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EXPRESSION OF MARKERS OF HYPOXIA, ANGIOGENESIS, AS
MICROCIRCULATORY-TISSUE FACTORS IN PROLIFERATIVE PROCESSES OF THE
ENDOMETRIUM

The aim of the study — to learn the expression of VEGF and HIF-1a in physiological, hyperplastic, atypical endometrium at
different ages of women.

Materials and Methods. Evaluation of VEGF expression and HIF-1a performed in endometrial tissue samples in 458 women
of late reproductive, perimenopausal and postmenopausal age. Expression of VEGF and HIF-1a was performed at the mRNA
level by polymerase chain reaction of cDNA obtained by reverse transcription. The results were processed by the method of
variation statistics with the assessment of reliability according to the Student's criterion using standard computer systems.

Results and Discussion. Analyzing the data of the presented work, higher VEGF expression rates were found in atypical
hyperplasia in all age categories, but probably higher rates were found in the postmenopausal period, in atypical endometrial
hyperplasia, which indicates the need for vigilance in detecting this process in the appropriate age category. Studies have shown
that HIF-1a can potentiate the activation of vasomotor genes that are required for the vascular response to hypoxia. These studies
demonstrate the informativeness of the method of determining HIF-1a in the examination of patients with endometrial hyperplastic
processes (EHP). The introduction of this method in practical medicine will not only understand the details of the changes occurring
in the body (pathological, physiological), but also develop strategic maneuvers for possible therapeutic or surgical treatments.

Conclusions. Expression of VEGF and HIF-1a levels in endometrial tissue cells as a marker can be a promising method for
diagnosing the risk of proliferative conditions and their prognosis, especially in combination with other markers that characterize
immunohistochemical and molecular genetic cellular parameters. Hypoxia and its relationship with indicators of angiogenesis may
have some promising significance. Because the development of pathological conditions develops at a certain stage of hypoxic
conditions. Under certain conditions, as a result of disruption of tissue processes, possibly metabolic, changes in angiogenesis
are reduced with increasing hypoxia, which may in the long run provoke atypical disorders.
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3KCMNPECCUA MAPKEPOB I'MMNOKCUW, AHTMONEHE3A KAK MUKPOLUUPKYNTATOPHO-TKAHEBbLIX ®AKTOPOB B
MPONMN®EPATUBHbBIX MPOLECCAX 3HAOMETPUA

Lenb nccneposaHusa — nydeHve akcnpeccum VEGF n HIF-1a B chuanonornyeckom, runeprniacTuyeckom 1 atunmyeckom
3HAOMETPUN B Pa3Hble BO3PACTHbIE NEPUOAbI XKEHLNHBI.

MaTtepuanbl n metogbl. OueHky akcnpecun VEGF n HIF-1a npoBoannn B o6pasiiax 3HLOMETPUasIbHON TkaHW y 458 XeHLWMH
NO34HEero penpoaykTMBHOIO, NeprMeHonay3asibHOro 1 NOCTMeHonay3aibHoro sospacrta. dkcnpeccnto VEGF n HIF-1a nposo-
annun Ha yposHe MPHK meTogoM nofnmepasHoi LenHol peakuuun kAHK, nony4yeHHOM MeTo40M 06paTHOM TpaHCKpMNLMK.
Pesynbrartbl 06paboTaHbl METOLOM BapuaLyOHHOM CTaTUCTVKM C UCMO/b30BaHWeM KpuTepust CTbiogeHTa U CTaHAAPTHBIX KOM-
NbHOTEPHBIX CUCTEM.

Pe3ynbratbl UccnefoBaHUA U UX 06CYyXAeHNe. AHaNM3Vpys AaHHble NPeACTaBNeHHOW paboTbl, 6bl/IN BbiSIBNEHbI 6onee
BbICOKMe nokasartenu akcnpeccun VEGF npu atmnnyeckoii runepniasvn Bo BCeX BO3PACTHbIX KaTeropusx, BMecTe ¢ TeM, 4OCTO-
BEPHO 60/ibLUMe MokKasaTeny 6bi/In BbiSIBNIEHbl B MOCTMEHOMNAy3a/lbHOM Nepuoje, Npy aTunMyYeckoi runepniasvmn aHaoMeTpus,
YTO CBUAETENLCTBYET O HEOOXOAVMOCTU HACTOPOXEHHOCTU Bpayeli Npu BbiSBMEHUM AaHHOro npoLiecca B COOTBETCTBYOLLEN
BO3pacTHOI kaTeropun. B nccnenoBaHumsx 66110 yCTaHOBMEHO, YTO HIF MOXET NoTeHUMpoBaTh akTMBaLMI0 BA30MOTOPHbIX FEHOB,
KOTOpble HEO6XOAMMbI /151 COCYAMNCTOr0O OTBETA Ha TMMOKCUIO. [laHHble UCCnefoBaHnsa 4eMOHCTPUPYIOT MHADOPMAaTUMBHOCTL METOAa
onpegenenusa HIF-1a npu o6¢cnefoBaHnn NaumeHToB ¢ runepnnasuneli aHgometpus (FM3). BHeapeHWe B NPaKTUYECKYHO MEANLMHY
JaHHOro MeToAa No3BONUT He TO/IbKO MOHATL AeTanv U3MEHEHWIA, KOTOpble MPOUCXOAAT B OpraHn3mMe (NaTosiormyeckux, ousnono-
rMYeckumXx), a n paspaboTarb cTpaTernyeckne MaHeBpbl 419 BO3MOXHOIO TepaneBTUYEeCKOoro Uin XMpypruyeckoro Metoga nevyeHus.

BbiBogbl. Skcnpeccus yposHs VEGF n HIF-1a B KneTkax aHAOMeTprasibHOV TKaHU Kak Mapkepa MOXeT OblTb MePCNeKTVBHbIM
MeTOZ,0M AMarHOCTUKU pUCKa Pa3BUTUS NPONMAIePaTBHBIX COCTOSIHWIA, @ TaKKe UX MPOrHo3a, 0COGEHHO B KOMIM/IEKCE COOTHOLLEHNS
C ApYrMmMmn mapkepamu, KoTopble XapakTepusyT UMMYHOTMCTOXMMUYECKNE U MONEKY/IAPHO-TEHETNYECKME KNETOUHbIE NoKasaTte/u.
Mnokcus 1 ee COOTHOLLEHME C MoKasaTenssMy aHroreHesa MOXeT HECTU onpefesieHHOe NepPCrnekTMBHOE 3HaYeHve, Tak Kak npu
pasBMTVM NATONIOrMYECKNX COCTOSIHWI Ha OnpeAe/ieHHOM aTane pa3BuBaeTCs MMnokcuyeckoe cocTosiHue. MNpu onpeaeneHHbIX co-
CTOAHUWSAX, B pe3y/ibTaTe HapyLUeHUs TKaHEBbIX MPOLLECCOB, BO3MOXHO, METAB0/IMYECKNX, UIBMEHEHUS B @HTMOreHe3e yMeHbLLATCA
NPV NOBbLILWEHNN TUMOKCUW, YTO MOXET B MepCcrnekTyBe NpoBOLMPOBaTh aTUNmnyHble HapyLLUeHNs.

KnoueBble cnoBa: runepniasva aHAOMETPUS; atunnuyeckasn runepniasvsa aHgometpus; HIV-1a; VEGF; manurHnsaums.

EKCMPECIA MAPKEPIB FIMOKCIi, AHFIOFEHE3Y AK MIKPOLUUPKYNATOPHO-TKAHUHHUX ®AKTOPIB Y
MPONIDPEPATUBHUX MPOLUECAX EHOOMETPIA

MeTa gocnigxeHHs — BuBunTK ekcnpecito VEGF Ta HIF-1a y cpisionoriyHomy, rinepnaiactmyHomMy, aTunoBoMy eHAoMeTpii B
pi3Hi BIKOBI Nepioaw XiHKK.
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Matepianu ta metogu. OuiHky ekcnpecii VEGF Ta HIF-1a nposoannv B 3paskax eHAOMeTpiasibHOT TKaHUHU y 458 XiHOK
Ni3HLOro PenpPoAYKTMBHOIO, NepUMeHoNnay3asibHOro Ta NocCTMeHonay3asibHoro Biky. Ekcnpecito VEGF Ta HIF-1a nposBogunn Ha
piBHi MPHK meTofoM nonimepasHoi naxutorosoi peakuii kAHK, oTpyumaHoi MeTofoM 3BOPOTHOI TpaHckpunuii. Pesynsratu
ornpaLboBaHi MeToA,0M BapiallifiHOi CTaTUCTUKK 3 OLLIHKOO JOCTOBIPHOCTI 3a kpuTepieM CTbiofeHTa 3 BUKOPUCTaHHSM CTaH4apTHUX
KOMM'IOTEPHUX CUCTEM.

Pe3ynbTatu AocnimpKeHHsA Ta iX 06roBopeHHs. AHani3yloun AaHi npeacrtaBneHol poboTu, 6y10 BUSBIEHO BULL NMOKAa3HUKN
ekcnpecii VEGF npu atunosiii rinepnnasii B yCix BiKOBKX KaTeropisix, npoTe BiporifAHO BULL MOKa3HVKM 6y/10 BCTAHOB/IEHO B NOCTMEHO-
naysasibHOMY Nepiogj, Npy aTMnoBili rinepnnasii eHAOMETPISA, WO CBiAYUTbL NPO HEOBXiAHICTb HACTOPOXXEHOCTI MiKapiB NPV BUSB/IEHHI
[JaHoro npolecy y BiANOBIAHIV BikOBIli kaTeropil. B gocnigxeHHsAx 6yn0 BCTAHOBNEHO, WO HIF mMoxe noTeHuitioBaTy akTusaLiio
Ba30MOTOPHMX rEHIB, ki HEOOXIiAHI 419 CYAVHHOI BigNOBIAj Ha rinokcito. [laHi 40CNifKEHHA AEMOHCTPYHOTb iIH(POPMAaTUBHICTL MeToAy
BU3HaueHHs HIF-1a npu o6CcTexeHH nauieHTiB 3 rinepnnasieto eHgometpis (MME). BnpoBa/pkeHHs B NPakTUYHy MeAnLVHY AaHoro
METOAY [03BO/INTL HE MMLLIE 3pO3yMiTV AeTasli 3MiH, L0 BiAOYyBatOTLCA B OpraHiaMi (MaTonoriyHux, gisionoriyHmx), a i po3poomuTn
cTpareriyHi MaHeBpy A4/19 MOX/IMBOIO TepaneBTUYHOro abo XipypriYyHOro MeToAy /liKyBaHHS.

BucHoBku. Ekcnipecisa piBHa VEGF Ta HIF-1a y kniTHax eHA0oMeTpia/ibHOT TKaHUHM SIK MapKepa Moxe 6yTv NepcrnekTUBHUM
METOZOM AiarHOCTUKY PU3KKY PO3BUTKY NponichepaTvBHUX CTaHIB Ta X MPOrHo3y, 0CO6IMBO B KOMM/EKCI CMIBBIAHOLLEHHS 3 iHLUMMN
Mapkepamu, L0 XapakTepu3ytoTb iMYHOTICTOXIMIYHI Ta MOMIEKYNSAPHO-TEHETUYHI KNITUHHI NOKa3HWKK. MNoKcia Ta ii cniBBigHOLWEHHSA
3 NOKa3HMKaMm aHrioreHe3y MoXe HecCTu NeBHe NepcnekTMBHe 3HaYeHHS, OCKI/IbKM NPU PO3BUTKY NaTo/IONYHUX CTaHiB Ha NeBHOMY
eTani HacTae rinokCcU4HuUiA ctaH. Mpu NeBHKX CTaHax, B pe3ynbraTi MOPYLUEHHS TKAHWHHKX MPOLECIB, MOX/IMBO, METab0iuHMX,

3MiHM B @HrioreHesi 3MeHLLYI0TbCSA NPU NiABULLIEHHI FNOKCIT, LLI0 MOXe B NepcrnekTVBi NPOBOKYBAaTW aTUMNoBi NOPYLIEHHS.

KnrouoBi cnosa: rinepnnasisa eHAoOMeTpis; atunosa rinepnnasia eHgometpis; HIV-1a; VEGF; maniruizauis.

INTRADUCTION. Microcirculatory-tissue theory, as a
new paradigm of carcinogenesis, currently occupies one of
the leading places in clinical and scientific research [1-3]. In
it a certain role is given to molecular mechanisms of control
of regulation of oxygen homeostasis [4—6]. It has been
proven that hypoxia disrupts energy metabolism, inhibits
the synthesis of biologically active substances, stimulates
angiogenesis (vascular endothelial growth factor — VEGF),
angiogenin and growth factors [7—11].

HIF's factors — HIF-1, HIF-2, HIF-3 ensure the survival
of cells in hypoxia, by regulating more than 200 genes and
their proteins. These genes act at different levels, and provide
increased oxygen delivery to the cell [12-15].

At all stages of development of neoplastic process cells
are in the conditions of a hypoxic state. Zones of hypoxic
and anoxic state develop in the tissue heterogeneously,
especially in the initial stages [1, 14, 16, 17].

Simple disorders of cell respiration do not lead to
malignancy, it is necessary that the disorders are irreversible
and transmitted to the next generation of cells, and do not
cause their death [1, 8, 10, 18]. There is an assumption
that hypoxia contributes to the violation of tumor cell
differentiation, they turn into "aggressive" forms that easily
grow into tissues [13, 14, 19, 20].

Activation of angiogenesis is carried out by transcription
of such factors as VEGF- A, stromal growth factor — SDF1,
stem cell factor — SCF, angiopoietin [1, 3, 9].

Regulation of agiogenesis is a dynamic process of
interaction of activators and inhibitors [3, 10, 18]. Under
physiological and pathological conditions, the main stimulus
for the activation of angiogenesis is hypoxia, as a result of
which HIF factors penetrate into the cell nucleus, bind to
relevant sites, alter the transcription of some genes, including
VEGF genes [5, 10].

VEGEF is the main inducer of angiogenesis, its expres-
sion is regulated by hypoxia, hypoglycemia [2, 7, 15], it
stimulates reactions by which endothelial cells migrate,
proliferate, collect in tubes and form a bound network [7, 9,
13]. Angiogenesis is stimulated if metabolic needs exceed
the perfusion capacity of existing vessels. Under physiologi-
cal conditions, the processes of angiogenesis are moderate

in intensity and are activated for regeneration of damaged
tissues, blood clot drainage, cyclic changes in the ovaries,
endometrial proliferation, growth of embryonic and postnatal
tissues [6, 9, 16, 21], which is associated with hormonal
stimulation or in response to ischemia. The results of recent
studies have confirmed this adaptation mechanism, including
hypoxia [5, 14, 15].

It has been found that VEGF-A plays an important role
in newly formed blood vessels in the retention of endothelial
cells before the addition of pericytes and prevents apoptosis
of endothelial cells and the reverse development of immature
vessels, in adulthood the formed vascular system does not
require VEGF. To date, the mechanisms of suppression of
the immune antitumor response in the synthesis of VEGF
by the tumor are considered [2, 6, 7, 9].

THE AIM OF THE STUDY - to learn the expression of
VEGF and HIF-1a in physiological, hyperplastic, atypical
endometrium at different ages of women.

MATERIALS AND METHODS. Evaluation of VEGF
expression and HIF-1a performed in endometrial tissue
samples in 458 women of late reproductive, perimenopausal
and postmenopausal age, who were sent for medical
assistance to the gynecological department for treatment.
Clinical groups were formed: control group | consisted of
49 women of late reproductive period, the average age
was (38.67+0.35); group Il — 57 women of reproductive
age with hyperplastic processes without atypia, the
average age was (41.04+0.36); group Il — 48 patients of
late reproductive age with atypical endometrial hyperplasia
(39.08+0.37); group IV — the control group consisted of 43
women of perimenopausal age in the proliferation phase,
(47.74+0.38); group V — 62 women of perimenopausal
period with atypical hyperplasia (48.10+0.44p); group VI —
58 patients of perimenopausal age with atypical hyperplasia
(48.53+0.48); group VII — 41 patients of postmenopausal
age (53.46+0.69), group VIII — 54 women with atypical
hyperplastic processes (52.78+0.42); group IX consisted
of 46 postmenopausal patients with atypical endometrial
hyperplasia (53.39+0.39).

Expression of VEGF and HIF-1a was performed at
the mRNA level by polymerase chain reaction of cDNA
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obtained by reverse transcription. The mRNA level of the
test gene was determined by the number of conventional
units of the fluorescent signal using the number of um from
fluorescent signal of the 36B4 gene to standardize the original
amount of RNA. Changes in expression were calculated by
the method AACt.

The results were processed by the method of variation
statistics with the assessment of reliability according to the
Student's criterion using standard computer systems.

RESULTS AND DISCUSSION. Subsequent study of the
expression of VEGF in endometrial tissue samples, according
to age categories, found that in all groups of the study of
reproductive, perimenopausal and postmenopausal periods,
the age category of women in cohorts was significantly
compared (p<0.01). No acute or chronic diseases were
detected in all women before fractional medical-diagnostic
scraping of the uterine body cavity, according to the protocols,
the results of clinical and laboratory examinations were within
the reference values.

The analysis of the results of VEGF expression data
in endometrial tissue cells revealed a relative increase
in the numbers of indicators in the presence of atypical
endometrial hyperplasia, relative to indicators in hyperplastic
processes in this age group, as well as relative to the control
group. The expression of VEGF, respectively, in atypical
hyperplasia in the late reproductive period was (3.46+0.67)
IU, in the perimenopausal period — (3.60+0.66) IU, in the
postmenopausal age — (2.99£0.94) U with a significant
difference in plll—-pIX <0.05; pVI-pIX <0.05, which may
indicate atypical pathological endometrial changes enhanced
tissue angiogenesis.

In hyperplastic processes, VEGF values were in group
Il — (3.21+0.56) units, in group V — (3.44+0.67) units, and
in group VIl — (3.00+0.63) (pll-pV) <0.05; pV—pVIII <0.05)
respectively. From the analysis of the presented indicators
at proliferative processes in endometrial fabric the processes
of angiogenesis which consequently strengthen blood supply
of fabric prevail in most cases.

Mosaic literature data on hormonal effects on the
processes of angiogenesis, for the control group, in the late

reproductive and perimenopausal periods, we chose to study
the phase of proliferation, when angiogenic activity in the
physiological endometrium is highest, which was analyzed
in the study of cancer. Language of VEGF-A expression
in the angiogenic effect of estrogen, in other studies,
the antiangiogenic effect of antiestrogens was obtained,
including through the inhibition of VEGF-A.

Angiogenesis in atrophic endometrium was probably
low, but it retained its activity in most tissues — (1.23+0.04)
Ul, which may indicate the preservation of potential
capacity in endometrial cells in postmenopausal age,
which in the presence of stimulating factors proliferative
processes, or inhibit apoptosis, are able to enter into
angiogenic processes and participate in the development
of proliferative conditions in the postmenopausal age.
However, the possibility of studying endometrial tissue
depending on the duration of the postmenopausal period
is of interest.

We obtained reliable results in the expression of VEGF
in atypical endometrial hyperplasia in the postmenopausal
period, which, compared with epidemiological data, indicates
a high risk of malignancy in postmenopausal women, which
can be triggered by the initiation of all stimulatory factors in
oncoprocess increasing with age.

The results of our work contradict the data that in
normal endometrial VEGF synthesis is stimulated by
the action of estradiol, in neoplasia, this effect worsens
or disappears. Although researchers have studied a
highly significant negative relationship between VEGF
concentrations and progesterone receptors in endometrial
hyperplasia, at the same time there is no relationship
between VEGF expression and progesterone receptors
at all [19, 22, 23]. However, it should be borne in mind
that the etiopathogenetic mechanisms of development
of endometrial tissue malignancy are not definitively
established, the influence of hormonal factors exists,
but it is not always associated with cancer risks [24],
because in our work were more active processes in the
postmenopausal period, which may not always be related
to hormonal changes.
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Fig. 1. Expression of VEGF in endometrial cells in different pathological conditions in different age categories
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The results of the performed work prompted to study
the relationship between the state of hypoxia in endometrial
cells and the expression of VEGF. HIF-1a, the best studied,
is expressed in cells of many tissues and organs, where it
functions as a regulator of oxygen homeostasis. The HIF-
1la subunit is constantly present in the cell under normoxia,
but with an extremely short half-life, so its concentration is
maintained at a low level [5, 8, 25].

When analyzing the results of the study of indicators
of hypoxic state of endometrial tissue, we did not find
significantly probable changes between indicators of atypical
hyperplasia in all comparison groups, which was respectively:
group Il — (1.82+0.51) 1U, group VI — (1.97+0.48) IU, group
IX — (1.96+0.51) IU. When comparing the indicators of the
hyperplastic state with the indicators of atypical hyperplasia
in all cases p<0.05.

Hypoxia has been shown to enhance the expression of
more than 200 genes, including VEGF, in tumor and healthy
cell culture, which allows cells to adapt to conditions with
reduced oxygenation. Some researchers believe that the
induction of VEGF gene expression in endometrial cells
occurs both through a HIF-dependent mechanism and
through a hormone-receptor system associated with estrogen
[3, 7, 15].

2,5

Late reproductive
period

Perimenopausal
period

Among all angiogenic factors, the VEGF family is
considered to be the main in the formation of blood and
lymphatic vessels. The level of VEGF expression decreases
progressively after birth, and is at low levels in most tissues
except for places with active angiogenesis: ovaries, uterus,
skin [10, 13].

Studies have demonstrated the role of angiogenic factors
and their receptors in vascularization of tumor tissue, as well
as the relationship with the prospect of the disease and the
effectiveness of treatment [6, 9, 18]. The authors found a
significant increase in the concentration of VEGF in the late
stages of adenocacin, in the initial processes and EHP no
difference was found [18, 20, 25].

When analyzing the presented results, we paid attention
to the increase in hypoxia activity in epithelial tissue against
the background of reduced vasculogenous processes,
which, in our opinion, is the trigger for the development of
malignancy in endometrial tissue (see Fig. 3). Moreover,
these processes increase from the late reproductive to
postmenopausal periods, which is more promising in the
development of adenocarcinoma, especially in cells with
atypical processes.

CONCLUSIONS. Hypoxia and its relationship with
markers of angiogenesis may have some promising

Postmenopausal
period

Fig. 2. Expression of HIF-1a in endometrial cells in different pathological conditions in different age categories.
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Fig. 3. Relationship between markers of hypoxia and angiogenesis in postmenopausal women with atypical hyperplasia (1U)
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significance. Because with the development of pathological
conditions develops at a certain stage of hypoxic state, the
compensation of which occurs due to the mechanisms of
angiogenesis. In certain conditions, as a result of disruption
of tissue processes, possibly metabolic, changes in
angiogenesis are reduced with increasing hypoxia, which
can provoke the development of atypical changes and their
malignancy in the future development of EH.

The level of VEGF concentration in endometrial tissue
as an inducer of angiogenesis is increased in hyperplastic
processes of the endometrium. Significant growth of the
indicator is marked by the processes of atypical hyperplasia,
especially in the postmenopausal period.
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Determination of VEGF concentration in endometrial
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