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Infertility is one of the most acute problems in modern reproductive studies. The theme of research is poorly conceptua-
lized in modern medical literature, and this fact is an additional confirmation of the relevance and scientific significance of
this research. With the use of assisted reproductive technology (ART), pregnancy in an infertile marriage became possible.
In this article, the authors pay significant attention to the role of the endometrium in the implantation process. To better
assess the status of the endometrium, they performed hysteroscopy and endometrial biopsy and conducted morphological
study of biopsy material and immunohistochemistry analysis. The features, competitive advantages, or disadvantages of
every method of research and treatment have also been included in the discussion. Analysis of the results of the immuno-
histochemical studies revealed the presence of autoimmune chronic endometritis and chronic endometritis without an au-
toimmune component. Comprehensive examination and treatment resulted in successful pregnancy in 90% of women with
failed IVF attempts in anamnesis. At the same time, in 60% of cases the pregnancy resulted in childbirth between 36 and
40 weeks of gestation. During such pregnancies, there are only a few specific features: high risk of miscarriage, fetal defects,
and extragenital pathology. Thus, reproductology is in constant search for new methods that are able to further improve the
positive results of IVF.

Keywords: immunohistochemistry; assisted reproductive technology; endometrial hyperplasia; endometrial polyp; uterine
factor; sterility.
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Mpobnema 6ecnnoamsa sBAgeTC 04HOM U3 Hanbonee OCTPbIX B COBPEMEHHOM penpoayKTonoruun. TeMa uccnenoBaHms Heflo-
CTaToO4YHO NpopaboTaHa B COBPEMEHHON MeAMLMHCKOM nuTepaType, YTO AOMNONHUTENbHO 00YCI0BAMBAET €€ aKTyaNbHOCTb
M Hay4HY 3HAYMMOCTb. bnarofaps NpUMEHEHUID BCMOMOraTebHbIX PENpPOAYKTUBHbIX TexHonoruit (BPT) cTano Bo3Mox-
HbIM HacTynneHue 6epemMeHHOCTU B GecniogHoM 6pake. B cTaTtbe aBTOpbI yaensoT 60/blioe BHUMaHUE POU SHAOMETPUS
B npouecce MMNNaHTaumu. [ng nosbiweHUs 3PHEKTUBHOCTU OLEHKM COCTOSIHUS 3HAOMETPUS NMPUMEHSIOTCS Cleayolime
nccnenoBaHna: rMcTepockonus, Buoncus aHaomMeTpus, Mopdonornyeckoe uccnenosaHne GBUONCUIUHOrO MaTtepuana, UMMy-
HOrMCTOXMMMUS. B cTaTbe onmcaHbl 0COBEHHOCTU KaXXA0r0 M3 BbILLEYNOMSAHYTbIX METOLOB UCCNEL0BAHUSA, UX NPEUMYLLECTBA
M HepocTaTku. [pu aHanm3e pe3ynbTaTtoB UMMYHOTMCTOXMMUYECKOTO UCCeL0BaHMS BbIIBNIEHO HAaNIMUYME KaK ayTOUMMYHHOTO
XPOHWUYECKOr0 3HAOMETPUTA, Tak U XPOHUYECKOTO IHAOMETpUTa 6€3 ayTOMMMYHHOrO KOMMNOHEHTA. Mo MToraM NpoBeAEHHOTO
KOMIMIEKCHOTO 06C/1Ief0BaHNS U NEYEHNUS MPUBELEHA CTAaTUCTUYECKAs MHPOPMALMS, EMOHCTPUPYHOLLAs HacTynneHue bepe-
MeHHOCTM B 90 % ciyyaeB y KEHLWMH C Heyaa4YHbIMK nonbiTkamMu BPT B aHamHese. pu 3ToM B 60 % cnyyaeB 6epeMeHHOCTb
3aBeplumnnach poaamu B cpok 36-40 Hepenb. TedeHne Tako GepeMeHHOCTH UMeeT psj cneunduryeckux ocobeHHOCTel: no-
BbILIEHHbIE PUCKM HEBbIHALUMBAHMS, MOPOKM PA3BUTUSA NNOAA, IKCTPAreHUTabHY0 NaTtonorut. Takum 06pa3om, penpoayk-
TONOrKs KpaiHe 3anHTepecoBaHa B MOMCKE HOBbIX METOAMK, CMOCOBCTBYHOLWMX NONOXUTENbHOMY pe3ynbTaTy BPT y xeHLWwmH
c becnnogunem.

Kniouesble cnosa: MMMYHOTUCTOXMMUYECKOE UCCNIEQAOBAHNE; BCMOMOraTe/ibHble penpoayKTUBHbIE TEXHONOIMUU; rTMNepnasnag
SHAOOMETPUA, NONUN SHOOMETPUSA; MaTOYHbIN dJaKTOp; 6ecnnogue.
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Infertility is a serious reproductive problem that in-
cludes a combination of social and mental illnesses in
the family (WHO, 1979). Infertility issues continue to
be relevant and of high priority in obstetrics and gy-
necology because of its consistently high prevalence
worldwide [1, 2]. Currently, there are more than six
million married couples of reproductive age in Rus-
sia, of which three million need treatment using as-
sisted reproductive technologies (ART) [6]. The num-
ber of infertile women is increasing. Thus, in 2007,
there were 485.1 infertile women per 100,000 women
of reproductive age, and in 2011, this figure increased
to 559.6 [7].

A successful implantation requires a receptive
endometrium and a normal interaction between the
endometrium and embryo [12]. The role of the endo-
metrium during implantation is often underestimated.
Currently, chronic inflammatory processes involve
not only the functional but also the non-incompatible
basal layer of the endometrium [4]. Chronic endome-
tritis is caused by immunodeficiency because of previ-
ous sexually transmitted infections, due to their long
persistence, and presence of chronic somatic patho-
logy [8]. The role and functional activity of the im-
mune system, especially local immunity factors such
as pro-inflammatory and regulatory cytokines, growth
factors, adhesion molecules, matrix metalloproteinas-
es, and apoptosis regulators, are of utmost importance
in this pathology. In this case, immunological changes
in the endometrium are in some cases an independent
cause of infertility and miscarriage.

Chronic endometritis is accompanied by multiple
morphofunctional changes such as cell proliferative
disorder, apoptosis, angiogenesis, and fibrosis. In this
case, a sharp activation of cellular and humoral fac-
tors of inflammation occurs at the local level. Nota-
bly, in the pathogenesis of chronic endometritis, there
is a malfunction of immune regulatory mechanisms,
which is manifested by the autoimmune nature of the
immune response and increased endometrial content
of CD16, natural killer, and B-cells [10]. Long-term
stimulation of immunocompetent endometrial cells
with an infectious agent leads to the decompensation
of local homoeostatic regulatory mechanisms, which
supports the persistence of the infectious process.

The “uterine factor” of infertility is found in more
than half of women of reproductive age. The preva-
lence of chronic endometritis is the highest in women
aged 26-35 years, accounting for 96.7%, which is very
important in the implementation of reproductive func-
tion [10].

The aim of the study was to evaluate the efficiency
of additional diagnostic methods, including pelvic ul-
trasound examination, hysteroscopy, endometrial bi-

opsy, morphological examination of biopsy material,
and immunohistochemistry (IHC) in infertile women
and those who had unsuccessful ART programs.

MATERIALS AND METHODS

In 2014-2015, according to the records of the gy-
necological department of the Perinatal Center of
Saint Petersburg State Pediatric Medical University,
50 women aged 26-43 years with infertility or unsuc-
cessful in vitro fertilisation (IVF) attempts in the past
were examined and treated. The study involved 20 pa-
tients admitted to the hospital to prepare them for a
second IVF attempt after an unsuccessful ART.

Ten patients had a history of bacterial and viral dis-
eases of the pelvic organs and underwent intrauterine
interventions. Patients received antibiotics and antivi-
ral drug therapy, and ART was performed after confir-
mation of negative bacterial and viral infections via
PCR, but pregnancy did not occur.

IVF was planned for all women in the near fu-
ture; therefore, verifying the uterine factor of infertil-
ity has become urgent. Patients studied were divided
into two groups. Group 1 included women with endo-
metrial pathology according to the ultrasound exami-
nation of the small pelvis and with unsuccessful ART,
whereas group 2 included women without visible pa-
thology on ultrasound examination of the small pel-
vis but with unsuccessful VRT. Patients underwent
ultrasound examination followed by hysteroscopy,
endometrial biopsy, histoanalysis of the uterine ca-
vity scraping, and IHC. Hysteroscopy combined with
endometrial biopsy, morphological examination of
the endometrium, and IHC were performed on day 23
of the menstrual cycle. This combination aided in es-
tablishing accurate diagnosis and treatment of endo-
metrial pathology.

Ultrasound examination of the pelvic organs was
performed using high-technology equipment such as
the expert-class Philips device equipped with sensors
for all types of 3D or 4D studies. This device has the
functions of Doppler ultrasound examination and elas-
tography. A hysteroscopic resectoscope (Richard Wolf
Medical Instruments, IL, USA) was used for hysteros-
copy. IHC reactions were performed in paraffin sec-
tions using the peroxidase-antiperoxidase method with
epitope retrieval in a microwave oven. Mouse mono-
clonal antibodies to estrogen receptors (ERs) and pro-
gesterone receptors (PRs) were used.

Using the IHC method, local immunity parameters,
such as the number of lymphocytes expressing mark-
ers of natural killer cells CD56" and CD16" and activa-
tion markers HLA-DR (II)", in the endometrial tissue
were determined [5]. These parameters (i. e., CD567,
CD16%, and HLA-DR (II)") were quantified by obser-
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ving the endometrial scraping using an optical micro-
scope with 400x magnification in three fields of vi-
sion [9].

RESULTS OF THE STUDY

The examinations revealed that eight patients suf-
fered from primary infertility and 12 patients from
secondary infertility. The number of IVF attempts
in the group of examined women was 1-4. All pa-
tients had gynecological disorders in the family his-
tory (Table 1).

Among the concomitant diseases were diabetes
mellitus type 2, obesity, autoimmune thyroiditis, and
fibroadenoma of the mammary glands.

Patients were divided into groups according to the
presence or absence of endometrial pathology based
on the results of the ultrasound examination. Of the
20 women, 13 (65%) had polyps and endometrial
hyperplasia. In the ultrasound examination, endome-
trial and myometrial changes, which are character-
istics of inflammatory processes, were determined.
Thus, small hyperechogenic inclusions were found
in the projections of the basal layer, which persisted
regardless of the menstrual cycle phase; diffuse, fo-
cal, and cystic changes, as well as varicose myome-
trium veins, were noted in the subendometrial zone;
coarse closing line of the mucosa layers is observed.
Color Doppler ultrasound revealed a relatively scarce
vascularization of the functional layer in the secre-
tory phase of the menstrual cycle, violation of he-
modynamics in uterine vessels and vascular pool of
the small pelvis, asymmetric myometrium vascular-
ization (in 49% of cases), decreased final diastolic
velocity in uterine arteries, and increased angular-de-
pendent indices of the blood flow-velocity curves at
all levels of the uterine vascular tree, which coincides
with literature data [13].

Gynecological diseases of the examined women

All patients from the study group underwent
additional diagnostic methods, such as diagnostic
hysteroscopy, endometrial biopsy, morphological
examination of the uterine cavity scraping, and IHC
study.

In hysteroscopy, uneven thickness of the endome-
trium, polypoid vegetations, petechial hemorrhages,
focal hypertrophy of the mucosa, and synechia in the
uterine cavity were observed. Note that with suspect-
ed chronic endometritis, hysteroscopy of the entire
intrauterine pathology is very important. Then, an
endometrial biopsy with morphological examination
should be performed in all cases to verify the diag-
nosis.

Morphological study was used to detect the pres-
ence of focal or diffuse periglandular and perivascu-
lar lymphohistiocytic inflammatory infiltrates in the
basal and functional endometrial layers, plasma cells
in the infiltrates, focal fibrosis of the stroma, and
sclerotic changes in the walls of the spiral arteries
of the endometrium, which coincides with literature
data [3].

As previously mentioned, 15 patients (75%) had
endometrial pathology in the form of polyps and
endometrial hyperplasia, among which eight had
glandular and fibroglandular polyps and seven had
glandular endometrial hyperplasia. From the data
presented, ultrasound examination for diagnosis is
not highly informative, although it is a good method
of revealing pathologies. Moreover, employing ad-
ditional diagnostic methods aids in the diagnosis of
chronic endometritis.

The final stage of the study was IHC. Diagnostic
methods were proposed because inflammation often
develops only locally, which affects organ function,
and is always accompanied by changes in systemic
and local immune parameters.

Table 1

Tabnuuya 1

CprKTypa FMHEKOIOrMYeckmx 3aboneBaHmin 06Cnef0BaHHbIX XXEHLMH

Gynecological pathology

Number of cases

Uterus impaired development (bicornuate, arcuate, and incomplete intrauterine septum) 1
Oothecoma 2
Endometrial disease 2

Uterine myoma

1

Chronic salpingitis, oothecitis 10

Carrier state of human papilloma virus, uterine cervix pathology 3
Chlamydiosis, ureaplasmosis, mycoplasmosis, and cytomegalovirus infection 12
Endometrial polyp 3
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Analysis of IHC results revealed the presence of
chronic endometritis with and without an autoimmune
component. In terms of the receptor status of the endo-
metrium in infertile women, chronic endometritis was
accompanied by a decrease in ER expression in the
glands in both the proliferative and secretory phases,
but was mainly in the secretory phase in the stroma
(Figure 1). PR expression in the glands and endometri-
al stroma decreases in the secretory phase (Figure 2).

The results of the IHC analysis are presented in
Table 2.

We analyzed the IHC results of a 29-year-old pa-
tient, who was admitted with primary infertility. The
patient had morphologically confirmed fibroglandu-
lar polyps of the endometrium, which was previously
identified by ultrasound examination.

Results of immunohistochemical study

P83yﬂ bTaTbl UMMYHOTMCTOXUMUYECKOTO UCCNENOBAHNUA

Progesterone receptors
PR-peuenTopbl

Based on the findings of IHC analysis, ER and PR
expression in the endometrium correspond to men-
strual cycle phases (Figure 3). In addition, signs of
chronic inflammation (i. e., chronic endometritis)
with a weak autoimmune component (Figures 4-10)
are revealed.

After the final diagnosis of chronic endometritis,
19 women were treated according to the examination
results. Patients with endometrial hyperplasia were
treated with gestagens (Lindinet-30, Jeanine, Yarina)
for three menstrual cycles followed by ultrasound
monitoring. Women with endometrial polyps had no
special hormonal treatment.

Treatment consisted of two stages. At the first
stage, antimicrobial therapy entailed the combinations
fluoroquinolones and nitroimidazoles, macrolides and

Table 2

Tabauuya 2

Immunohistochemical data

Number of cases

to menstrual cycle phases

Expression of estrogen and progesterone receptors in the endometrium does not correspond

8

menstrual cycle phases

Expression of estrogen and progesterone receptors in the endometrium corresponds to

Autoimmune chronic endometritis:

—_
—_—

Primary

Inactive

Chronic endometritis without an autoimmune component:

With exacerbation

Without exacerbation

Absence of endometritis

— | w]|oo v
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Fig. 3. Endometrial scraping during the late secretory phase at  Fig. 4. Focal lymphocytic and neutrophil infiltration of the endo-

100x magnification metrial stroma at 400x magnification
Puc. 3. Cocko6 3HaomMeTpua nosaHei ¢asbl cekpeuuu npu yse-  Puc. 4. OuaroBas numdoumtapHas U HeitTpodunbHas uHduAbLTpa-
nuyeHum obbekTuea x100 LM CTPOMbI IHAOMETPUS NPU yBeNMYeHUU obbekTuea x400

trial stroma at 1,000x magnification Puc. 6. 3kcnpeccus CD16-peuentopos
Puc. 5. BakyonbHasa auctpodusa anuTenus xenes U CTpoMbl 3H-
AOMeTpus nNpu yBennmueHnu obbekTusa x1000
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Fig. 7. Expression of CD56 receptors Fig. 8. HLA-DR (ll) receptors
Puc. 7. Skcnpeccus CD56-peuentopos Puc. 8. HLA-DR(Il)-peuenTopbi
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Fig. 9. Estrogen receptors Fig. 10. Progesterone receptors
Puc. 9. ER-peuenTtopbl Puc. 10. PR-peuenTopbl
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nitroimidazoles, and antiviral therapy with tablet and
vaginal preparations of Valtrex and Viferon. To in-
crease the efficacy of anti-infective therapy, immuno-
modulators, such as Galavit and ImmunoMax, were
used. Longidaza was also prescribed. At the second
stage, patients underwent metabolic and systemic en-
zyme therapy with Actovegin and Wobenzym.

After comprehensive examination and treatment,
18 patients (90%) had an onset of pregnancy. It is
noteworthy that in 12 cases, the pregnancy ended with
childbirth within 36-40 weeks, of which there were
twins in two cases. All children were born in satisfac-
tory conditions and an Apgar score of >7 points. In four
cases, premature delivery occurred at 23-29 weeks of
gestation (22.2%). In one case, postnatal fetal death
occurred. Retention of dead ovum was noted in two
cases (11.1%) within 7-8 weeks of pregnancy, which
required scraping of the uterine cavity.

CONCLUSION

In conclusion, analysis of the obtained results re-
vealed that employing complex examination and
treatment in women with infertility and intrauterine
pathology is a prerequisite for subsequent ART pro-
tocols. IHC is a mandatory stage in the examination
of women with endometrial pathology because of its
reliability and accessibility for endometrial state as-
sessment.
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