (OJITUKYJIOIUATAX,
KJIETKaX KyMyJIl0ca, OT/leJIbHBIX JIIOTEOIIUTaX 1 SH/10-

RESULTS AND DISCUSSION

Using the method of immunohistochemi-
cal analysis in the ovaries, markers of interaction
between the oocyte and granulosa cells (BMP-15,
Cx-37), as well as the VEGF angiogenesis factor,
were differentiated. When modeling ovarian fol-
licular cyst (OFC), the expression of the studied fac-
tors was typical but the use of the semi-quantitative
H-score technique allowed us to estimate the de-
gree of expression and its changes in animals of the
compared groups.

BMP-15 expression was detected in the form of
cytoplasmic staining of oocytes and cumulus cells,
endocrine cells of the theca, the stroma of ovarian
cortex, corpus luteum cells, and epithelial cells. In
oocytes of primordial and primary follicles (PF and
PmF), as well as in oocytes of growing follicles with
initial signs of atresia, in which the germ cell was
preserved, expression was most pronounced, in
oocytes of secondary and tertiary follicles (SF and
TF) — less pronounced. The follicular epithelium
was stained less intensively; the expression was
enhanced according to the stage of follicular de-
velopment. On the 7™ day of FSH introduction, the
immunostaining of oocytes of all types of follicles
increased (Fig. 1, A, B). The colour intensity of epi-
thelial cells of the cumulus oophorus and parietal
epithelial cells of the granulose in the experimental
group increased slightly only in the early stages of
the experiment (7" day) in the PF and follicles that
just began to grow; no changes were observed in the
SF and TF. By the 15" day, BMP-15 expression was
reduced in all types of follicles, and by the 30™ day,
it was the same in the control group.

In the main group, on the 15™ day of the experi-
ment, BMP-15 expression in oocytes of all types of
growing follicles decreased, not showing differences
from the control group. By the 30" day, expression
enhancement was maintained only in PF and PmF,
while the values of SF and TF corresponded to those
in the control group (Table 1).

Cx-37 expression was detected in oocytes, zona
pellucida, visceral follicular cells, cumulus cells, cer-
tain luteal cells, and vascular endothelial cells. Oo-
cytes were stained more intensively than follicular
epithelium cells. Weak and moderate immunoposi-
tive staining was observed on the surface of oocytes
(membrane) of PF the border with granulosa cells.
The immunopositive reaction increased in a wave-
like manner according to the growth and develop-
ment stage of the follicles, reaching a maximum at
the end of the pre-antral stage (Fig. 1, C); similar dy-
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Puc. 1. xcnpeccus BMP-15 u Cx-37 Ha 7-e CyTKU 5KcllepuMeHTa. YepHas CTpesika yKa3bIBaeT Ha OBOITUT, XKeJITasd — Ha
dosumukynomut. Okpacka DAB, nokpacka reMaTOKCUJITHOM. YBeJIUeHUe 400:

A — srcnpeccuss BMP-15 B nepBuyHOM GoJUTHKYJIE HA 7-€ cyTKku MozenupoBanus OK; B — skcnpeccuss BMP-15 B TpeTyHOM
dosnukyse Ha 7-e cyrku mozienupoBanus OKA; C — skcmpeccus Cx-37 BO BTOPUYHOM (QOJUIHKYJIE Ha 7-€ CYTKH MojieupoBaHus OKSA
Fig. 1. Expression of BMP-15 and Cx-37 on the 7% day of the experiment. The black arrow indicates oocyte, the yellow

one indicates follicular cell. DAB colouring, additional colouring by hematoxylin. Magnification 400:
A — BMP-15 expression in the PF on the 7™ day of the OFC simulation; B — BMP-15 expression in the TF on the 7 day of the OFC
simulation; C — Cx-37 expression in the SF on the 7™ day of the OFC simulation

TEJINOIUTAX COCYZ0B IMIYHUKOB KpbIc. OOITUTHI OKpa-
IIMBAINCh O0Jlee NHTEHCUBHO, YeM KJIETKU (HOJLIN-
KyJsisipHOTO Arurenus. Ciaboe U yMepeHHOe UMMY-
HOIIO3UTHUBHOE OKpAIINBaHKUe HAOJIOAIOCH HA TO-
BEPXHOCTH 0ONUTOB (MemOpanuoe) I[1® u rpanuie
¢ KJIETKaMU T'paHys€3nl. VIMMyHONIO3UTHBHAA PeaK-
I[1s BOJTHOOOPA3HO HApacTayia COOTBETCTBEHHO CTa-
JIUY POCTa U Pa3BUTHUA GOJIUKYIIOB, IOCTUTAIA MaK-
cUMyMa B KOHIIe peaHTpaabHoi craauu (puc. 1, C);
aQHAJIOTUYHAs JUHAMHKA HWMMYHHOH OKPAaCKU OT-
Meuasnach B QOJUTHKYJISIPHOM snuTennu. Posmnky-
JIBl QHTPAJIBHOHN U TPeoByJATOpHOU craguu (BPD u
TP®) oxpamuBanuck Auddy3HO, YTO CBA3AHO C He-
PaBHOMEpPHOH WMMMyHOJIOKIN3alell Mapkepa B
dostukynonuTax, caboi okpackoir oonuToB. [Ipu
HQINYUH IPU3HAKOB aTPe3UH cj1aboe M yMEpPEeHHOe
MMMyHHOe OKpAIllBaHHE OIpesessoch B KJIeTKaxX
rpaHyJe3bl. Jkcipeccusa Cx-37 OKasblBajach BbIpa-
>)keHHOH B A® c runepTpoduel Teku, Ha HaYaJIbHbBIX
3Talax aTpe3ry B OOLUTAX IIPU ero COXPAaHHOCTH.

IIpu mopenupoBannu O®KA ¢ momoIipio BBee-
Husa OCI' ormeuanach BOJIHOOOpa3HasA AMHAMUKA
OKpAIINBAaHUSA OOIUTOB, AHAJIOTUYHAsA TPyIIe KOH-
TpoJisi, 6oJiee BhIpakeHHas B oorutax BP® u TPO Ha
7-€ CYTKU 3KcrepuMeHTa. QOoJUTHKYIAPHBIN SIUTeE-
s [TP® oxparmuBasics ciiabee kouTpois. C 15-X 710
30-X CyTOK OIIBITa DKCIIpeccust OesTka IeIeBoro B3a-
UMOJIEHCTBUS B OOLIUTAX HE OTJINYAIACH OT TAKOBOK
B IpyIIe KOHTPOJA, OIHAKO CHIDKEHUE MMMYyHHOM
OKpacKu B QOJITUKYJIOIUTAX OTMEUIOCh 710 30-X CY-
TOK DKCIIEPUMEHTA.

namics of immune staining was observed in the fol-
licular epithelium. The follicles of the antral and pre-
ovulatory stages (SF and TF) were stained diffusely,
which is due to the uneven immunolocalization of
the marker in the follicular cells and weak oocyte
staining. In the presence of signs of atresia, weak and
moderate immune staining was determined in gran-
ulosa cells. The expression of Cx-37 was expressed in
atretic follicles with theca hypertrophy, at the initial
stages of atresia in oocytes with its safety.

When simulating OFC with the introduction
of FSH, wavy dynamics of oocyte staining was
observed, similar to the control group, more pro-
nounced in the oocytes of the SF and TF on the 7%
day of the experiment.The follicular epithelium of
the PmF was stained weaker than in the control
group. From the 15" to the 30" day of the experi-
ment, the expression of the gap junction protein in
the oocytes did not differ from that in the control
group but the decrease in the immune staining in
the follicular cells had been observed until the 30
day of the experiment.

In the ovaries of animals of the main group, the
expression of the marker did not differ from that in
the control group. By the 15" day of the experiment,
the intensity of immunostaining in oocytes had in-
creased, demonstrating significant differences from
the comparison group. Increased marker expression
was observed in follicular cells, the effect was also ob-
served on the 30% day of the experiment.
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TaGauna 1. kcupeccusa VEGF, BMP-15, Cx-37, Me (QQS—Q75)
Table 1. Expression of VEGF, BMP-15, Cx-37, Me (QQS—Q%)

Kiterkwu, rpymnma / Cells, group

7-e cytku / 7™ day

15-e cyrku / 15" day

30-€e cytku / 30" day

SDHJIOTETUOIIUTHI
Endothelial

DoTUKYTOIUTHI
Follicular

OBorur
Oocyte

DoTUKYTOIUTBI
Follicular

OBorur
Oocyte

DOJLTUKYIOITUATHI
Follicular

OcHoBHas
Main group

CpaBHeHu:A
Comparison

KoHnTtposb
Control

OcHoBHas

Main group
CpaBHeHU:
Comparison

KonTposb
Control

OcHoBHas
Main group

CpaBHeHU:
Comparison

KoHTposb
Control

OcHoBHas

Main group
CpaBHeHUs
Comparison

KoHnTposb
Control

OcHoBHasA
Main group

CpaBHeHU:
Comparison

KoHuTposb
Control

OcHoBHasa

Main group
CpaBHeHUs
Comparison

KoHTposb
Control

VEGF

149.17 (129.67-157.18)*

62.34 (0—92.11)

154.70 (144.82—178.22)*

84.90 (115.25-148.30)

BMP-15

230.00 (136.00—250.70)*

120.60 (0—132.11)

162.00 (130.00—192.00)*
110.00 (46.00-156.00)*

Cx-37

250.00 (29.67—-57.18)*

210.00 (0—32.11)

100.00 (44.82-78.22)*

110.00 (15.25—48.30)

88.20 (69.40-94.70)*
138.72 (116.73—-140.90)*
79.12 (15.70-134.90)
94.30 (67.92-121.80)*
137.80 (86.60—152.30)

111.50 (48.25-137.70)

150.40 (120.40—180.00)
190.00 (170.00—220.50)*
160.82 (20.00—180.30)
150.40 (120.00-180.00) *
200.00 (160.00—252.30)

160.00 (122.50—233.00)

250.00 (200.00—274.00)
270.00 (16.73—40.90)*
225.00 (5.70—34.90)
130.00 (54.00—-157.80)
100.00 (26.60—52.30)

120.00 (12.25-37.70)

73.30 (50.70—116.20)*
116.88 (68.04—124.80)
92.31(83.40-125.98)
124.10 (116.34—182.20)*
117.22 (100.60—125.38)

113.80 (93.25—-118.90)

160.00 (50.00—220.00)
175.00 (690.00—210.30)
150.40 (110.00—175.00)
146.00 (112.00-185.50) *
75.60 (28.00-138.00)

100.00 (34.80—142.10)

190.00 (15.00—230.00)
200.00 (8.04—24.80)
225.00 (3.40—25.98)
120.00 (36.80-175.00)
90.00 (2.60-25.38)

140.00 (3.25-18.90)

HOpumevanus: Me— mennana; Q, u Q  — 25-1 U 75-1 IPOLEHTAIH COOTBETCTBEHHO; *3HAUNMBIE OTJINYHSA OT TPYIIIBI KOHTPOJIS,
BBIABJICHHBIE C TOMOIIBIO TecTa ManHa — YutHu (p < 0.05); *3HaAYMMbIE OTJIMYHSA OT TPYTIHI CPABHEHHNS, BHISBJICHHBIE C TOMOIIBIO Te-
cra ManHa — YutaH (p < 0.05).
Notes: Me is the median; Q,, and Q. are the 25" and 75™ percentiles respectively; *significant differences from the control group
identified using the Mann — Whitney test (p <0.05); * significant differences from the comparison group identified using the Mann —
Whitney test (p < 0.05).

B AMYHUKAX KMBOTHBIX OCHOBHOH TI'DYIIIIBI KC-
Ipeccus MapKepa He OTJIMYajach OT TAKOBOH B KOH-
TPOJIBHOH rpyitiie. K 15-M cyTkaM sKcriepuMeHTa HH-
TEHCUBHOCTh MUMMYHOOKPACKH B OOIIMTaX YCHUJIHBA-

VEGF expression was manifested as brown mem-
brane and cytoplasm staining of follicular cells and
endothelial cells. A high frequency of positive VEGF
expression in endocrine cells of functional cysts of the
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J1ach, IEMOHCTUPYA 3HAYMMBble OTJINYUA OT TPYIIIIBI
cpaBHeHUs. B dosummkymonurax HabIIOAAIOCH yCU-
JIeHUEe DKCIpeccul MapKepa, 3QdeKT mpocsekuBaI-
s TaKKe Ha 30-€ CYTKU DKCIIepUMeEHTa.

Axcupeccua VEGF npossnsanace B BUAE KO-
PUYHEBOTO OKpAIIMBAaHUA MeMOPaHbI U IIUTOILIA3-
MBI (HOJUTUKYJIOIUTOB U KJIETOK SHAOTeNUs. BbIAB-
JIeHa BBICOKAS YACTOTA HOJIOKUTEILHOU DKCIIPECCUU
VEGF B 3p70KpHUHONUTaX (QYHKIMOHAIBHBIX KHUCT
AWNYHUKA. VIMMyHOIIO3UTHBHOE OKpalllMBaHUe CJIa-
00l 1 yMepeHHOW MHTEHCHUBHOCTH HAOJIIONAIOCH HA
IIOBEPXHOCTH OOIUTOB (MeEMOpPAHHOE) U JIFOTEOIHTAX
>)kernrtoro Tena. Ha 7-e cytku mojenupoBanus OKA
aKcrpeccus pakropa ObLIa MAKCUMAJIBHO BBIPAXKEH-
HOU B (POJUIMKYJIOIUTAX PACTYIIHX (DOJUTUKYJIOB, C
15-X cyTok skcnpeccusi VEGF He oTiinuanachk oT KOH-
TpoJist (cM. TabJ1. 1). DKCIpeccuss MapKepa B DH/OTe-
JINOIUTAX Ha 30-€ CYTKU He OTJINYAJIach OT TPYIIIBI
KOHTPOJIA.

IIpu BBemenuu PCI' dopmupyoTcsi MHOXKe-
CTBeHHBIE (DOJUIUKYJISIPHBIE KUCTHI, CTEHKA KOTOPBIX
Ha paHHEM 3Talle Pa3BUTHA COCTOUT U3 5—10 CJIOEB
IPaHyJIE3HBIX KJIETOK, U KHUCTBI JKEJITHIX TEJI, CTEHKA
KOTOPBIX IIPEJICTABJIEHA JIIOTEONUTAMHU. B /ampHel-
IIIeEM TIPOTPECCUPYIOT SABJIEHUS JleTeHepaliuy, CTeH-
Ka KUCTBHI UCTOHYAeTCs U (OPMUPYETCS PETEHIIMOH-
HOe 00pa30BaHue, 3aII0JTHEHHOE [TPO3PAYHBIM CeKpe-
TOM, 2 BHYTPEHH:A BBICTHJIKA KAIICYJIbI IIPE/ICTaBIIe-
Ha OTHUM CJIOEM ILJIOCKUX KJIETOK U COETMHUTETbHOM
TKaHBIO.

BBezienre GeBaruzyMada KUBOTHBIM C SKCIIEPH-
MEHTAJIbHBIMU (DYHKITMOHAIBHBIMU KHCTAaMU BBI3bI-
BaJIO YMEHBIIIEHNE KOJIMYECTBA U Y/IeJIbHOTO 00beMa
KHCT. Y>Ke Ha 15-€ CYTKHU 5KCIIepHMeHTa IIPU ayToIl-
cuu 00HAPYKUBAJIUCh YMEHBIIIEHHE Pa3MepPOB SUY-
HHUKOB, HCYE3HOBEHHE XapaKTEPHOH OyTrpHCTOCTH,
6eJiecoBaThIil OTTEHOK IOBEPXHOCTH. VHOTZA OTMe-
YaJI0Cch JIOKAJIBHOE HCTOHYeHHe OesI0uHOH 060710Y-
ku. KostmyecTBo 1 y/1e/IbHBINA 00'heM KHCT B THUHHUKAX
KpBIC OCHOBHOU TPYIIIIBI BO BCE CPOKH BKCIIEPUMEH-
Ta OBLIO MEHBIIIE, YeM B rpyie cpaBHeHus. Ha 60-e
CYTKU 3KCIIEpUMEHTa KUCTO3HBIE IIOJIOCTU B SIMIHU-
Kax He oOHapy:kuBayuch. KoimdecTBo M y/ieabHBIN
00BEM paCTyIIUX U aTPETHUECKUX (OJUTHKYJIOB, a
TaKKe JKeJITBIX TeJl He OTJINYAJIUCh OT IPYIIIbI CpaB-
HeHUs Ha aHAJIOTMYHBIE CYyTKM SKCIIEPHMEHTa, a K
60-M CyTKaM ObUTH COIIOCTABUMBI C HHTAKTHBIMH JKH-
BOTHBIMU. BBenieHne GeBamuszymada BBI3BIBAJIO CHHU-
’KeHUe BaCKyJLApU3AIUN TeKH (POJIUKYJIOB U KeJl-
TBIX TeJI U IPUOJIMKEHUE YIETHPHOTO 06beMa COCYI0B
K 3HAUEHUSAM KOHTPOJIBHOH I'PYIIIBI HA 15-€ CYTKU.

HccreoBaHue BIepBblE YCTAHOBIJIO U3Me-
HeHHe (DAKTOPOB IAPAKPUHHOU pPeryJIsAlUd OBO-
COMATHUYECKOTO B3aWMOJEUCTBUSA U AaHTHOTeHe3a

ovary was detected. Immunopositive staining of weak
and moderate intensity was observed on the surface of
oocytes (membrane) and corpus luteum cells. On the
7% day of the OFC modelling, expression of the factor
was most pronounced in the follicular cells of the grow-
ing follicles; from the 15" day, VEGF expression did
not differ from that of the control group (see Table 1).
Expression of the marker in endothelial cells on the
30t day did not differ from that in the control group.

With the introduction of FSH, multiple follicular
cysts form, the wall of which at an early stage of devel-
opment consists of 5—10 layers of granular cells, and
cysts of the corpus luteum, the wall of which is repre-
sented by luteal cells. Subsequently, degeneration pro-
gresses, the cyst wall becomes thinner and a retention
formation is formed, filled with a transparent secret,
and the inner lining of the capsule is represented by
one layer of flat cells and connective tissue.

Introduction of bevacizumab to animals with
experimental functional cysts caused a decrease in
the number and specific volume of cysts. Already
on the 15™ day of the experiment, at autopsy, a de-
crease in the size of the ovaries, the disappearance
of the characteristic tuberosity, a whitish hue of the
surface were found. Sometimes local thinning of the
albumin was noted. The number and specific vol-
ume of cysts in the rats’ovaries of the main group
during all periods of the experiment were less than
in the comparison group. On the 60t day of the ex-
periment, cystic cavities in the ovaries were not de-
tected. The number and specific volume of growing
and atretic follicles, as well as yellow bodies, did not
differ from those in the comparison group on the
same experimental day, and by the 60™ day were
comparable with intact animals. The introduction
of bevacizumab caused a decrease in the vascular-
ization of the theca of the follicles and yellow bod-
ies and the approach of the specific volume of the
vessels to the values of the control group on the 15%
day.

The study for the first time established a change
in the factors of paracrine regulation of oocyte-so-
matic interaction and angiogenesis during the for-
mation of experimental functional ovarian cysts.
When simulating OFC on the 7" day of rFSH intro-
duction, an increase in BMP-15 expression in oocytes
was detected in all types of growing follicles and Cx-
37 in antral follicles was revealed. By the 15™ day
of the experiment, the expression of BMP-15 has
been most pronounced in the oocytes of growing
follicles, appears in primordial follicles, decreases
in follicles with signs of atresia, in which the sex
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npu (OPMHUPOBAHUU 3SKCIEPUMEHTAIBHBIX (YHK-
IMOHAIBHBIX KUCT ANYHUKOB. I1pu MozenupoBanun
®KA Ha 7-e cytku BBeneHusa pPCI' BBIABIEHO OBBI-
1IeHue skcnpeccu BMP-15 B oonjuTax Bo BCeX THIIAX
pactymux ¢GosunkysoB u Cx-37 B aHTPaIbHbBIX (OJI-
nukyaax. K 15-m cyTkam ombita skcripeccuss BMP-15
HanboJIee BEIPAyKEHA B OOLIUTAX PACTYIIUX (DOJUIHKY-
JIOB, NOABJIAETCA B IPUMOPANAIBHBIX (POJUINKYJIAX,
cHIKaeTcad B (QOJUIMKY/IaX ¢ IPU3HAKAMU aTPe3uH,
B KOTOPBIX ITOJIOBast KJIeTKa OpLIa coxpaHHa. B ¢oi-
JIMKYJIOLUTAX IEPBUYHBIX (DOJUIHKYIIOB HAOJII0/JAI0T-
ca cHmkeHne Cx-37, ycwieHue skcrpeccuu BMP-15.
DQoUTNKYJIAPHBIE SNIUTENOLUTHI IPAKTUYECKU BCEX
TUIIOB (POJIJIUKYJIOB JEMOHCTPUPYIOT CHIDKEHUE M-
MyHHOU okpacku BMP-15. Ha 30-e cyTku skcnepu-
MEHTa BBICOKasA skcnpeccuss BMP-15 coxpaHsaerca B
OOLIUTAX IIEPBUYHBIX (POJIJIMKYJIOB.

BMP-15 urpaer BaKHYI0 PoOJib B (POJUTUKYJIIO-
resese, B pocre U auddepeHIIPOBKe KJIETOK I'pa-
HyJIe3bl, a TakKe B (POPMHUPOBAHUU KJIETOK TEKH C
TOHAIOTPOIMH-HE3aBUCUMOU CcTa/inu (QOJUIHKYJIOTe-
He3a [8]. [ToaTBep:K/IeHUEM SIBJISIETCS MaKCHUMaslb-
Has 3KCIpeccrs JaHHOro (akTopa B IIpeaHTpasib-
HbIX (DOJUTHKYJIaX B IPOBEJAEHHOM HCC/IEJIOBAHUH,
YTO COTJIACYeTCs C JAHHBIMU JIuTepatyps! [8]. BMP-
15 CUHTe3upyeTCs OBOLIUTOM. I'eHepasibHasA KOHIIEII-
U MOCJIETHUX JIET 3aK/II04aeTcs B TOM, YTO B pe-
TYJISAIUN TIPEAHTPAIBHBIX CTaUN (DOJUIUKYJIOTeHe-
32, BKJIIOYas MHOTOCJIOHHBIE (DOJUIMKYJIBI, IVIABHYIO
PpOJIb UrpaeT cam OBOIUT. OBOLIUT YeI0BEKA DKCIIPeC-
cupyeT OOJIBbIINE KOJIMYECTBA PErYJIATOPHBIX OETTKOB
GDF-9 u BMP-15, KOTOpBIe CIIOCOOHBI CTHMYJIHUPO-
BaTh pOCT MHOTOCJIOMHBIX (DOJUTUKYJIOB I Vitro U ocy-
LIECTBJIATH 3AIUTY KJIeTOK (OJUIHKYJIa OT alloNTO3a.
CuuTaercs, YTO yKa3aHHBbIE BellleCTBa, CUHTe3Upye-
MBbI€ OBOIIUTOM, CTUMYJIUPYIOT MUTO3BI (DOJUTUKYJIAP-
HBIX 3IUTETNOLUTOB U IpOCTPaHCTBEHHOE 0dopMIIe-
HUe y10eB (POJUIUKYJIAPHOIO SIIUTEINA B IEPBUYHBIX
MHOTOCJIOMHBIX (POJUTHUKYJIAX, IIPU 3TOM CYIIECTBYET
onpesiesieHHasA JUHAMUKA UX CUHTE3a B TeUeHue I10-
JIOBBIX ITUKJIOB. BBIABJIEHHOE B IIPOBEIECHHOM HCCIIe-
JIOBAaHUH IIOBBIIIIEHNE JKCIIpeccui (hakTopa B OOIU-
Tax pacrymux QosuinKysioB nocie Beefenus pOCL B
paHHME CPOKU MOKeT HOCUTh KOMIIEHCATOPHBIH Xa-
paxrep. Ycunenue skcrpeccun BMP-15 nipegorspa-
11aeT aroITo3 KJIeTOK I'PAaHyJIE3bl, YTO IIPOABIIAETCS
akTuBaIued OJUINKYIAPHOTO POCTA, YBEJIUUEHHEM
pactynux GOoJTUKYJIOB.

BakHpIM COOBITHEM B Pa3BUTHUU IEPBUYHBIX
(osuTHKyIIOB, CIIOCOGCTBYIOIIUM AKTUBAI[UN IIPOJIH-
deparuu 1 runepTpodUN SMUTETUATBHBIX KJIETOK,
SIBJISIETCSI HAYAJIO DKCIPecCUy OETKOB TPYIIBI KOH-
HEKCHHOB U 00pa30BaHNe MEKKJIETOUHBIX IIejIeBbIX
KOHTaKTOB (GJ) MeXX/Iy OBOIIUTOM M KJIeTKaMu (HoJI-

cell was preserved. In the follicular cells of the pri-
mary follicles, the study revealed a decrease in Cx-
37 and an increase in the expression of BMP-15.
Follicular epithelial cells of almost all types of fol-
licles show a decrease in BMP-15 immune staining.
On the 30" day of the experiment, the high expres-
sion of BMP-15 is retained in the oocytes of the pri-
mary follicles.

BMP-15 plays an important role in folliculo-
genesis, in the growth and differentiation of gran-
ulosa cells, as well as in the formation of theca
cells from the gonadotropin-independent stage of
folliculogenesis [8]. This fact is confirmed by the
maximum expression of this factor in the preantral
follicles in our study, which is consistent with the
other research data [8]. BMP-15 is synthesized by
the oocyte. The general concept of recent years is
that the regulation of the preantral stages of fol-
liculogenesis, including multi-layered follicles, is
played by the oocyte itself. Human oocyte express-
es large amounts of GDF-9 and BMP-15 regulatory
proteins, which are able to stimulate the growth of
multilayer follicles in vitro and protect follicle cells
from apoptosis. It is believed that these substances
synthesized by the oocyte stimulate the mitoses of
follicular epithelial cells and the spatial design of
the layers of the follicular epithelium in the pri-
mary multilayer follicles, while there is a definite
dynamics of their synthesis during sexual cycles.
The increase in the expression of the factor in
the oocytes of growing follicles after introduction
of rFSH at the early stages can be compensatory.
Enhancing BMP-15 expression prevents apoptosis
of granulosa cells, which is manifested by the ac-
tivation of follicular growth and by an increase in
growing follicles.

An important event in the development of pri-
mary follicles, promoting the activation of prolifera-
tion and hypertrophy of epithelial cells, is the onset
of the expression of connexin group proteins and
the formation of intercellular gap junctions (GJ) be-
tween the oocyte and follicular epithelium cells [11].
Due to these GJ, diffusion of ions, metabolites and
potential signalling units (cAMP, Ca2+) into the oo-
cyte and back to the follicular epithelium cells takes
place. The synthesis of Cx-37, from which GJ are
formed, the oocyte and the adjacent cells, starts im-
mediately after selection of the primordial follicle
for entry into growth.

It is also believed that protein substrates of the
Cx-37 group are used by the oocyte for trophism,
and subsequently, together with other regulatory
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JIMKYJIIPHOTO 3muTeNus [11]. Biarogaps sTuM KOH-
TaKTaM ocyllecTBisgeTcsa Audg@y3us MOHOB, MeTa-
0OJIUTOB ¥ TOTEHITUAJIBHBIX CUTHAJIBHBIX EUHMUI]
(HAM®, Ca2*) B oBOITUT B 0OpaTHO — K KJIeTKaM ¢ oJI-
JmKyaapHoro snurtenud. Cuares3 Cx-37, U3 KOTOPOTo
dopmupytorcss GJ, OBOIUT U MPUJIETAIONUE K HEMY
KJIETKM HAYMHAIOT Cpasy Iocjie 0Tbopa MpUMOpPAU-
JIbHOTO QOJITUKYJIA JJIS BCTYIIJIEHUS B POCT.

ITomaratoT Tak:ke, UTO OEJIKOBbIE CYOCTpPATHI
rpynnbl Cx-37 UCHOJIB3YIOTCA OBOIIUTOM 1A TPOu-
KU, a B TIOCJIEJTyIOIIEM COBMECTHO C JIPYTUMHU peryJis-
TOPHBIMU CUTHAJIAMU PEVMHUIIMUPYIOT Meio3. Kak u
B IPUMOPUTHHBIX (POJUTHKYJIAX, OBOIIUTHI TIEPBUY-
HBIX (POJUTUKYJIOB MPEOBIBAIOT B COCTOSTHUM OJI0Ka
Mei03a, HECMOTPS Ha TO, YTO POCT IOJIOBBIX KJIETOK
CYII[ECTBEHHO aKTUBU3UPYETCS.

B xone dopmupoBanus QOJITUKYIAPHON MOJIO-
cTH (KaBUTAIUK) B KJIETKAX (DOJUIUKYJLIPHOTO DIIUTE-
Just 06TUraTHO 9Kcnpeccupyeres kit-urass, a B 0Bo-
nute — Cx-37. Eciin B peruoHe Qosutnkysa JaHHbIE
OesIKM OTCYTCTBYIOT, TIOJIOCTHOU (DOJITUKYJT He pas-
BHUBAETCS U BOBHUKAIOT AaHOBYJISITOPHBIE (POPMBI Oec-
IO

B npoBeieHHOM HCCIe/TOBAaHUHU OBLIO BBISIBJIEHO
ycusenue skcrpeccru Cx-37 B OOIIUTAX MOJIOCTHBIX
(oJUTHKYJIOB HA 7-€ CYyTKH, UTO SABJISAETCS HEOOXOau-
MBIM YCJIOBHEM JJII HOPMAJIbHOTO TeYeHUs IO03[-
HUX CTaINH (POJUTUKYJIOTEHE3a B XapaKTEPHO JIJIA 10-
MWHAHTHOTO (POJUIMKYJIA 0 OBYJIAINU. DKCIIPeCcCust
poTerHa B (POJUTUKYIIPHOM SITUTEIUH TEPBUYHBIX
(G OLTHUKYIIOB CHUKAETCS, OTHAKO He TIPUBOJIUT K Ha-
PYIIEHHIO BO3OOHOBJIEHUS MeH03a B OOIIUTE PaCTy-
miero dosutukysa [11].

Ha 15-e cyTKH OKCIIEpUMEHTA HKCIIPECCHUS
BMP-15 B oornuTax BceX TUMHOB pacTymux (poJIIu-
KyJI0B HauboJiee BhIpAKEHA IO CPABHEHHUIO C TPYII-
IOW KOHTPOJIS U 7-MU cyTKaMu. CiieayeT OTMETHTD
MOsABJIEHHE 3HAUYMMO 00Jjiee BBICOKOU HKCIIPECCUH
BMP-15 B oouuTax y:Ke CO CTaAUU MPUMOPAUATIL-
HBIX (DOJUTUKYJIOB, UTO COTJIACYETCs CO BCTYTIJIEHUEM
“30BITOYHOTO KOJIMYeCTBa (HOJITUKYJIOB B pocT. B3a-
UMOJIEHCTBHE MKy OOIUTAMU U (POJUIUKYJISIPHBI-
MU 3TUTETNONUTAMU aHTPAJTbHBIX U TIPEIOBYIISITOP-
HBIX (POJIJITUKYJIOB Uepe3 IiejieBble KOHTAKThI COOT-
BETCTBYET TAKOBOMY B TDYIIIIE KOHTPOJIA.

Ha 30-e cyTKku ombITa COXpaHSIETCs BBICOKAsI DKC-
npeccur BMP-15 B nepBUYHBIX QOJITUKYJIAX, UTO CO-
OTHOCHUTCS ¢ 3aBeplleHreM IUKIa (QOJIIUKYJIoreHe-
3a. ITo maaubim siutepaTypbl BMP-15 u Cx-37 sBisa-
FOTCS IPOTEKTOPAMU KJIETOK IPAHYJIE3BI HE TOJIBKO OT
aroITo3a, HO M OT IPeX/IeBPEMEHHON JIIOTEeMHU3a-
nwu [9, 10]. B IpoBeIEHHOM HCCIIE/IOBAHUH SKCITPEC-
cust BMP-15 u Cx-37 B ooluTax BTOpPUYHBIX U TPETHY-
HBIX (POJUIUKYJIOB 3HAUMMO HE OTJINYAETCA OT TaKO-

signals, meiosis is re-initiated. As in primordial
follicles, the oocytes of the primary follicles are in
a state of meiosis, despite significantly activated
growth of germ cells.

During the formation of the follicular cavity
(cavitation) in the cells of the follicular epithelium,
the kit ligand is expressed, and Cx-37 is expressed
in the oocyte. If these proteins are absent in the fol-
licular region, the cavitary follicle does not develop
and an ovulatory infertility forms arises.

The study revealed an increase in Cx-37 expres-
sion in cavitary follicles oocytes on the 7% day, which
is a necessary condition for the normal course of the
late stages of folliculogenesis and is characteristic
of the dominant follicle before ovulation. Protein
expression in the follicular epithelium of the pri-
mary follicles decreases but does not prevent the
resumption of meiosis in the oocyte of the growing
follicle [11].

On the 15" day of the experiment, the expres-
sion of BMP-15 in oocytes of all types of growing fol-
licles is most pronounced compared to the control
group and 7" day. A significantly higher expression
of BMP-15 in oocytes from the stage of primordial
follicles should be noted, which is consistent with
the growth of excess follicles. The interaction be-
tween oocytes and follicular epithelial cells of antral
and preovulatory follicles through gap junctions
corresponds to that in the control group.

On the 30" day of the experiment, the high ex-
pression of BMP-15 was preserved in the primary
follicles, which correlated with the completion of
the folliculogenesis cycle. According to the studies,
BMP-15 and Cx-37 protect granulosa cells not only
from apoptosis but also from premature luteiniza-
tion [9, 10]. In the study, the expression of BMP-15
and Cx-37 in the oocytes of the secondary and ter-
tiary follicles is not significantly different from that
in the control group but decreases compared to pre-
vious points of experience.

VEGF protein is one of the main stimulators
of angiogenesis. It plays an important role in the
physiology of normal ovaries and contributes signif-
icantly to the growth and development of functional
ovarian cysts, mainly due to the induction of angio-
genesis and increased vascular permeability [13].
The results obtained are consistent with pub-
lished immunohistochemical studies that showed
increased expression of VEGF in the wall of func-
tional ovarian cysts [15]. Increased angiogenesis
(increased expression of VEGF) in the early stages
of modelling functional cysts is associated with in-
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BOH B TpyIIle KOHTPOJIs, HO CHIDKAETCS 110 CpaBHe-
HUIO C IIPEJBIAYIINMU TOYKAMU OIBbITA.

besok VEGF — ofiuH U3 OCHOBHBIX CTUMYJISTO-
POB aHTHOreHe3a — WUrpaeT BaKHYIO POJb B GU3HO-
JIOTMY HOPMaJIbHBIX ANYHUKOB U BHOCUT 3HAUUTEb-
HBIU BKJIa/] B POCT U pa3BUTHE (PYHKIIMOHATBHBIX KUCT
SAWYHUKOB, B OCHOBHOM 3a CUeT UHIYKIIUU aHTHoTe-
He3a U TOBBIIIEHUA IPOHUIAEMOCTH COCYAOB [13].
[TosyueHHBIE PE3YIBTATHI COTIIACYIOTCS C OILyOTHKO-
BAaHHBIMU HMMYHOTUCTOXUMUYECKUMU HCCJIe0Ba-
HUAMH, I[IOKA3aBIIMMHU IIOBBIIIEHHYIO 3SKCIIPECCHUIO
VEGF B creHke (PyHKIIMOHAJIBHBIX KHUCT SAUYHUKOB
[15]. Ycunenue mporieccoB aHTHOTeHe3a (ITOBBIIIIE-
Hue skcnpeccuu VEGF) B paHHMe CPOKU MOJIETHPO-
BaHUA (PYHKIIMOHAIBHBIX KUCT CBA3AHO C yCUJIEHUEM
nposiudeparun GOJITUKYIONUTOB, UTO SIBJISETCS Off-
HUM U3 3BeHbeB nartoreteza @K u orBeToM Ha cTH-
MyJIAnUIo posutukyssgpHoro snuteaus OCT.

3AK/IIOYEHUE

BBenenne GeBaru3ymaba yCKOpsIET perpecc
(DYHKIIMOHAIBHBIX KUCT SUYHUKOB 32 CUET CHUKE-
HUSI BACKYJISIDU3AI[UM B CTEHKE KHUCTHI, COIMPOBO-
JKIAIOMIETOCH YMEHBIIIEHHEM 3KCIpeccHur  (HaKTo-
pa pocra suzportenusa cocynoB (VEGF) B creHke Ku-
CTHI. BBISIBJIEHHOE CHIDKEHUE KOJIMYECTBA PACTYIIIX
¢ oTUKYJIOB, yCUIEHUE MPOIECCOB aTpe3uu B (oi-
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creased proliferation of follicular cells, which is one
of the links to the pathogenesis of OFC and the re-
sponse to stimulation of the follicular epithelium by
FSH.

CONCLUSION

Introduction of bevacizumab accelerates the
regression of functional ovarian cysts by reducing
vascularization in the cyst wall, accompanied by a
decrease in the expression of vascular endothelial
growth factor in the cyst wall. The revealed decrease
in the number of growing follicles, the enhancement
of atresia processes in the follicles, and the change
in the expression of the oocyte-somatic interaction
factors (BMP-15, Cx-37) are of short duration.
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