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Role of vascular growth factors as a regulator
of angiogenesis processes at the stage

of implantation potential formation in women
with uterine factor infertility

Okoloch Onieka Gibson, O.M. Makarchuk, M.l. Rimarchuk, O.M. Ostrovska, L.M. Vakaliuk
Ivano-Frankivsk National Medical University

Despite the broad discussion of clinical significance, the features of the etiopathogenesis of impaired implantation potential in women with
uterine sinechias are described in individual works, there is no unanimous opinion on this issue among researchers.

The objective: to find out the diagnostic value of a number of markers of the functional state of the endothelium and the level of individual
induction angiogenesis in the formation of implantation potential in women with uterine infertility.

Materials and methods. The evaluation of the endometrium was performed in 36 women with uterine senechias (first group) and 30 patients with
long-term infertility and reproductive loss in history (second group). The control group included 20 healthy patients. This stage of scientific
research was conducted taking into account the complex of instrumental methods — ultrasound, histological examination of endometrial
biopsies obtained by hysteroscopy intervention, and/or fractional scissors in the dynamics of the menstrual cycle. The design of the study
envisaged the study and evaluation of the level of individual factors of angiogenesis, in particular: vascular endothelial growth factor (VEGF-
1), as well as antiangiogenic growth factor sFlt-1 and their fluctuations in the preconception phase in serum and cervical mucus.

Results. The conducted researches allow to assert, that practically in all patients with uterine sinechia in the complex examination the
predominance of the morphological picture of chronic endometritis, hyperplasia and endometrial polyposis, as well as inferior secretory
transformation of the endometrium is established. The evaluation of the results of the histological study made it possible to diagnose the
presence of hyperplastic processes in 36.1%, the so-called thin endometrium was verified at 19.4%, and the endometrium atrophy was found
in 13.9% of the histological findings. The results obtained were demonstrated at the preconception stage in the reduction of VEGF-1 and
the high anti-angiogenic growth factor sFlt-1: the level of said transmitter in the group of women with uterine senechias was 63% higher
in controls than controls (2.8-fold) (p<0,05). Thus, in the case of deep pathomorphological lesions of the endometrium, at the stage of
preconception preparation, there is a marked shift in the balance of vascular growth factors towards the increase in the concentration of
antiangiogenic markers — sFlt-1, which is evidence of more severe impingement potential impairment in this category of patients.
Conclusions. The level of vascular-endothelial growth factor in serum and cervical secretion as well as the estimation of the angiogenic factor
may be early prognostic markers that characterize the initial signs of trophoblast invasion, occurring long before implantation impairment
and clinical manifestation of non-compliance. It provides an opportunity to predict damage to the endometrium and its vascular network
and can be used to control the effectiveness of preventive measures and the effectiveness of preconception training in women at risk for the
implementation of possible underdeveloped pregnancy.

Key words: uterine senechia, chronic endometritis, growth factors, angiogenic coefficient.

Ponb cocyamcTbix pakTOpPOB pocTa KaK peryisitopa npoLeccoB aHrmoreHe3a Ha atane (popmMupoBaHus
MMIJIaHTaLUOHHOIO NOTEHLMana y XXeHLuH ¢ MaTo4HbIM pakTopom Gecnnoauvs
Okosiox OHuneka MmécoH, O.M. Makap4yk, M.U. Peimapyyk, O.M. OcTtpoBckas, J1.M. Bakasniok

Hecmorpst Ha mupokoe o0Cysk/eHie KIMHIIECKOro 3HaYeHns1, 0COOEHHOCTH THONATOreHe3a HAPYHIEHUsT NMIVIAHTAIIHOHHOTO [OTEHIIHAA Y
JKEHIIIH ¢ MATOYHBIMU CHHEXMSIMU OTIHCBIBAIOTCS B €IMHIYHBIX PabOTaX, eIMHOTO MHEHUS B HTOM BOIIPOCE Y HCCIIE/I0BATEei HET.

Ilenv uccaedosanus: onpejeienye IMArHOCTIHIECKON TIEHHOCTH Psijia MApKepOB (HYHKIIMOHAIBHOTO COCTOSHUS AHAOTEUSI ¥ YPOBHS OT/IEIbHBIX
WHJIYKTOPOB aHTHOreHe3a B (GOPMUPOBAHUI UMILIAHTAIIMOHHOTO TIOTEHI[MANA Y JKEHIIIUH ¢ MATOYHBIM (DAKTOPOM GECTIIONNSL.

Mamepuanvt u memoodvt. OlieHKa COCTOSTHUS IHIOMETPUsT OblIa TIPoBe/ieHa y 36 JKeHIINH ¢ MATOYHBIMI cruHexusiMu (tiepBas rpyria) u 30 ma-
[EHTOK € JUTUTEIBHO JICYEHHBIM OCCIIONEM U PETPOLYKTHBHBIMU TIOTEPSIME B aHaMue3e (BTopast TpyIia). B KoHTposibHyIo rpyriny Bomuii 20
3/I0POBBIX HAIMEHTOK. /[aHHbIIT 3Tall HAYYHOTO MOMCKA IIPOBE/IEH C y4eTOM KOMILJIEKCA NHCTPYMEHTAIbHBIX METO/IOB — YJIbTPa3BYKOBOTO NCCJIE/0-
BaHUsI, THCTOJOTHYECKOTO HCCIEI0BAHNST OUOTITATOB 9HIOMETPHS, OTYIEHHBIX ITyTeM THCTEPOCKOITIMYECKOTO BMEIIATE/IbCTBA 1/ WJIH (DPAKIMOH-
HOTO COCKO0A B IMHAMIKE MEHCTPYAIBHOTO [MKJIA. [{13aiiH HCeie0Banmst IpelyCMaTPUBAJ U3yYeHne 1 OLEHKY YPOBHEI OT/Ie/bHBIX (PaKTOPOB
aHTMOreHesa, B YaCTHOCTU: COCYICTO-3Ha0TeMatbHoro hakTopa pocta (VEGF-1), a takske antuanruorentoro gpaxropa pocra sFlt-1 u ux kose-
GaHuMs B IPOIIECCE TIPEKOHIIENIOHHOTO TAlla B CBIBOPOTKE KPOBH U 1IEPBUKAILHON CJIM3H.

Pe3yavmamut. [1poBeseHHbIe NCCTEA0BAHNS TO3BOJISIOT YTBEPIK/AAT, UYTO IPAKTHYECKN Y BCEX MAIlMEHTOK C MATOUHBIMI CHHEXUSIMU TIPH KOM-
JIEKCHOM 00CJIe/IOBAHIN YCTAHOBJIEHO peobIiaianie MOPGOIOrHIecKOil KapTUHbI XPOHUYECKOTO 9HJAOMETPUTA, THIIEPIVIA3UHI U TIOJINII03 IH-
JIOMETPUS, a TaKyKe HEIIOJHOIEHHOH ceKpeTopHOit Tpancdopmanun anioMerprs. OmeHKa pe3yIbTaToB THCTOJOTNIECKOTO UCCIe0BAHNUS TI03BO-
JIMJIA IMArHOCTUPOBaTh Y 36,1% Hasmdue ruiepiacTuueckux mnpoueccos, y 19,4% Bepuniuposal Tak Ha3blBaeMblil TOHKUIT 3HIOMETPUIL, a y
13,9% rucTosornyeckoii HaxoAKoi Oblia atpodust sHxoMeTpst. [ToydeH bie pe3yabTaThl IPOAEMOHCTPHPOBAIN Ha TIPEKOHIICTIIMOHHOM Tare
camkenue yposHsi VEGF-1 u Bbicokue 110Ka3aTesn aHTHaHTHoreHHOro (hakropa pocta sFlt-1: ypoBeHb yKa3aHHOTO TPAaHCMUTTEPA B TPYIIIIE SKEH-
[IUH ¢ MATOYHBIMY CHHEXUAMU B 63,9% HabmoieHuii GBI BBIIIE [0 CPABHEHHIO ¢ TIOKa3aTe M KOHTPOoJIst B 2,8 pasa (p<0,05). Takum obpasom,
B cirydae riry0oKuX 1aToMOpGOIOTHIeCKIX ITOPAKEHIN 9HAOMETPUS yrKe Ha aTale MPEKOHIIENIMOHHOIT ITIOATOTOBKY HAOIIO/IAeTCsT BBIPAKEHHOE
cMerienue Gananca cocyIMCThIX (hakKTOPOB POCTa B CTOPOHY POCTA KOHIIEHTPAIMY YPOBHST aHTHAHIHOTEHHBIX MapKepoB — sFIt-1, uto cBugeTesnn-
cTByeT 0 6oJiee BBIPAKEHHBIX HAPYIIEHNSAX UMIIAHTAIOHHOTO MOTEHIMAIA Y TAHHOI KATErOPHH MAI[HEeHTOK.

3axatouenue. YPOoBeHb COCYIHCTO-IHIOTEINAIBHOTO (DAKTOPa POCTa B CHIBOPOTKE KPOBHU U IIEPBUKATBLHOM CEKpPETe, a TaKksKe OlleHKa aHTHOTeHHOTO
koahuImenTa MOryT GbITH PAHHIMH ITPOTHOCTHYECKUMI MAPKEPAMH, XapaKTePU3YIOMIMMI HaYaIbHbIe TIPU3HAKK HAPYIIeHUs HHBa3nu Tpodobiiacta,
KOTOPbIE BO3HUKAIOT 33/[0JITO /IO HAPYIIEHHUSI MMILTAHTAIINN U KIMHIYECKOiT MaHI(beCTaIN HEBBIHATIMBAHMSL. DTO JIAET BO3MOKHOCTD MIPE/ICKA3BIBATH
TOBPEKIEHUST 9HIOMETPHS U €70 COCYMCTON CETKU 1 MOKET GBITH HCTIOJIB30BAHO JIst KOHTPOJIs 3(h(HeKTHBHOCTH TTPOGDHUIAKTUYECKIX MEPOTIPUSTHIT 1
PE3YJILTATUBHOCTH MPEKOHIEMIMOHHOI MOATOTOBKH Y JKEHIIIMH TPYIIITBI PUCKA [0 PEATM3AINI BO3MOKHON HepasBUBAIONIEHCst GepeMEeHHOCTH.
Kntouesvte crosa: mamounvie CuHexuiL, XPOHUUECKULL SIHOOMEMPUM, POCTMOBbIE (PAKMOPLL, AH2UOZEHHYL KOS Puuuenm.
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Ponb cyanHHux ¢pakTopiB pOCTY SIK peryasaropa npoueciB aHrioreHe3y Ha etani ¢popmMyBaHHSA
iMnnaHTauiiiHoro noTeHuiany y XXiHok 3 MaTkoBuM ¢pakTopom 6e3nnigHocTi
Okonox Onieka lN6coH, 0. M. Makapuyyk, M.I. Pumap4yk, O.M. OcTpoBcbka, J1. M. Bakastok

Hessaskaioun Ha mmpoke 06roBoOpeH s KJIIHIYHOr0 3HAYCHHS, OCOOIUBOCTI €TionaToreHe3y MopyuieHHs! iMIVIAHTAIiiHOTO HOTeHIliaxy Y JKiHOK 3
MaTKOBUMHU CUHEXISIMU OTUCYIOTHCS B OMHIYHUX POOOTAX, OHOCTANHOT IyMKH 100 I[OTO MTUTAHHS Y OCTi/IHUKIB HEMAE.

Mema docnidxcennsn: BUBHAYCHHS TiarHOCTHYHOT I[IHHOCTI HUBKK MapKepiB (QYHKILOHAIBHOTO CTAHY CHIOTEJIIO Ta PIBHS OKPEMUX HAYKTOPIB
aHrioreHe3y y (hopMyBaHHI iMIUTAHTAIITHOTO TIOTEHITIAY Y *KiHOK 3 MATKOBMM YMHHUKOM GE3ILIIHOCTI.

Mamepianuma memoou. O1iHIOBAHHS CTaHy eHIOMETPist OyJI0 MPoBeIeHO Y 36 JKIHOK i3 MaTKOBUMY CHHeXistvu (Tiepiiia rpyma) i 30 narieHToK i3 TpuBajio
JIIKOBAHOO OE3ILIHICTIO Ta PErPO/yKTUBHIMU BTPATAMU B aHaMHe3i (ipyra rpyiia). J[o KoHTposbHoi rpytn yBiiinnm 20 310poBux naiieHTok. Jlanuii etarn
HAYKOBOIO TIONIYKY ITPOBE/IEHO i3 ypaxXyBaHHAM KOMILIEKCY iHCTPYMEHTAIbHUX METO/IiB — YJIbTPa3ByKOBOTO JIOC/DKEHHS, TiCTOJIOTTYHOTO JIOCTi/IZKEHHS
GionTaris eHIOMETPist, OTPUMAHKX IIJIIXOM TICTEPOCKOMIYHOrO BTPpYUYaHHs i/a60 (pakiiiiHoro 3ickpiOka y AuHaMIlll MEHCTPYaTbHOTO 1KY, /(usaiin
JIOCTIKEH S TiepeibayaB BUBYEHHS Ta OIIHIOBAHHSI PIBHIB OKPeMUX (DaKTOPiB aHTiOreHesy, 30KpeMa: CyJIMHHO-eHaoTemiaibHoro daxropa pocry (VEGF-
1), a Takok anTranrioreHHoro (hakropa pocty sFlt-1 ta ixHpOro KoJMBaHHs y MPoTiec MPEKOHIIENIHIHOTO eTalty Y CHPOBaTILi KPOBi Ta IlePBIKATBHOMY CJIH3i.
Pesynvmamu. I1poseeni 10Ci/pKeHHS 03BOJISAIOTH CTBEP/PKYBATH, 110 IPAKTUYHO Y BCiX MAIliEHTOK i3 MATKOBUMU CHHEXiSIMU ITPU KOMILJIEKC-
HOMY 00CTEKEeHH| BCTAHOBJIEHO TIepeBaskaHtsa MOPGOIOTIIHOT KAPTHHU XPOHIYHOTO €HIOMETPHTY, MilepPIIasii Ta MmoJinosy eHIoMeTpis, a TAKOK
HETIOBHOIIIHHOT cekpeTopHoi Tpancdopmarii enomerpist. Orinka pe3yIbTaTiB ricTOJOTYHOTO HOCTI/PKEHHS J03BONIA AiarnoctyBarn y 36,1%
BUIIA/IKIB HAsBHICTD TillepIuiacTUYHUX Tporiecis, y 19,4% BepudikoBaHo Tak 3BaHuil TOHKUIT eHgoMeTpiit, a y 13,9% ricTosorivHono 3HaxizaKkoo
Gyura arpodist enromerpist. OTpuMaHi pe3yJIbTaTi POEMOHCTPYBAJIN Ha IPEKOHIIEMIifiHoMY eTari sHmskenHst pisust VEGF-1 ta Bucoki moxkasuu-
ki anTranriorenHoro gakropa pocry sFIt-1: piBenn 3aznadenoro Tpancmitepa y rpyii JKiHOK 3 MATKOBUMU cuHexisMu y 63,9% criocrepeskeb OyB
BHIUIT IPOTH MOKa3HUKiB KoHTpouto y 2,8 pasy (p<0,05). Otike, y BUIAAKY MHOOKNX MATOMOPGOJIOriYHIX YPakeHb €HIOMETPisl yoKe Ha eTarti
MIPEKOHIIEIIIHHOI MiATOTOBKU CIIOCTEPITAEThCsI BUPaXkKeHe 3MileHHs Ganancy cymHuux Gaktopis pocty y 6ik 3pocTaHis KOHIEHTpAIii piBHs
anTuanriorenHux Mapkepis — sFlt-1, 1o € cBiguennsm 6ibIn BUPaKeHNX TIOPYIIEHb IMIIAHTAIIIHHONO MOTeHIlialy Y 1aHOi KaTeropii nalieHToK.
3axmouenns. PiBens cyaunHo-eHzoTesialbHOr0 hakTopa pocTy y CHPOBATIi KPOBi Ta 1epBiKaIbHOMY CEKPETi, a TAKOX OIiHKa aHTiOTeHHOIOo
Koedirienta MoKy Th OyTH PaHHIMU IPOTHOCTHYHUMK MapKepaMH, 110 XapaKTepu3yioTh 0YaTKOBI 03HAKH TIOpYIeHHs iHBa3ii Tpododiacta, AKi
BUHUKAIOTH 33/I0BrO JI0 TIOPYILIEHHs iMILIaHTalii Ta KIiniuHoi Manidecranii HeBunomysanus. Ile gac MOKIMBICTD mepeadadaTy MOMIKO/UKEH-
Hsl €HJIOMETPist i fI0ro Cy/IMHHOT CITKN Ta MOsKe OYTH BUKOPUCTAHO ISl KOHTPOJIO eDeKTUBHOCTI MPOMIIAKTHIHIX 3aX0/iB i Pe3yAbTaTHBHOCTI

MIPEKOHIENIHITHOI MATOTOBKY Y JKiHOK TPy PU3NKY IO/I0 Peasi3allil MOKJINBOI BAriTHOCT, 110 HE PO3BUBAETHCSL.
Kniouosi crosa: mamiogi cunexii, xponiunuii endomempum, pocmosi paxmopu, anziozennuii Koeiuienm.

he scientific concept of considering angiogenesis impairment

as one of the leading pathophysiological factors resulting in
the decline of the reproductive potential in a woman is currently
proven [1, 2, 3, 4]. Physiological changes in the endometrium
occur due to the involvement of multiple peptide growth
factors; among them, cytokines and growth factors that, in
addition to hormonal regulation of ovarian function, prepare the
endometrium for embryo implantation and are responsible for
pregnancy preservation, are extremely important [3, 5, 6, 7].

The analysis of the literature has demonstrated that nowadays
there are a lot of studies on the effect of pro-angiogenic and anti-
angiogenic vascular factors on placental morphogenesis during normal
pregnancy and in case of pathological conditions; however, there is no
basic research and only a few studies have been dedicated to a special
role of vascular factors in the formation of endometrial dysfunction at
the early stages in women with uterine factor infertility [8, 9, 10, 11].

Over the last decades, numerous studies dedicated to this issue have
allowed us to significantly deepen understanding of the etiopathogenesis
of this condition. Despite a broad discussion of clinical significance, the
peculiarities of the etiopathogenesis of implantation potential impairment
in women with uterine synechiae have been described in individual works
only; there is currently no consensus among researchers regarding this
issue. Therefore, considering the above data, we believe that a detailed
study of this condition will help us more rationally approach the diagnosis,
prevention and pharmaceutical correction of conditions associated with
uterine factor of implantation potential impairment, while understanding
of this aspect will allow us to open up new perspectives in the development
and correction of reproductive disorders, as well as to determine new
directions of therapeutic effect.

The objective of the research was to find out the diagnostic
value of the markers of the endothelium functional state and the
level of individual angiogenic inducers in the formation of the
implantation potential in women with uterine factor infertility.

MATERIAL AND METHODS
The state of the endometrium was assessed in 36 women
with uterine synechiae (Group I) and 30 women with a history
of pregnancy losses (reproductive history) who underwent
long-term treatment of infertility (Group II). The control
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group included 20 healthy patients. The following instrumental
methods were used: ultrasound scan, histological study of
endometrial biopsy specimens obtained during hysteroscopy,
and/or fractional scraping during the menstrual cycle.

The design of our research envisaged the study and assessment of
the level of individual angiogenic factors, namely vascular endothelial
growth factor (VEGF-1) and anti-angiogenic growth factor — soluble
fms-like tyrosine kinase (sFIt-1), and their variations in cervical mucus
and serum samples of the patients of the studied groups in the process
of monitoring the preconception phase by the method of enzyme
immunoassay using RayBio® kits (USA). The results obtained were
statistically processed using statistical software packages Microsoft
Office Excel and Statistica 6.0 for Windows.

RESULTS AND DISCUSSION

When analyzing histological findings in women with intrauterine
pathology, a significant percentage of gynaecological diseases
(inflammatory uterine disease, genital endometriosis, pelvic adhesive
disease, disturbed vaginal microbiota, high index of genitourinary
infection) was observed, that, due to integrated instrumental
examination, was found to be more significant (by 3.0 times) in the
patients of Group I as compared to the data obtained when assessing a
somatic and gynaecological history of the patients in Group II.

An integrated approach to the assessment of histological
findings in women with uterine synechiae allowed us to diagnose
the presence of hyperplastic processes in 13 (36.1%) women (cystic
glandular hyperplasia in 6 (46.2%) patients and endometrial polyps
in 7 (53.9%) patients; among them, endometrial hyperplasia coexisted
with uterine fibroid and adenomyosis in 4 (30.8%) and 3 (23.1%)
cases, respectively), “thin” endometrium in 7 (19.4%) patients, and
endometrial atrophy in 5 (13.9%) patients. Comparative assessment of
histological findings allowed us to detect more significant percentage
of hypoplasia (2.6 times more often) and endometrial polyps (2.0 times
more often, p<0.05) in women with uterine synechiae as compared
to women of Group II. The proportion of chronic endometritis was
significant in both groups; however, in women with uterine synechiae,
it was diagnosed 2.0 times more often (p<0.05).

The assessment of endometrial histology according to the results of
fractional scraping during the menstrual cycle found that in 11 (30.6%)
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women of Group I, the data corresponded to the phase of the cycle during
which the material was taken; however, in 15 (41.7%) women of this
group, histopathologic assessment of the entire endometrium revealed
that morphological data did not correspond to the menstrual cycle phase.
Thus, all the studies carried out suggest that in almost all
patients with uterine synechiae, the morphological picture of chronic
endometritis, hyperplasia, endometrial polyps and insufficient
secretory transformation of the endometrium was found to prevail.
The study of the level of individual growth factors revealed
a decrease in VEGF-1 level in the secretory phase by 3.0 times
in more than half of the observations (21 patients — 58.3%), that
obviously indicated impaired angiogenesis processes at the stages
of the maturation and selection of the follicle, and the formation
and functioning of the corpus luteum. According to the literature
available, the decrease in the level of this transmitter is associated
with impaired endometrial perfusion as well, that results in decreased
endometrial receptivity, thereby lowering the implantation potential.
Considering the importance of angiogenesis mechanisms during the
period when the implantation window is formed, we studied the level
of this growth factor in the cervical mucus that allowed us to detect
its significantly high indicators as compared to healthy patients. In
Group TI, in the secretory phase of the menstrual cycle, the level of
this transmitter was 2.0 times higher than that in healthy women and
2.9 times greater than that in women with uterine synechiae (p<0.05).
Thus, multidirectional changes in VEGF-1level in cervical mucus
and serum samples of the studied groups indicated that in case of the
combination and interaction of a complex of factors, pregnancy can
occur on the background of significant stimulation of angiogenesis
only. According to the results obtained, in the preconception phase,
decreased VEGF-1 level, as well as high indicators of anti-angiogenic
growth factor sFlt-1 were observed. In 23 (63.9%) women of Group
I, the level of sFlt-1 was 2.8 times higher as compared to the control
group; in women Group II, it was 1.9 times higher, respectively
(p<0.05). Thus, in case of deep pathomorphological lesions of the

endometrium at the stage of preconception preparation, there was
observed a more pronounced shift in the balance of vascular growth
factors towards the increase in the concentration of anti-angiogenic
markers - sFlt-1 that indicated more pronounced impairments of the
implantation potential in the given category of women.

In the course of study, we determined the so-called angiogenic
coefficient as one of the indicators reflecting the severity of
both vascular disorders and vascular imbalance. According
to statistical calculations, in the patients of Group I, this ratio
was 142.36+3.2 c.u., exceeding that in healthy pregnant women
by 14.5 times (p<0.05). The determination of the angiogenic
coefficient as an additional diagnostic criterion when choosing
therapeutic tactics for women with uterine factor infertility is a
quite sensitive method with a certain level of specificity.

The aforementioned results allowed us to confirm the
existing beliefs that in the patients with uterine pathology and
uterine pathology-related complications, endothelial pathology
with pronounced imbalance of vascular growth factors, reflected
as high angiogenic coefficient, is formed, and the patients with
uterine synechiae are at risk of developing implantation failure.

CONCLUSIONS

Thus, in our opinion, the assessment of the dynamics of growth
factor level during pregnancy allows predicting its consequences
by the level of individual indicators, especially VEGF, in cervical
mucus and serum samples. Both level of VEGF in the serum and the
cervical secretion and the assessment of the angiogenic coefficient
may serve as early prognostic markers that characterize the initial
signs of impaired trophoblast invasion developing long before
implantation failure and clinical manifestation of miscarriage.

This allows predicting endometrial lesions and lesions of the
endometrial wall and can be used for controlling the effectiveness
of preventive measures and preconception care in women at risk
of non-developing pregnancy.
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