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INTRODUCTION

Female infertility is a global health issue af-
fecting nearly 48 million women [1]. Infertility is
defined as the inability to conceive after a year
or more of frequent unprotected sexual contact
[2]. Infertility is said to be unexplained when its
common causes, such as absent ovulation, poor
sperm quality, or tubal pathology, have been
ruled out after standard fertility tests [3]. Female
factors such as chronic anovulation, blocked fal-
lopian tubes or endometriosis, or male factors
such as sperm abnormalities, obstructions, ejac-
ulatory dysfunction, or unexplained causes are
the main factors that prevent the possibility of
pregnancy in women with infertility. Subfertility
refers to a delay in conceiving. Other factors such
as advanced age, endometriosis, diabetes melli-
tus, ovarian dysfunction, polycystic ovarian syn-
drome, and previous genital tract infection can
all contribute to subfertility [4].

Recent research has looked at the role of auto-
immune variables in implantation in women
undergoing in vitro fertilization (IVF) [5-7]. An-
tiphospholipid antibodies are more commonly
found in women planning IVF; they affect live
birth rates, miscarriage rates, and pregnancy out-
comes [8-10]. Heat shock protein 60 (HSP60) is a
protein chaperone that aids in protein transfer
and refolding. The role of HSP60 in sperm capac-
itation and sperm-oocyte membrane binding fa-
cility, HSP60 impact on the IVF rate and cleavage
rate in mouse embryos was studied by Z. Abdi et
al. [11]. This study found that a low dose of HSP60
had a good effect on two-cell embryo develop-
ment but had no effect on fertilization rate. At
greater doses of HSP60 had a negative effect on
fertilization and cleavage rates [11, 12].

Several publications have recently proven that
chronic endometriosis is ubiquitous in infertile
women, particularly those with recurrent implan-
tation failure during IVF [13, 14]. Failure of IVF is
highly frustrating for both patients and profes-
sionals. Lower pregnancy rates can be expected in
these patients even in subsequent IVF/ICSI (Intra-
Cytoplasmic Sperm Injection) cycles [15, 16].

Chlamydia trachomatis infection is a significant
sexually transmitted disease associated with tub-
al infertility and increased salpingitis episodes
that lead to tubal obstruction [17-19]. Many in-
vestigations have found that serologic evidence
of prior chlamydial infection is strongly linked to

Ne 5(61)/>koBTeHb 2021
ISSN 2309-4117

tubal infertility [20-24]. Chlamydial infection also
reduced the likelihood of a favorable outcome for
IVF [25]. Individuals with a positive Chlamydia tra-
chomatis serology are more likely to develop pelvic
inflammatory disease (PID) [26, 27]. Recent inves-
tigations have found a substantial link between
antibody action against the chlamydial HSP60
(CHSP60) and ectopic pregnancy [28]. CHSP60 is a
heat shock protein homolog of the GroEl family [29,
30]. This protein family is highly conserved in both
eukaryotes and prokaryotes [31, 32].

Idiopathic infertility has no recognized etiolo-
gy; nonetheless, potential factors such as a dis-
turbed oxidant balance may play a role. An ex-
cess of reactive oxygen species has been seen in
the follicular fluid of women with idiopathic in-
fertility [33]. Exposure to environmental factors,
endocrine disruptions, and hormonal imbalanc-
es may explain a significant portion of infertility
[34]. In this prospective study, we attempted to
explain the role of various hormonal, immuno-
logical, and functional factors that positively af-
fect the IVF outcomes.

Research objective: to study the role of vari-
ous infertility/immunological factors, particular-
ly HSP60 and GroEl, as a prognostic factor in the
favorable IVF outcome in women receiving infer-
tility treatment.

MATERIALS AND METHODS

It was a prospective study of all women with
infertility who are undergoing treatment or di-
agnosed with infertility. Following the proposed
research study, samples were collected from 106
unselected females presenting for their first in-
fertility examination at the Gynecology Depart-
ment, Infertility Center, O.0. Bogomolets Nation-
al Medical University (Kyiv, Ukraine) between
September 2019 and February 2021.

54 women received conventional treatment
for infertility and 52 women received conven-
tional therapy with immunocorrection therapy
starting from the day of embryo transfer (5% in-
travenous IgG 400 mg/kg only once, enoxaparin
20 mg subcutaneously daily and aspirin 100 mg
daily till the implantation result).

Patients of two groups underwent ICSI tech-
niques for IVF. HSP60 and GroEl levels were mea-
sured in all of them at the time of admission, af-
ter treatment (before embryo transfer), and after
embryo transfer. The patient's medical records
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and operative reports were reviewed, and characteristics such
as age, duration of infertility, additional infertility problems,
previous assisted reproductive technology treatments, prior
surgeries, and preoperative symptom profile were recorded.
Surgical findings and procedures were documented, and any
missing data was gathered. Basal body temperature charting,
ultrasound study, hysteroscopy, necessary blood test, hormon-
al profile, clotting profile, microbial exam/culture and serology,
colposcopy, laparoscopy, and cervical C. trachomatis screening
with ELISA were performed for all women.

Diagnosis of tubal infertility established by hysterosalp-
ingography and/or laparoscopic test that found distal tubal
blockage or by laparoscopic detection of peritubular adhe-
sions. No laparoscopic assessment was performed when a
complete reciprocatory distal tubal obstruction was diagnosed
by hysterosalpingography. Microimmunofluorescence tests of
Wang and Grayston were used to study all collected samples
for IgG and IgM antibodies to C. trachomatis [35] using formalin
fixed primary bodies that have been detoxed.

Inclusion criteria:

e known infertility;

e informed consent;

e women with tubal infertility, age less than 44 years or
more than 22 years, ovulatory dysfunction, C. trachomatis
seropositivity, endometriosis, ectopic pregnancy, history of
miscarriage, spontaneous abortion, IVF failure, women with
routine gynecological check-up.

Exclusion criteria:

o male infertility factor;

e patients with decompensated cardiovascular disease,
diabetes mellitus, liver, thyroid gland, and lung diseases;
patients who had cancer and tumors or had a course of
antiestrogen drugs; patients with alcohol and nicotine
addictions, cognitive disorders; patients with diseases of other
organs and systems in the decompensating stage, which could
have impact the outcome;

e infectious diseases of extreme severity (HIV infection,
tuberculosis, syphilis, viral hepatitis B and C);

e acute infectious process during the study;

e women with a history of autoimmunity, oncology, or
hypersensitivity;

e subjects with TORCH-infections and suffering from other
autoimmune diseases.

Blood serum were tested at 1:8 dilution and tittered to the
endpoint at double dilutions. Seropositivity for HSP60 and
GroEl was defined by microimmunofluorescence titer 1:8
[36]. ELISA with recombinant HSP60 and GroEl expressed as
a mixed protein with glutathione-S-transferase as an antigen
was used to assess the HSP60 and GroEl antibodies [37, 38].
In addition to being diluted at 1:500, patient serum was incu-
bated with recombinant antigen bound to 96 well microtiter
plates. Horseradish peroxidase-conjugated goat anti-human
IgG was added, and after determining the optical density of
each, standardized absorbance was measured at 405 nm with
a time exposure of 10 minutes. All ELISA-positive serum was
confirmed by immunoblotting with recombinant HSP60 and
GrokEl as antigens. Serum was tested blindly and without the
knowledge of a clinical diagnosis.
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The chi-squared test or Fisher's exact test was used to com-
pare groups. Odds ratios (OR) with 95% confidence intervals (Cl)
are also computed to help the diagnostic precision of both se-
rologic tests for their ability to predict tubal disease as the cause
of infertility in patients who came for infertility assessment. The
calculation of possibility ratios allows comparing the diagnostic
importance of tests in different populations based on infection
frequency. The positive test ratio is calculated as sensitivity /
(100 - specificity). A positive possibility of 2 to 5 indicates a
poor clinical test, 5 to 10 indicates a good scientific test, and
> 10 indicates an excellent clinical test. The negative test ratio
was calculated as sensitivity / (100 - specificity). A negative ratio
of 0.5 to 0.2 indicates an unsatisfactory examination, a positive
ratio of 0.2 to 0.1 indicates a good clinical assessment, and a
value of 0.1 indicates a superb clinical assessment [39].

The statistical package EZR 1.54 (graphical interface to
R statistical software v. 4.0.3, R Foundation for Statistical
Computing, Vienna, Austria) was used in the results analysis [40].

The study was approved by the Commission on
Bioethical Expertise and Ethics of Scientific Research at the
0.0. Bogomolets National Medical University (protocol
No. 126, November 13, 2019). All participants signed informed
consent to participate in the study prior to the survey.

RESULTS

Group 1 had an average age of 34.1 £ 3.4 years, and group 2
had an average age of 33.3 + 5.4 years. The vast majority of
those who took part were white, non-Hispanic, married,
seeking treatment with a partner, and college-educated.
The distribution of the infertility causes among patients with
infertility (n = 106) was as follows: 58.5% — endocrine factor
(including ovulation disorders), 50.9% - morpho-anatomical
causes, 23.58% - tubal factor, 14.15% — autoimmune factor.The
impact of factors characteristics on the implantation process
was determined. The characteristics of individuals included in
this study are shown in Table 1.

Table 1. Individual characteristics of both groups

Factorial sign Group 1 (n=54) Group 2 (n=52) p

Age, years 341434 333+54 0.361
Height, cm 166.4+75 165157 0322
Weight, kg 69 (54-82) 65 (56.5-73) 0493
Body mass index, kg/m? 24.6 (20.8-27.1) 23.8(20.5-26.0) 0.702
Menarche, age 14 (12-15) 13 (12-14) 0.772
(ycle, days 31(26-34) 28(27-28.5) 0.026
Menstruation, days 5(4-6) 5(4-5) 0.277
Hirsutism scores 5(3-7) 4(2.5-5) 0.019
Coitus, times per week 3(2-4) 2.5(2-3.5) 0.239

Note: t-test (in the case of a normal distribution) and Mann-Whitney test
(in the case of a non-normal distribution) were used. Me (QI=Qlll) (no normal distribution).

The study found no differences in age, height, weight index,
menarche, menstrual duration, or coitus between the two
groups (p > 0.05). The average length of the menstrual cycle
was 31 days (26-34 days) in group 1 and 28 days (27-28.5 days)
in group 2, p = 0.026. The severity of hirsutism was 5 points
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(3-7 points) in group 1, and 4 points (2.5-3.5 points) in group
2 patients, p = 0.019. According to Table 1, the average values
of factor traits in patients with infertility are within normal
limits. For further analysis of the impact of factor traits on the
risk of implantation failure, the severity of hirsutism and the
menstrual cycle duration were considered, as these factor
traits differ between the two groups.

The following obstetric and gynecological history factors
were examined to assess the differences between groups 1
and 2, as shown in Table 2.

Table 2. Obstetric and gynecological characteristics of both groups, n (%)

o Group 1 Group 2
Factorial sign (n=54) (n=52) p
0 28(51.9) 27(51.9)
1 9(16.7) 8(15.4)
2 5(9.3) 8 (15.4)
P 0.933
regnancy 3 9(167)  7(139)
4 1019 1019
6 2(3.7) 1(1.9)
) 0 54(100.0) 49(94.2)
Parity : 0(00) 369) 0.115
0 40 (74.1) 46 (88.5)
Artificial abortion ; 85((1; 38)) ; gz; 0.268
3 1(1.9) 1(1.9)
0 36 (66.7) 37(71.2)
1 11(20.4) 10(19.2)
2 3(5.6) 3(5.8)
Pregnancy loss, miscarriage 3 1(1.9) 1(1.9) 0.673
4 2(3.7) 0(0.0)
5 1019 0(0.0)
6 0(0.0) 1(19
0 47 (87.0) 41(78.8)
: 1 6(11.1) 6(11.5)
Ectopic pregnancy ) 1019 407) 0.366
3 0(0.0) 1(1.9)
i yes 39(72.2) 41(78.8)
| | 501
Cyce egulatty v ey noy X
, yes 11(20.4) 8 (15.4)
Menorrh 0.615
enoragia o 396 44(846)
: yes 23 (42.6) 22 (42.3)
History of laparoscopy 0 31(57.4) 30(577) >0999
) yes 14(25.9) 12 (23.1)
History of hysteroscopy 0 0041 0769) 0.822
_ yes 6(11.1) 7(135)
History of laparot J7
SOy oTispariomy o 4689 sEs 7
History of embryo transfer 0 30 (55.6) 30(57.7) 0.999

Note: Fisher's exact test or chi-square test (for 3 or more gradations of the trait) were used.
Me (QI=QIll) (no normal distribution).

The analysis of factor traits (Table 2) revealed no statistically
significant differences between groups 1 and 2 (p > 0.05 in
all cases). The data in Table 1 and Table 2 show no differences
between the study groups, except for severity and duration of
the menstrual cycle. Thus, the data represents the study of the
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clinical significance of the proposed treatment and diagnostic
algorithm for infertility patients.

28 (51.85%) patients in group 1 and 27 (51.92%) patients in
group 2 were never pregnant and thus had primary infertility,
while 26 (48.14%) and 25 (48.07%) patients in groups 1 and 2
had secondary infertility. None of the patients in group 1 had
a history of childbirth, but 3 (5.8%) women in group 2 had a
history of childbirth. Patients in group 1 did not achieve results
in 29 (53.7%) cases after treatment, while women in group 2
did not achieve results in 21 (40.4%) cases.

In all 106 patients we used the method of building and
analyzing one-factor logistic regression models to identify
factors associated with the risk of not achieving results (not
getting pregnant).

Furthermore, serum antibodies to HSP60 and its bacterial
homologue GroEl were determined in 2 groups of infertile
patients before treatment, before embryo transfer, and after
successful/unsuccessful implantation. The data is presented in
optical density units (Table 3).

Table 3. Antibody levels to HSP60 and GroEl in two groups

Factorial sign (Gnr(fg j) (Gnr(fgzz) p
L] (0.32%%%526) (0.31033—9(17523) L
IR (0.29()53—%5486) (0.29063—7(?488) UETH
U220 (-0.04%%92?3.0120) (-00&8%%105) U8
L0 (0.29053—6()7,469) (0.2:93—5()7.482) UEdy
Dhi? 2 20 (—0,062;%’0—4?8,0150) (-o,o%g'sofgi)m) U
k1, s ozbos 0%
Lk 2 B 03450465 o aeg 00
DGRE1200 (om0 ooy (oownaore O
e B 033605 ooy O
DGroEl_1_3, 00. L s 085

(-0.0500 - -0.0130)

(-0.0645-0.0125)

Note: t-test (in the case of a normal distribution) or Mann-Whitney test
(in the case of a non-normal distribution) was used. D stands for difference,
and 0.D. stands for optical density.

The analysis found no differences between the group's levels
ofantibodiesto HSP60and GroElin all blood samples. Following
that, the study examined at the dynamics of antibody levels in
2 groups. Figure 1 depicts the dynamics of HSP60 changes in
groups 1 and 2.

In group 1 there was a HSP60 decrease (p < 0.001 according
to Friedman's criterion for repeated measurements), with the
highest (p < 0.05) value of this indicator observed at the start of
treatmentand the lowest (p < 0.05) - for the third measurement.
Similarly, there was a HSP60 decrease (p < 0.001 according to
Friedman's test for repeated measurements) in group 2, with
the highest (p < 0.05) value observed at the start of treatment
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Figure 1. Dynamics of HSP60 changes in groups 1and 2 (median value and 95% ()
Note: HSP60 levels are given in units of optical density.

and the lowest (p < 0.05) on the third measurement. Treatment
of the underlying infertility cause in both groups results in a
HSP60 decrease.

The next step was to determine GrokEl levels. The dynamics of
change in GrokEl are depicted in Figure 2.

0.5

1

GroEl
—
—

0.2
01l Group
—a ]
oo
0.0 - | 1 |
1 2 3

Measurement

Figure 2. Dynamics of GroEl changes in 1 and 2 groups treated with different methods
(median value and 95% (1)
Note: Grok! levels are given in units of optical density.

In group 1 there was GroEl decrease (p < 0.001 according to
Friedman's test for repeated measurements), the highest (p <
0.05) value was observed at the start of treatment, the lowest
(p < 0.05) - for the third measurement. Similarly, there was
GroEl decrease (p = 0.001 according to Friedman's criterion
for repeated measurements) in group 2, with the highest (p <
0.05) value at the start of treatment and the lowest (p < 0.05)
on the second and third measurements. Thus, treatment of the
cause of infertility in 2 groups results in a decrease in GroEl
levels with and without immunocorrective therapy.

HSP60 and GroEl are strong predictors of infertility risk. The
area under curve (AUC) technique was used to examine the
association between these indicators and the risk of failure.
The results of this analysis are shown in Table 4.
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Table 4. Analysis of ROC curves predicting the risk of treatment failure
for HSP60 and GroEl

Factorial sign AUC (95% Cl) S'gnlg‘ciﬁc&gfr%'g%ences
HSP60_1 0.59 (0.49-0.68) 0113
HSP60_2 0.68 (0.59-0.77) <0.001
dHSP_1_2 0.81(0.72-0.88) <0.001
GroEl_1 0.77 (0.68-0.85) <0.001
GroEl_2 0.82(0.73-0.89) <0.001
dGroE_1_2 0.78 (0.69-0.85) <0.001

Note: HSP60_1and GroEl_T— antibodies levels before treatment, HSP60_ 2
and GroFl_2 — antibodies levels before embryo transfer, d-difference.

Thus, there was a moderate association between the risk of
treatment failure and HSP60 for the second measurement, GroEl
for the first measurement, and GroEl reduction from the first
to the second measurement (Table 4). Furthermore, there was
a strong association between the risk of treatment failure and
the decrease in HSP60 from the first to the second measurement
and GroEl in the second measurement. Association between
a change in the level of antibodies to HSP and successful
implantation was examined. As a result, Figure 3 depicts the
ROC curve (receiver operating characteristic curve) of predicting
the risk of implantation failure with HSP60 treatment success
rate from the first to the second measurement.

100 ~
80 —
2 60 Sensitivity: 62.0
= = Specificity: 87.5
= Criterion: >-0.02
5 [
240+
20
AUC = 0.805
I P <0.001
O v T
0 20 40 60 80 100
100-Specificity

Figure 3. ROC curve of operational characteristics of predicting the risk of implantation
failure after treatment based on the decrease in HSP60 from the first to the second
measurement

Optimal threshold (according to Youden Index) of this test
was HSP60 decrease from the first to the second measurement
by less than 0.02 units of optical density. The risk of treatment
failure is predicted - its sensitivity is 62% (95% Cl 47.2-75.3),
the specificity is 87.5% (95% Cl 75.9-94.8), positive prognostic
value is 81.6% (95% Cl 68.2-90.2), negative prognostic value is
72.1% (95% Cl 64.1-78.8). Association between changes in the
level of antibodies to GroEl and successful implantation was
investigated.

The ROC curve for predicting the failure risk of GroEl
treatment for the second measurement is shown in Figure 4.

Optimal threshold (according to Youden Index) of this test
was GroEl value for the second measurement more than
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Figure 4. ROC curve of the risk prediction of treatment failure according to Grol for the
second measurement

0.411 units of optical density. The risk of treatment failure is
predicted - its sensitivity is 64% (95% Cl 49.2-77.1), specificity
is 85,6% (95% Cl 73.8-93.6), positive prognostic value is 80,0%
(95% Cl 67.1-88.7), negative prognostic value is 72.7% (95% Cl
64.5-79.7).

The strong association of GroEl at the third measurement
with the risk of treatment failure was revealed (Fig. 5).

09
0.8
0.7

0.6 -

(=4
W
T T

<
~
T

Qo Thresold = 0.354

Optical density

e
L
T

o
()
T

<
—_
T

|
Successful

Failure
Treatment result

Figure 5. GroEl for the third measurement
Note: the median value and 95% Cl are given, Min and Max values of the first
and third quartiles.

The figure shows that most patients for whom treatment
success was not achieved a high GroEl on the third
measurement. GroEl = 0.354 units of optical density when
determining the best threshold. 75.9% of patients with a
GrokEl score on the third measurement that did not exceed this
threshold became pregnant; 82.7% of patients with a GroEl
score on the third measurement that exceeded this threshold
did not become pregnant. As a result, dynamic of antibody
levels to HSP60 and GroEl has prognostic value in terms of
embryo transfer, duration of treatment, or search for the
infertility cause.
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Furthermore, we examined the relationship between different
risk factors and implantation failure. A selection of factor features
for all variables was performed to generalize the analysis in the
multifactor model of logistic regression. Akaike criterion was
used in the selection of significant features (Table 5).

100 =
80 |—
| Sensitivity: 78.0
Specificity: 85.7
- Criterion: > 0.5191
60 |—
Feg
Z i
i |
w2
40 =
20—
| AUC = 0.846
P <0.001
0 [T SN N SN TN SO A TN SN SO SN TN SO TN N SN
0 20 40 60 80 100
100-Specificity

Figure 6. The curve of the 12-factor model for predicting the risk of treatment failure

Thus, the analysis revealed signs associated with an increased
risk (OR at p < 0.05) of implantation failure: age, number of
sexual intercourses per week, D-dimer level, antibodies to
HSP60_1 (before treatment). Short stature patients were
found to have a higher risk of treatment failure (p < 0.05).
Most importantly, with standardization by other factors,
immunocorrective therapy reduces risk of implantation failure
in comparison with conventional treatment (OR = 0.26, 95% Cl
0.09-0.76, p = 0.014).

DISCUSSION

The primary goal of this research was to examine
autoantibodies concerning gynecology and reproductive
immunology. We studied HSP60 and GroEl to see how
they affect the outcome of a normal pregnancy. Our study
emphasized the importance of both of these autoimmune
factors in implantation, highlighting their potential role in
the reproduction process. Autoantibodies and early embryo
mortality play a critical role in the implantation failure. In
this study, antibodies to HSP60 and GroEl were found in
high concentrations in the serum of infertile women. The
treatment of the infertility cause in both groups results in
a significant decrease in HSP60 and GroEl levels. The study
found no differences in age, height, body mass index,
menarche, menstrual duration, or coitus between the two
groups (p > 0,05).

Selection of women, particularly those who meet the
inclusion and exclusion criteria for this study, is one of the
study's strengths.This research study s a suitable representative
evaluation forinfertility risks evaluation in Ukrainian population
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Table 5. Significant features of implantation failure

Factorial sign Group 1(n=54) Group 2 (n=52) p
Age, years 341+34 333+£54 0.361
Height, cm 166.4 £7.5 165.1+5.7 0322
Hirsutism scores 5(3-7) 4(2.5-5) 0.019
Coitus, times per week 3(2-4) 2.5(2-3.5) 0.239
0 36 (66.7) 37(71.2)
1 11(20.4) 10(19.2)
2 3(5.6) 3(5.8)
Pregnancy loss, miscarriage 3 1(1.9) 1(1.9 0.673
4 2(37) 0(0.0)
5 1(19) 0(0.0)
6 0(0.0) 1(19)
D-dimer, mg/I 0.406 (0.285-0.461) 0.305 (0.195-0.41) 0.005
Anti-Mullerian hormone, ng/ml 1.325(0.71-2.03) 1.425(0.92-2.05) 0.615
) no 45 (833) 42 (80.8)
Ureaplasma urealyticum " 9(167) 10(192) 0.803
, ) no 20(37.0) 18 (34.6)
Anomaly of the uterine cavity " 3(630) 34(654) 0.841
no 16(29.6) 15(28.8)
Hysteroscopy - 38(704) 37012) >0.999
HSP60_1, 0.D. 0.403 (0.325-0.526) 0.397 (0.313-0.523) 091

Note: HSP60_1— antibodies level before treatment, 0.D. — optical density.

Table 6. Analysis of the 12-factor model of logistic regression predicting the risk of implantation failure

Factorial sign Coefficient of the model, b = m

Age, years 0.18+0.08

Height, cm -0.15+0.06

Hirsutism scores -031+0.18
Number of sexual intercourses per week 070+0.24
Pregnancy loss, miscarriage 039+0.24
D-dimer, mg/I -253+1.67
Anti-Mullerian hormone, ng/ml 0.85+0.34
Ureaplasma urealyticum 132072
Anomaly of the uterine cavity 1.22+0.65
Hysteroresectoscopy -1.04 £ 0.66
HSP60_1, O.D. 481227

Group 2 vs group 1 -134+0.55

Note: HSP60_1— antibodies level before treatment. 0.D. — units of optical density.

in Kyiv, and it also contributes to researches on the potential
effects on women with infertility associated with autoimmune
processes.

The study's limitations included the prospective case-control
design, which limited data collection. The sample size was also
very limited because only those with established infertility,
informed consent, tubal infertility, age less than 44 years or more
than 22 years, history of miscarriage, spontaneous abortion, IVF
failure, and women with routine gynecological check-ups.

The information was gathered only from 3 institutes. There
are frequently organizational biases in providing medical
diagnosis and treatment, and replicating this research study
with multiple research work.
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Significance from 0, p OR (95% (1)
0.022 1.19 (1.02-139)
0.013 0.86(0.77-0.97)
0.088 -

0.003 2.01(1.27-3.20)
0.098 -
0.131 =
0.014 23(1.19-4.58)
0.067 -
0.058 -
0.118 -
0.035 122 (1.4-10500)
0.014 0.26 (0.09-0.76)

This fact remains a critical issue for IVF researchers who
are attempting to implant the vast majority of embryos.
Implantation failure could be caused by reduced uterine
receptivity, embryonic defects, sperm defects, recurrence of the
embryo or hardening zones, or a combination of factors (thin
endometrium, altered expression of adhesive molecules, and
possible immune factors). Our recent research discovered that
the bacterial analogue of HSP60 impacts normal pregnancy
outcomes, and we also describe the most specific and sensitive
analytical technique for determining it [41].

According to our findings, HSP60 and GroEl are the risk
factors for developing pregnancy-related pathologies.
Clinical measurement of these autoantibodies can be
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implicated as an essential laboratory screening parameter
before implantation in expectant individuals to increase the
ratio of positive pregnancy outcomes. The prophylactic level
of antibodies to HSP60 and GroEl can provide information
for forecasting expected reproductive outcomes. Raising
awareness of this screening among health care professionals
and timely diagnosis and management will increase the
likelihood of a high implantation success ratio in expectant
individuals. The vast majority of genital chlamydial infection,
as well as other infections in women, are asymptomatic. If
these infections left untreated they can spread all the way to
the top of the genital system, causing PID and reproductive
pathologies [9].

One murine research study found that HSP60 has no effect
on fertilization at low doses. In contrast, at high doses, it has
a negative impact on fertilization and implantation [42].
Twelve-factor model revealed the positive and negative
impacts on IVF success. Twelve-factor model revealed the
positive and negative impact on IVF success. This model can
be useful in predicting the effect of general characteristics
of individuals on the risk of implantation failure. According
to this study, having a high concentration of HSP60 and
GroEl has a negative impact on the outcome of a normal
pregnancy. Further immunochemical research on this
parameter is required. Given the exploratory nature of the
findings, we await for future research studies to confirm our
findings.
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PROSPECTIVE STUDY TO ESTIMATE THE ROLE OF DIFFERENT INFERTILITY FACTORS IN PREDICTION OF UNSUCCESSFUL IVF OUTCOME

V.0. Berestovyi, assistant, Department of Obstetrics, Gynecology and Neanatology, Institute of Postgraduate Education, 0.0. Bogomolets National Medical University, Kyiv
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Research objective: in a prospective controlled study to investigate the role of HSP60, GroEl and other infertility factors as predictors of successful IVF outcome.

Materials and methods. 106 female patients were divided into two groups: 54 individuals who received conventional treatment for infertility (using ICSI techniques for [VF) and 52 individuals who received conventional therapy
with intravenous IgG, enoxaparin and aspirin. All collected blood samples were tested for HSP60 and GroEl antibodies using immunofluorescence and ELISA techniques at the time of admission, after treatment (and before embryo
transfer), and after embryo transfer. We analyzed the factors that can be helpful as prognostic parameters to estimate the risk of implantation failure.

Results. The risk of implantation failure is predicted when HSP60 level decreases from the first to the second measurement by less than 0.02 optical density units, with a sensitivity of 62% (95% confidence interval (Cl) 47.2-75.3),
and a specificity of 87.5% (95% (1 75.9—94.8), the positive predictive value was 81.6% (95% (1 68.2-90.2), the negative predictive value was 72.1% (95% (I 64.1-78.8). The GroEl value for the second dimension was more than
0.411 optical density units, which suggests a risk of treatment failure with a sensitivity of 64% (95% 1 49.2—77.1) and a specificity of 85.6% (95% CI 73.8-93.6), the positive predictive value was 80.0% (95% Cl 67.1-88.7), the
negative predictive value was 72.7% (95% (I 64.5-79.7). The highest (p < 0.05) value was observed at the beginning of treatment, and the lowest (p < 0.05) — during the third measurement.

Treatment of the underlying cause of infertility led to a decrease in HSP60 and GroEl levels, which ensured a positive in vitro fertilization result. It was found that HSP60 and GroEl have a strong association with embryo implantation.
The risk of implantation failure was strongly associated with twelve factors, the area under the curve (AUC) was 0.85 (95% C10.76-0.91).

Conclusions. HSP60 and GroEl are good prognostic factors for predicting a successful IVF outcome in patients undergoing infertility treatment. The measurement of these parameters during the initial infertility examination may help
in the immediate diagnosis of autoimmune infertility. Embryo implantation is a multifactorial process. The risk of implantation failure should be evaluated with multiple factors (twelve factors).

Keywords: infertility, GroEl, heat shock protein HSP60, IVF, ELISA, implantation failure.

NPOCMEKTUBHE JOCIIIXEHHA OLIIHIOBAHHSA PO YWHHWKIB BE3NAIAAA Y MPOTHO3YBAHHI HEBLANOT CMIPOBY 3AMAIAHEHHA IN VITRO
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MeTa AOCTiZKeRHA: y NPOCTEKTUBHOMY KOHTPOAbOBHOMY A0CHiAKeHHi BuBUMTI Posib HSP6O, GroFl Ta iHLumx YnHHYKiB Ge3nniaas Ak npeauKTopiB YCMiLHOTO pe3ynbtary aniaHeHa in vitro.

Martepianu Ta metoau. 106 naiexTok 6yno po3zineHo Ha Ai rpynu: 54 XiHKy 0TpUMyBanM TpaauLiiiHe NikyBaHHs 6e3nAiAAA (3 BUKOPUCTAHHAM METOAIB iHTpaLMTONNa3MaTyHOl iH'eKLl ciepmaTo30iais AnA 3anniaHeHHa

in vitro); 52 XiHKam, OKpiM TpaANLiiiHoi Tepanii, Npu3Hauany BHyTPILIHbOBEHHO |gG, eHOKCanapyH Ta acnipuH. 3a JOMOMO0k METOAIB iMyHOGNI00peCLeHLi Ta iMyHoGepMeHTHOro aHani3y Bci 3i6pani 3paski kposi by
n1epeBipeHi Ha HaABHICTb aHTUTin 40 HSP60 Ta GroEl nig yac HazxomkeHHs, Nicna NikyBaHHA (40 nepeHeceHHa eMOpIoHiB) i NicnA nepeHeceHHA emopioHiB. 1PoaHaNI308aHO YMHHVKN, AKi MOXYTb 6yTIA KOPUCHIMI AK NPOTHOCTAYH
11apameTpit N4 OLIiHIOBAHHA PU3NKY HEBAAYT iMMNaHTALL.

Pe3ynbrati. Pu3uik Hegaaui iMnnaHTauii nporHo3yeTbea npy 3HUKeHHi KoHueHTpaLit HSP60 Bia nepLUoro Ao Apyroro BUMIPIOBAHHA MeHL Hix Ha 0,02 OAMHNLI ONTUYHOT WinbHOCT, 3 YyTuBicTio 62% (95% AOBIpYMIA iHTepBaN
() 47,2-75,3) i cnewumdiynictio 87,5% (95% [lI 75,9-94,8), no3utiBHe nporHoCTU4He 3HaueHHa ctaHosuno 81,6% (95% [l 68,2—90,2), HeraTuBHe NPorHoCTUYHe 3HaueHHA — 72,1% (95% [l 64,1-78,8). 3HaueHHs Grokl

AN ipyroro BUMipioBaHA carano nonas 0,411 oauHwLi oNTUUHOT WiNbHOCTI, Lo nepea6auae pu3vik HeedeKTUBHOCTI MiKyBaHHA 3 uyTuBicTio 64% (95% A1 49,2—77,1) i cneundiuricTio 85,6% (95% [l 73,8-93,6), nouTugHe
MPOTHOCTIAYHe 3HaueHA cTaHosuno 80,0% (95% Al 67,1—88,7), HeraTugHe NPOrHOCTUUHe 3HaueHHA — 72,7% (95% A1 64,5-79,7). Haifguwue (p < 0,05) 3HaueHHA CnocTepiranoca Ha noyaTky NikyBaHH, a HailHkue

(p < 0,05) — nig uac TPETHOO BUMIPIOBAHHA.

JlikyBaHHA OCHOBHOT NpUuMHY 6e3nAiAAA NPUBENO 10 3HMKeHHs piBHa HSPE0 i GroFl, 10 3yMOBINO NO3UTUBHMIA Pe3yIIbTaT eKCTPaKopriopanbHoro 3ansiaHenHa. BuasneHo, o HSP60 | GroEl Matotb Tickuil 38'430K 3 iMnaHTaLiel
eMOpioHiB. Pu3uk Hepfaui iMnnaHTaLi TBEPAO acoLlioBaBCA 3 1BaHAALATEMA YAHHVKaMu, nolua Mig kpusoto AUC crarosina 0,85 (95% [11 0,76-0,91).

Bucrokm. HSP60 i GroE! € xopoLummin mPOTHOCTHYHIMY UMHHVKAMI A1A NPOTHO3YBaHHA YCNILIHOTO Pe3yNbTaTy 3aniAHeHH in vitro B NaLieHTOK, AKi NPOXOAATb NikyBaHHs 6e3nnigAA. BuMipoBaHHA Lux napameTpia nia

UaC NePBIHHOO 00CTEXeHHA 6e3nMiAAA MOXe A0NOMOTTH B HeraiiHilt AiarHocTuLL ayToiMyHHoro 6e3nniaza. IMnnaxTaLlia emOpioHa — baratodakTopHUil NPOLLeC, @ pU3NK HeBAaYl iMNNaHTALL Cnifl OLIHIOBATY 3 ypaxyBaHHAM
MHOXVUHHIX GKTOPIB (12 YNHHNKIB).

KniouoBi cnosa: be3nninns, Grokl, 6inok tennogoro woky HSP60, 3anniaHeHHs in vitro, iMyHOGEPMeHTHUI aHani3, Hegaua imnaaHTaLji.

MPOCMEKTUBHOE CCTIEAOBAHIE OLIEHKI PONTA GAKTOPOB BECTINIOAYS B POTHO3UPOBAHINM HEYLAYHOM NOMbITKY ONMOAOTBOPEHIA IN VITRO
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Lienb nccnesoBaHus: 8 npocnekTBHOM KOHTPOAUPYEMOM UccnefoBaHNv U3yuuTb ponb HSP6O, Grokl v apyrix dakTopos 6ecnnoaua Kak npeauKTopoB YCNeLIHOro pe3ybTata MA0A0TBOPEHIA in Vitro.

Matepuanbl 1 meTogbl. 106 nauvieHToK Obinv pa3aenetbl Ha ABE rPyNMbl: 54 XeHLUMHbI NONyYany TRaANLMOHHOE Nlederye ecnnons (C Cnonb3oBaHUeM METOA0B UHTPALMTONA3MATUYECKOM MHBEKLMI CNepMaTo3010B

N8 ONNOAOTBOPEHNA N Vitro); 52 XeHLLMHaM HapAAY C TPAAUUMOHHON Tepanueil HasHauany BHYTPUBEHHO 1G, SHOKCANAPUH 1 acnMpuH. C NOMOLLbI0 METOZI0B MMMYHO(AIO0PECLERLMM 1 UMMYHOGEPMEHTHOTO aHanv3a Bee
C06paHHble 06pa3Libl KPoBY bl NpoBepeHbl Ha Hanuuve aHTuTen k HSP6O 1 GroEl Bo Bpema nocTynenus, nocne nevexis (4o nepeHoca 3M6PHOHOB) U NOCE NepeHoca IMOPHOHOB. MpoaHan3MpoBaHbl GakTopbi, KOTOPble
MOFYT 6bITb N0N1e3HbI B KauecTBe NPOTHOCTAYECKIX NapaMeTPOB ANA OLIEHKY PUCKa HeyAaun MMNNAHTaLM.

Pe3ynbTarbl. Pyck Heygauw uMnAHTaLMI NPOTHO3MPYETCA NPU NOHIKERY KOHLeHTPauyu HSP60 ot nepsoro Ao BTOPOro U3mepeHya Meree uem Ha 0,02 eAUHNLbI ONTUYECKOV NAOTHOCTH, C YyBCTBUTENBHOCTbI0 62% (95%
JoBepyTensHbiil utepgan (A1) 47,2—75,3) u cneunduuHoctbio 87,5% (95% [I11 75,9—94,8), nonoxutenbHoe nporHocTueckoe 3xaueme coctasuno 81,6% (95% N 68,2-90,2), oTpuatenbHoe NporHoCTUYeckoe 3Hauetme —
72,1% (95% [V 64,1-78,8). 3Hauetvie Grol 4n4 BTOpOro 3mepeua cocrasino 6onee 0,411 eAnHMLbI ONTUYECKOM NAOTHOCTH, YTO NPEANONAraeT PUCK HeIOEKTUBHOCTY NIEYeHNA ¢ YyBCTBUTENbHOCTBIO 64% (95% AN
49,2-77,1) n cneumndunurocTbio 85,6% (95% LIV 73,8-93,6), nonoxuTenbHoe nporHocTuyeckoe 3HaueHme — 80,0% (95% [l 67,1-88,7), oTpuuiaTenbHoe nporHocTeckoe 3Hauenue — 72,7% (95% [ 64,5-79,7). Haubicwee
(p < 0,05) 3HaueHme HabNIAANOCH B HaYane NeyeHins, a camoe Hu3Koe (p < 0,05) — B0 BpeMA TPETHENO 3MepeHIs.

Jleyetvie ocHOBHOI NpUuMHbI Gecniogna npuBeno k cHinxermio yposra HSP60 1 GroEl, uto obecneunno nonoxuTenbHbiit pe3ynstat SKCTPaKopnopanbHoro 0MaooTBOPeHI. YcraHosneHo, uto HSP60 1 GroEl umelor Teckyio cA3b
C MMNAIaHTaUWei 3MOPUOHOB. PUCK Heyaaul MMNAAHTaLIY NPOYHO ACCOLMMPOBANCA C 1BEHaZALATbIO GakTopamu, nowuaab nog kpueoit AUC cocrasina 0,85 (95% A1 0,76-0,91).

BbiBogbl. HSP60 v GroEl ABNAKTCA X0POLUMMI MPOTHOCTUYECKVMY GaKTOPaMit 1A NPOTHO3MPOBAHHA YCNELWHOr0 Pe3ysibTaTa 0noA0TBOPEHNA in Vitro y NaLMEHTOK, NPOXOAALLYX N1eyeHue becnogus. V3mepeHue stux
11apaMeTpOB NpY NEPBUYHOM 00CeA0BAHNM OECTNOANA MOXET NOMOUb B HeMe/eHHOI AUArHOCTIKe ayTOMMMyHHOrO Becniofn. IMnaanTauma MOp1oHa — MHOTOGAKTOPHBIA MPOLIECC, @ PUCK HeyAaUM UMNAIAHTALN CleayeT
OLIEHVIBATb C Y4ETOM MHOXECTBEHHbIX akTopoB (12 dakTopos).

Kntouesble cnosa: becrinoaue, GroEl, Genok tennosoro wioka HSP60, onnogoTBopeHMe in vitro, MMMyHOGEPMEHTHbI aHanit3, Heyaua MMMNAHTALUN.



