
INTERNATIONAL 
JOURNAL                

OF BIOMEDICINEORIGINAL ARTICLE 

Obstetrics and Gynecology

http://dx.doi.org/10.21103/Article11(2)_OA11
 International Journal of Biomedicine 11(2) (2021) 188-196

The Effect of Vitamin D Metabolic Status and Endometrial Immune 
Patterns on the Outcomes of ART Programs

Elena G. Chukhnina1, PGS; Evgeny L. Kazachkov1, PhD, ScD; Ekaterina E. Voropaeva1, 
PhD, ScD; Ella A. Kazachkova1, PhD, ScD; Miroslava L. Polina2, PhD; 

Natalya I. Douglas3, PhD, ScD
1South Ural State Medical University, Chelyabinsk, Russia

2Women’s Health Medical Center, Moscow, Russia 
3Medical Institute of North-Eastern Federal University named after M.K. Ammosov, Yakutsk, Russia 

Abstract
The objective of this study was to assess the possibility of predicting the outcomes of in vitro fertilization (IVF) and IVF/

ICSI (intracytoplasmic injection [transfer] of sperm into eggs), protocols based on the serum vitamin D content and endometrial 
expression of vitamin D receptor (VDR), CD4+T cells, and CD8+T cells.

Methods and Results: The results of IVF and IVF/ICSI programs were analyzed in 147 patients of older reproductive age 
(36-44 years of age) with tubal-peritoneal factor of infertility. Depending on the outcomes of ART programs, 2 groups were formed. 
Group 1 included 37 women with the onset of pregnancy; Group 2 included 110 women with negative outcomes of ART programs. 

The level of 25(OH)D in the blood serum and follicular fluid (FF) was assessed. The sampling of the material (blood and FF) was 
carried out on the day of ovarian puncture, the 25(OH)D content – at least three days after the last administration of the drug. Anti-Müllerian 
hormone (AMH) was determined using AMH reagent (AMH Gen II ELISA) and the Beckman Coulter Access® 2 Immunoassay System 
(Beckman Coulter, Inc. USA). Morphological examination of the endometrium was performed after biopsy sampling by pipelle biopsy 
on Day 7 after confirmed ovulation in the cycle preceding ART. The endometrial expression of VDR, CD4+Tcells, and CD8+Tcells was 
evaluated in 68 women of the sample: 18 – with pregnancy, 50 – with negative outcomes in ART programs. 

Vitamin D deficiency (<20 ng/ml) in peripheral blood was detected only in Group 2. Low levels of vitamin D (20-<30ng/ml) 
in women of this group were four times more frequent (p=0.008) than in Group 1. Women with the onset of clinical pregnancy were 
more often distinguished by the optimal content of vitamin D in biological fluids – almost twice as much as those with ineffective 
attempts to treat infertility (P=0.009 for peripheral blood). The mean value of the 25(OH)D content in the blood serum in both groups 
did not differ; in FF it was significantly higher in Group 1 than in Group 2 (P=0.003). A strong correlation was revealed between 
the content of 25(OH)D in the blood serum and FF (r=0.67, P=0.003 in both groups), a weak correlation – in cases where it was 
impossible to sample oocytes and/or embryos (r=0.48, P=0.06). The VDR expression in stromal epithelium was higher in Group 2 
than in Group 1 (P=0,016). It is calculated that a 1% decrease in VDR expression in the stroma increases the chance of a favorable 
outcome by 1.35 times.The density of labels of CD4+T cells and CD8+T cells in the endometrial stroma did not differ significantly 
between groups. The expression of CD4+T cells and CD8+T cells in endometrial samples taken from the same infertile women in 
different phases of the menstrual cycle showed no statistically significant differences.

Conclusion: Morphofunctional peculiarities of the endometrium of infertile women are the basis for predicting the outcomes 
of ART programs and preparing for pregnancy. (International Journal of Biomedicine. 2021;11(2):188-196.)
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Introduction
Implantation failures are one of the reasons for the 

ineffectiveness of ART programs, often due to abnormal 
molecular transformation of the «implantation window» 
period.(1) Disturbances in the embryo integration process 
aroused interest in analyzing the expression of regulatory 
and structural proteins of the endometrium, prostaglandins, 
cytokines, growth factors, surface epithelial cells with the 
presence of mature pinopodia, and steroid hormone receptors 
during the “implantation window.” (2-4)

The involvement of some cell adhesion proteins in the 
stromal decidualization, necessary for embryo implantation, 
indicates the prospects of analyzing their expression.(5,6) 

Interest in the role of vitamin D in the functional activity 
of the endometrium is due to its numerous biological functions 
– regulation of not only calcium-phosphorus metabolism, but 
also anti-inflammatory and antiproliferative effects.(7) The 
developed VDR network in the organs of the reproductive 
system (ovaries, endometrium, fallopian tube epithelium, 
placenta, decidual cells, hypothalamus and pituitary gland) 
explains its prognostic potential in the study of infertility 
causes.(8,9) The role of vitamin D as a cofactor for changes 
in endometrial activity (proliferation processes, secretory 
transformations, desquamation) has been studied mainly in 
experiments on biological models.

The effect of vitamin D on the endometrium is carried out 
by various mechanisms – the formation of a ligand-dependent 
transcription factor in the cell nucleus for the regulation of 
target genes and non-genomic effects due to the connection 
with cytosolic and membrane receptors.(10,11)

The steroid activity of vitamin D determines the ability to 
modulate genes encoding proteins involved in the processes of 
proliferation, differentiation, and apoptosis. An indicator of the 
body’s vitamin D saturation is the circulation of the intermediate 
active metabolite 25(OH)D in the blood, but the effectiveness of 
regulation of the signaling pathways is caused by the interaction 
of vitamin D with VDR in the endometrium.(10,12,13) 

VDR expression under the influence of genetic and 
epigenetic factors leads to change in the metabolism of 
vitamin D in the endometrium.(14) The effect of the active 
1,25-dihydroxyvitamin D3 [1,25(OH)2D3] form on the 
expression of immune and hormone-mediated reactions 
determines the role of 1,25(OH)2D3 deficiency in the genesis 
of gynecological diseases.(7)

Unsatisfactory outcomes of ART programs among 
women with vitamin D deficiency were noted by Pacis et al.(15) 

In ART programs, there have been reports of the correlation 
of serum vitamin D with the quality of oocytes,(16) AMH, 
the number of antral follicles,(17,18) the number and quality of 
embryos,(19) and the frequency of clinical pregnancy(20,21) and 
live birth.(19,22,23)

The relationship of 25(OH)D content in the blood serum 
and FF with the outcomes of ART programs, in particular the 
frequency of pregnancy, is denied by many researchers.(23-25) 
Similar observations were made in women with infertility, 
polycystic ovary syndrome, and normal OR.(26) The lack 
of correlation of vitamin D levels with ovarian response to 

stimulation and embryo quality in IVF/ICSI cycles, especially 
when using donor oocytes, suggests the influence of vitamin D 
on the morphofunctional state of the endometrium.(20,21) 

The negative results may be explained by the need to 
analyze the mechanisms of interaction between the active 
form of vitamin D and the functional VDR activity in the 
endometrium of women with infertility. Effective interaction 
between the endometrium and the blastocyst during the 
implantation window suggests maternal tolerance, determined 
by the consistency of local immune patterns.(14) 

An imbalance in the Th1/Th2 subset of CD4+Tcells with 
a predominance of the Th1 subset producing proinflammatory 
cytokines is indicated as a possible cause of miscarriage.(27) 

Vitamin D regulation of systemic and local immune responses 
is associated with the ability of Th2 cells to induce cytokines 
IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13 and to reduce the 
proliferation of Th1 cells.(6,28) 

The search for factors that improve reproductive 
outcomes, especially in IVF-ICSI cycles, has led to an interest 
in assessing the content of vitamin D in blood serum and the 
expression of its receptors and individual immune clusters in 
the endometrium.

The objective of this study was to assess the possibility of 
predicting the outcomes of in vitro fertilization (IVF) and IVF/
ICSI (intracytoplasmic injection [transfer] of sperm into eggs), 
protocols based on the serum vitamin D content and endometrial 
expression of VDR, CD4+T cells, and CD8+T cells.

Materials and Methods
The results of IVF and IVF/ICSI programs were analyzed 

in 147 patients of older reproductive age (36-44 years of 
age) with tubal-peritoneal factor of infertility in the Center of 
Obstetrics and Gynecology #1 (Chelyabinsk) and the Medical 
Center for Women’s Health (Moscow), using their own oocytes 
in “fresh” cycles and cryoprotocols (in delayed embryo transfer, 
for example, due to preimplantation genetic diagnosis).

Inclusion criteria for the study were tubal factor of 
infertility, normal or reduced ovarian reserve with a preserved 
regular ovulatory menstrual cycle, use of the patient’s own 
oocytes, normozoospermia or mild pathozoospermia.

Exclusion criteria were oocyte donation, uterine fibroids 
more than 3cm, polycystic ovary syndrome, HIV infection, 
hepatitis B and C.

Depending on the outcomes of ART programs, 2 groups 
were formed. Group 1 included 37 women with the onset 
of pregnancy; Group 2 included 110 women with negative 
outcomes of ART programs. Embryos were obtained in 115 
women, and a negative result (absence of oocytes and/or 
embryos) occurred in 32 women.

We performed 53 programs of IVF and 94 programs 
of IVF/ICSI. Pregnancy rate was 25.7% per cycle, 32.2% 
– for the transfer. One hundred and eighteen women used 
a stimulation protocol with antagonists of gonadotropin-
releasing hormones (GnRH), 8 – a long classic protocol, 14 
– a modified long protocol with half doses of GnRH agonists, 
7 – a short protocol with agonists. The average duration of 
stimulation was 10.4±1.7 days.
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Obtaining oocytes, fertilization, cultivation and transfer 
of embryos (no more than two), support of the luteal phase 
with progesterone preparations in the post-transfer period was 
carried out according to the existing recommendations. Only 
clinically confirmed pregnancy was taken into account on 
sonographic imaging of the ovum.

In this sample (n=147), the level of 25(OH)D in the 
blood serum and FF was assessed. The sampling of the 
material (blood and FF) was carried out on the day of ovarian 
puncture, the 25(OH)D content – at least three days after the 
last administration of the drug.

AMH was determined using AMH reagent (AMH Gen 
II ELISA) and the Beckman Coulter Access® 2 Immunoassay 
System (Beckman Coulter, Inc. USA). The studies were 
carried out on the basis of the central research laboratory 
of the South Ural State Medical University, the laboratory 
“Gemotest” (Moscow) using the ELISA system (Personal 
Lab) and the 25(OH) Vitamin D ELISA kit (Euroimmun AG, 
Germany).

Ultrasound examination was performed to assess 
induced folliculogenesis and pregnancy (Voluson E6 system, 
GE Healthcare, USA).

Morphological examination of the endometrium was 
performed after biopsy sampling by pipelle biopsy on Day 
7 after confirmed ovulation in the cycle preceding ART. Of 
these, 20 women who underwent hysteroscopy, had additional 
endometrial sampling during the proliferative phase of the 
menstrual cycle. The endometrial samples were processed 
according to the standard technique to obtain paraffin sections 
with a thickness of 3-5 microns. Morphological studies were 
performed at the Department of Pathological Anatomy and 
Forensic Medicine of the South Ural State Medical University 
(SUSMU). For histological examination, the standard method 
of fixation in 10% neutral formalin and embedding in paraffin 
was used. After dewaxing, the sections were stained with 
hematoxylin and eosin.

The endometrial expression of VDR, CD4+Tcells, 
and CD8+Tcells was evaluated in 68 women of the sample: 
18 – with pregnancy, 50 – with negative outcomes in ART 
programs. In this sample, 25 IVF programs and 43 IVF/ICSI 
programs were carried out. 

For the immunohistochemical study of endometrial 
biopsies, the avidin-biotin immunoperoxidase method was 
used, with standard sets of polyclonal rabbit antibodies against 
VDR, CD4+T cells, CD8+T cells. The Histophine detection 
system was used to visualize the primary antibodies. 

VDR expression was assessed by counting and percentage 
of stained stromal cells and endometrial glandulocytes. CD4+ 
and CD8+ endometrial stromal lymphocytes. 

Morphofunctional assessment of the endometrium 
was performed using licensed software (“Morphology 5.2,” 
Russia). The preparations were examined and photographed 
using a Primo Star microscope(Carl Zeiss, Germany), with the 
help of a Pixera Pro 150ES digital camera (Canon, Japan) at 
an operating magnification of x400.

All patients were informed about the purpose and 
design of the work and gave their consent to participate in the 
study and publish its results in the open press. The study was 

approved by the SUSMU Ethics Committee. 
Statistical analysis was performed using the IBM SPSS 

Statistics for Windows, Version 21.0. Armonk, NY: IBM 
Corp.). The normality of distribution of continuous variables 
was tested by the Kolmogorov-Smirnov test with the Lilliefors 
correction and Shapiro-Wilk test. Continuous variables 
with normal distribution were presented as mean (standard 
deviation [SD]); non-normal variables were reported as median 
(interquartile range [IQR]). Means of 2 continuous normally 
distributed variables were compared by independent samples 
Student’s t test. Differences of continuous variables departing 
from the normal distribution, even after transformation, 
were tested by the Mann-Whitney U-test. The frequencies 
of categorical variables were compared using Pearson’s 
chi-squared test or Fisher’s exact test, when appropriate. 
Spearman’s rank correlation coefficient was calculated to 
measure the strength and direction of the relationship between 
two variables. Pearson’s Correlation Coefficient (r) was used 
to determine the strength of the relationship between the two 
continuous variables.  A value of P<0.05 was considered 
significant.

Results and Discussion
The initial characteristics of infertile patients and the 

results of IVF and IVF-ICSI in the two groups are presented 
in Table 1. There were no statistically significant differences 
in the serum content of AMH, FSH, the duration of the 
menstrual cycle, the results of IVF and IVF-ICSI protocols, 
as well as the thickness of the endometrium on the day of 
embryo transfer.

Table 1.
The results of IVF and IVF-ICSI in the two groups

Parameter Group 1
(n= 18)

Group 2
(n= 50) P-value

Age of women. yrs 38 (37.5;39.5) 40 (38;41) 0.139

Duration of 
the menstrual cycle 28 (28;28.5) 28 (28;29) 0.771

AMH, ng/ml 2.51 (1.60;3.68) 1.4 (0.74;2.90) 0.170

FSH, мМЕ/ml 7.45 (5.72;7.80) 6.14 (5.14;8.70) 0.337

Duration of stimulation 10 (10;11) 11 (10;11.25) 0.108

Gonadotropin doses 2112.50
(1500;2250)

2025
 (1650;2475) 0.480

The number of 
follicles obtained 8.5 (4.75;14.25) 5.5 (3;10) 0.690

Number of 
oocytes obtained 6.5 (4;11.5) 4.0 (2;8) 0.058

Number of 
embryos obtained 5.0 (2;9.25) 3.0 (1;4) 0.003

Transfer day 5 (4;5) 5 (3;5) 0.558

Number of
transferred embryos 2 (1.75;2) 1 (1;2) 0.290

Endometrial 
thickness, mm 10.35 (9;12) 9.6 (8.97;12) 0.316
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The number of obtained embryos in the group with favorable 
outcomes of IVF and IVF-ICSI protocols turned out to be almost 
one and a half times higher than with negative ones (P=0.003).

Data on the vitamin D content in women’s biological 
fluids, depending on the outcomes of the embryonic stage 
in IVF programs, are presented in Table 2. There were no 
differences in the content of 25(OH)D in the peripheral blood 
in the groups of infertile women; however, the mean vitamin D 
values in FF were higher, with the highest values in the group 
with the obtained embryos (P=0.003). The level of vitamin 
D in biological fluids of women with different AMH did not 
show any statistically significant differences (60.7±25.6 and 
80.3±24.0, respectively).

Table 2. 
Average content of 25 (OH)D in blood serum and FF, depending on 
the production of embryos 

Table 3 presents the frequency of different levels of the 
25(OH)D in the blood serum and FF. Vitamin D deficiency 
(<20 ng/ml) in peripheral blood was detected only in Group 2. 
Excessive levels of vitamin D (>60 ng/ml) were observed only 
in FF, but cases were rare. Low levels of vitamin D (20-<30 
ng/ml) in women of this group were four times more frequent 
(P=0.008) than in Group 1. Women with the onset of clinical 
pregnancy were more often distinguished by the optimal content 

of vitamin D in biological fluids – almost twice as much as 
those with ineffective attempts to treat infertility (P=0.009 for 
peripheral blood). The frequency of 25(OH)D concentrations 
from 30ng/ml to 60ng/ml in the FF of infertile women was 
higher than in the blood serum; for example it was 61.8% vs. 
37.3%, in Group 2. The average values of vitamin D in the 
blood serum and FF are presented in Table 4.

The mean value of the 25(OH)D content in the blood 
serum in both groups did not differ; in FF it was significantly 
higher in Group 1 than in Group 2 (P=0.003).

A strong correlation was revealed between the content 
of 25(OH)D in the blood serum and FF (r=0.67, P=0.003 
in both groups), a weak correlation – in cases where it was 
impossible to sample oocytes and/or embryos (r=0.48, 
P=0.06). Correlation of the 25(OH)D level in the blood serum 
and FF with the obtained follicles, oocytes and embryos 
was not detected. The optimal content of 25(OH)D in FF 
determined a greater probability of pregnancy.

Morphological examination of endometrial biopsies 
with H&E staining showed the corresponding phase of 
the menstrual cycle: proliferation (n=20), the middle stage 
of secretion (n=68) during manipulation on Day 7 after 
confirmed ovulation. No lymphoid infiltration corresponding 
to the inflammatory process was detected in the samples.

In endometrial tissue samples, the VDR expression was 
observed in the nuclei of the stromal cells and glandulocytes 
of the glands. The VDR protein was also detected in the 
cytoplasm of endometrial gland cells.

Women of Group 1 were distinguished by a lower 
density of VDR distribution in the glands and stroma of the 
endometrium, in comparison to women of Group 2 (Figure 1, 
a, b; Figure 2 a, b). 

Parameter
Group with

obtained embryos 
 (n=115)

Group 
without embryos

(n=32)
P-value

Blood serum, ng/ml 55.1+14.1 64.7+25.6 0.364

Follicular fluid, ng/ml 92.0+17.5 78.3+27.0 0.003

Table 3. 
Content of 25(OH) D (ng/ml) in various biological fluids of women 
with different ART programs outcomes

     Parameter Group 1 
(n=37) 

Group 2
(n=110) P-value

in blood serum

<20 – 5 (4.5%) -

20-<30 4 (10.8%) 52 (42.3%) 0.008

30–<60 33 (89.2%) 41 (37.3%) 0.009

> more than 60 – 2 (1.8%) -

in follicular fluid

<20 – 7 (6.4%) -

20-<30 – 40 (36.4%) -

30–<60 37(100%) 68 (61.8%) 0.057

> more than 60 – 2 (1.8%) -

Table 4. 
The average content of 25(OH)D in the blood serum and FF of 
women with different outcomes of IVF and IVF/ICSI programs

Parameter Group 1
 (n=37)

Group 2
 (n=110) P-value

Blood serum, ng/ml 48.9±10.4 40.1±19.5 0.550

Follicular fluid, ng/ml 78.0±16.4 61.8±23.7 0.003

Fig. 1.  VDR expression in the endometrium at the onset of 
implantation (clinical case). Immunohistochemical method: A 
×200, B ×200; A - VDR expression in glands (3.6%); B - VDR 
expression in stroma (7.0%)
Timely delivery of a healthy fetus without complications.
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The VDR expression in the glands and stroma of the 
endometrium in the study groups is presented in Table 5. The 
VDR expression in stromal epithelium was higher in Group 2 
than in Group 1 (P=0,016). 

There was a slight increase in the VDR expression in 
the cells of the stroma and glands in the luteal phase of the 
menstrual cycle; however, the differences were statistically 
insignificant, compared to the first phase (Table 6).

The area under the ROC-curve (AUC), calculated by the 
ROC-analysis method, allows verification of the prognostic 
coefficients of clinical pregnancy and the VDR expression in 
the cells of the stroma and glandulocytes of the endometrial 
glands. AUC of the VDR expression in the endometrial glands 
and stroma was 0.672±0.079 (95% CI: 0.52-0.83; P=0.03) and 
0.74±0.06 (95% CI: 0.62-0.86; P=0.003), respectively (Figure 
3). The greatest prognostic potential was established for VDR 
expression in the endometrial stroma.

The threshold value of VDR expression in endometrial 
stroma cells at the cut-off point was 8.7%. At the ROC threshold 
value of <8.7%, the endometrium was regarded as receptive, 
favorable for implantation; ≥8.7% – unfavorable. The sensitivity 
and specificity of the method were 100% and 40%, respectively.

It is calculated that a 1% decrease in VDR expression 
in the stroma increases the chance of a favorable outcome by 
1.35 times.

The expression of CD4+T cells and CD8+T cells (Figure 
4, a, b) was identified by the brown staining of the membranes 
of the corresponding groups of antigen-positive endometrial 
stroma cells.

The expression of CD8+T cells was weaker in Group 1 
than in Group 2 (0.77 and 1.07, respectively). The expression 
level of labels of CD4+T cells in the groups did not visually 
differ. The density of labels of CD4+T cells and CD8+T cells 
in the endometrial stroma did not differ significantly between 
groups (Table 7).

The expression of CD4+T cells and CD8+T cells in 
endometrial samples taken from the same infertile women in 
different phases of the menstrual cycle showed no statistically 
significant differences (Table 8).

Table 5. 
VDR expression in the glands and stroma of the endometrium in 
women with different outcomes of IVF and IVF-ICSI protocols (%)

Parameter Group 1
 (n=18)

Group 2
 (n=50) P-value

VDR in the stroma 7.0 (4.3;7.1) 8.3 (7.1;8.7) 0.016

VDR in the glands 6.2 (4.5;8.6) 8.8 (7.4;9.2) 0.64

Table 6. 
VDR expression in the glands and stroma of the endometrium in 
different phases of the menstrual cycle of infertile women (%)

Parameter
Phase I 

of the cycle
(n=20)

Phase II
 of the cycle

(n=20)
P-value

VDR in the stroma 7.7 (3.1;9.1) 8.64 (6.5;9.1) 0.2

VDR in the glands 7.8 (2.9;9.6) 8.76 (6.3;10.2) 0.33

Fig. 3. ROC analysis of VDR expression in 
endometrial glands and stromal cells.

Fig. 4. CD8+ expression in different outcomes of ART 
programs.
a. CD8+ expression in a negative ART outcome (2,203%)
b. CD8+ expression in a positive ART outcome (0.68%)
a, b – Immunohistochemical method, polymer test system
a, b – ×400

                       (a)                                          (b)

Fig. 2. VDR expression in the endometrium in the absence of 
implantation (clinical case). Immunohistochemical method: 
A ×200, B ×200. A - VDR expression in glands (6.9%) B - 
VDR expression in stroma(10%)
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The results of the analysis of correlations between 
the studied parameters are presented in Table 9. A moderate 
correlation was found between the expression of CD4+T cells 
and CD8+T cells in the endometrial stroma (r=0.361, P=0.004), 
as well as VDR in the stroma (r=0.310, P=0.013). There was 
no statistically significant correlation between the expression 
of CD4+T cells and VDR in glands (r=0.223, P=0.079). 
No correlation was also detected between the expression of 
CD8+T cells and VDR in the endometrial stroma (r=0.188, 
P=0.14), glands (r=0.040, P=0.754). 

Discussion
Ineffective IVF attempts on the background of 

low serum vitamin D levels correspond to the reports of 

a reduced chance of childbearing in contrast to clinical 
pregnancy in a meta-analysis of 9 studies (3693 cycles).(30)

There is a high probability of implantation and 
clinical pregnancy in ART protocols with a sufficient (30–
<60 ng/ml) content of vitamin D in the blood serum and FF 
in comparison to its deficiency (P<0.05). The average level 
of vitamin D in the FF of all infertile women was higher 
than in the blood serum. Women who received embryos 
in the ART protocols had higher 25(OH)D values in FF 
(P=0.003). A higher concentration of vitamin D in FF was 
found in women with clinical pregnancy (P=0.003). The 
data obtained are consistent with the results of Ozkan 
et al.,(31) who indicated an increase in the probability of 
clinical pregnancy by 6% with an increase in 25(OH)D per 
1ng/ml in FF (P=0.03).

Our results show that the level of vitamin 25(OH)D in 
FF is a significant factor for the outcomes of IVF and IVF/
ICSI protocols. The effect of vitamin D on implantation 
and clinical pregnancy in IVF protocols should be 
considered from the standpoint of various biological 
functions: inhibition of cell proliferation, angiogenesis, 
and antioxidant activity. The revealed correlation between 
the content of vitamin D in blood serum and FF is consistent 
with the results obtained by Firouzabadi et al.(32) We believe 
that the lack and deficiency of vitamin D plays a significant 
role in predicting unfavorable outcomes of ART programs, 
in contrast to the conclusions of A. Aleyasin et al.,(16) who 
did not reveal differences in the content of vitamin D in the 
FF in women with and without pregnancy in the protocols.

A higher concentration of 25(OH)D in the blood 
serum is likely to modulate the immunosuppressive 
effect in the endometrium, which is favorable for the 
nidation of the blastocyst. Evans et al.(33) link similar 
biological functions to local vitamin metabolites and 
the production of 1,25(OH)2D3 in the mucosa in early 
pregnancy. The metabolic effects of vitamin D in the 
endometrium should be considered from the perspective 
of VDR distribution. The expression of the protein in the 
cytoplasm of the endometrial glands corresponds to the 
data on the interaction of the active form 1,25(OH)2D with 
the nuclear receptor and further transport to the nucleus 
with the realization of the effects of the vitamin D-VDR 
complex.(34-36) The revealed decrease in VDR expression 
in the endometrium during the “implantation window,” 
especially in stromal cells, allows us to speculate about 
the progesterone-like activity of vitamin D, alongside the 
restriction of local proinflammatory reactions necessary 
for blastocyst implantation. 

We believe that the combination of optimal serum 
vitamin D levels and low VDR expression in the stroma has 
a beneficial effect on implantation and outcomes of IVF and 
IVF/ICSI programs. Similar data were presented by Zelenko 
et al.,(37) when studying the endometrium of women with 
endometriosis as opposed to healthy ones. The results of the 
study performed by Guo et al.(38) were opposite. The authors 
reported higher VDR expression in the endometrium of 
women (average age 34.6 years) with the onset of pregnancy. 
In our study, there were no differences in the VDR expression 

Table 9. 
Сorrelations between endometrial markers 

Marker VDR 
in the stroma

VDR
 in the glands СD4+ CD8+

VDR in 
the stroma - r=0.656, 

P=0.000
r=0.310, 
P=0.013

r=0.188,
P=0.14

VDR in 
the glands

r=0.656,
P=0.000 - r=0.223, 

P=0.079
r=0.040, 
P=0.754

СD4+ r=0.310, 
P=0.013

r=0.223, 
P=0.079 - r=0.361,

P=0.004

CD8+ r=0.188,
P=0.14

r=0.040,
P=0.754

r=0.361, 
P=0.004 -

Table 7. 
Expression of endometrial markers depending on the results              
of ART, %

Мarker Group 1 
(n=18)

Group 2
 (n=50) P-value

СD4+ 0.96 (0.80;1.2) 1.02 (0.92;1.17) 0.12

CD8+ 0.77 (0.71;1.18) 1.07 (1.01;1.41) 0.48

CD4/CD8 1.24 (0.94;1.48) 0.95 (0.82; 1.21) 0.08

Table 8. 
Expression of markers in different phases of the menstrual cycle, %

Мarker Phase I of the cycle
 (n=20)

Phase II of the cycle
 (n=20) P-value

СD4+ 0.99 (0.68;1.39) 1.02 (0.94;1.16) 0.705

CD8+ 0.92 (0.77;1.36) 1.06 (0.68;1.52) 0.588
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in the proliferative and secretory phases of the menstrual 
cycle, which was consistent with the results of Vienonen 
et al.,(39) who studied the endometrium of premenopausal 
women.

The positive effect of a lower expression of CD8+T 
cells in the endometrium of women before embryo transfer 
on the outcomes of IVF and IVF/ICSI programs corresponds 
to the study by Lachapelle et al.(40) in women with 
recurrent miscarriage. Conclusions about the probability of 
reproductive losses or implantation failures are logical in 
cases of high expression of lymphocyte subpopulations in 
the endometrium, including NK, B-cells, CD4+T cells, and 
CD8+T cells.(41) 

The data obtained suggest that the endometrial 
susceptibility during implantation is influenced not only by 
the moderate activity of the D-VDR complex, determined by 
factors involved in the metabolic transformations of vitamin 
D, but also by the ratio of immune cell subpopulations. The 
role of reducing the expression of cytotoxic CD8+T cells is 
most significant for the invasion of blastocysts containing 
semi-allogeneic fetal cells. The data obtained make it possible 
to assume that the prognosis of favorable outcomes of ART 
programs is based on the activity of signaling molecules 
in the endometrium, which act as “subtle” mechanisms of 
fertility regulation.

Conclusion
We determined a great prognostic significance for 

VDR expression in the endometrial stroma. The absence of 
differences in VDR expression in the stroma and endometrial 
glands, as well as CD4+T cells and CD8+T cells in different 
phases of the menstrual cycle of infertile women characterizes 
an impaired endometrial functional activity. Favorable 
outcomes of ART programs are determined by a decrease 
in the VDR expression in the endometrial stroma: with a 
reduction by 1%, the chances increase by 1.3 times. A decrease 
in the level of the endometrial CD8+T cells is significant for 
ensuring immunological tolerance in the mother-embryo 
system and predicting favorable outcomes of ART programs. 
Morphofunctional peculiarities of the endometrium of 
infertile women are the basis for predicting the outcomes of 
ART programs and preparing for pregnancy.
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