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AHHOTAIINA

BBepgenue. ITouck 3aBucuMocTedl MeKIy KINHUYIECKUMU OCOOEHHOCTAMY IAIIUEHTOK ¢ MHOMOM MaTKH U Xapak-
TEPUCTHKAMU X MUOMATO3HBIX Y3JI0B aKTyaJIeH JIJIA BbIABJIEHUS IPOIHOCTUYECKUX MapKEPOB.

Il e 1 b . Y HAalMEeHTOK PENPOAYKTUBHOTO BO3pAcTa ¢ MIOMOHM MAaTKH BBIABUTH HAJTUUHE KOPPEJIAINH MEKIY KIMHUKO-
J1abopaTOPHBIMU ITOKA3aTEJISIMU M MapKepaMu aHTHOTeHe3a 1 Gubpo3a B OMEpPaIHOHHOM MaTepHuaJle.

MaTepuain u MeTOJBbl . [IpoBeeHA MUOMIKTOMUSA y 226 MAIMEHTOK C HAUIMYNEM MHOMATO3HBIX Y3JIOB B
Tesie MaTKu. O6cIefoBaHNE NAIMEHTOK BKIIIOYAIO B ce0s1 MHCTPYMEHTATIbHBIE METOAB! (YIBTPA3BYKOBOE HCCIIEIOBAHIE,
MarHuTHO-pe30HaHCHAs ToMorpadus), u3ydeHa sKeTpareHuTaabHasA naToaorus. O6pasnbl JOMUHAHTHBIX MEOMATO3HBIX
y3JI0B B MHOMeTpPHsA OBLIIN HCCIIEOBAHbI ¢ IOMOIIBI0 UMMyHOdepMeHTHOro aHanusa (MPA) Ha comeprkaHue B cpesie
WHKyOanuu 6a30BOT0O ¥ CTUMYJIUPOBAHHOTO MOJIUKJIOHATBFHBIME akTuBaTopaMu (I1A) dhbakTopa pocTa SHIOTEHs COCY/IOB
(VEGF) u rpanyionuTapHo-MakpodaraabHOTO KoJoHHecTUMyaupyoiiero dgakropa (I'M-KC®). N3yuanu 3KCIPECCUIO
nporecTepoHOBBIX perentopos (PgR) u VEGF ¢ momoinpio umMmmyHorucroxumun (UT'X).

PesyunbTarsb . CoueTaHHe MHOMBI MAaTKU C SHAOMETPHO30M Y JKEHITUH PENPOILYKTHBHOIO BO3PACTA BJIHAJIO HA
DAL THCTOJIOTHYECKUX U MOJIEKYJLIPHBIX XapaKTEPUCTUK JJOMIHAHTHOIO MUOMATO3HOI'O y3J1a: II0JIOKUTEIbHO — Ha CTe-
nesb Gubposa (p < 0.0001), oTpuraTesbHO — Ha HHAYIHpoBaHHYO [TA mpoxaykiuio 'M-KC® u VEGF (p = 0.0054 u
P = 0.0016 COOTBETCTBEHHO).

¥V nmanueHTox ¢ a[eHOMHO030M OBLIO GOJIbIIIE MHOMATO3HBIX Y3JI0B (P = 0.0192) [0 CPAaBHEHUIO C MAIIMEHTKaMU 0e3 JII000H
opmel BHAOMETPHO3a, TPU 5TOM HAUOOJIBIINH JUAMETP y3J1a U CTeNeHb ero Gpudpo3sa 6bUIH Y JKeHIUH 6e3 aleHOMHI03a
(p =0.0397 u p = 0.0344 cooTBeTcTBeHHO). MHAynupoBanHas [TA npoayknus VEGF B y3iie GoJiblile Py HAJTUYHWH aJI€HO-
muo3a (p = 0.0326), a skcrpeccus PgR B nepudokaIbHOM MHOMETPUHU — MeEHBIIE (P = 0.045).

¥V nmanueHTOK ¢ MUOMOM MaTKU MHJIEKC Macchl Tesla ¢J1a00 MOJIOKUTEIbHO KoppeaupoBal ¢ sxkcnpeccrueit VEGF B nepudo-
KaJIbHOM MUOMeTpUU. KOJINYecTBO MHUOMATO3HBIX y3JI0B ¢J1a00 MOJIOXKUTEIHO KOPPEJUPOBAJIO C WUHEKCOM BIIUSHUSA
MIOJIMKJIOHAJIBHBIX akTUBaTOpoB (VBITA) Ha mpoayknuio VEGF B joMuHAHTHOM y3iie in vitro. Ctenens ¢dpubposa JoMu-
HAHTHOTO y3JIa YMePEHHO MOJIOKUTEIFHO KoppesrupoBaia ¢ akcripeccueil VEGF B nepudoxapHOM MUOMETPUU 1O AaH-
HbIM UT'X.

3akJyo4eHUe. Pe3ynpraTel UCCIETOBAHUSA OTPAXKAIOT CHUCTEMHOCTh MHOMATO3HOH TpaHCcHOPMAIUU ¢ MYyJIbTH-
(bokaIBHOCTHIO OILyX0JIEBOTO POCTA MUOMETPHS U MOTEHIIHAIOM 00pa30BaHU HOBBIX MHOMATO3HBIX Y3JI0B y HAI[UEHTOK
C TTOBBIIIIEHHBIM UH/IEKCOM MacChI TeJIa.

Kaouessble cnrosa: MuomMa MaTku, MEOMeTPUH, Gubpo3, GakTop pocTa 3HIOTEIHUS COCYIOB, IIPOTECTEPOHOBBIE PEIIETI-
TOPBI, HOJINKJIOHATIbHBIE aKTUBATOPbI, UMMYHOGbEPMEHTHBIA aHAIN3, UMMYHOTHCTOXUMUSI.
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Correlations between clinical laboratory parameters
and angiogenesis and fibrosis markers in myomectomy surgery

D.A. Solyanikov', L.A. Piven’2, A.V. Volchek* 2, V.M. Kuleshov*, K.Yu. Makarov?, T.V. Kiseleva',
Z.B. Khayatova!, S.M. Khachatryan?, V.K. Babichev?, S.S. Kozlov?, S.V. Aidagulova’, I.0. Marinkin®
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ABSTRACT

Introduction. Thesearch for the relationships between clinical features of patients with uterine fibroids (uter-
ine myoma, leiomyoma) and the characteristics of their myomatous nodules is relevant for identifying prognostic markers.
A i m . Inpatients of reproductive age with uterine fibroids, to identify the presence of correlations between clinical labo-
ratory parameters and markers of inflammation and fibrosis in the surgical specimens.

Materials and methods. Myomectomy was performed in 226 female patients with myomatous
nodules. Examination of patients included clinical investigations (ultrasound, magnetic resonance imaging), extragenital
abnormalities were assessed. Samples of the dominant myomatous nodules and myometrium were examined using
enzyme-linked immunosorbent assay (ELISA) for the content of baseline and stimulated by polyclonal activators (PA)
vascular endothelial growth factor (VEGF) and granulocyte-macrophage colony-stimulating factor (GM-CSF) in the incu-
bation medium. The expression of progesterone receptors (PgR) and VEGF using immunohistochemistry (IHC) was
assessed.

R e sults. Thecombination of uterine fibroids with endometriosis in reproductive-aged women influenced a number
of histological and molecular characteristics of the dominant myomatous nodule: positively — on the grade of fibrosis
(p < 0.0001), negatively — on the PA-induced production of GM-CSF and VEGF (p = 0.0054 and p = 0.0016, respectively).
Patients with adenomyosis had more myomatous nodules (p = 0.0192) compared with patients without any form of endo-
metriosis, while the largest nodule diameter and the degree of fibrosis were in women without adenomyosis (p = 0.0397
and p = 0.0344, respectively). PA-induced VEGF production in the nodule is greater in adenomyosis (p = 0.0326), while
PgR expression in the perifocal myometrium is less (p = 0.045).

In patients with uterine myoma, the body mass index had a weak positive correlation with VEGF expression in the perifocal
myometrium. The number of myomatous nodules had weak positive correlation with the stimulation index of PA (SIPA)
which reflects their influence of the VEGF production in the dominant nodule in vitro. The degree of fibrosis of the domi-
nant nodule was characterized by moderately positive correlation with the expression of VEGF in the perifocal myome-
trium according to THC.

Conclusion. Theresults of the study reflect the systemic nature of myomatous transformation with multifocal
myometrium tumor growth and the potential for the formation of new myomatous nodules, especially in women with ele-
vated body mass index.

Keywords: uterine fibroids, myometrium, fibrosis, VEGF, progesterone receptors, polyclonal activators, enzyme immu-
noassay, immunohistochemistry.
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BBE/JIEHUE INTRODUCTION

MuoMa MaTKd — IIHPOKO PacIpoCTpaHeHHas
TOPMOHO3aBHUCHMAasl JTOOpPOKaueCcTBeHHasl OIyXOJIb,
KOTOPYIO JHAarHOCTUPYIOT y JKEHINWH Bce 0osiee
MOJIO/IOTO BO3pAacTa, B TOM 4YKcCsIie 6aroiapsi COBep-
IIIEHCTBOBAHUIO ¥ IIOBCEMECTHOMY BHEPEHUIO
WHCTPYMEHTAIBHBIX METOJIOB 00ciieoBanud [1, 2].
HecMmoTpsi Ha TpeuMyIeCTBEHHO 0ecCHMIITOMHOE
TeueHHe, MUOMa MAaTKHU MOYKET OBITh IIpe/ICTaBIeHa
U OMHOYHBIMH, 1 MHOKECTBEHHBIMU y3JIaMH, OKa-

Uterine fibroid is a widespread hormone-depen-
dent benign tumor that is diagnosed in women of an
ever younger age, thanks to the improved and com-
monly used methods of clinical investigations [1, 2].
Despite the predominantly asymptomatic course,
uterine fibroids can be represented by both single
and multiple nodules having a negative impact on
reproductive health especially when combined with
chronic endometritis and endometriosis, both inter-
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3bIBasl HETAaTHBHOE BO3JIECTBHE HA PEIPOJYKTHUB-
HOE 37I0POBBE, 0COOEHHO MIPU COUETAHUH C XPOHUUE-
CKUM DHJIOMETPUTOM U 3HAOMETPHUO30M, KaK BHY-
TPEHHUM, Tak W HapyXHbIM [3]. C yuyeTom pempo-
JIYKTUBHBIX IUIAHOB U BO3PACTa, MaIl[ieHTKaM PeKo-
MEH/IyIOT MeJUKaMEeHTO3HOE U/ WJIN XUPYPTUUeCKoe
JledeHHe B CIy4aAx MOJCIU3UCTON JIOKUIH3AIUU
ya7a ¢ aedopmaruedl moJ0CTH MaTKU, IIPU Pa3BU-
TUHM aHEMUH, IIPOTPECCUPYIONIEM HAPACTAHUH OITy-
XOJIEBOU Macchl ¥ 60JIEBOM CUHJIpOME [4].

OnHUMHU U3 BOKHBIX QYHAaMEHTAIbHbBIX BOIIPO-
COB ITaTOTe€He3a MUOMBI MAaTKU SIBJIIOTCA CKOPOCTH
U (GaKTOPHI pOCTa OIYXOJIEBBIX Y3JIOB, & TAKXKe HX
IIOBTOpHOE 0Opa3oBaHUe IOC/Ie MHOMIKTOMUU [5].
VIMeHHO I03TOMY CBOMCTBA BU3yJIPHO HE N3MEHEH-
HOTO MHOMETpHUS y HMAalMeHTOK ¢ MHOMON MAaTKH
MIPEICTABJISIOT HAYYHBIA U IPAKTUUECKUH UHTEPEC;
BeJIETCSI TIOUCK ITPOTHOCTUYECKH 3HAUYMMBIX MapKe-
pOB oIyxoJyieBOM TpaHChOPMAllUM MHUOIUTOB C
HaJIe’KZI0M Ha BbIABJIEHUE MEPCIEKTUBHBIX MUIIIE-
Hell. B HezlaBHEM uccieloBaHUM 00pas3IioB U3 6as3bl
nmanabix Gene Expression Omnibus [6] 6suta usy-
YeHa DKCIpPeccUs psiZia TEHOB B MHOME IO CpaBHe-
HUIO ¢ HeTpaHCHOPMHUPOBAHHOM TKaHbIO MHOMe-
TpUs, U OBUIO YCTAHOBJIEHO, UTO OJWH U3 UJIEHOB
cymepceMericTBa ¢hakTopa HEKPO3a OIYXOJIU «IIPO-
TeonuAHbIN» Oemok 1 (PLP1) xapakrepusyercs
noBbIIeHHBIME ypoBHAMU MPHK u Geska B TKaHAX
MHOMBI IO CPAaBHEHUIO ¢ HOPMAIbHOM TKAHbIO MHUO-
Mmetpud. CiepoBatesnbHo, PLP1 MoxeT Ciry:KUTh
[IOJIE3HBIM JTUATHOCTUYECKUM HHCTPYMEHTOM JUJIS
BBISIBJIEHUS TAIIUEHTOK ¢ MUOMOU MaTtku [6]. Hamu
paHee TakKe OBUIM NPOJEMOHCTPUPOBAHBI Pa3JIv-
YU SKCIpeccuu pakTopa pocTa SHIOTENHSA COCYI0B
(VEGF) Ha ypoBHe 6€JIKOBOI MOJIEKYJIBI B IOMUHHU-
pYIOIeM MHOMATO3HOM Y3JIe II0 CPABHEHUIO C ITePH-
(poxasbHBIM MHOMETPHEM, IIPU 3TOM XapaKTep pas-
JIMYUN  OUpeJNesisics cofepKaHueM (QUOPO3HOM
TKaHu [7]. B mesoMm, HeCMOTps Ha MOJIEKYJISAPHBIN
YPOBEHb COBPEMEHHBIX WCCJIEZJOBAaHUM, aKTyaJleH
IIOUCK 3aBUCUMOCTEH MEKIYy KIUHUUYECKHUMU OCO-
OEeHHOCTSAMU MAIMEHTOK ¢ MHOMOHN MAaTKU M XapaK-
TEPUCTUKAMU UX MHOMATO3HBIX Y3JIOB.

ITEJIb NCCJIEAOBAHUA

¥ manueHTOK pEenpOoAYKTHBHOTO BO3PacTa ¢ MHO-
MOU MaTKH BBISIBUTH HAJIUUHME KOPPEJIAIUA MEKITY
KJIMHUKO-JIa00PaTOPHBIMHU [TOKA3aTeJISIMU U MapKe-
pamu BocmasieHuss U ¢Gubpo3a B OMEPAIMOHHOM
Marepuaie.

MATEPUAJIBI 1 METO/AbI

B runekosiormueckom otmenenuu I'bY3 HCO
«T'ocymapcrBennass HoBocubupckas —obsacTHas

nal and external [3]. Taking into account the repro-
ductive planning and age, patients are recommended
medical and/or surgical treatment in submucosal
location of a nodule accompanied by deformation of
the uterine cavity, development of anemia, tumor
progression and pain syndrome [4].

One of the important fundamental issues of the
pathogenesis of uterine fibroids is the growth rate
and growth factors of tumor nodules, as well as their
relapse after myomectomy [5]. That is why the prop-
erties of the visually unchanged myometrium in
patients with uterine fibroids are of scientific and
practical interest; a search is underway for prognos-
tically significant markers of tumor transformation
of myocytes with the hope of identifying promising
targets. A recent study of samples from the Gene
Expression Omnibus database [6] examined the
expression of a number of genes in myoma compared
to normal myometrial tissue and found that one TNF
superfamily member, proteolipid protein 1 (PLP1),
had increased levels of mRNA and protein in myoma
tissues compared to normal myometrial tissue.
Therefore, PLP1 may serve as a potential diagnostic
biomarker of uterine fibroids [6]. We have also previ-
ously demonstrated differences in the expression of
vascular endothelial growth factor (VEGF) at the
level of protein molecule in the dominant myoma-
tous nodule compared to the perifocal myometrium,
with the nature of the differences determined by the
content of fibrous tissue [7]. In general, despite the
molecular level of modern studies, the search for
relations between the clinical features of patients
with uterine myoma and the characteristics of their
myoma nodules is relevant.

AIM OF THE RESEARCH

To identify the presence of correlations between
clinical laboratory parameters and markers of
inflammation and fibrosis in the surgical specimens
of reproductive-aged women with uterine fibroids.

MATERIALS AND METHODS

226 female patients with uterine leiomyoma
(ICD-10 code: D25) aged 23 to 46 (39.7 + 4.3) years
underwent surgical treatment in the Gynecological
Department of the Novosibirsk Regional Clinical
Hospital (NRCH). Examination of patients included
clinical investigation (ultrasound in all cases, mag-
netic resonance imaging (MRI) when indicated);
obstetric and gynecological history and extragenital
abnormalities were studied. Inclusion criteria were:
clinical indications for surgical treatment of repro-
ductive-aged patients with myomatous nodules in
the uterus [8], the level of follicle-stimulating hor-
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knuHu4eckas 6ospHua» (CHOKB) mpoomnepupo-
BaHBI 226 MAIMEHTOK C JIEHOMHIOMOK MaTKH (KO I10
MKB-10 — D25) B Bo3pacTe oT 23 110 46 (39.7 £ 4.3)
ser. ObcienoBaHue TMAIUEHTOK BKJIIOYAIO B cebs
WHCTPYMEHTAIbHBIE  MeTOABl  (YJIbTPa3BYKOBOE
uccaenoBanre (Y3IM) Bo Bcex ciydasx, MarHUTHO-
pesonaHcHas Tomorpadus (MPT) o mokazaHusaM);
HU3yYaIuCh aKyIIePCKO-THHEKOJOTHUYECKUA aHaM-
He3 U DKCTPareHUTaAIbHAS MaTOJIOoTHA. KpuTepusamu
BKJIIOUEHHUSI B HCCJIEIOBaHHE OBLIN KIMHHUYECKUE
MMOKa3aHUsA K OIEPATUBHOMY JIEUEHHIO IMAI[UEHTOK
PenpoyKTUBHOTO BO3pacTa € MHOMATO3HBIMHU
y3siamu B Matke [8], ypoBeHb (DOIITUKYIOCTUMYITH-
pyrotiero ropmona <12 MEn/mi u mHGOpMUpPOBaH-
HOe COTJIacHe MaIueHTKU. Kputepun HEBKIIOUEHUs:
MPOSIBJIEHUS MIPEMEHOIIAay3bl, TPOTUBOIIOKA3AHUS K
XUPYPrUYECKOMY JIEUEHHUI0, HHJIEKC MAacchl Tesa
(MMT) Gosiee 40 Kr/m?, OIyXOJieBble IPOIIECCHI U
JIEKOMITEHCHPOBAaHHbIE COMATHUYECKHEe U WHOEKITH-
oHHbIe 3aboseBaHUs. KpuTepuum HWCKIIOUEHUSA:
oOHapy’KeHHbIE TIPU THMCTOJIOTHYECKOM HCCJIEZIOBA-
HUU YJAJIEHHBIX MHOMATO3HBIX Y3JI0B HEKpPOTHYe-
CKHEe U3MEHEHUs WM 3JI0KAYeCTBEHHAS OILYXOJIb.
O6cenoBanue U JedeHHe MaueHTOK TPOBOUIIN C
WX MHUCHbMEHHOTO WH(POPMUPOBAHHOTO COTJIACHUS B
COOTBETCTBUHU C 3aKOHOaTeJbcTBOM PO 1 npuHLIu-
MaMu TPOBEJIEHUs] MEIUIIMHCKUX WCCIeI0BAHMH,
W3JI0KEHHBIMU B XeJIbCHHKCKOH Jiekyapanuu Bee-
MHUPHOH MEeJUIIMHCKON acconuaruu. MeeaenoBanre
onobpeno drtuueckum komutrerom 'HOKB (mporo-
ko1 N2 3 ot 28.11.2013) ¥ IDTUUECKHUM KOMUTETOM
OI'bOY BO «HoBOoCHOWPCKHH TOCYZapCTBEHHBIA
MeIUITUHCKUN yHuBepcuteT» Munzzapasa Poccun
(mmpotoxkos N2 63 oT 27.03.2014).

[TanyieHTKaM BBIMIOJIHSAIA MHOMBKTOMHIO BCEX
WHCTPYMEHTAJIbHO W TaJbIIATOPHO IHATHOCTHPO-
BaHHBIX y3JIOB C YIIMBAHUEM JIOKA B 2 Psijia C ITIOMO-
mpio Vicryl 1. BeipaskenHocTh ¢ubposa ysia Ha
napadpUHOBBIX Cpe3ax OIEHUBAJIU IPHU OKPaCKe I10
BaH ['W3OHYy: 1-1 crelleHb (pubOpo3a — IJIOMAAH
(pubposHOU TKaHU MeHee 15 %, 2-5 CTElleHb — OT 10
110 50 % u 3-51 cTeneHb — 6oJiee 50 % IUTOIIAK cpe3a
[9]. BocmanauTenbHO-KJIETOUHYI0 WHQUIBTPAIUIO
OIleHUBAJIM OT 1 10 3 Oa/uioB. M3 JOMHHaHTHOTO
y3JIa 1 MUOMETPUS IIPU MUOMAKTOMUHU UCCEKAIIU TI0
2 UJIEHTUYHBIX ()parMeHTa U MHKyOUPOBaJIU B ITATA-
TEJIPHOU CpeJie; ¢ NeJIbI0 HHAYIUPOBATh ITUTOKUHO-
MPOZIYKITUIO B OAWH U3 (HIIAKOHOB JT0OABJISIIIA CMECh
MIOJTUKJIOHAJIBHBIX akTuBaTtopoB (ITA): 4 wxkr/mn
(uroremMarryIIOTUHUHA, 4 MKI/MJI KOHKaHaBa-
JuHa A W 2 MKr/mi junonosucaxapuzaa. Ilocie
OKOHUAHUS WHKYOAIlUM CYIEePHATAHTHl XpaHUJIN
npu —80 °C, d¢parmeHTHl TKaHU (UKCUPOBAIU B
dbopmanune. B cynepHaTaHTax ¢ TOMOIIbI0 UMMYHO-

mone <12 mU/ml, and the written informed consent
of the patient. Non-inclusion criteria were: manifes-
tations of premenopause, contraindications to surgi-
cal treatment, body mass index (BMI) over
40 kg/m2, tumor processes and decompensated
somatic and infectious diseases. Exclusion criteria
were: necrotic changes or a malignant tumor detected
during histological examination of removed myoma-
tous nodules. Examination and treatment of patients
was carried out provided written informed consent
in accordance with the legislation of the Russian
Federation and the principles of medical research of
the Declaration of Helsinki of the World Medical
Association. The study was approved by Ethics Com-
mittee of the NRCH (protocol No. 3 dated November
28, 2013) and Ethics Committee of the Novosibirsk
State Medical University (protocol No. 63 dated
March 27, 2014).

The patients underwent myomectomy of all
nodules detected during clinical investigations
and on palpation with suturing the bed in 2 rows
using Vicryl 1. The severity of fibrosis of the nodule
on paraffin sections was assessed by van Gieson
staining: 1st grade of fibrosis — the area of fibrous
tissue is less than 15%, 2nd grade — from 10 to 50%
and 3rd grade — more than 50% of the section area
[9]. Inflammatory cell infiltration was scored using
1 to 3 points. Two identical fragments from the
dominant nodule and myometrium were removed
and incubated in a nutrient medium; in order to
induce cytokine production, a mixture of poly-
clonal activators (PA) was added to one of the
vials: 4 pg/ml of phytohemagglutinin, 4 ug/ml of
concanavalin A, and 2 pg/ml of lipopolysaccha-
ride. After the end of incubation, the supernatants
were stored at —80°C, tissue fragments were fixed
in formalin. In supernatants, baseline and PA-
stimulated levels of granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) and VEGF were
examined using enzyme-linked immunosorbent
assay (ELISA). We used Cytokin-Stimul-Best kits
manufactured by Vector-Best in accordance with
the manufacturer’s instructions. The stimulation
index of polyclonal activators (SIPA) of GM-CSF
and VEGF was calculated as the ratio of PA stimu-
lated and baseline content of the studied molecules
which was expressed in arbitrary units.

Expression of VEGF and progesterone receptors
(PgR) in the myomatous nodules and myometrium
was examined on paraffin sections using a two-step
streptavidin-biotin technique and Thermo Scientific
reagents. Immunohistochemical (IHC) reaction
products were assessed at x400 magnification using
an Axio Scope.A1 microscope with an AxioCam MRc5
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depmenTHoro ananusza (MPA) uccmemoBaiu CroH-
TaHHBIK (0a30BBI) W CTHUMYJIMPOBaHHBIN IIA
VPOBHH T'PaHyJIONHUTapHO-MaKpoGaraaIbHOTO KOJIO-
Huectumysupyotero gakropa (I'M-KC®) u VEGF.
B pabore ucnosp3oBau Habopwl «I[uTOoKUH-CTH-
mysa-becr» npousBozacrBa 3AO «Bexrop-becr» B
COOTBETCTBUU € MHCTPYKI[UeH mpousBoauTess. Pac-
CUNTBHIBAIN HWHJIEKC BJIUAHUA IIOJIUKJIOHAIBHBIX
aktuBaropos (IBITA) TM-KC® u VEGF kak cooTHO-
meHue ctuMysmpoBanHoro ITA u 6azoBoro comep-
JKQHUSA UCCIIEAYEMBIX MOJIEKYJI, KOTOPOE BhIpaXKaau
B YCJIOBHBIX €IMHHUIIAX.

Axcnpeccuto VEGF u nporectepoHOBBIX perien-
TopoB (PgR) B MHOMAaTO3HBIX y3J1aX U MUOMETPHUU
HU3y4yaiy Ha mapa(uHOBBIX CPe3ax C IOMOIIBIO ABYX-
IIarOBOTO CTPENTABUINH-OMOTHHOBOTO MeETOAa U
peaktuBoB Thermo Scientific. [TpogyKThl UMMYHO-
rucroxumuueckoil (MI'X) peakiuu oneHUBaIN IIpu
VBEJIUYEHUHN X400 C MOMOIIBI0 MHUKPOCKOMa AXio
Scope.A1 ¢ ¢orokamepoit AxioCam MRc5 u mpo-
rpammHoro obecrnieuenus ZEN blue (Zeiss) u Bbipa-
J)Kayu B mporeHTax 1wiomaau i1 VEGF u H-score
Juist PgR. MeTo/ibl ”MMyHOMEPMEHTHOTO aHAJIN3a
(MDA) 1 UMMYHOTHCTOXUMHYECKOTO UCCIEN0BAHMSA
IOAPOOHO MPEJICTaBJIEHH B [10, 11].

I[Ipu craTtucTtuueckod 00pabOTKe JAaHHBIX
HCIIOJIb30BAJIM IIPOrpaMMHOe obecrieuenne Med-
Calc, version 18.9.1 (http://www.medcalc.org, 2018)
u naker RStudio (http://www.rstudio.com/). IIpo-
BEpPKY HOPMAJIbHOCTH PacIpe/ie/IeHUs JAHHBIX OCY-
IIECTBJSIIN ¢ TOMOIbI0 Kpurepus [llammpo -
Yunka. [Ipu oTCyTCTBUU HOPMaJIBHOTO paclipezesie-
HUS TIOKaszaTesiell IPUMEHSTU MEeTOJbl Helapame-
TPUUYECKON CTATUCTUKU: BHYTPUTPYIIIIOBBIE CPaBHE-
HUS TIPOBOJIMJINCH C ITOMOIIBI0 KPUTEPHUA BHIKOK-
COHA; MEKTPYIIIOBbIE CPABHEHUS JJAHHBIX — C TIOMO-
IIbI0 KpuTepus MaHHa — YUTHH; KOPPEIANNOHHbBIE
CBSI3U BBISBJISJINCH C IpUMeHeHreM Koadduiinenra
koppessinuu Crnupmena (rs) u Kengasa (t). Pazau-
YHUsl CUMTQIN CTATUCTUYECKU 3HAYUMBIMU IIPU
YPOBHE p < 0.05. /laHHBIe Ha rpaduKax MpesCcTaB-
JieHbl B Bujie Meuanbl (Me) 1 HUHTEPKBAPTUILHOTO

unrepsana (Q1; Q3).

PE3YJIBTATDBI 1 OBCY KAEHUE

VY 119 u3 226 (53 %) >KEeHIIHUH ¢ MHOMOH MaTKHU
UMeJNCh (PEHOTUIIHMYECKUE TPU3HAKH U30bITOYHOM
Maccel Tena: y 63 nanueHTok UMT 6611 mOBBITIIEH-
HBIM U COCTaBUJI OT 25 /10 29.9 KI/M?; ¥ 39 — Bapbu-
poBast oT 30 710 34.9 (O’KUpeHUe 1-1 CTeNeHn); y 17 —
OT 35 710 39.9 Kr/M? (OKUpEHUE 2-1 CTelleHN).

Bo Bpems npesionepaniioHHON MOATOTOBKYU IIPU
THUCTOJIOTMYECKOM HCCIEA0OBAHUN 00Pa3IOB 3HI0-
MeTpHUs, IIOJYJYEeHHBIX C IIOMOIIBIO0 ITANIesThb-

camera and ZEN blue software (Zeiss) and expressed
as percentage area for VEGF and H-score for PgR.
ELISA and immunohistochemical examination tech-
niques are presented in detail in [10, 11].

For statistical data processing, MedCalc statisti-
cal software, version 18.9.1 (http://www.medcalc.
org, 2018) and RStudio software (http://www.rstu-
dio.com/) were used. The normality of data distribu-
tion was checked using the Shapiro-Wilk test. In the
absence of a normal distribution of indicators, non-
parametric statistical tests were used: intragroup
comparisons were carried out using the Wilcoxon’s
test; intergroup comparisons — using the Mann-
Whitney U test; correlations were identified using
the Spearman’s rank correlation coefficient (rs) and
Kendall’s tau (1) correlation coefficients. Differences
were considered statistically significant at p < 0.05.
The data on the plots are presented as a median (Me)
and an interquartile interval (Q1; Q3).

RESULTS AND DISCUSSION

119 out of 226 (53%) women with uterine
fibroids had phenotypic signs of overweight: in
63 patients BMI was increased and ranged from
25t0 29.9 kg/m2; in 39 — from 30 to 34.9 (grade 1
obesity); in 17 — from 35 to 39.9 kg/m? (grade 2
obesity).

During preoperative preparation histological
examination of endometrial samples obtained using
a pipelle biopsy during proliferative phase of the
menstrual cycle revealed chronic endometritis (CE)
in 136 (60%) patients, endometrial hyperplasia with-
out atypia in 56 (25%), and in 38 ( 17%) — glandular
or fibroglandular polyp. When analyzing gynecologi-
cal conditions diagnosed in patients with uterine
fibroids, a statistically significant correlation was
found between CE and endometrial hyperplasia
without atypia (x® = 0.586, p < 0.0001).

In 78% of patients myoma was multiple, that is,
two or more interstitial (intramural), intramural-
subserous or intramural-submucosal nodules with
a diameter of 40 mm or more, with single subse-
rous nodules approximately 5 mm in diameter,
with concomitant infertility were diagnosed. In the
remaining 22% of women, myomatous nodules of
large sizes dominated, with a diameter of 100 to
150 mm, while during the operation small nodules
with a diameter of up to 10 mm were sometimes
visualized.

The duration of the disease, as expected, did not
correlate with the sum of diameters of myomatous
nodules according to ultrasound data (t = —0.101,
confidence interval (CI) —0.229; 0.03; p = 0.044).
The number of nodules did not correlate with the
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O6uonicuu B mposiudepaTuBHyo daszy NUKIa, y 136
(60 %) manMEeHTOK BBIABJIEHBI XPOHUYECKUH 3HJO-
Metput (X3), y 56 (25 %) — rumnepriasus dH0Me-
Tpus 6e3 atunuu, y 38 (17 %) — KeJe3UCThld WIN
skeste3ucTo-pubpo3HeIi noswi. [Ipu aHau3e ruHe-
KOJIOTUYECKHNX 3a00JIeBaHUH, AUATHOCTHPOBAHHBIX
y MaIreHTOK ¢ MUOMOU MaTKH, BbISIBJIEHA CTaTUCTHU-
YeCKH 3HAUMMAas KOPPEeJISIIHSA MeXAy X9 U THIep-
mwiasuei sHAoMerpus 6e3 atunuu (¥ = 0.586,
P < 0.0001).

Y 78 % manueHTOK MHOMa ObljIa MHOKECTBEH-
HOH, T.e. JUATHOCTUPOBAIH 2 U 60JIee UHTEPCTUITH-
aJbHBIX (MHTpPaMypasbHbBIX), HHTEPCTUIIHO-CyOce-
POBHBIX I HHTEPCTUIIHO-CYOMYKO3HBIX y3JI1a Ira-
METPOM OT 40 MM u OoJiee, C eIUHUYHBIMU CyOce-
PO3HBIMH y3JIaMH JUAMETPOM OKOJIO 5 MM, C COITYT-
CTByOIUM OecIuiofieM. Y OCTaJIbHBIX 22 % >KeH-
IUH JOMAHUPOBAJIM MUOMATO3HbIE Y3JIbI OOJIBIIIX
pa3MepoB, AUAMETPOM OT 100 JI0 150 MM, IIPH 3TOM
BO BpeMs OIlepaIliM HHOT/IA BU3YAITU3UPOBAJINCH
MeJIKHE Y3JIbl TUaMEeTPOM JI0 10 MM.

JiuTeIbHOCTh 3a001€BaHUsA MHOMOM MaTKH, KaK
U OKHUJIAJI0Ch, HE KOPPEJUPOBAJIa C CYMMOU AuaMe-
TPOB MHOMATO3HBIX Yy3JI0B 1O JaHHBIM Y3U
(t = -—0.101, goBepurenbHbI wuHTEpBaAT (/1)
—0.229; 0.03; p = 0.044). KosruecTBo y3710B HE KOP-
peIMpoBajio ¢ CyMMOM MX IMAMETPOB (T = —0.222,
I —0.343; —0,094; p < 0.0001). [Ipu a3TOM CymMMa
JIMAaMETPOB Y3JIOB CPEHE-TI0JIOKUTEIBHO KOPPETH-
poBaja ¢ [uamMeTpoM HaubOoJIbIIero y3ia (T = 0.59,
I 0.498; 0.67; p < 0.0001), a 3TOT AUAMETP €1a00
OTPUIATEIFHO KOPPEJIMPOBAJ C KOJTUUECTBOM Y3JI0B
(T =-0.421, 11 0.523; 0.307; p < 0.0001).

CrnenyeT OTMETHTH, UTO MUIOMAaTO3HbIE Y3JIbl, KaK
MPaBUJIO, OKA3bIBAIOT HETATUBHOE BJIUSHUE HA €CTe-
CTBEHHYI0 (epTUILHOCTh U Ha pe3yJIbTaThl SKCTpa-
KOPIIOPAJIBHOTO  OIuIofoTBOpeHuss (PKO); nmaxke
WHTpPaMypajibHble JIEHOMHOMBI, HE BBI3HIBAIOIIKE
medopManuu  MOJIOCTU MATKH, OOYCJIOBJIHUBAIOT
HeBBbIHAIIIBAHUE OepeMeHHOCTH. Onucano
HECKOJIbKO 3¢ @EKTOB 3TUX OITyXOJIeH, OKa3bIBae-
MBIX Ha BCIO JKEHCKYIO PENPOAYKTUBHYIO CUCTEMY, B
TOM 4YHCJIe HapylieHne (QU3NO0JIOTUIECKOU TTOTBIK-
HOCTU MHOMETPHS U PEIENTHUBHOCTU SHIAOMETPUS
BOCIIJIMNTEJILHOIO reHesa [12].

[Ipu ucciieToBaHUY KOPPEAITUNA MEKY KIUHU-
YEeCKUMH XapaKTePUCTUKAMU MMAIEHTOK U Ilapame-
TpaMH OIIepAllIOHHOTO MaTepuajia BBIABJIEH PSI
CTAaTUCTUYECKU 3HAUUMBIX PE3YJIbTATOB.

Hapsgy ¢ Mmuomo#t MaTku, y 62 (27 %) sKeHITUH
JIMarHOCTUPOBAH HAPY KHBIN e HUTaJIbHbBIN 9HI0MeE-
tpro3 (HI'D), mpuueM y 6 U3 HUX ITOKA3aHUEM K OITe-
PaTUBHOMY BMEIATEJIbCTBY SABWJIACH PE3EKIUS
SHIOMETPUOU/THBIX TE€TEPOTOIHUI IPU MTOATOTOBKE K

sum of their diameters (t = —0.222, CI —0.343;
—0.094; p < 0.0001). At the same time, the sum of
diameters had average positive correlation with the
diameter of the largest nodule (t = 0.59, CI 0.498;
0.67; p < 0.0001), and this diameter had weak nega-
tive correlation with the number of nodules
(T =-0.421,CIl 0.523; 0.307; p < 0.0001).

It should be noted that myomatous fibroids, as a
rule, have a negative impact on natural fertility and
on in vitro fertilization (IVF); even intramural leio-
myomas, that do not cause deformation of the uter-
ine cavity, result in miscarriage. Several effects of
these tumors on the female reproductive system have
been described, including impaired physiological
contractility of myometrium and endometrial recep-
tivity of inflammatory origin [12].

When studying correlations between the clinical
characteristics of patients and the parameters of sur-
gical specimens, a number of statistically significant
results were revealed.

Along with uterine fibroids, 62 (27%) women
were diagnosed with external genital endometriosis
(EGE), and in 6 of them, the indication for surgical
intervention was the resection of endometrioid het-
erotopias while preparing for IVF, and myomec-
tomy of nodules less 50 mm in diameter was per-
formed simultaneously. EGE had a statistically sig-
nificant effect (Mann-Whitney test) on clinical
parameters as follows: the number of cases of medi-
cal abortions was higher in the absence of EGE
(which is consistent with infertility in EGE)
(p < 0.011). In women without EGE, endometrial
hyperplasia without atypia (p < 0.0001) and ovar-
ian and uterine cycle disorders (OCD) (p < 0.0007)
were more common, but CE was more common in
the presence of EGE (p < 0.0001). Characteristics
of the dominant myomatous nodule depending on
the presence of EGE: the grade of the dominant
nodule fibrosis was higher in EGE (p < 0.0001)
(Fig. 1, A), while PA-induced production of GM-CSF
and VEGF in resected nodules in vitro (according to
ELISA supernatants) was higher in the absence of
foci of endometrioid heterotopias (p = 0.0054 and
P = 0.0016, respectively).

Adenomyosis was found in 52 (23%) patients
with uterine fibroids, including 4 cases diagnosed
with combined internal and external endometrio-
sis. The presence of adenomyosis had a statistically
significant effect (Mann-Whitney test) on the fol-
lowing clinical parameters: the number of cases of
endometrial polyps and OCD was higher in the pres-
ence of adenomyosis (p < 0.0001 and p = 0.0025,
respectively). Women with adenomyosis had more
myomatous nodules (p = 0.0192), but, as expected,
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9KO, 1 cHHXpOHHO ObLJIa BBITTOJTHEHA MUOMAKTOMHUS
y3JI0B luaMeTpoM MeHee 50 MM. HI'D cratucrtuue-
cku 3HaYuUMO (kputepuii MaHHa — YUTHU) BJIUSLIT HA
KJIMHUYECKHe IIOKA3aTeNn CJIeIYIomuM 06pa3oMm:
KOJIMYECTBO CJIyYaeB C MEAMIIMHCKUMU abopTamu
610 Gosibiile TIpu otcyTcTBuM HI'D (UTO 3aKOHO-
MepHoO A1 6ecrutoaus npu HI'D) (p < 0.011). Y xeH-
muH 6e3 HID warmie BcTpedasuch THIIEPILIAZUS
sHAOMeTpUs 6e3 atunuu (p < 0.0001) U HapyIe-
HHUsA oOBapuWajbHO-MaTouHoro mnukiaa (HOMII)
(p < 0.0007), ogHako XD — yare npu HaTuauu HI'D
(p < 0.0001). XapaKTePUCTHUKH JOMUHAHTHOTO MHO-
MaTO3HOTO y3J1a B 3aBUCUMOCTHA OT Hammuua HI'O:
crenieHb Gpubpo3a JOMHUHAHTHOTO y3J1a ObLIa 60JIbIIIE
npu HI'D (p < 0.0001) (puc. 1, A), Ipu 3TOM HHAYITU-
poBannas I1A npoayknusa 'M-KCP u VEGF B pese-
OMPOBAaHHBIX y3Jax in vitro (mo pamHbiIM HOA
CynepHaTaHTOB) ObLja BBIIIE IPU OTCYTCTBHU JHa-
THOCTUPOBAHHBIX OYaroB SHIOMETPUOU/HBIX TeTe-
poronuii (p = 0.0054 U p = 0.0016 COOTBETCTBEHHO).

AnteHOMUMO03 OBLT OOHAPYKEH y 52 (23%) mamueH-
TOK C MEOMOH MaTKH, B TOM YHUCJIE B 4 CIyJasx aua-
THOCTHPOBAH COYETAHHBIA BHYTPEHHUH W HApPYK-
HBII dHAOMeTpro3. Hasnuue ajeHOMUO3a CTaTH-
CTHYeCcKu 3HAauuMo (kpurepuii MawHHa — YWUTHH)
BJIMSJIO Ha CJIEAYIONHEe KJIMHUYECKUE MTOKA3aTesIn:
KOJINYECTBO CJIyUaeB C IOJIUIAMU DHAOMETPUS U
HOMII 6bu10 6OJIBIIIE TIPU HAUIMYHU afeHOMHO03a
(p < 0.0001 1 p = 0.0025 COOTBETCTBEHHO). Y KEH-
IIUH C aZIeHOMHO30M ObLIO OO0JIbIIIE MHOMATO3HBIX
y3710B (p = 0.0192), HO, KaK U 03KUAJIOCh, HANOOJIb-
IIUH TraMeTp y31a ObL y KeHITUH 0e3 aJIeHOMHO03a
(p = 0.0397). Crenenb pubpo3a JOMUHAHTHOTO y3J1a

the largest nodule diameter was in women without
adenomyosis (p = 0.0397). The grade of fibrosis of
the dominant nodule was higher in the absence of
adenomyosis (p = 0.0344) (Fig. 1, B). At the same
time, PA-induced VEGF production in the nodule is
less without adenomyosis (p = 0.0326), while the
expression of PgR in the perifocal myometrium is
higher (p = 0.045).

Thus, the presence of EGE or adenomyosis
affected the clinical manifestations of uterine fibroids
and a number of indicators of the tissues of the nod-
ules and myometrium, which confirms the concept of
different pathogenesis of the two forms of endome-
triosis, as well as data on a more severe clinical pic-
ture in patients with uterine fibroids in combination
with other gynecological conditions [13]. The expres-
sion of PgR in the perifocal myometrium is higher in
women without adenomyosis, as for myomatous
nodules and specimens of women with EGE, no sta-
tistically significant differences were found for this
sample. The role of progesterone has also been
proven for the pathogenesis of recurrent miscarriage
[14], while the required level of receptor expression
should be combined with a range of other important
markers.

Next, a search was made for patterns between
BMI and molecular and biological parameters of sur-
gical specimens. In most patients, BMI was less than
30 kg/m2, and VEGF expression in paraffin sections
of normal myometrium ranged from 1.5 to 2.5% of
the area. Obesity was more often accompanied by
higher expression, but linearity of the dependence
was reduced. Therefore, the BMI index had weak
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Puc. 1. Crenens ¢hpubpo3a JOMUHHUPYIOMIETO MUIOMATO3HOTO y3J/1a CTATUCTUUECKH 3HAYUMO (KpUTepuii BuikokcoHa)
BBIIIIE TIPU HAJIMYHMHU HAPYKHOTO T€eHUTAJIFHOTO SHAOMETPHO3a (A) U HIZKe TIPU HATMYHUU aJieHoMuo03a (B)
Fig. 1. The grade of fibrosis of the dominant myomatous nodule is significantly higher (Wilcoxon’s test)
in the presence of external genital endometriosis (A) and less in the presence of adenomyosis (B)

Journal homepage: http://jsms.ngmu.ru

115



Consirukos I.A. u dp. / Journal of Siberian Medical Sciences T. 7, N° 3 (2023)

Obuta OOJIBIIIE TPU OTCYTCTBHUU  aJI€HOMHO3a
(p = 0.0344) (puc. 1, B). IIpu 5TOM UHIYIIMPOBAHHAS
ITA npoaykiust VEGF B y371e MeHbIle 6e3 afleHOMHU-
o3a (p = 0.0326), a sKCIIpeccusi PENENTOPOB K MPOo-
recrepony (PgR) B mepudoxaIbHOM MUOMETPUU —
OoJtbiire (p = 0.045).

Takum o6pazom, Hasimuue HI'D wiu ageHoMuo3a
BJIMSAJIO HA KIWMHUYECKUE IPOSABJIEHUS MHOMBI
MAaTKH U psAJ [ToKazaTesel TKaHed y3J10B U MHOMe-
TpUs, UYTO MIOATBEPIK/AET IIPEZICTABIEHUS O PA3HOM
raroreHese AByX (opM SHIOMETPUOUTHOH 60JIe3HY,
a TakKe JIaHHBIE O OoJiee TSKEIOU KIMHHUYECKOH
KapTHHE y TaI[UeHTOK C MUOMOU B COUETaHUH C JIPY-
TUMU THUHEKOJIOTMUecKuMu 3abosieBaHusAMU [13].
Akcnpeccuss PgR B mepudokasibHOM MUOMETPUU
BBIIIIE Y JKEHIINH 0e3 aZleHOMI03a, a JIs1 MUOMAaTO3-
HBIX y3JI0B 1 006pa3ios ¢ HamnureMm HI'D cratuctu-
YeCKOW 3HAUMMOCTH OTJIMUHH JIJIS1 TAHHOK BHIOOPKU
He YCTaHOBJIEHO. Posb mporecTepoHa sjoka3aHa U B
raToreHe3e IPUBBIYHOTO HEBHIHAIIUBAHUA Oepe-
MEHHOCTH [14], Ipu 3TOM HeOOXO/IMMBI ypOBEHBb
SKCIIPECCUU PELIENTOPOB JIOJKEH COYETaThCA CO
CIIEKTPOM JIPYTHUX BAXKHBIX MapPKEPOB.

Janee GbUI TIPOBEZIEH MOUCK 3aKOHOMEPHOCTEH
mexay UMT u  MoJieKyJIsIpHO-OHMOJIOTHYEeCKUMU
IoKa3areysiMu 06pa3IloB OIEPAIMOHHOTO MaTepH-
asia. Y GospiinHcerBa nanueHTok MMT Obl1 MeHee
30 xr/m?, u skcrnpeccusi VEGF Ha mapadguHOBBIX
cpe3ax HEM3MEHEHHOT0 MHUOMETPHS COCTaBJIsJIA OT
1.5 10 2.5 % mwiomaau. OKUpeHre vaile COIpoBO-
JKIasoch 60Jiee BBHICOKOHM 3KCIIpeccuel, HO JIMHEN-
HOCThb 3aBHCHUMOCTH peaynupoBaiach. IlosTtomy
nokazarenb VIMT ci1abo moJIOKUTETFHO KOpPPETU-
poBaui ¢ akcripeccuerd VEGF B nepudokaibHOM MUO-
metpuu (rs = 0.265, IV 0.0341; 0.47; p = 0.0253)
(puc. 2).

BpUI0 mOKa3aHO, UTO KEHIIWHBI C OKHPEHUEM
Yalle Ipyrux CTPaIaloT OT HECKOJIBKUX THHEKOJIOTH-
Jecknx 3a00JieBaHUN, TaKUX KaK HapyIIeHUs
OBapHUaJIbHO-MAaTOYHOTO ITUKJIA, SHAOMETpUO03, bec-
IUIOZIe, MUOMAa MAaTKU ¥ CUH/IPOM IOJUKHCTO3HBIX
AUYHUKOB. B HECKOJBKUX 3SIUEMHOJIOTHYECKUX
HCC/IEIOBAHUAX YV JKEHIIUH B IIPeMeHoIay3e H3y-
yajiv KoppesAnuio Beicokoro MMT u MHOMBI MaTKH,
B pes3yJsibTaTe ObLIa BBISABJIEHA JIMOO ITOBBINIEHHAS
npsiMast, 1100 HeJTMHEHHas CBA3b [15]. ATOU CBA3HU
CIIOCOOCTBYIOT HECKOJIPKO OHMOJIOTHYECKUX (PaKTO-
POB, BKJIIOUAs M3MEHEHUs MeTaboJIn3Ma 3CTpoTe-
HOB, PE3UCTEHTHOCTh K UHCYJINHY U yCUJIEHUE IIPO-
1eccoB Bocmaienus, Gubposa u aHruoreHesa [16].

AHTHOTeHe3 MPUHATO CYUTATh OJHUM U3 Beay-
mux (aKTOpPOB IPOTPECCUPOBAHUSA OILyXOJIEBOTO
pocTa, 0JTHAKO JIJIs MUOMBI MaTKHU IaHHbIE IPOTHUBO-
peunBbl. OOyCIOBJIEHHAS AQHTHOTEHE30M aHOMAJIb-

positive correlation with VEGF expression in the
perifocal myometrium (rs = 0.265, CI 0.0341; 0.47;
p = 0.0253) (Fig. 2).

Obese women have been shown to be more likely
than others to suffer from several gynecological
conditions, such as ovarian cycle disorders, endo-
metriosis, infertility, uterine fibroids, and polycys-
tic ovary syndrome. In several epidemiological
studies, the correlation between high BMI and ute-
rine fibroids in premenopausal women was investi-
gated and either an increased direct or non-linear
association was found [15]. A number of biological
factors contribute to this association, including
changes in estrogen metabolism, insulin resistance,
and increased inflammation, fibrosis and angiogen-
esis [16].

Angiogenesis is considered to be one of the
leading factors of tumor progression; however,
data for uterine fibroids are contradictory. The
angiogenesis-induced abnormal vasculature, seen
in uterine fibroids, can lead to a hypoxic microen-
vironment, especially in the core of a large myoma
nodule. As a rule, hypoxia can lead to the activa-
tion of angiogenesis via the production of VEGF
and thrombospondin by tumor cells [17]. In this
study, we have shown that the ratio of PA stimu-
lated and the baseline levels of VEGF production
in the dominant nodule (SIPA) had weak positive
correlation with the number of myoma nodules
(rs = 0.451, CI 0.139; 0.682; p = 0.006) (Fig. 3).
Since SIPA is the ratio of spontaneous and exoge-
nously induced, including nonspecific, production
of growth factors and cytokines, it allows to mini-
mize the differences between the content of cells in
a tumor sample which cannot be eliminated during
in vitro incubation.

A low correlation index (see Fig. 3) may indicate
the stability of VEGF production under hypoxia of
the myomatous nodule. Thus, in vitro myoma tissue
the absence of a number of hypoxia-associated mol-
ecules that induce VEGF expression, for example,
hypoxia-inducible transcription factor, HIF-1q,
HIF-2q, glucose transporter-1, and carbonic anhy-
drase IX [18]. However, it was later demonstrated
that hypoxia actually induces HIF-1-mediated acti-
vation of the VEGF, adrenomedullin and endothe-
lin-1 genes in myometrial cells [19]; and the authors
emphasize that tumor myocytes can proliferate
under hypoxia, in contrast to non-transformed myo-
metrial cells.

Among many growth factors, VEGF is a necessary
regulator and potential mitogen for vascular endo-
thelial cells, one of the most important growth fac-
tors in the regulation of physiological and pathologi-
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Fig. 2. Body mass index (BMI, kg/m?) had weak positive correlation with VEGF expression
in the perifocal myometrium (rs = 0.265, CI 0.0341; 0.47; p = 0.0253)

Hasl COCYAHUCTasl CeTh, HabOJI0/jlaeMas MMpU MHUOME
MAaTKH, MOKET IPUBECTU K THITOKCHYECKOH MHUKPO-
cpejie, 0COOEHHO B Cep/IleBUHE KPYITHOTO MHOMa-
TO3HOTO y3yia. Kak mpaBuio, ycjIOBUS THIOKCHUHU
CIIOCOOHBI MPHUBOAUTh K AKTHBAIIUA AHTHOTEHE3a
nyreM npoayknuu VEGF u TpoMbocnoHuHA KIIeT-
KaMH OMyXosu [17]. B jaHHOM HccieJoBaHUNT HaMH
IMOKa3aHO, YTO OTHOIIIEHUE CTUMYJIUPOBAHHOTO ITA
u 6azoBoro ypoBHs mpoaykiiuu VEGF B noMuHaHT-
HoM y3iie (UBITA) c1ab0 MOJIOKUTETHPHO KOPPETH-
POBAIO C KOJWYECTBOM MHUOMATO3HBIX Y3JIOB
(rs = 0.451, 1IN 0.139; 0.682; p = 0.006) (puc. 3).
ITockonpky UUBITA sBjisieTcA COOTHOILIEHUEM CIIOH-
TAaHHOU M 9K30T€HHO HHAYIIUPOBAHHOU, B TOM YHCJIE
Hecreru@pUIecKol, MpoAYKIIUKU (PaKTOPOB pocTa U
IUTOKWMHOB, OH ITO3BOJISIET CBECTH K MHHUMYMY
CYIIECTBYIOIME PA3IAYKSA MEXKY COJlepKaHueM
KJIETOK B 00paslie OIyX0Jid, KOTOPble HEBO3MOKHO
HUBEJIUPOBATH IIPU MHKYOAIUH In Vitro.
HeBbICOKMI WHJIEKC KOppessinuu (cM. puc. 3)
MOJKET CBUJIETEJILCTBOBATh O CTAOMIBHOCTH IIPOIYK-
muu VEGF B yci0oBUAX THIIOKCMHM MHOMAaTO3HOTO
yaia. Tak, B TKAHU MHUOMBI in Vitro MOKa3aHO OTCYT-
CTBHE DPsAJIa aCCOIUMPOBAHHBIX C THUIIOKCHEW MOJie-

cal angiogenesis [20]. In reproductive-aged patients
with uterine leiomyoma, we found an inverse rela-
tionship between VEGF expression in the dominant
nodule and the grade of its fibrosis. Statistically sig-
nificant reciprocal relationships between VEGF
expression in the dominant nodule and perifocal
myometrium were also found [7].

In the present ITHC study, we have established
that the grade of fibrosis of the dominant myoma-
tous nodule had moderate positive correlation with
VEGF expression in the perifocal myometrium
(rs = 0.521, CI 0.327; 0.672; p < 0.0001) (Fig. 4).
This indicates a compensatory increase in the proan-
giogenic potential of myometrial tissue visually
unchanged when angiogenesis slows down and
extracellular matrix deposits increase in the largest
nodule.

It should be noted that over the past decades,
uterine fibroids as benign tumors of the female
reproductive system, often accompanied by infer-
tility, has been almost comprehensively studied in
vivo and in vitro, and numerous aspects of its
pathomorphogenesis are elucidated. Nevertheless,
answers are needed to complex issues of patient
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aktuBatopoB (UBITA) Ha npoaykiuio VEGF B joMuHaHTHOM y3J1e in vitro (rs = 0.451, IV 0.139; 0.682; p = 0.006)
Fig. 3. The number of myomatous nodules is weakly positively correlated with the stimulation index of polyclonal
activators (SIPA) of VEGF production in the dominant nodule in vitro
(rs = 0.451, CI 0.139; 0.682; p = 0.006)

KyJ1, ”HAynupyomux skcnpeccruto VEGF, nHanipumep,
WHIYIIUPYEMBIX THUIIOKCHEH TPaHCKPUIIIIMOHHBIX
daxropos HIF-1a/HIF-2a, TpaHcmopTepa IIFOKO3bI-1
u kapb6oanruzpassl IX [18]. OgHako moszxke GBLUIO
IIPOZIEMOHCTPUPOBAHO, YTO THIOKCHUS JIeUCTBU-
TeJIBHO MHAYLUpyeT ontocpefoBanHyo HIF1 akTtusa-
muo reHoB VEGF, agpeHomenynnuHa U 5HJIOTe-
JIMHA-1 B KJIETKaX MHUOMBI [19]; 1 aBTOpamMu mojdep-
KHBaeTcsA, YTO OIlyXOJIeBble MUOIIUTBHI MOTYT IIPOJIH-
(epupoBaTh B YCJIOBUAX THUIIOKCUM, B OTJIMYUE OT
HeTpaHC(OPMUPOBAHHBIX KJIETOK MUOMETPUS.

VEGF cpeau MmHOTHX (aKTOPOB pocTa — HEOOXO-
JIUMBIN PeryJIATOp U NMOTEeHINAIbHBI MUTOTEH JIJIA
SHJIOTEJINAJIBHBIX KJIETOK COCYZIOB, OAWH U3 Haubo-
Jlee BaXKHBIX (PAKTOPOB pocTa B peryaanuu pusuo-
JIOTHYECKOTO U MaTOJIOTHUYECKOT0 aHTHOTeHe3a [20].
¥ manueHToK penpoayKTHBHOTO BO3PACTa C JIEHOMU-
OMOH MAaTKH HaMU{ BbIABJIEHAa OOpaTHas 3aBHCU-
MocTh Mexzy skcipeccueid VEGF B nomunupyio-
IeM y3JjIe U cTeleHbio ero ¢ubposa. Takke BHIAB-
JIeHbl CTaTHUCTHUYECKH 3HauuMble pPelUIIPOKHbIE
oTHoOIIIeHUsT Mexy skcrpeccuedt VEGF B momuHm-
PYIOIIEM y3JIe U TepU(OKAIIBHOM MUOMETPHH [7].

B nacroamem NI'X uccsnenoBaHuU yCTAaHOBJICHO,
YTO CcTemeHb GubpPO3a JOMHUHAHTHOTO MHOMATO3-

management that are critical for clinical practice
and reproductive health, and the need for further
experimental and clinical studies on cellular and
molecular mechanisms is emphasized [15]. Our
article revealed a number of correlations between
clinical laboratory parameters and markers of
inflammation and fibrosis in the surgical speci-
mens.

CONCLUSION

The combination of uterine fibroids with EGE in
reproductive-aged women influenced a number of
histological and molecular characteristics of the
dominant myomatous nodule: positively — on the
grade of fibrosis (p < 0.0001), negatively — on
PA-induced production of GM-CSF and VEGF
(p = 0.0054 and p = 0.0016 respectively).

Patients with adenomyosis had more myoma-
tous nodules (p = 0.0192) compared with patients
without any form of endometriosis, while the
largest nodule diameter and the grade of fibrosis
were in women without adenomyosis (p = 0.0397
and p = 0.0344, respectively). PA-induced VEGF
production in the nodule is greater in the pres-
ence of adenomyosis (p = 0.0326), while PgR
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Fig. 4. The grade of fibrosis of the dominant nodule has a moderate positive correlation with the expression of VEGF
in the perifocal myometrium according to immunohistochemical examination (rs = 0.521, CI 0.327; 0.672; p < 0.0001)

HOTO y3JIa YMEPEHHO IIOJIOKHUTEIBHO KOPPEJIHPO-
Basia ¢ skcnpeccueit VEGF B nepugokaapHOM MUO-
metpuu (rs = 0.521, IV 0.327; 0.672; p < 0.0001)
(puc. 4). ATO CBUIETEIBCTBYET O KOMIIEHCATOPHOM
YBEJIMUEHUU NPOAHTUOTEHHOTO IOTEHI[MAIa BU3Y-
aJIbHO He U3MEHEHHOW TKAaHU MHOMETPHUS B YCJIO-
BUSIX, KOTZA 3aMe/UJISIETCS AaHTUOTeHEe3 U YBeJIMUNBA-
IOTCS OTJIOJKEHUs BHEKJIETOYHOTO MaTpPUKCA B HaW-
OoJtbIlIEM 10 0OBEMY y3JIE.

Crnenmyer OTMETHUTh, UTO B TEUEHHE ITOCJIETHUX
JIECATIVIETUT MUOMa MaTKU KaK JI00pOKavecTBEH-
Hasl OIYXOJIb KEHCKOH PENpOAYKTUBHOU CHCTEMBI,
YacTO COMPOBOXK/IAIOIMIAACSA OECIIOANEM, TTIOUTH BCe-
CTOPOHHE WCCJIEJIOBAHA In VIvo | In Vitro, U mpej-
CTaBJIEHBI MHOTOYMCJIEHHBIE ACIIEKThI ee aTOMOP-
(dorenesa. Tem He MeHee HEOOXOIUMBI OTBETHI HA
CJIOXKHBIE BOIIPOCHI BEJIEHUS NAIUEHTOK, NMEIOIINe
pelaolee 3HaUeHNe JJI KIMHUYECKOH MPaKTUKU
U PENPOAYKTUBHOTO 37I0POBBS, U IOTIEPKUBAETCS
HeOoOXOUMOCTD JJaJIbHENIIINX SKCIIEPUMEHTATBHBIX
U KJIMHUYECKUX HUCCIETOBAHUN 10 U3YYEHUIO KJIe-
TOYHBIX U MOJIEKYJISIDHBIX MEXaHU3MOB [15].
B Hame#l cratbe BBIABJIEH P KOPPEJIAIUN MEXKIY
KJIMHUKO-J1a00paTOPHBIMU MOKA3aTESIMU U MapKe-
pamu BocmasieHusi U ¢ubpo3a B ONEPAOHHOM
Marepuale.

expression in the perifocal myometrium is less
(p = 0.045).

In patients with uterine fibroids BMI had weak
positive correlation with VEGF expression in the
perifocal myometrium. The number of myomatous
nodules had weak positive correlation with the
SIPA on VEGF production in the dominant nodule
in vitro. The grade of fibrosis of the dominant nod-
ule had moderate positive correlation with the
expression of VEGF in the perifocal myometrium
according to THC.

The results of the study reflect the systemic nature
of myomatous transformation with multifocal tumor
growth of the myometrium and the potential for the
formation of new myomatous nodules — with further
progression of the pathological process.
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3AKJIIOYEHUE

Coueranne Muombl Matku ¢ HID y »xeHIIUH
PETPOAYKTUBHOTO BO3PACTA BIIUSLIIO HA PSI/I TUCTOJIO-
THYEeCKUX M MOJIEKYJISIDHBIX XapaKTEPUCTHK JIOMU-
HaHTHOTO MHOMATO3HOTO y3JIa: IOJIOXKUTEIBHO — Ha
crenieHb ¢pubposa (p < 0.0001), OTPUIIATESIBHO — HA
unaynuposannyio [TA npoaykiuio I'M-KC® u VEGF
(p = 0.0054 1 p = 0.0016 COOTBETCTBEHHO).

V nmanueHToK ¢ aieHOMH030M OBLJIO O0JIbIIIE MUO-
MAaTO3HBIX Y3JI0B (P = 0.0192) 10 CPAaBHEHHUIO C TaIH-
eHTKaMu 6e3 1060 (POpPMBI DHIOMETPHO03a, TPHU
STOM HAWOOJBIINN AWAMETP y3J7Ia U CTENEHb €ro
¢ubposa ObUIM y IKeHIUH 0e3 a/JieHOMHO3a
(p = 0.0397 U p = 0.0344 COOTBETCTBEHHO). NH/Y-
nupoBanHas [TA mponykrnusa VEGF B y3ie 6osblme
[IPU HUIMYUH a7IeHOMU03a (p = 0.0326), a 9KCIIpec-
cusa PgR B nepudokasbHOM MUOMETPUN — MEHbIIIE

(p = 0.045).

Y manpeHToK ¢ MUOMOM MATKU HHJIEKC MacChl
Tes1a ¢1a00 IOI0KUTETFHO KOPPETUPOBAJI € 9KCIIPEC-
cueit VEGF B nepudokanpaom muomerpuu. Kormye-
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