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ABSTRACT
Background: Myeloid-derived suppressor cells (MDSCs) are a
heterogeneous population of myeloid cells that play a prominent
role in maintaining immune tolerance. Despite advances in
reproductive immunology, the optimal management of recurrent
miscarriage (RM) remains uncertain, highlighting the need to
better understand the immunological mechanisms underlying this
condition and the effects of available therapeutic approaches. .
Objective: To evaluate the effects of low-dose prednisolone therapy
and lymphocyte immunotherapy (LIT) on peripheral MDSC
subsets in women with RM during the pre-pregnancy period.
Methods: 100 women with RM were assigned to two treatment
groups: a short-term low-dose prednisolone therapy group (n=50),
and an LIT group (n=50). Peripheral blood samples were collected
before and after treatment and analyzed using flow cytometry.
MDSCs were identified as HLA-DR—CD33+CD66+ cells. Within
the gated MDSC population, CDI15+CD66+, and CD14+CD66+
cells were identified as granulocytic MDSCs (GR-MDSCs) and
monocytic MDSCs (MO-MDSCs), respectively.
Results: LIT significantly reduced the percentage of total MDSCs
(P = 0.0362), as well as the percentages of GR-MDSCs and MO-
MDSCs (both P <0.0001). Prednisolone therapy did not significantly
alter the percentage of total MDSCs (P = 0.1073), but significantly
reduced both GR-MDSCs (P = 0.0121) and MO-MDSCs (P <
0.0001). Following prednisolone therapy, the percentage of GR-
MDSCs was significantly higher than that of MO-MDSCs (P =
0.046), whereas following LIT, the percentage of GR-MDSCs was
significantly lower than that of MO-MDSCs (P = 0.0002).
Conclusion: Both Prednisolone therapy and LIT reduced GR-
MDSCs and MO-MDSCs, although the relative effects on the
two subsets differed between treatment groups. The biological
significance of these changes and their relationship to subsequent
pregnancy outcomes require further investigation.
Keywords: Myeloid-derived suppressor cell; recurrent miscarriage;
lymphocyte immunotherapy; prednisolone
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Immunotherapies Can Change MDSCs Subset Balances

INTRODUCTION

In recent decades, myeloid-derived suppressor
cells (MDSC) have emerged as critical
regulators of immune responses in various
pathological contexts, including cancer,
inflammatory disorders, transplantation, and
autoimmune diseases (1-6). MDSCs are a
heterogeneous population of myeloid cells that
exert potent immunomodulatory functions,
primarily through the suppression of T-cell
responses and the induction of immune
tolerance. Human MDSCs express the
common myeloid marker CD33do not express
human leukocyte antigen DR (HLA-DR). (7-
9). MDSCs consist of two sub-populations,
including granulocytic MDSCs (GR-MDSC)
that express CDI1lb, CDI15, and CD66b
markers, and CD14* monocytic MDSCs (MO-
MDSC) (10-12). Notably, healthy pregnancy is
associated with an expansion of GR-MDSCs,
and elevated proportions of these cells have
been linked to favorable outcomes following
in vitro fertilization (IVF) (13). In addition,
reduced levels of immunosuppressive
MDSC have been observed in both
the peripheral blood and endometrium
of patients with miscarriage (14-18).
Accordingly, the abundance of MDSC,
particularly GR-MDSC, appears to be critical
for the establishment and maintenance of a
healthy pregnancy.

Early miscarriage is defined as clinical
pregnancy loss before 20 weeks of gestation,:’
whereas recurrent miscarriage (RM) is
characterized by three or more consecutive
early spontaneous pregnancy losses (19).
RM affects approximately 1-3% of couples
attempting to conceive (20). Although
numerous etiological factors have been
implicated in the pathogenesis of RM, no
identifiable cause is found in approximately
50% of cases (21). Women with a history
of multiple miscarriages are at increased
risk of subsequent pregnancy loss and poor
IVF outcomes (22). Accordingly, successful
pregnancy may be achieved through the
integration of various therapeutic strategies
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aimed at enhancing the maintenance of feto-
maternal immune tolerance.(23-25).

Lymphocyte immunotherapy (LIT)
involves the transition of a lymphocyte
suspension isolated from paternal peripheral
blood toenhance maternal immunomodulation
(26). LIT is typically administered prior to
conception over a course of approximately
6-10 weeks (11, 26-28). Immunosuppression
of the maternal immune system through
this approach may reduce the risk of
miscarriages in RM patients. Corticosteroid
and glucocorticoid therapies, including
cyclosporine A, prednisone, or prednisolone,
are well-established immunosuppressive
agents (29). Prednisolone, along with other
short-term, low-dose glucocorticoids, is
utilized to promote feto-maternal immune
tolerance (30). Despite extensive research,
current treatment strategies have not been
established as definitive therapies for
RM, owing to the complexity of immune
responses and the heterogeneity of the patient
population, underscoring the need for further
investigation. All therapeutic approaches
for RM influence maternal immune cells,
and MDSCs are among the immune cell
populations that may be modulated during
pregnancy. Alterations in the overall MDSC
population, as well as in its granulocytic
and monocytic subsets, may influence
pregnancy outcomes. In the present study,
we investigated the effects of two typical
treatment approaches for RM—LIT and
prednisolone therapy—on the proportion of
granulocytic and monocytic MDSC subsets
prior to conception.

MATERIALS AND METHODS

Study population

This single-blind, randomized clinical
trial was conducted in Iran from April
2019 to May 2024. The study comprised a
prospective cohort of 100 women referred to
the immunology clinic at Alzahra Hospital in
Isfahan. Participants were randomly assigned
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to two treatment groups after providing
informed consent. Although patients were
aware of their treatment allocation, the
laboratory technician responsible for sample
collection and numbering was blinded to
patient group assignments, thereby ensuring
single-blind conditions. Samples were
analyzed and examined anonymously.

The protocol was approved by the
Iranian Registry of Clinical Trials
Committee (IRCT registration number:
IRCT20210115050041N1), and all participants
provided written informed consent.
Furthermore, ethical approval was obtained
from the Ethics Committee of Isfahan
University of Medical Sciences (IR.MUL
MED.REC.1399.877). Women with RM were
randomly allocated to two study groups using
the random permutation block method with
a block size of 6. One group received short-
term low-dose prednisolone therapy (n=50),

while the other group underwent lymphocyte
immunotherapy (LIT; n=50). All RM patients
were assessed according to the inclusion and
exclusion criteria detailed in Table 1.

Treatment Procedures and Sample Collection
Treatment protocols were administered
according to the schedule outlined in Table 2.
Participants in the PT group received oral
prednisolone (5 mg once daily) and low-dose
aspirin (80 mg once daily) for two months.
Participants in the LIT group received three
subcutaneous injections of paternal peripheral
blood lymphocytes on days 1, 15, and 30, along
with low-dose aspirin (80 mg once daily).
All participants initiated the intervention
simultaneously during the follicular phase
of the menstrual cycle. Blood samples
were collected from all participants before
treatment and again after completion
of the two-month intervention period.

Table 1. Inclusion and exclusion criteria for study participants

Inclusion criteria

Exclusion criteria

Age 25 to 40 years
BMI 24-30 kg/m?
Normal fertility history
APCA titer < 10%

Three or more spontaneous miscarriages before 20

weeks of gestation

Pregnancy
Smoking or alcohol consumption
Previous treatment with corticosteroids or
immunotherapy
Autoimmune diseases (e.g., SLE, antiphospholipid
antibody syndrome)

Acute infection with TORCH agents (e.g., Toxoplasma,

HCV, Rubella, CMV, and HSV)

APCA: anti-paternal cytotoxic antibody, BMI: body mass index, SLE: systemic lupus erythematosus, HCV:
hepatitis C virus, CMV: cytomegalovirus, HSV: herpes simplex virus

Table 2. Timetable for treatment procedures

Timepoint PT Group (n=50) LIT Group (n=50)
Pre- First blood sampling First blood sampling
treatment
(day 0)
Intervention ¢ Prednisolone 5 mg * Ist paternal lymphocyte transfer (subcutaneous injection, day 1)
period (2  orally (one tablet daily) e 2nd paternal lymphocyte transfer (subcutaneous injection, ~day 15)
months) » Low-dose aspirin 80 ¢ 3rd paternal lymphocyte transfer (subcutaneous injection, ~day 30)
mg orally (one tablet * Low-dose aspirin 80 mg orally (one tablet daily)
daily)
Post- Second blood sampling Second blood sampling
treatment
(day 60)

PT: prednisolone therapy, LIT: lymphocyte immunotherapy, SC: subcutaneous
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At each sampling time point, 2 mL of
peripheral blood was collected into sterile
tubes containing EDTA as an anticoagulant.
Peripheral blood mononuclear cells (PBMCs)
were subsequently isolated using Ficoll—-
Hypaque density gradient centrifugation for
flow cytometric analysis.

Flow cytometry

Two milliliters of fresh peripheral venous
blood were collected into EDTA-anticoagulated
tubes and stained directly with the following
monoclonal antibodies according to the
manufacturer’s instructions: PerCP/Cyanine5.5-
conjugated anti-human HLA-DR (Clone: L.243),
FITC-conjugated anti-human CD33 (Clone:
P67.6), PE-conjugated anti-human CD66 (Clone:
W20030D), FITC-conjugated anti-human CD15
(Clone: HI9S8), and FITC-conjugated anti-human
CDI14 (Clone: HCDI4) (all from BioLegend,
USA). Isotype controls were used to assess
nonspecific antibody binding.

The prepared samples were analyzed using
FACS Caliber flow cytometer (BD Biosciences
San Jose, CA, USA) with CellQuest research
software (Becton Dickinson) for primary
data acquisition and analysis. The resulting
data were subsequently analyzed using
FlowJo software 10 (FlowJo, LLC). The
gating strategy was as follows: first, debris
was excluded and the cell population was
gated based on forward scatter (FSC-A)
versus side scatter (SSC-A). Next, HLA-DR-
negative cells were identified using an HLA-
DR versus SSC plot. Within this population,
CD33"CD66" double-positive cells were
identified. Granulocytic and monocytic
MDSC subsets were defined as CD15*CD66*
and CD14*CD66" cells, respectively (31-33).

Statistical Analysis

Statistical analyses were performed using
GraphPad Prism version 9.0 (GraphPad
Software, San Diego, CA, USA). The
distribution of the data was assessed using an
appropriate test of normality. For comparisons
between two independent groups, the
unpaired Mann—Whitney U test was used.
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For paired comparisons of measurements
obtained before and after treatment, the
Wilcoxon signed-rank test was applied. The
framework of mixed-effects nested ANOVA
was used for data adjustment and one-way
analysis of variance (ANOVA) was used for
comparisons among more than two groups,
as appropriate. For categorical variables (e.g.,
B-hCG titer > 25 IU/L, first-trimester abortion,
full-term delivery, and receipt of additional
treatments), comparisons between the LIT and
prednisolone therapy groups were performed
using the chi-square test when all expected
cell counts were > 5. Fisher’s exact test was
used when any expected cell count was < 5.
Odds ratios (ORs) and risk ratios (RRs), with
corresponding 95% confidence intervals (Cls),
were calculated to quantify the associations
between treatment group and categorical
outcomes. Graphical representations of the
data were generated using GraphPad Prism
version 9.0. Continuous variables are presented
as mean + standard error (SE). A two-tailed
P value < 0.05 was considered statistically
significant. Comparisons between the LIT and
prednisolone therapy groups were performed
as appropriate, and paired comparisons of
cell subpopulation percentages before and
after treatment were conducted within each
treatment group.

RESULTS

Most of the women included in the present
study had also participated in our previous
study (34). The demographic characteristics
of the participants are summarized in Table 3.
No statistically significant differences were
observed among the study groups with
respect to age, body mass index (BMI), and
history of previous miscarriages.

In the present study, HLA-DR" CD33"
CD66" cells were identified as MDSCs Within
this population, CD14-positive and CD15-
positive MDSCs were defined as monocytic
and granulocytic MDSC subsets, respectively
(Figures 1 A, 1C, 2A, and 2C).



Rezayat F et al.

Table 3. Clinical and demographic characteristics of the participants

PT LIT Pvalue
n=50 n=50
Age (year) 32.46 +0.58 31.92 £ 0.56 0.095 (ns)
BMI (kg/m?) 26.10 £ 0.27 26.36 +0.27 0.865 (ns)
Previous IVF Failures 0.76 £ 0.14 0.80 = 0.17 0.954 (ns)
Previous Miscarriages 376 +£0.22 3.08 £0.17 0.059 (ns)

PT: Prednisolone therapy, LIT: Lymphocyte Immunotherapy, BMI: Body Mass Index, IVF: In vitro
fertilization, ns: not significant, Data are presented as mean + standard error (SE). P < 0.05 was considered
statistically significant.
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Figure 1. Changes in granulocytic and monocytic myeloid-derived suppressor cell (GR-MDSCs and
MO-MDSCs) subsets following lymphocyte immunotherapy, as assessed by flow cytometry. According
to the gating strategy, MDSCs were identified as HLA-DR-CD33*CD66" cells (A, C). Within the MDSC
population, CD15*CD66* and CD14*CD66* were identified as GR-MDSCs and MO-MDSCs, respectively.

Lymphocyte immunotherapy significantly decreased the percentages of total MDSCs, GR-MDSC and
MO-MDSC subsets (B, D). *P value<0.05, ****P value<0.0001
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Table 4. Percentages of MDSC subsets before and after the intervention in the lymphocyte

immunotherapy group

Before Intervention After Intervention Pvalue
Mean + SEM
Total MDSCs population 11.20 £ 0.92 8.51 £0.68 0.036 *
MO-MDSCs (% of MDSCs) 15.84 £ 1.16 9.11 £ 0.55 <0.000] **%*%*
GR-MDSCs (% of MDSCs) 16.18 £ 1.53 6.41 £ 0.46 <(0.0001] ****

MO-MDSC: Monocytic myeloid-derived suppressor cell, GR-MDSC: Granulocytic myeloid-derived
suppressor cell, Data are presented as mean =+ standard error of the mean (SEM). P <0.05 was considered
statistically significant; *P value<0.05, ****P value<0.0001

Table 5. Percentages of MDSC subsets before and after the intervention in the prednisolone

therapy group
Before Intervention After Intervention Pvalue
Mean + SEM
Total MDSC population 12.05 + 1.25 14.19 £ 1.22 0.1073 ns
MO-MDSCs (% of MDSCs) 18.28 = 1.84 7.81 £0.71 <0.0001] ****
GR-MDSCs (% of MDSCs) 19.94 + 1.64 11.24 + 1.16 0.0121 *

MO-MDSC: Monocytic myeloid-derived suppressor cell, GR-MDSC: Granulocytic myeloid-derived
suppressor cell. Data are presented as mean = standard error of the mean (SEM). P < 0.05 was considered
statistically significant; ns, not significant; *P value<0.05=, ****P vqlue<0.0001

Significant Reduction in Granulocytic and
Monocytic MDSCs Percentage Following
LIT

LIT significantly reduced the percentage
of total MDSCs (CD33*CD66'HLA-DR- cells)
(P=0.036; Figure 1 and Table 4). Furthermore,
LIT resulted in a significant reduction in both
GR-MDSCs (P < 0.0001; Figure 1. B) and
MO-MDSCs (P < 0.0001; Figure 1. D).

Prednisolone  Treatment  Significantly
Reduced MDSC Subsets While Preserving
the Overall MDSC Population

No statistically significant change was
observed in the percentage of total MDSCs
following prednisolone therapy (Table 5).
However, prednisolone treatment significantly
reduced the percentages of GR-MDSCs
(P=0.012; Figure 2B) and MO-MDSCs (P<
0.0001; Figure 2D).

LIT Was More Effective than Prednisolone
Therapy in Reducing the Proportion of GR-
MDSCs

Before the intervention, there were no
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statistically significant differences between
the LIT and prednisolone therapy groups
in the proportions of GR-MDSCs or MO-
MDSCs within the MDSC population (P=0.71
and P=0.6, respectively; Figure 3). Following
the interventions, a significant difference was
observed between the two treatments groups,
indicating a greater reduction in GR-MDSCs
following LIT compared with prednisolone
therapy. In the prednisolone therapy group,
the percentage of GR-MDSCs remained
significantly higher than that of MO-MDSCs
(P=0.046; Figure 3A). Although prednisolone
therapy significantly reduced both MDSC
subsets, the reduction in MO-MDSCs was
greater than that observed for GR-MDSCs.

However, in the LIT group, the marked
reduction in the percentage of GR-MDSCs
following treatment resulted in a significantly
lower proportion of these cells compared
with MO-MDSCs (P=0.0002; Figure 3B).
These findings suggest that LIT produced a
more pronounced reduction in GR-MDSCs,
whereas prednisolone therapy had a greater
effect on MO-MDSCs.
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Figure 2. The changes in GR-MDSCs and MO-MDSCs subsets following prednisolone therapy, as
assessed by flow cytometry. CD33* HLA-DR- cells were initially gated, followed by identification of
CD33* CD66* cells as MDSCs. Within the MDSC population, CD15* CD66* and CD14*CD66* cells were
identified as GR-MDSC and MO-MDSC subsets, respectively (A, C). No statistically significant difference
was observed in the percentage of total CD33*CD66*HLA-DR- cell before and after prednisolone
therapy. However, prednisolone therapy significantly decreased the percentages of GR-MDSCs (B)
and MO-MDSCs (D) in the peripheral blood of treated women. GR-MDSC: Granulocytic myeloid
derived suppressor cell, MO-MDSC: Monocytic myeloid derived suppressor cell, ns, not significant, *P

value<0.05, **** P value<0.0001

No Significant Difference in Pregnancy
Outcomes between the LIT and Prednisolone
Therapy Groups

As shown in Table 6, participants were
followed for one year, and pregnancy
outcomes were assessed during the follow-up
period. However, some participants received

additional treatments during this period,
which may have influenced pregnancy
outcomes and potentially confounded the
effects of LIT or prednisolone therapy. The
proportion of participants achieving B-hCG
> 25 IU/L was numerically higher in the
prednisolone group (80.00% vs. 66.67%), but
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Figure 3. Comparison of GR-MDSC and MO-MDSC proportions following Lymphocyte immunotherapy
and oral administration of prednisolone. The proportion of GR-MDSCs was significantly higher than that
of MO-MDSC:s following prednisolone therapy (A, P = 0.046), whereas the proportion of was significantly
lower than that of MO-MDSCs following LIT (B, P = 0.0002). GR-MDSC: Granulocytic myeloid-derived
suppressor cell, MO-MDSC: Monocytic myeloid-derived suppressor cell, P value> 0.05= not significant

(ns), *P value<0.05, ***P value<0.001

Table 6. Pregnancy outcomes during the one-year follow-up period in the LIT and prednisolone

therapy groups
Outcome LIT Prednisolone P value OR RR
(n=48) n (%) (m=50) n (%) (95% CI) (95% CI)
B-hCG titer > 25 IU/L 32 (66.67) 40 (80.00) 0.138  0.50(0.20-1.25)  0.83 (0.65-1.07)
First-trimester abortion 3 (6.25) 5 (10.00) 0.716 0.60 (0.14-2.65)  0.63 (0.16—2.47)
Full-term delivery 17 (35.42) 16 (32.00) 0.721 1.17 (0.51-2.65)  1.11 (0.63-1.94)
Received additional 8 (16.67) 21 (42.00) 0.006 0.28 (0.11-0.71)  0.40 (0.20—0.80)

treatments

LIT: lymphocyte immunotherapy; B-hCG: beta-human chorionic gonadotropin; OR: odds ratio; RR: risk
ratio; CI: confidence interval. Data are presented as n (%). Categorical variables were compared using the
chi-square test when all expected cell frequencies were > 5; Fisher’s exact test was used when any expected
frequency was < 5. We considered P < 0.05 statistically significant. *Two participants in the LIT group were
lost to follow-up due to unrelated infectious diseases. Limitation: The study may have been underpowered to
detect statistically significant differences in some pregnancy outcomes due to the small sample size

the difference was not statistically significant
(P=0.138; OR=0.50, 95% CI: 0.20-1.25;
RR=0.83, 95% CI: 0.65-1.07). Similarly, no
significant differences were observed for first-
trimester abortion (6.25% vs. 10.00%; P=0.716;
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OR=0.60, 95% CI: 0.14-2.65; RR=0.63, 95%
CI: 0.16-2.47) or full-term delivery (35.42%
vs. 32.00%; P=0.721; OR=1.17, 95% CI:
0.51-2.65; RR=1.11, 95% CI: 0.63—-1.94).
Notably, the proportion of participants
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who received additional treatments was
significantly higher in the prednisolone
therapy group (42.00% vs. 16.67%; P=0.006;
OR=0.28, 95% CI: 0.11-0.71; RR=0.40, 95%
CI: 0.20-0.80). These findings should be
interpreted with caution, as the study may
have been underpowered to detect statistically
significant differences in some pregnancy
outcomes due to the small sample size.

DISCUSSION

In the last several decades, studies have
demonstrated the involvement of MDSCs at
various stages of pregnancy and during the
neonatal period, as well as in gynecological
disorders such as first-trimester miscarriage,
recurrent implantation failure (RIF), and
preeclampsia (13, 35-37).

MDSCs have been implicated in immune
suppression, regulation of inflammatory
response, trophoblast implantation, and
angiogenesis (13, 36, 38-41). Elevated levels
of estradiol and progesterone have been
reported to increase the proportion of MDSCs
in the decidua of pregnant women compared
with non-pregnant women and may promote
their recruitment during pregnancy (14, 42).
GR-MDSCs accumulate at the feto-maternal
immune interface during healthy pregnancies
and may contribute to the establishment
and maintenance of feto-maternal immune
tolerance (43). MDSCs can modulate the
activity of other immune cells, particularly T
and NK cells, primarily through suppression
of their functions (41, 44). Kostlin et al.
demonstrated that GR-MDSCs accumulate
in the maternal peripheral blood throughout
pregnancy in both mice and humans (13).
Conversely, a reduction in the number or
suppressive function of these cells during early
pregnancy has been associated with RM (36,
40, 45). The distribution and characteristics of
MDSCs across different stages of pregnancy
have also been investigated in several studies
(14, 36, 40, 46). Available evidence indicates
that GR-MDSCs play an important role in
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maintaining feto-maternal tolerance (47-
49). Given their potential involvement in the
implantation process, modulation of the GR-
MDSC population during the pre-pregnancy
period may also influence implantation and
the success of embryo transfer.

The early stages of a successful pregnancy
depend on the embryo’s ability to attach to
and invade the endometrium. The complex
interplay among maternal decidual stromal
cells, decidual glandular epithelial cells, and
various immune cell populations within the
feto-maternal immune microenvironment
is crucial for the trophoblast migration and
invasion and for the development of decidual
vasculature (54, 47, 48). Maintaining a delicate
balance between pro- and anti-inflammatory
immune cell populations, including T cells,
NK cells, and MDSCs, is essential for
successful implantation and placentation
(40, 49-53). Furthermore, the high levels
of estrogen and progesterone produced by
the maternal corpus luteum and, later, the
fetal placenta influence immune cell function
during pregnancy (55). In the present study,
women with a history of recurrent miscarriage
were evaluated during the pre-pregnancy
period. Before treatment, no statistically
significant differences were observed in the
proportions of MO-MDSCs and GR-MDSCs
between the treatment groups.

Based on our findings of the present study,
oral administration of low-dose prednisolone
for two months before pregnancy in women
with RM significantly reduced the proportions
of both GR-MDSCs and MO-MDSCs
within the MDSC population. Two distinct
observations emerged from these data. First,
with respect to the relative proportions of the
two subsets after treatment, the proportion
of GR-MDSCs remained significantly
higher than that of MO-MDSCs (P=0.046).
Second, with respect to the magnitude of
change from baseline, MO-MDSCs showed
a greater reduction than GR-MDSCs. Thus,
although both MDSC subsets decreased
following prednisolone therapy, the relative
dominance of GR-MDSCs within the MDSC
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population was preserved, while the absolute
reduction was more pronounced for MO-
MDSCs. Prednisolone, a glucocorticoid, has
anti-inflammatory and immunosuppressive
properties (50) and has been investigated as
an immunomodulatory treatment in women
with recurrent miscarriage. A meta-analysis
of randomized controlled trials reported
that prednisolone was associated with
improved pregnancy outcomes and a reduced
miscarriage rate in women with unexplained
recurrent miscarriage (29). Experimental
and clinical evidence has demonstrated
the potential effects of glucocorticoid
supplementation on reproductive outcomes
in selected infertility and recurrent pregnancy
loss (RPL) populations undergoing assisted
reproductive treatment, although varied
observations in clinical trials arise from
heterogeneity in therapeutic approaches (51,
52). In the present study, prednisolone therapy
significantly reduced the proportions of both
GR-MDSCs and MO-MDSCs within the
MDSC population. However, the proportion
of GR-MDSCs remained significantly higher
than that of MO-MDSCs following treatment.
Thus, although both MDSC subsets decreased
following prednisolone therapy, MO-MDSCs
showed a greater reduction than GR-MDSCs.
LIT has different immunomodulatory effects
from prednisolone therapy and has been
investigated as a treatment for recurrent
miscarriage (34). Proposed mechanisms of
LIT include modulation of maternal T and NK
cell activity (53-56), induction of anti-T-cell
receptor (TCR) idiotypic antibodies (55, 56),
and inhibition of mixed lymphocyte reaction
(57-60). These immunomodulatory effects
have been proposed to contribute to the
establishment of maternal immune tolerance
during pregnancy (22, 61-63). Researchers
have utilized allogeneic lymphocytes,
particularly paternal lymphocytes, in
lymphocyte immunotherapy (LIT) to induce
maternal immune responses that may promote
tolerance to paternal and fetal antigens.
This maternal immunomodulation involves
a shift from Thl to Th2 cells, increased

concentrations  of  anti-inflammatory
cytokines, and inhibition of NK cells. Another
notable mechanism of LIT is the promotion
of anti-paternal cytotoxic antibodies (APCA),
anti-idiotypic antibodies (Ab2), and mixed
lymphocyte reaction blocking antibodies
(MLR-BY) (64-66). However, the clinical
significance of blocking antibodies and their
role in preventing maternal immune rejection
of the embryo remain uncertain.

Previous studies have suggested that LIT
may influence estrogen levels and modulate
cellular immune responses in women with
unexplained recurrent miscarriage (URM),
with potential effects on implantation
outcomes (67). Estrogen signaling has also
been implicated in the regulation of MDSCs.
Activation of the STAT3 pathway in bone
marrow myeloid precursors through the
estrogen receptor can promote the expansion
of MDSCs with potent immunosuppressive
activity toward T cells. In addition, estrogen
plays a key role in the accumulation and
functional regulation of MDSCs in systemic
lupus erythematosus (SLE), although the
effects may differ among MDSC subsets.
MO-MDSCs have been shown to promote
inflammation in the pathogenesis of SLE by
modulating the Th17/Treg cell balance (68).
Liu et al. evaluated women with uRM and
reported changes in the Th1/Th2 ratio and
Treg cell levels following LIT, using the
Th1/Th2/Treg paradigm as an indicator of
therapeutic effectiveness (61). In contrast,
another study found no significant differences
in the absolute numbers of peripheral T, B,
or NK cells between women receiving LIT
and controls (69).

Aslanian et al reported that LIT in women
with recurrent pregnancy loss (RPL) increased
FoxP3 mRNA expression, decreased RORyt
mRNA expression and NK-cell cytotoxicity,
and reduced miR-155 expression (70).
MicroRNAs play important roles in immune
cell maturation, differentiation, and function,
and have also been implicated in pregnancy
and reproductive disorders, including
RPL, endometriosis, preeclampsia, and
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ovarian cancer (70, 71). miR-155 has been
shown to promote the accumulation and
immunosuppressive activity of MDSCs in
the tumor microenvironment, partly through
repression of SOCS1 and modulation of CD4*
Foxp3* Treg generation (72). An association
between MDSCs and Thl7 cells has also
been reported in Ehrlich ascites carcinoma,
suggesting these cell populations may interact
in certain pathological settings (73). Although
pregnancy and the tumor microenvironment
share some features of immune regulation,
whether similar interactions occur during
pregnancy or in women with RPL remains
unclear. In the study by Aslanian et al., LIT
was associated with reduced RORyt, together
with increased FoxP3 expression and Treg
cell frequency (70, 74). These findings raise
the possibility that changes in the Th17/Treg
balance following LIT may be related to
alterations in MDSC subsets.

The LIT protocol may influence the
outcomes observed across studies (10).
The protocol used in the present study was
similar to that described by Liu et al. (69)
with respect to the administration of a low-
dose of fresh lymphocyte injection (107 cells
per administration), intradermal injection,
and lymphocyte isolation procedures. In the
present study, although LIT significantly
reduced both MO-MDSCs and GR-MDSCs,
the proportion of MO-MDSCs remained
higher than that of GR-MDSCs after
treatment. The mechanisms underlying
this differential response remain unclear.
One possible explanation is that LIT may
influence hormonal or immune pathways
that differentially regulate MDSC subsets;
however, estrogen levels were not assessed
in the present study, and this possibility
therefore requires further investigation. Liu
et al. reported changes in the Th1/Th2/Treg
cell profile and cytokine levels following LIT
(69). In contrast, in our previous study, we
did not observe significant changes in TGF-3
or IFN-y concentrations following LIT (34).
This discrepancy may be related to differences
in the immunological characteristics of the
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study populations, including the abnormal
Th1/Th2/Treg cells profile reported among
participants in the study by Liu et al.

Prednisolone therapy significantly reduced
the proportions of both MO-MDSCs and GR-
MDSCs, with a greater reduction in MO-
MDSCs, whereas LIT resulted in a greater
reduction in GR-MDSCs. The mechanisms
underlying these differential effects on MDSC
subsets remain unclear and warrant further
investigation. Overall, the findings indicate
that both LIT and low-dose prednisolone
therapy can alter MDSC subset proportions
during the pre-pregnancy period in women
with RM.

In the present study, we investigated
changes in the peripheral blood ratio of
MO-MDSCs to GR-MDSCs in women prior
to pregnancy. No significant difference in
pregnancy outcomes was observed between
the LIT and low-dose prednisolone groups
during the follow-up period. Further
prospective studies are needed to clarify
the relationship between pre-pregnancy
modulation of MDSC subsets and subsequent
pregnancy outcomes.

In this study, no statistically significant
differences were observed between the LIT
and prednisolone therapy groups in B-hCG
titer > 25 IU/L, first-trimester abortion, or
full-term delivery during the one-year follow-
up period. These findings are consistent
with previous studies reporting that neither
LIT nor low-dose prednisolone is clearly
superior to the other in improving pregnancy
outcomes in women with RM (75). The
lack of a significant difference between the
two treatment groups may reflect patient
population heterogeneity, differences in
treatment protocols across studies, or the
complex and multifactorial nature of RM (76,
77). Notably, the proportion of participants
who received additional treatments during
the follow-up period was significantly
higher in the prednisolone therapy group
than in the LIT group. This finding may
reflect differences in clinical response to the
two treatment strategies and suggests that
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women in the prednisolone therapy group
may have required further interventions to
achieve or maintain pregnancy. However, this
observation should be interpreted cautiously,
as the study was not primarily powered to
detect differences in the need for additional
treatments, and the use of additional therapies
may have confounded the observed pregnancy
outcomes. Although LIT and prednisolone
had opposing effects on the GR-MDSC/
MO-MDSC ratio, this did not translate
into significant differences in pregnancy
outcomes. Further prospective studies with
larger sample sizes and standardized protocols
for additional treatments are needed to clarify
the relationship between pre-pregnancy
modulation of MDSC subsets and subsequent
pregnancy outcomes.

CONCLUSION

In women with recurrent miscarriage, short-
term low-dose prednisolone therapy and LIT
were associated with significant changes in
the proportions of MDSC subpopulations in
women with RM during the pre-pregnancy
period. Both treatments reduced MO-
MDSCs and GR-MDSCs, although the
magnitude of reduction differed between
the two subsets and treatment groups. No
significant difference in pregnancy outcomes
was observed between the two treatment
groups during follow-up. These findings
suggest that both treatments modulate MDSC
subsets, which may have implications for
pre-conception immunomodulation in RM.
Further prospective studies with larger
sample sizes and standardized protocols are
needed to clarify the relationship between
pre-pregnancy MDSC modulation and
subsequent pregnancy outcomes.
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