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Abstract

Background: Over the past five years, the pregnancy rate in assisted reproductive technology (ART) programs in Russia has remained
relatively stable. The aim of this study was to assess the distribution of monocyte and macrophage subsets in the blood and follic-
ular fluid of infertile women undergoing assisted reproductive technology. Methods: The study involved 45 women with a mean
age of 35 ± 4.66 years. Monocytes and macrophages were identified using flow cytometry. Results: We observed a decrease in the
CD68+CD163+CD206+ and the CD68+CD163–CD206+ cells in patients with a body mass index (BMI) >25 by 0.19 times and 6.56
times, respectively, compared to the group with a BMI <25 (p = 0.031). Patients with fair oocyte quality had 3.6 times more oocytes
than those with poor quality (p = 0.010). The relative content of CD14+163–206+ monocytes was found to be 24.15 times higher in
the follicular fluid of women with poor embryo quality compared to the group with good embryos (p = 0.010). We also noted that the
number of oocytes increased in women with male factor infertility (p = 0.020) and those with unspecified infertility when compared to
tubal infertility. An increase in the relative content of CD14+163+206+ in the blood was higher in women with other causes of female
infertility compared to those with male factor infertility (p = 0.010). The relative content of M2-monocytes (CD14+163+206–) in the
blood was 4.38 times higher in women with male factor infertility than in women with unexplained infertility (p = 0.010). Conclusions:
A critical component of the inflammatory reaction in patients undergoing in vitro fertilization (IVF) involves more than just the activa-
tion of pro-inflammatory cells in response to ovarian stimulation. Our research shows that changes in the distribution of monocytes and
macrophages can influence embryo implantation success and pregnancy outcomes in women. These processes are influenced by various
infertility-related factors, including those mentioned above. However, these findings are preliminary and require further investigation.

Keywords: follicular fluid; macrophages; monocytes; oocytes; assisted reproductive technology; in vitro fertilization; embryo compe-
tence

1. Introduction
Over the past five years, the pregnancy rate in Russia

for assisted reproductive technology (ART) has remained
largely stable. According to the 2021 report from the ART
registry of the Russian Association of Human Reproduc-
tion, the pregnancy rate for embryo transfers in in vitro fer-
tilization (IVF) programs was 34.8%. It is clear that en-
hancing the effectiveness of infertility treatments through
IVF is essential.

The quality of embryos is influenced by the properties
of reproductive cells [1]. The maximum implantation po-
tential can be achieved by evaluating the quality of oocytes
[2]. It is a fact that the microenvironment and composi-
tion of follicular fluid have an impact on the completeness
of oocytes [3]. Special attention is paid to identifying fac-
tors influencing the quality of oocytes and embryos in fol-
licular fluid. The investigating the immune system’s role
in the development of infertility holds promise [4]. There
is evidence that a decline in ovarian reserve is linked to

chronic sterile inflammation of the ovaries, associated with
macrophage activity [5].

Research has demonstrated that macrophages partic-
ipate in folliculogenesis by secreting mediator substances
[6]. Pro-inflammatory cytokines secreted by macrophages,
such as tumor necrosis factor α (TNF-α) and interleukin-
6 (IL-6), have complex regulatory effects on the growth
and selection of ovarian follicles [7]. The biologically ac-
tive substances secreted by macrophages support granu-
losa cell proliferation, vascular growth, follicle develop-
ment, steroid hormone production, and inhibit granulosa
cell apoptosis in the ovaries [8,9]. In a study by Y. He et al.
[9] (2023), a correlation was found between patients’ body
mass index (BMI), macrophage levels, pro-inflammatory
mediators, and their impact on IVF outcomes. L. Diao and
coauthors [10] suggested using the endometrial immuno-
logical profile as a predictive marker for embryo implanta-
tion in their work.
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Table 1. Clinical signs of patients with infertility.
Clinical signs Female infertility of

tubal origin
Female infertility associated

with male factors
Other forms of
female infertility

Unspecified female
infertility

BMI <25 14.29% (7) 9.52% (5) 21.43% (10) 11.90% (6)
BMI >25 13.64% (7) 4.55% (3) 18.18% (9) 4.76% (3)
Excellent embryo quality 14.29% (7) 14.29% (7) 23.81% (12) 4.76% (4)
Good embryo quality 4.76% (2) 0.00% (0) 4.76% (2) 9.52% (4)
Fair embryo quality 4.76% (2) 0.00% (0) 0.00% (0) 4.76% (2)
Poor embryo quality 4.76% (2) 0.00% (0) 9.52% (6) 0.00% (0)
The number of embryos, n = 1–5 19.05% (10) 9.52% (4) 38.10% (19) 9.52% (4)
The number of embryos, n >5 9.52% (4) 4.76% (3) 4.76% (3) 4.76% (3)
BMI, body mass index; n, number of patients.

Monocytes are a type of white blood cell that play a
crucial part in the immune system. They can be divided
into different groups, each with distinct characteristics (M1
and M2 subpopulations). These groups exhibit different
appearances and perform various functions. Understand-
ing these distinctions during pregnancy can shed light on
how the mother’s immune system interacts with the de-
veloping fetus [11]. The inflammatory process associated
with M1 polarization of monocytes can significantly influ-
ence the success of ART, particularly in individuals who
are overweight or have other immune-compromising fac-
tors. Therefore, macrophage and monocyte subsets can be
considered as potential predictors of oocyte and embryo vi-
ability in in vitro fertilization (IVF) programs [12]. The aim
of the study was to assess the distribution characteristics of
monocyte and macrophage subpopulations in the blood and
follicular fluid of women with infertility undergoing IVF
procedures.

2. Materials and Methods
The study involved fifty women with an average age

of 35 ± 4.66 (Table 1). The participants were divided into
two groups based on their body mass index (BMI). The
group with a BMI>25 consisted of twenty-two individuals,
while the group with BMI <25 included twenty-eight indi-
viduals. The entire sample was also divided into four cate-
gories based on the quality and morphology of embryos on
day five, according to the established criteria: six individu-
als were classified as poor, four as fair, eight as good, and
twenty-four as excellent. These classifications were based
on the guidelines provided by D. Gardner and W. School-
craft in 1999 [13].

Furthermore, the participants were divided into four
groups according to specific causes of infertility as classi-
fied by ICD-10: the first group consisted of 12 individu-
als with tubal infertility; the second group included 8 in-
dividuals with male factor infertility; and the fourth group
included 7 individuals with an unknown cause of infertil-
ity. On the day of transvaginal follicle puncture, peripheral
blood and follicular fluid samples were collected from all
patients, following the guidelines of the ethics committee
of the Siberian State Medical University, reviewed and ap-

proved by the Helsinki Declaration (Protocol of the Ethics
Committee No. 9314 dated December 5, 2022).

2.1 The Evaluation of the Monocytes and Macrophage
Cells

The blood and follicular fluid aliquots (100 µL) from
patients were incubated with antibodies to CD14 (FITC
Anti-Human CD14 Antibody, Elabscience, Beijing, China,
1 µL/mL), CD163 (PE anti-human CD163 Antibody, Bi-
oLegend, San Diego, CA, USA, 5 µL/mL), and CD206
(APC Anti-Mouse CD206/MMR Antibody, Elabscience,
Beijing, China, 1 µL/mL) in the dark at room temperature
for 20 minutes. Similarly, incubation was conducted with
a combination of antibodies to CD68 (FITC Anti-Human
CD68 Antibody, Elabscience, Beijing, China, 1 µL/mL),
CD163 (PE anti-human CD163 Antibody, BioLegend, San
Diego, CA, USA, 5 µL/mL), and CD206 (APCAnti-Mouse
CD206/MMR Antibody, Elabscience, Beijing, China, 1
µL/mL) for whole blood and follicular fluid. After incu-
bation, 900 µL of red blood cell lysis buffer (Erythrolyse
red blood cell lysing buffer (10×), Bio-Rad, Berkeley, CA,
USA) was added to the whole blood and follicular fluid to
remove erythrocytes. This was followed by triple wash-
ing of the samples with PBS buffer (Phosphate saline buffer
(PBS), Amresco, Framingham, MA, USA) at 3000 g for 5
minutes. After washing, the samples were mixed manually
and analyzed using a Cytoflex flow cytometer (Beckman
Coulter, Brea, CA, USA) (Fig. 1).

2.2 Statistical Analysis
The statistical analysis of the data was conducted us-

ing Statistica 12.0 (TIBCO Software, Alto, CA, USA) and
SPSS Statistics 28.0.1.0 (IBM, Armonk, NY, USA) soft-
ware packages. The Kolmogorov-Smirnov test was used to
check for normal distribution. The Mann-Whitney U test
was used to assess the significance of differences in un-
paired groups. Correlation analysis using Spearman’s rank
correlation coefficient was performed to identify associa-
tions between the studied variables and features of the re-
productive system. Differences were considered significant
at p < 0.05.
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Fig. 1. The determination of CD14+ and CD68+ cell subpopulations in blood and follicular fluid. (A) Forward (FSC-A) and side
(SSC-A) light scattering, gate cells selected, indicating cells. (B) Singlet signals within all signals of the cells gate in the sample. (C)
Histogram distribution of CD14– or CD68–positive cells within singlet signals of the sample. (D) CD163–positive cells within singlets.
(E) CD206–positive cells within singlets. (F) Dual staining with antibodies against CD14 or CD68 and CD163 within singlets (quadrants
highlight gates reflecting the ratio of cell subpopulations of the sample based on the content of CD14– or CD68–positive cells and
CD163). (G) Histogram distribution of CD206–positive cells within CD14+CD163+ or CD68+CD163+. SSCA, strip spectral correlation
algorithm; FSC-A, forward and side scatter plot; APC-A, allophycocyanin; FITC-A, fluorescein isothiocyanate; PE-A, phycoerythrin.

3. Results
Table 2 presents data on the ratio of monocyte and

macrophage cell populations in blood plasma and follic-
ular fluid of infertility patients, categorized by BMI. We
observed a decrease in the cellular subpopulation with the
phenotype CD68+CD163+CD206+ andwith the phenotype
CD68+CD163–CD206+ in patients with a BMI >25 by
0.19 times (p = 0.031) and by 6.56 times (p = 0.009), re-
spectively, compared to the group with BMI <25.

Table 3 presents the ratios of monocyte-macrophage
subpopulations in the blood and follicular fluid of infertil-
ity patients. An increased number of oocytes was found in
patients with fair quality oocyte compared to poor quality
oocytes (p = 0.010). Specifically, there was a 0.68-fold de-
crease in the number of good quality oocytes (p = 0.004) and
a 0.44-fold decrease in excellent quality oocytes (p = 0.011)
when compared to fair quality oocytes. Additionally, there
were five times more fair quality embryos than poor quality
embryos (p = 0.038). The fair quality embryos also showed
a 2.57-fold increase compared to the poor quality group (p
= 0.010). Patients with excellent quality embryos had 0.39
times more punctured follicles compared to those with fair
quality embryos (p = 0.026).

The ratio of the CD68+CD163+CD206+ subpopu-
lation in the blood was significantly different between

groups of patients with fair and good embryos compared
to those with poor-quality embryos. Women with good-
quality embryos exhibited a higher relative content of this
subpopulation than those with fair quality embryos. The
group of good embryos showed a 0.21-fold increase in
CD68+CD163+CD206+ cells compared to the fair embryo
group (p = 0.035).

A decrease in CD68+CD163–CD206+ cells was iden-
tified in embryos with good and excellent quality (by 0.44
times and 0.34 times, respectively), compared to the group
with poor quality embryos. Compared to embryos of fair
quality, the groups with good and excellent embryos had a
lower relative content of CD68+CD163–CD206+.

The follicular fluid had higher levels of CD14+163–
206+monocytes in the groupwith poor embryo quality than
in those with good quality ones. Fair quality embryos de-
mostrated the increased level of CD14+163–206+ mono-
cytes compared to embryos with good quality. The high
CD68+CD163–CD206+ macrophage level in the follicular
fluid was detected in the groups with fair, good, and excel-
lent embryo quality by 1.28 times (p = 0.010), 1.12 times
(p = 0.010), and 1.06 times (p = 0.038) respectively, com-
pared to the poor embryo quality ones. This was associ-
ated with a 1.39-fold increase in the relative level of CD68–
CD163+CD206+ cells in the follicular fluid of the poor em-
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Table 2. The subpopulations of the macrophages and monocytes in follicular fluid and blood in infertility patients categorized
by BMI.

Indicators
BMI <25, Me BMI >25, Me

p
(Q1; Q3) (Q1; Q3)

The number of oocytes, n 8.00 (3.00; 14.00) 8.50 (5.00; 14.00) 0.592
The number of embryos, n 3.00 (1.50; 3.50) 2.50 (1.50; 5.50) 1.000
The number of punctured follicles, n 8.00 (5.00; 18.00) 9.50 (6.00; 14.00) 0.724
CD14+163+206+ (М2-monocytes) blood, % 81.94 (25.38; 95.98) 59.38 (29.03; 94.96) 0.683
CD14+163–206+ (monocytes) blood, % 14.29 (0.13; 99.47) 7.05 (1.85; 98.79) 0.901
CD14–163+206+ blood, % 15.38 (6.55; 76.27) 50.23 (2.89; 90.91) 0.845
CD14+163+206– (М2-monocytes) blood, % 18.06 (4.02; 74.62) 40.62 (5.04; 70.97) 0.683
CD68+CD163+CD206+ blood, % 16.57 (11.52; 23.00) 13.45 (0.00; 15.48) 0.031
CD68+CD163–CD206+ blood, % 6.56 (4.24; 9.45) 0.00 (0.00; 5.41) 0.009
CD68–CD163+CD206+ blood, % 6.00 (5.00; 11.00) 8.00 (0.00;13.00) 0.901
CD68+CD163+CD206– blood, % 15.05 (6.96; 17.99) 14.48 (0.00; 22.48) 1.000
CD14+163+206+ (М2-monocytes) follicular fluid, % 67.35 (17.03; 85.42) 61.36 (46.49; 73.75) 0.958
CD14+163–206+ (monocytes) follicular fluid, % 3.53 (0.39; 62.71) 3.83 (0.00; 16.44) 0.327
CD14–163+206+ follicular fluid, % 5.27 (0.00; 54.55) 33.79 (3.93; 64.44) 0.118
CD14+163+206– (М2-monocytes) follicular fluid, % 25.89 (11.46; 35.62) 28.59 (25.62; 31.62) 0.157
CD68+CD163+CD206+ (М2-macrophages) follicular fluid, % 69.86 (62.76; 88.57) 76.66 (71.89; 83.26) 0.488
CD68+CD163–CD206+ (macrophages) follicular fluid, % 67.17 (64.87; 80.62) 68.57 (66,69; 75.86) 0.958
CD68–CD163+CD206+ follicular fluid, % 23.85 (16.86; 27.69) 19.23 (8,13; 26.27) 0.261
CD68+CD163+CD206– (М2-macrophages) follicular fluid, % 28.38 (11.43; 43.56) 26.47 (16,74; 39.56) 1.000
Me, median; p, significance level; n, number.

bryo quality group compared to the good embryo quality
group (p = 0.029). CD68+CD163+CD206–macrophages
tended to increase by 1.79 times in the group with excel-
lent quality embryos compared to those with good quality
embryos (p = 0.035).

Women with male factor infertility experienced a 4.14
increase in oocyte numbers (p = 0.020) compared to the
group with tubal infertility (Table 4). In the group with un-
specified infertility, the number of oocytes was 4.29 times
higher (p = 0.041) than in the tubal infertility group. When
compared to the other female infertile group, women with
infertility associated with male factors had a 2.42 times in-
crease in the number of oocytes. The number of oocytes in
women with male factor infertility increased by 2.42 times
compared to other forms of female infertility (p = 0.002).

Women with male factor infertility saw an increase
of 3.3 times (p = 0.012) in punctured follicles when com-
pared to the tubal infertility group. The number of detected
oocytes was 3.6 times higher in the group with unspecified
infertility than in the group with tubal infertility. The num-
ber of punctured follicles increased by 2.36 times in women
with male factor infertility compared to other forms of fe-
male infertility, as found. Furthermore, women with other
forms of female infertility had a 0.61 times lower number of
follicles than those with infertility of unspecified etiology.

In women with other forms of female infertility, the
number of CD14+163+206+ cells in the blood increased
by 3.8 times when compared to those with male factor in-
fertility. This pattern was also observed in women with
tubal infertility. These women had a higher percentage of

CD14+63–206+ cells in their blood compared to the male
factor infertility group (p = 0.024) compared to the other
forms of infertility. The group with other forms of female
infertility showed an increase in cell numbers (p = 0.006),
but these cells decreased by 0.96 times (p = 0.006).

The study revealed that the number of M2-monocytes
in women with male factor infertility decreased by 0.996
times compared to women with unexplained infertility. The
relative content of M2-monocytes in the group with male
factor infertility was 19.19 times higher than in womenwith
unexplained infertility (p = 0.033). In addition, women
with unexplained infertility had 4.96 times more CD14–
163+206+ cells in their blood compared to those with tubal
infertility. In women with male factor infertility, the pro-
portion of CD14+163+206– cells in their blood increased
by 4.38 times compared to those without infertility.

The male factor infertility group showed a 0.6 times
reduction in the presence of the CD68+CD163+CD206+
subpopulation in their blood, which was detected compared
to the unspecified infertility. This higher occurrence was
attributed to women with various types of female infertility
rather than those with unspecified causes.

The CD14+163+206+ cells in the blood decreased by
0.77 times in the tubal infertility group compared to the
other female infertility groups. These cells decreased by
0.09 times (p = 0.010) when compared to the other forms of
female infertility in the unspecified group. A similar trend
was observed in the relative content of CD14+163–206+
cells in the follicular fluid. According to the findings, the
rate of female infertility increased by 15.82 times among
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Table 3. The subpopulations of the macrophages and monocytes in follicular fluid and blood in patients with infertility depending on the quality of embryos.
Indicators Poor quality of embryos Fair quality of embryos Good quality of embryos Excellent quality of embryos

The number of oocytes, n 5.00 (3.00; 12.00) 18.00 (18.00; 18.00) 7.50 (5.50; 11.50)** 10.00 (4.00; 14.00)
The number of embryos, n 1.00 (1.00; 3.00) 5.00 (3.00; 7.00) 2.50 (1.50; 4.50) 3.00 (1.00; 4.00)
The number of punctured follicles, n 7.00 (5.00; 12.00) 18.00 (18.00; 18.00) 8.00 (6.50; 14.00) 11.00 (4.00; 15.00)***
CD14+163+206+ (М2-monocytes) blood, % 38.66 (21.84; 99.18) 88.45 (81.94; 94.96) 89.65 (88.33; 90.96) 29.22 (10.83; 89.98)
CD14+163–206+ (monocytes) blood, % 56.23 (0.13; 100.00) 50.87 (2.94; 98.79) 49.39 (0.06; 98.72) 7.05 (2.19; 65.45)
CD14–163+206+ blood, % 40.82 (0.02; 96.99) 32.64 (6.55; 58.73) 49.36 (6.82; 91.89) 13.25 (1.23; 75.86)
CD14+163+206– (М2-monocytes) blood, % 61.34 (0.82; 78.16) 11.55 (5.04; 18.06) 13.43 (9.04; 17.81) 68.09 (10.03; 89.18)
CD68+CD163+CD206+ blood, % 14.50 (8.93; 16.57) 18.50 (18.24; 18.75) 20.96 (18.91; 23.00) 14.42 (5.76; 17.22)***
CD68+CD163–CD206+ blood, % 6.80 (6.20; 12.06) 9.11 (6.90; 11.31) 3.80 (3.35; 4.24)** 4.46 (0.00; 7.43)***
CD68–CD163+CD206+ blood, % 7.00 (6.00; 11.00) 6.50 (6.00; 7.00) 8.00 (6.00; 10.00) 8.50 (2.00; 12.50)
CD68+CD163+CD206– blood, % 15.05 (12.42; 17.99) 12.03 (11.50; 12.56) 13.86 (12.11; 15.60) 16.67 (2.31; 22.73)
CD14+163+206+ (М2-monocytes) follicular fluid, % 40.41 (17.03; 85.42) 70.55 (67.35; 73.75) 58.34 (46.97; 69.70) 47.73 (17.01; 74.07)
CD14+163–206+ (monocytes) follicular fluid, % 4.83 (0.55; 82.76) 9.36 (2.27; 16.44)* 0.20 (0.00; 0.39) 6.34 (0.75; 37.65)***
CD14–163+206+ follicular fluid, % 0.73 (0.00; 29.93) 33.52 (5.27; 61.76) 37.60 (20.65; 54.55) 3.60 (0.00; 61.52)
CD14+163+206– (М2-monocytes) follicular fluid, % 27.21 (0.00; 38.13) 32.97 (26.25; 39.69) 28.10 (25.89; 30.30) 26.82 (17.96; 33.62)
CD68+CD163+CD206+ (М2-macrophages) follicular fluid, % 65.90 (63.29; 86.30) 79.50 (66.93; 92.06) 81.32 (73.50; 89.13) 71.40 (60.90; 80.11)
CD68+CD163–CD206+ (macrophages) follicular fluid, % 64.87 (59.38; 65.44) 83.20 (66.40; 100.00) 72.35 (65.74; 78.95) 68.76 (64.73; 78.24)
CD68–CD163+CD206+ follicular fluid, % 17.21 (0.00; 21.03) 29.49 (16.86; 42.11) 11.93 (0.00; 23.85) 23.99 (17.09; 27.18)
CD68+CD163+CD206– (М2-macrophages) follicular fluid, % 35.17 (13.70; 39.87) 25.75 (7.94; 43.56) 16.93 (10.87; 22.98) 30.29 (21.23; 42.74)
*, significance of difference between the poor and fair quality of embryos; **, significance of difference between the fair and good quality of embryos; ***, significance of difference
between the good and excellent quality of embryos; n, number.
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Table 4. The subpopulations of the macrophages and monocytes in follicular fluid and blood in patients with infertility depending on the infertility factor.
Indicators Tubal female infertility,

Me (Q1; Q3)
Female infertility associated

with male factors, Me (Q1; Q3)
Other forms of female
infertility, Me (Q1; Q3)

Unspecified female infertility,
Me (Q1; Q3)

The number of oocytes, n 3.50 (3.00; 13.00) 14.50 (10.50; 16.50)* 6.00 (5.00; 9.00)** 15.00 (8.00; 18.00)***,#
The number of embryos, n 1.00 (1.00; 6.00) 3.00 (2.00; 8.00)* 2.50 (1.50; 3.50) 3.00 (3.00; 6.00)#
The number of punctured follicles, n 5.00 (3.00; 13.00) 16.50 (11.00; 18.00)* 7.00 (5.00; 9.00) 18.00 (8.00; 20.00)**,***,#
CD14+163+206+ (М2-monocytes) blood, % 29.41 (12.28; 38.66) 22.09 (9.38; 34.79) 83.97 (25.38; 98.71) 88.33 (81.94; 90.96)***
CD14+163-206+ (monocytes) blood, % 2.53 (1.85; 14.29) 0.23 (0.00; 0.45)* 56.23 (7.31; 99.47)** 2.94 (0.06; 98.72),#
CD14–163+206+ blood, % 15.38 (0.00; 40.82) 26.42 (11.11; 41.73)* 76.27 (2.09; 91.76) 6.82 (6.55; 91.89)
CD14+163+206– (М2-monocytes) blood, % 61.34 (52.94; 87.72) 77.92 (65.21; 90.63) 16.03 (1.29; 74.62) 17.81 (9.04; 18.06)***
CD68+CD163+CD206+ blood, % 11.52 (8.93; 18.24) 7.57 (0.00; 15.13) 14.50 (11.76; 15.97) 18.91 (18.75; 23.00)***,#
CD68+CD163–CD206+ blood, % 6.20 (4.49; 11.31) 2.71 (0.00; 5.41) 6.80 (0.00; 9.45) 4.24 (3.35; 6.90)
CD68–CD163+CD206+ blood, % 7.00 (6.00; 8.00) 7.50 (0.00; 15.00) 9.00 (4.00; 12.00) 6.00 (6.00; 10.00)
CD68+CD163+CD206– blood, % 17.99 (12.56; 18.32) 13.53 (0.00; 27.06) 12.42 (4.61; 16.39) 12.11 (11.50; 15.60)
CD14+163+206+ (М2-monocytes) follicular fluid, % 17.03 (0.00; 67.35) 33.59 (20.69; 46.49)* 73.75 (40.41; 85.42) 67.35 (46.97; 69.70)***
CD14+163-206+ (monocytes) follicular fluid, % 0.55 (0.00; 16.44) 18.39 (1.49; 35.29) 6.17 (3.53; 62.71) 0.39 (0.00; 2.27)#
CD14–163+206+ follicular fluid, % 0.00 (0.00; 29.93) 2.91 (0.00; 5.81) 3.93 (0.73; 64.44) 20.65 (5.27; 54.55)
CD14+163+206– (М2-monocytes) follicular fluid, % 26.25 (21.97; 27.21) 55.12 (30.92; 79.31) 25.62 (11.46; 35.62) 30.30 (25.89; 39.69)
CD68+CD163+CD206+ (М2-macrophages) follicular fluid, % 63.29 (59.04; 69.86) 44.28 (12.20; 76.36)* 76.96 (65.90; 86.30) 73.50 (66.93; 89.13)
CD68+CD163–CD206+ (macrophages) follicular fluid, % 72.76 (64.87; 80.62) 58.40 (50.00; 66.79) 67.17 (65.44; 75.86) 66.40 (65.74; 78.95)
CD68–CD163+CD206+ follicular fluid, % 24.47 (17.21; 27.69) 38.43 (26.27; 50.59) 21.03 (0.00; 23.50) 16.86 (0.00; 23.85)
CD68+CD163+CD206– (М2-macrophages) follicular fluid, % 35.17 (32.19; 45.91) 63.68 (39.56; 87.80) 25.71 (13.70; 28.38) 22.98 (10.87; 43.56)
*, significance of difference between the tubal female infertility and the female infertility associated with male factors; **, significance of difference between the tubal female infertility and the
other forms of female infertilety; ***, significance of difference between the female infertility associated with male factors and the unexplained female infertility; #, significance of difference
between the other forms of female infertility and the unexplained female infertility.
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women with other forms of female infertility compared to
women with unexplained infertility.

When comparing women with tubal infertility to those
with other types of female infertility, it was found that the
levels of M2-macrophages in their follicular fluid increased
by 1.22 times. The follicular fluid showed a 0.45 times
decrease in CD68–CD163+CD206+ cells in women with
other forms of female infertility compared to male factor in-
fertility. This indicator was 0.56 times higher in the group
with unspecified female infertility than in the group with
male factor infertility.

Women with tubal infertility experienced a 0.45 times
reduction in the CD68+CD163+CD206– content in follic-
ular fluid, as evidenced by the study. In women with male
factor infertility, there was a 2.48 increase in the number of
these cells when compared to women experiencing infertil-
ity for other reasons.

Fig. 2 presents a heatmap with annotations that illus-
trates the correlation among various biological variables re-
lated to oocytes and embryos, punctured follicles, and spe-
cific cellular markers in blood and follicular fluid. This heat
map aims to highlight the associations and statistical signif-
icance of these variables. Both the X and Y axes of the heat
map represent the same set of biological variables, includ-
ing counts of oocytes, embryos, punctured follicles, as well
as cellular markers such as CD14+, CD163+, CD206+, and
CD68+ in both blood and follicular fluids.

The colors in the heatmap range from blue to red, with
red indicating a strong positive correlation and blue signi-
fying a strong negative correlation. White/light colors in-
dicate weak or no correlation. A color legend on the right
side of the heatmap explains this gradient scale. Each cell
in the map is annotated with the corresponding correlation
coefficient value. Asterisks denote the level of statistical
significance: one asterisk for p ≤ 0.05, two asterisks for p
≤ 0.01, and three asterisks for p ≤ 0.001.The heatmap re-
veals several intriguing patterns. Cluster A shows strong
correlations between the number of oocytes, embryos, and
punctured follicles, suggesting a close relationship among
these variables. Clusters B and D show mixed correlations
between blood cell markers and reproductive parameters,
suggesting complex interactions between them. Cluster C
reveals correlations between various blood cell markers and
those in the follicular fluid, indicating potential interactions
between the two compartments.

The data used to create this heatmap provides valu-
able insights into the biological processes that underlie suc-
cessful oocyte retrieval and embryonic development. The
strong positive correlations between the number of oocytes,
embryos, and follicles indicate that these factors are inter-
dependent and influence each other in reproductive out-
comes. Additionally, correlations between cell markers
in blood and follicular fluid and reproductive factors may
point to key biomarkers for reproductive health. This de-
tailed heatmap analysis provides a comprehensive view of
the relationships between various reproductive and cellular

factors, underscoring the importance of understanding these
interactions to enhance reproductive health.

To further explore the correlation between monocyte
and macrophage subpopulations and the success of assisted
reproductive techniques, we conducted an in-depth anal-
ysis to identify the key factors associated with successful
implantation, fetal viability, and pregnancy outcomes (Ta-
ble 5).

It has been observed that the success rate of embryo
transfers resulting in pregnancy is 28% for women under-
going IVF treatment. Additionally, 80% of these women
experienced successful transfers. Remarkably, successful
transfers were achieved in 28% of cases involving embryos
of exceptional quality. Among these cases, 12 individu-
als (85%) had a history of infertility with unknown causes,
while 5% were related to male factor infertility.

4. Discussion
The activation of monocytes and macrophages, ac-

companied by their redistribution in follicular fluid, holds
prognostic potential for assessing the success of assisted re-
productive technologies (ART). Metabolic disorders, par-
ticularly obesity, are associated with a relative reduction in
circulating monocyte subpopulations characterized by the
CD68+CD163+CD206+ and CD68+CD163–CD206+ phe-
notypes in individuals with a body mass index (BMI) ex-
ceeding 25.

In this study, we observed a significant increase in
the relative content of CD14+CD163–CD206+ monocytes
in follicular fluid among women with poor embryo qual-
ity, specifically by 24.15-fold compared to those with
good embryos, which was statistically significant (p =
0.010). We also observed a notable elevation in the level of
CD14+CD163–CD206+ cells in women with fair embryo
quality, reaching a remarkable 46.8-fold increase compared
to those with high-quality embryos (p = 0.029).

Furthermore, we discovered that the number of
oocytes was higher in women experiencing infertility at-
tributed to male factors (p = 0.020) compared to those expe-
riencing tubal infertility. A statistically significant increase
in the proportion of CD14+163+206+ cells in the blood-
stream was observed in the group experiencing infertility
from other causes compared to those with male factor in-
fertility (p = 0.010).

Moreover, the relative abundance of M2 mono-
cytes (CD14+163+206–) was found to be 4.38 times
higher in women with male factor infertility than in those
with unexplained infertility (p = 0.010). We also ob-
served a decrease in the proportion of M2 macrophages
(CD68+CD163+CD206–) within the follicular fluid in
women with tubal infertility, showing a decrease of 0.45-
fold compared to the group with male factor infertility (p =
0.026).

Monocytes are a type of white blood cell that play
an important role in the immune system. They can be di-
vided into several different subpopulations, each with dis-
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Fig. 2. An annotated heat map of the correlation between the relative content of monocytes and macrophages in blood and
follicular fluid, as well as in vitro fertilisation (IVF) parameters, for groups of patients with different embryo qualities and
infertility. Note: (A) Group of female infertility due to tubal factors. (B) Male factor female infertility. (C) Other forms of female
infertility. (D) Unspecified female infertility. * p-value ≤ 0.05, ** p-value ≤ 0.01, *** p-value ≤ 0. 001. The color scale on the right
indicates the correlation coefficient, with blue representing a negative correlation and red representing a positive correlation.

tinct characteristics. These subpopulations exhibit differ-
ent phenotypes and functions, and understanding their roles
during pregnancy can provide insights into the complex in-
teractions between a mother’s immune system and her de-
veloping fetus (Fig. 3).

Classical monocytes (CD14+/CD16–) are vital for es-
tablishing immune tolerance during pregnancy by phagocy-
tizing apoptotic cells and debris at the maternal-fetal inter-
face [12,14]. They also play a key role in regulating inflam-
mation and tissue repair, which are essential for sustaining
a healthy pregnancy. During viral infections, the number
of classical monocytes can increase in pregnant women, as
they contribute to the immune response to pathogens and as-

sist in immune surveillance [15]. Intermediate monocytes,
which express both CD14 and CD16, represent a transi-
tional stage between classical and non-classical monocytes.
These cells may be involved in immune surveillance and
help maintain tissue homeostasis. They activate and pro-
mote the proliferation of T helper cells, which are crucial
for an effective immune response to infections [16].

There is a growing interest in altering the inflamma-
tory cell pool in women with infertility and obesity who
are undergoing IVF procedures. The potential negative
outcomes of pregnancy after IVF in obese patients may
be associated with chronic inflammation. For instance,
a study [17] found that as body mass index (BMI) in-
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Table 5. The analysis of the distribution of factors contributing to infertility, the quality of embryos, and the effectiveness of
reproductive assisted technologies.

Pregnancy
n

Chi-square

no yes
df
p

Embryo implantation
no

10 0 10
4.861111
df = 1

p = 0.02747

20.00% 0.00% 20.00%

yes
26 14 40

52.00% 28.00% 80.00%

Infertility factor

Tubal female infertility
14 0 14

19.11111
df = 3

p = 0.00026

29.17% 0.00% 29.17%

Female infertility associated with male factors
10 2 12

20.83% 4.17% 25.00%

Other forms of female infertility
6 12 18

12.50% 20.83% 33.33%

Unspecified female infertility
6 0 6

12.50% 0.00% 12.50%

Quality of embryos

Excellent quality of embryos
16 14 30

12.96296
df = 3

p = 0.00472

32.00% 28.00% 60.00%

Good quality of embryos
8 0 8

16.00% 0.00% 16.00%

Fair quality of embryos
4 0 4

8.00% 0.00% 8.00%

Poor quality of embryos
8 0 8

16.00% 0.00% 16.00%

creased, the rates of implantation and live births decreased.
Our research indicated that obese patients experienced
a relative reduction in the CD68+CD163+CD206+ and
CD68+CD163–CD206+ blood cell subpopulations. These
cells are likely to be in the monocyte lineage, as monocytes
can migrate into tissues and differentiate into macrophages,
acquiring specific macrophage markers, including CD68
[18]. Therefore, the decrease may be associated with a re-
distribution of the monocyte cell pool in the body due to
ongoing chronic inflammation associated with obesity, po-
tentially diminishing the chances of a successful IVF out-
come.

Inflammatory processes associated with viral infec-
tions, such as SARS-CoV-2, and the reproductive system
[19,20], can impact the quality of IVF procedures. The re-
lationship between embryo quality and the content of fol-
licular fluid M2 monocytes and M2 macrophage is par-
ticularly intriguing. Notably, there was a significant in-
crease in the proportion of monocytes with the CD14+163–
206+ phenotype in follicular fluid. This increase was ob-
served in groups with poor and moderate embryo quality
(by 24.15 times and 46.8 times, respectively) compared to
the group with good embryos. This suggests that the im-
mune system plays a vital role in women’s fertility. Possi-
bly, the relative increase in this cell subpopulation is linked
to the fact that during IVF, embryos are alloantigenic to the
woman’s immune system, leading to a redistribution of this
cell pool [21]. The current study indicates that changes in

the subpopulation structure of immune-competent cells to-
wards the predominance of inflammatory subpopulations in
the acute environment may determine the success of em-
bryo implantation in women [22]. A separate assessment
of changes in the surface marker CD163 expression, as a
marker of M2 polarization of monocytes and macrophages,
may also indicate a positive pregnancy outcome. There is
evidence supporting the hypothesis of an increase in the ex-
pression of M2 anti-inflammatory macrophages as a com-
pensatory mechanism for dealing with the alloantigenicity
of embryos in IVF. In other words, M2 macrophages serve
as controlled suppressors of the immune response [21]. Fur-
thermore, M2 polarization may reduce the risks of preg-
nancy complications. Disruption in the control of CD68+
M1 macrophage expression could lead to pregnancy com-
plications by causing degradation of the vascular-stromal
component of chorionic villi, resulting in their involution
[23].

The observed decrease in the relative content of M2
macrophages CD68+CD163+CD206– in the follicular fluid
in the group of tubal infertility may be associated with
the activation of pro-inflammatory macrophages. M2
macrophage polarization could play a key role in trigger-
ing, as successfully demonstrated in murine tuberculosis-
associated immune reconstitution inflammatory syndrome
(TB-IRIS) models, changes in the pro-inflammatory func-
tions of CD4+ T-cells largely contributed to resident
macrophages [20]. When discussing CD68+ macrophages,
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Fig. 3. The monocytes and macrophages in blood and follicular fluid in women with obesity. Note: The assessment of inflammatory
activity and the distribution of monocytes and macrophages in blood and follicular fluid has potential for predicting the success of
IVF treatments. High-quality embryos are more likely to be obtained from women with higher levels of M2-type monocytes and M2-
macrophages in their follicular fluid. We observed an increase in the number of CD68+, CD163+, and CD206– macrophages in the
follicular fluid of women with tubal infertility, suggesting that these cells may play a role in embryo development. These findings
are preliminary and require further research to confirm their significance. M-CSF, macrophage colony stimulating factor; GM-CSF,
granulocyte macrophage colony-stimulating factor; LPS, lipopolysaccharide; INF γ, Interferon gamma; IL-10, Interleukin-10; IL-4,
Interleukin-4; IL-13, Interleukin-13; IL-1, Interleukin-1; IL-12, Interleukin-12; IL-23, Interleukin-23; IL-17, Interleukin-17; IL-1RA,
Interleukin-1RA; CCL17-CC, chemokin ligand 17; CCL18-CC, chemokin ligand 18; CXCL10-CXC, chemokin ligand 10; TNF-α,
tumor necrosis factor α. Created with BioRender.com.

it is worth noting that their placental expression not only has
pro-inflammatory effects but also facilitates vertical trans-
mission of viral loads from mother to fetus, as seen in cases
involving SARS-CoV-2 [24].

Local inflammation, characterized by the redistribu-
tion of cells from the monocyte-macrophage pool in pa-
tients undergoing IVF procedures, typically poses a neg-
ative impact on pregnancy outcomes. In addition to evalu-
ating immune cell surface markers, molecular-genetic tests
that assess mRNA expression of cytokine genes (IL1B, IL8,
IL10, IL18, TNFa, TGFB1), transcription factors (TBX21,
GATA3, RORC2), and toll-like receptors (TLR2, TLR4)
may serve as promising alternative markers [25].

A study by Elisabeth R. Krow-Lucal et al. [26],
published in 2014, presents interesting data regarding
the JAK/STAT signaling pathway. The study evaluated
mononuclear cells and found that IL-6 induces STAT3
phosphorylation in both fetal and mature monocytes [26].
This suggests an enhancement of cytokine signaling and a
variation in monocyte function, which could influence cell
proliferation, apoptosis, and overall survival. These pro-
cesses are crucial for embryo development and sensitive to
signaling molecules [27].

The migration of monocytes plays a crucial role
in the development of the embryo’s vascular supply.

Trophoblasts express vasoactive intestinal peptide (VIP),
which stimulates the migration of monocytes by increasing
the production of chemotactic factors CCL2 and CCL3 in
decidual tissues. This has been demonstrated in the study
by C. Zhang et al. in 2022 [28]. On the other hand, a de-
crease in monocyte count can lead to reduced angiogenesis.
This was shown in a study by C. Zhang et al. [28] in 2022.
A decrease in microsomal count affects angiogenesis and is
also accompanied by a reduction in the number of mono-
cytes [28].

An essential aspect for further research is the role of
adipose tissue in the interaction between the embryo and
monocytes. Adipose tissue is structurally diverse and can
contain up to 50%monocytes and macrophages [29]. There
is evidence suggesting that obesity in pregnant women en-
hances the antimicrobial activity of fetal monocytes [12].
One potential mechanism through which monocytes might
influence embryo development is through the expression of
extracellular vesicles. These vesicles can be produced by
both monocytes and adipocytes and may serve as a means
of communication between them, sharing crucial signaling
molecules that certainly influence embryo development.

The small sample size used in the study is justified by
the careful selection of patients in order to eliminate the in-
fluence of factors that might be present in a larger group and
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are highly heterogeneous. This strategy allows us to focus
on critical aspects of the relationship between the immune
system and immune function. It is important to note that this
approach has proven effective. Variability within a popula-
tion is known to be quantified by its standard deviation. The
standard deviation of a sample is a measure of how much
the results of the sample might differ from the true results
for the entire population. While collecting a larger sample
can enhance the accuracy of findings, it may also introduce
greater variability, potentially skewing the data.

The quality of oocytes is a crucial factor in assisted re-
productive technology (ART), and several key elements in-
fluence it. These include the number of oocytes, embryos,
and punctured follicles, along with various cellular mark-
ers found in both blood and follicular fluid. Our correlation
analysis shows a significant relationship that sheds light on
how the immune system affects reproductive health issues
in women. We found that metabolic factors in biological
fluids can influence oocyte quality [30]. Pathologies of the
reproductive system from various origins have a typical bi-
ological effect due to an immune system response. It is im-
portant to note that the age of the woman and the duration of
her infertility are the key factors that contribute to treatment
failure [31]. Our analysis of monocyte andmacrophage dis-
tribution in follicular fluid and serum has revealed a com-
mon immune responsemechanism for assisted reproductive
technology (ART) procedures. Interestingly, our findings
did not correlate with the cause of infertility but rather in-
fluenced the number and quality of oocytes following ART.

While this study has several strengths, it also has some
limitations that need to be considered. The small sample
size of fifty participants limits the generalizability of the
findings, as it may not be representative of the wider popu-
lation. Furthermore, the stratification of participants based
on BMI and infertility factors was not fully explored, poten-
tially limiting the ability to draw conclusions about poten-
tial differences in molecular mechanisms between differ-
ent groups of patients. Another limitation of the study was
the use of flow cytometry for sample preparation, which re-
quires volumetric sampling. This can be challenging due to
factors such as instrument calibration, the quality of blood
and follicular fluid samples, nonspecific binding, and inad-
equate antibody binding, all of which can affect the accu-
racy of the results.

Thus, immune tolerance is essential for a successful
pregnancy, as it protects the developing fetus from infec-
tion. Various immune cells, such as T cells, B cells, natural
killer cells (NK cells), monocytes, macrophages, and den-
dritic cells, play a crucial role in regulating the immune re-
sponse between the mother and fetus [32]. Understanding
the characteristics and functions of these cells in peripheral
blood can enhance the effectiveness of assisted reproduc-
tive technologies. For example, NK cells may be involved
in preeclampsia, while monocytes and tissue macrophages
trigger changes in the immune system [33,34]; however,
more data on their roles in infertility is needed. Further re-

search into changes in phagocyte function could help clarify
these findings. In addition, data analysis has highlighted the
importance of immune response in developing high-quality
embryos, achieving successful implantation, and sustaining
pregnancy. It is worth noting that observed redistribution
of monocytes and macrophages in individuals with male
factor infertility and unexplained infertility (other factors)
could serve as a valuable tool for predicting the success of
assisted reproductive technologies.

5. Conclusions
The assessment of the inflammatory activity and the

distribution of monocytes and macrophages in the blood
and follicular fluid holds prognostic potential for evaluat-
ing the success of in vitro fertilization (IVF) procedures.
Metabolic disorders and obesity are associated with a rel-
ative reduction in specific subpopulations of blood mono-
cytes, namely those with the CD68+CD163+CD206+ and
CD68+CD163–CD206+ phenotypes, in individuals with a
body mass index (BMI) over 25.

Interestingly, women who have higher levels of M2
monocytes and M2 macrophages in their follicular fluid
tend to produce high-quality embryos. Our study has
found an increase in the concentration of M2 macrophages
(CD68+CD163+CD206–) in the follicular fluid among
women with tubal infertility. However, the role of M2-
polarized cells within the monocyte-macrophage popula-
tion is still unclear, with evidence pointing to both posi-
tive and negative effects on pregnancy outcomes following
IVF treatment. A critical factor in the inflammatory activity
of individuals undergoing IVF is not only the activation of
pro-inflammatory cells in response to oocyte donation but
also underlying inflammatory alterations, such as persistent
inflammation associated with obesity or metabolic disor-
ders, as well as varying durations of viral exposure from
past illnesses. The study has demonstrated that alterations
in the distribution of monocytes and macrophages may im-
pact the success of embryonic implantation and subsequent
pregnancy in women. These processes are also influenced
by various factors related to infertility. It is important to
note that these findings are preliminary and require further
exploration.

Abbreviations
ART, Assisted Reproductive Technologies; IVF, in

vitro fertilization.

Availability of Data and Materials
The data are not publicly available due to privacy or

ethical restrictions, but the data presented in this study are
available on request from the corresponding author.

Author Contributions
EDM and DAS performed the research. IAP, OST,

and AVP designed the research study. IGS and KAS pro-

11

https://www.imrpress.com


vided help and advice on data analysis. LVS and MNS pro-
vided laboratory tests andwrote themanuscript. All authors
contributed to editorial changes in the manuscript. All au-
thors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate
All studies were conducted in accordance with the

rules of the Ethics Committee of the Siberian State Medi-
cal University and the Helsinki Declaration (protocol of the
Ethics Committee No. 9314 dated 05.12.2022). Written in-
formed consent has been obtained from the patients or their
families/legal guardians to publish this paper.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
Given her role as the Guest Editor member, Liudmila

V. Spirina had no involvement in the peer-review of this
article and has no access to information regarding its peer
review. Full responsibility for the editorial process for this
article was delegated to Graham Pawelec. The authors de-
clare no conflict of interest.

References
[1] Lazzarino G, Pallisco R, Bilotta G, Listorti I, Mangione R, Saab

MW, et al. Altered Follicular Fluid Metabolic Pattern Correlates
with Female Infertility and OutcomeMeasures of In Vitro Fertil-
ization. International Journal of Molecular Sciences. 2021; 22:
8735. https://doi.org/10.3390/ijms22168735.

[2] Martynova AE. Possibilities for predicting the effectiveness of
assisted reproductive technology programs. Obstetrics and Gy-
necology. 2022; 9: 26–32. https://doi.org/10.18565/aig.2022.9.
26-32.

[3] Sciorio R, Tramontano L, Bellaminutti S, Aiello R, Fortunato
A, Marci R, et al. Review of the impact of COVID-19 on male
reproduction, and its implications on assisted reproductive tech-
nology services. Zygote (Cambridge, England). 2022; 30: 743–
748. https://doi.org/10.1017/S0967199421000666.

[4] Zhang D, Yu Y, Duan T, Zhou Q. The role of macrophages in
reproductive-related diseases. Heliyon. 2022; 8: e11686. https:
//doi.org/10.1016/j.heliyon.2022.e11686.

[5] Lliberos C, Liew SH, Zareie P, La Gruta NL, Mansell A, Hutt K.
Evaluation of inflammation and follicle depletion during ovarian
ageing in mice. Scientific Reports. 2021; 11: 278. https://doi.or
g/10.1038/s41598-020-79488-4.

[6] Zhang Z, Huang L, Brayboy L. Macrophages: an indispensable
piece of ovarian health. Biology of Reproduction. 2021; 104:
527–538. https://doi.org/10.1093/biolre/ioaa219.

[7] Jokela H, Lokka E, KivirantaM, Tyystjärvi S, GerkeH, ElimaK,
et al. Fetal-derived macrophages persist and sequentially mat-
urate in ovaries after birth in mice. European Journal of Im-
munology. 2020; 50: 1500–1514. https://doi.org/10.1002/eji.
202048531.

[8] Kadomoto S, Izumi K, Mizokami A. Macrophage Polarity and

Disease Control. International Journal of Molecular Sciences.
2021; 23: 144. https://doi.org/10.3390/ijms23010144.

[9] He Y, Li R, Yin J, Yang Z, Wang Y, Chen L, et al. Influencing
of serum inflammatory factors on IVF/ICSI outcomes among
PCOS patients with different BMI. Frontiers in Endocrinol-
ogy. 2023; 14: 1204623. https://doi.org/10.3389/fendo.2023.
1204623.

[10] Diao L, Cai S, Huang C, Li L, Yu S,Wang L, et al. New endome-
trial immune cell-based score (EI-score) for the prediction of im-
plantation success for patients undergoing IVF/ICSI. Placenta.
2020; 99: 180–188. https://doi.org/10.1016/j.placenta.2020.07.
025.

[11] Broughton DE, Moley KH. Obesity and female infertility: po-
tential mediators of obesity’s impact. Fertility and Sterility.
2017; 107: 840–847. https://doi.org/10.1016/j.fertnstert.2017.
01.017.

[12] Sureshchandra S, Doratt BM, Mendza N, Varlamov O, Rin-
con M, Marshall NE, et al. Maternal obesity blunts antimicro-
bial responses in fetal monocytes. eLife. 2023; 12: e81320.
https://doi.org/10.7554/eLife.81320.

[13] Gardner DK, Schoolcraft WB. Culture and transfer of human
blastocysts. Current Opinion in Obstetrics & Gynecology. 1999;
11:307–311.

[14] True H, Blanton M, Sureshchandra S, Messaoudi I. Monocytes
and macrophages in pregnancy: The good, the bad, and the ugly.
Immunological Reviews. 2022; 308: 77–92. https://doi.org/10.
1111/imr.13080.

[15] Farias-Jofre M, Romero R, Xu Y, Levenson D, Tao L, Kanninen
T, et al. Differential immunophenotype of circulatingmonocytes
from pregnant women in response to viral ligands. BMC Preg-
nancy and Childbirth. 2023; 23: 323. https://doi.org/10.1186/
s12884-023-05562-0.

[16] Faas MM, de Vos P. Maternal monocytes in pregnancy and
preeclampsia in humans and in rats. Journal of Reproductive Im-
munology. 2017; 119: 91–97. https://doi.org/10.1016/j.jri.2016.
06.009.

[17] Kasum M, Orešković S, Čehić E, Lila A, Ejubović E, Soldo D.
The role of female obesity on in vitro fertilization outcomes. Gy-
necological Endocrinology: the Official Journal of the Interna-
tional Society of Gynecological Endocrinology. 2018; 34: 184–
188. https://doi.org/10.1080/09513590.2017.1391209.

[18] Fedorov AA, Ermak NA, Gerashchenko TS, Topolnitskiy EB,
Shefer NA, Rodionov EO, et al. Polarization of macrophages:
mechanisms, markers and factors of induction. Siberian Jour-
nal of Oncology. 2022; 21: 124–136. https://doi.org/10.21294/
1814-4861-2022-21-4-124-136.

[19] Herrero Y, Pascuali N, Velázquez C, Oubiña G, Hauk V, de
Zúñiga I, et al. SARS-CoV-2 infection negatively affects ovar-
ian function in ART patients. Biochimica et Biophysica Acta.
Molecular Basis of Disease. 2022; 1868: 166295. https://doi.or
g/10.1016/j.bbadis.2021.166295.

[20] Ribot E, Berbis J, Hamouda I, Cohen D, Agostini A, Cour-
biere B. Pregnancy outcomes after in vitro fertilization for mod-
erate and severe endometriosis. A case-control study. Journal
of Gynecology Obstetrics and Human Reproduction. 2022; 51:
102274. https://doi.org/10.1016/j.jogoh.2021.102274.

[21] Tian X, Eikmans M, Hoorn MLVD. The Role of Macrophages
in Oocyte Donation Pregnancy: A Systematic Review. Inter-
national Journal of Molecular Sciences. 2020; 21: 939. https:
//doi.org/10.3390/ijms21030939.

[22] Berezhna VA, Mamontova TV, Gromova AM. CD68+ M1
macrophages is associated with placental insufficiency under fe-
tal growth restriction. Wiadomosci Lekarskie (Warsaw, Poland:
1960). 2021; 74: 213–219.

[23] Ersoy Canillioglu Y, Senturk GE, Sahin H, Sahin S, Seval-
Celik Y. The Distribution of Foxp3 and CD68 in Preeclamptic
and Healthy Placentas: A Histomorphological Evaluation. The
Iournal of Histochemistry and Cytochemistry : Official Jour-

12

https://doi.org/10.3390/ijms22168735
https://doi.org/10.18565/aig.2022.9.26-32
https://doi.org/10.18565/aig.2022.9.26-32
https://doi.org/10.1017/S0967199421000666
https://doi.org/10.1016/j.heliyon.2022.e11686
https://doi.org/10.1016/j.heliyon.2022.e11686
https://doi.org/10.1038/s41598-020-79488-4
https://doi.org/10.1038/s41598-020-79488-4
https://doi.org/10.1093/biolre/ioaa219
https://doi.org/10.1002/eji.202048531
https://doi.org/10.1002/eji.202048531
https://doi.org/10.3390/ijms23010144
https://doi.org/10.3389/fendo.2023.1204623
https://doi.org/10.3389/fendo.2023.1204623
https://doi.org/10.1016/j.placenta.2020.07.025
https://doi.org/10.1016/j.placenta.2020.07.025
https://doi.org/10.1016/j.fertnstert.2017.01.017
https://doi.org/10.1016/j.fertnstert.2017.01.017
https://doi.org/10.7554/eLife.81320
https://doi.org/10.1111/imr.13080
https://doi.org/10.1111/imr.13080
https://doi.org/10.1186/s12884-023-05562-0
https://doi.org/10.1186/s12884-023-05562-0
https://doi.org/10.1016/j.jri.2016.06.009
https://doi.org/10.1016/j.jri.2016.06.009
https://doi.org/10.1080/09513590.2017.1391209
https://doi.org/10.21294/1814-4861-2022-21-4-124-136
https://doi.org/10.21294/1814-4861-2022-21-4-124-136
https://doi.org/10.1016/j.bbadis.2021.166295
https://doi.org/10.1016/j.bbadis.2021.166295
https://doi.org/10.1016/j.jogoh.2021.102274
https://doi.org/10.3390/ijms21030939
https://doi.org/10.3390/ijms21030939
https://www.imrpress.com


nal of The Histochemistry Society. 2023; 71: 211-225. https:
//doi.org/10.1369/00221554231170662.

[24] Akbar MIA, Azis MA, Riu DS, Wawengkang E, Ernawati E,
Bachnas MA, et al. INOVASIA Study: A Multicenter Ran-
domized Clinical Trial of Pravastatin to Prevent Preeclampsia
in High-Risk Patients. American Journal of Perinatology. 2024;
41: 1203–1211. https://doi.org/10.1055/a-1798-1925.

[25] Khachaturyan DA, Smolnikova VYu, Burmenskaya OV, Don-
nikov AE, Nepsha OS. Proinflammatory gene expression profile
of innate immunity in the vaginal mucosa as a predictor of the
outcome of an in vitro fertilization and embryo transfer program.
Obstetrics and Gynecology. 2015; 4: 50–55. (In Russian).

[26] Krow-Lucal ER, Kim CC, Burt TD, McCune JM. Distinct
functional programming of human fetal and adult monocytes.
Blood. 2014; 123: 1897–1904. https://doi.org/10.1182/bloo
d-2013-11-536094.

[27] Paparini DE, Grasso E, Fernandez LDC, Merech F, Weingrill-
Barbano R, Correa-Silva S, et al. Decidual factors and vasoac-
tive intestinal peptide guide monocytes to higher migration, ef-
ferocytosis and wound healing in term human pregnancy. Acta
Physiologica (Oxford, England). 2021; 232: e13579. https://do
i.org/10.1111/apha.13579.

[28] Zhang C, Li T, Yin S, Gao M, He H, Li Y, et al. Monocytes de-
posit migrasomes to promote embryonic angiogenesis. Nature
Cell Biology. 2022; 24: 1726–1738. https://doi.org/10.1038/
s41556-022-01026-3.

[29] Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL,
Ferrante AW, Jr. Obesity is associated with macrophage accu-
mulation in adipose tissue. The Journal of Clinical Investigation.
2003; 112: 1796–1808. https://doi.org/10.1172/JCI19246.

[30] Luo T, Wang M, He Y, Zhang M, Liu B, Li W, et al. Metabolic
profile of follicular fluid in patients with ovarian endometrio-
sis undergoing IVF: a pilot study. Reproductive Biomedicine
Online. 2024; 49: 103912. https://doi.org/10.1016/j.rbmo.2024.
103912.

[31] Horta F, Catt S, Ramachandran P, Vollenhoven B, Temple-Smith
P. Female ageing affects the DNA repair capacity of oocytes in
IVF using a controlled model of sperm DNA damage in mice.
Human Reproduction (Oxford, England). 2020; 35: 529–544.
https://doi.org/10.1093/humrep/dez308.

[32] Yang X, Gilman-Sachs A, Kwak-Kim J. Ovarian and endome-
trial immunity during the ovarian cycle. Journal of Reproduc-
tive Immunology. 2019; 133: 7–14. https://doi.org/10.1016/j.jr
i.2019.04.001.

[33] Wei X, Yang X. The central role of natural killer cells in
preeclampsia. Frontiers in Immunology. 2023; 14: 1009867.
https://doi.org/10.3389/fimmu.2023.1009867.

[34] Lukács L, Kovács AR, Pál L, Szűcs S, Kövér Á, Lampé R.
Phagocyte function of peripheral neutrophil granulocytes and
monocytes in endometriosis before and after surgery. Journal
of Gynecology Obstetrics and Human Reproduction. 2021; 50:
101796. https://doi.org/10.1016/j.jogoh.2020.101796.

13

https://doi.org/10.1369/00221554231170662
https://doi.org/10.1369/00221554231170662
https://doi.org/10.1055/a-1798-1925
https://doi.org/10.1182/blood-2013-11-536094
https://doi.org/10.1182/blood-2013-11-536094
https://doi.org/10.1111/apha.13579
https://doi.org/10.1111/apha.13579
https://doi.org/10.1038/s41556-022-01026-3
https://doi.org/10.1038/s41556-022-01026-3
https://doi.org/10.1172/JCI19246
https://doi.org/10.1016/j.rbmo.2024.103912
https://doi.org/10.1016/j.rbmo.2024.103912
https://doi.org/10.1093/humrep/dez308
https://doi.org/10.1016/j.jri.2019.04.001
https://doi.org/10.1016/j.jri.2019.04.001
https://doi.org/10.3389/fimmu.2023.1009867
https://doi.org/10.1016/j.jogoh.2020.101796
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 The Evaluation of the Monocytes and Macrophage Cells 
	2.2 Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

