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ABSTRACT

Objective: Myeloid-derived suppressor cells (MDSCs) are immature myeloid progenitors,
including monocytic and granulocytic subgroups (M-MDSCs and PMN-MDSCs). They exhibit
immunoregulatory and immunosuppressive properties by limiting immune-mediated
pathology and protecting the host from destructive inflammatory damage. Graft-versus-
host disease (GVHD) comprises a series of immune-mediated inflammatory events in which
donor-derived T cells target the tissues and organs of the transplant recipient. This study
aims to evaluate the behavior of MDSCs during GVHD in patients undergoing allogeneic
hematopoietic stem cell transplantation (HSCT).

Materials and Methods: Fifteen patients who underwent allogeneic HSCT were included in
the study. MDSCs and their subsets were identified and characterized by flow cytometry on
days 0, 30, 60, and 90 post-engraftment.

Results: The median frequency of monocytic MDSCs (M-MDSCs) on the first day of
engraftment was significantly higher in patients without GVHD than in those who developed
GVHD. Furthermore, the expansion of M-MDSCs occurred significantly earlier than that of
the other MDSC subset.

Conclusion: Monocytic MDSCs play a key regulatory role in limiting GVHD and may serve as
potential therapeutic targets for GVHD prevention or treatment.

Keywords: Allogeneic stem cell transplantation, graft-versus-host disease, immunoregulatory
cells, monocytic myeloid-derived suppressor cells, myeloid-derived suppressor cells.

INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (HSCT) is a current and promising treatment
for hematological malignancies, particularly leukemia. In the post-transplant period, an optimal
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immune balance between the recipient and the graft is
required to enable donor lymphohematopoietic cells (the
graft) to engraft (i.e., settle in the recipient and produce new
blood cells) while preventing tumor recurrence. Patients who
undergo allogeneic HSCT face a 30% risk of developing acute
graft-versus-host disease (GVHD)." GVHD comprises a series of
immune-mediated inflammatory events and tissue damage
driven by donor-derived T cells in the recipient’s body. It is
a complication of HSCT that can lead to graft failure, cause
severe organ damage, or even be fatal.

Myeloid-derived suppressor cells (MDSCs) are immature cells of
myeloid origin with predominant regulatory and suppressive
properties and incomplete development and differentiation.>?
MDSCs are often increased in immunocompromised conditions
such as cancer, chronic diseases, and inflammation. These cells
may be considered predictors of adverse outcomes because
they are associated with increased tumor growth through
angiogenesis and metastasis. On the other hand, MDSCs
suppress dynamic immune responses through the cytokines
they secrete, thereby limiting immune-mediated pathology and
protecting the host from destructive inflammatory damage.
Based on their phenotypic and morphological characteristics,
MDSCs are classified into monocytic (M-MDSC) and
polymorphonuclear/granulocytic (PMN-MDSC) subsets. These
cells are typically present at very low levels in peripheral blood
but can be induced and expanded with granulocyte colony-
stimulating factor (G-CSF) stimulation.* As their regulatory roles
and biology become better understood, in vitro production and
therapeutic applications may emerge as areas of interest.

This study aims to explore the relationship between GVHD
and MDSCs in patients undergoing allogeneic HSCT.

MATERIALS AND METHODS

Inthis prospective study, 15 patientswhounderwentallogeneic
HSCT at the Hematology and Bone Marrow Transplant Unit
of Erciyes University Hospital were included. The following
inclusion criteria were applied: age 18-65 years, Eastern
Cooperative Oncology Group (ECOG) performance score <1,
and adequate parenchymal organ function, defined as total
bilirubin <2x the normal value; AST, ALT, and ALP <5x the
normal value; creatinine <2x the normal value; and creatinine
clearance >35 mL/min. Acute GVHD was graded according to
the IBMTR/Keystone consensus criteria.’ Patients with grade
II-1V acute GVHD were classified as GVHD-positive. For GVHD
prophylaxis, all patients received immunosuppressive therapy
consisting of cyclosporine and a short course of methotrexate
according to institutional standard protocols.

During post-transplant follow-up, peripheral venous blood
samples were collected on days e0, 30, e60, and €90, starting
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KEY MESSAGES

» Myeloid-derived suppressor cells play a major role in
limiting inflammation.

»  Monocytic MDSC recovery occurs earlier than
that of other immunologic cells after allogeneic
transplantation.

« The risk of GVHD is inversely proportional to the
recovery of monocytic MDSCs.

on thefirst day of neutrophil engraftment (e). Antibody markers
used to identify MDSCs were measured by flow cytometry: HLA-
DR (PB), CD11b (PE), CD45 (KrO), CD66b (FITC), CD15 (FITC),
CD33 (PE), and CD14 (PC5). The analysis was performed using
a Beckman Coulter Navios flow cytometer and Kaluza analysis
software. After flow cytometric analysis, neutrophils and
monocytes were selected, and the mean fluorescence intensity
(MFI) values of cells identified as MDSCs were obtained.

For PMN-MDSCs, CD14-negative cells were selected from
CDA45-positive cells. CD11b-positive cells were then isolated
from the CD14-negative population. The MFI of CD66b-
positive cells among CD11b-positive cells was measured, and
these cells were identified as PMN-MDSCs.5 For M-MDSCs,
CD11b-positive and CD15-negative cells were selected from
CDA45-positive cells. CD14-positive cells were also selected
from CD33-positive cells, and HLA-DR-negative cells were
defined as M-MDSCs.6 Figures 1 and 2 present representative
flow cytometry images from patient 9.

Chimerism analysis was performed at the Genetics Unit
of Erciyes University using a 3500 Genetic Analyzer for
fragment analysis following PCR, with subsequent analysis
using GeneMapper Generic software. Informed consent was
obtained from all patients.

The study was funded by the Scientific Research Projects (BAP)
Unit of Erciyes University (Project No: TYL-2017-7831), and
ethical approval was granted by the Erciyes University Clinical
Research Ethics Committee (Approval Number: 2017/441,
Date: 29.09.2017).

For statistical analysis, continuous variables were expressed
as meanzstandard deviation (SD) or median (minimum-
maximum), and categorical variables were presented as counts
and percentages (%). Histograms, Q-Q plots, and the Shapiro-
Wilk test were used to assess data normality. The Mann-
Whitney U test was applied to compare two independent
groups of quantitative variables. For comparisons involving
more than two repeated measurements, the Friedman test
was used, with Bonferroni adjustment applied to control for
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Figure 1. Example of flow cytometry graphics of PMN-
MDSC (patient 9). Representative flow cytometry analysis
of polymorphonuclear myeloid-derived suppressor cells
(PMN-MDSCs) from a representative patient (patient
9). PMN-MDSCs were identified within the neutrophil
population based on surface marker expression.

multiple testing. Spearman’s correlation test was performed
to assess associations between continuous variables. Based
on repeated-measures analysis, the overall post hoc observed
power was calculated as 63%, using the observed effect size,
sample size, and an alpha level of 0.05. Data were analyzed
using TURCOSA Cloud (Turcosa Ltd Co, www.turcosa.com.
tr) statistical software’” A p-value<0.05 was considered
statistically significant.
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Table 1. Baseline demographic and clinical characteristics of
the study population

Total (n=15) n (%)

Gender (female) 7 (47)
Age, mean (years) £SD 39.13+£16.23
Underlying disease
AML 6 (40)
AA 3 (20)
MDS 3(20)
HL 1(6.7)
MM 1(6.7)
ALL 1(6.7)
Donor type
Full-matched 12 (80)
Haploidentical 3(20)
Conditioning regimen
Myeloablative 12 (80)
Nonmyeloablative 3(20)
Acute GVHD (grade lI-IV) 5(33)
Survival (first 100 days) 12 (80)

Data are presented as number (%) or meanztstandard deviation, as appropriate.
AML: Acute myeloid leukemia; AA: Aplastic anemia; MDS: Myelodysplastic
syndrome; HL: Hodgkin lymphoma; MM: Multiple myeloma; ALL: Acute
lymphoblastic leukemia; GVHD: Graft-versus-host disease.

RESULTS

The study included 15 patients who underwent allogeneic
transplantation for various hematological diseases. The mean
age of the patients was 39 years, and 8 were male. The most
common underlying indication for transplantation was acute
leukemia, particularly acute myeloid leukemia (AML) (40%).
Patients’ demographic characteristics and transplantation
data are presented in Table 1.

The median engraftment times for neutrophils and platelets
were 19 and 17.5 days, respectively. Grade II-IV GVHD
developed in 5 (33%) patients (GVHD-positive) (P4, P6, P13,
P14, P15) during the 100-day follow-up period. Three of these
patients (P13, P14, P15) died of GVHD within the first 100 days.
Twelve patients completed the 100-day follow-up. All but one
patient had first-month chimerism ranging from 95-100%
(complete chimerism). Chimerism in P6 was 61.2; this patient
died 7 months after day €90 blood collection due to relapse
of the primary disease, diagnosed as MDS. Another patient,
P4, who developed GVHD, died from GVHD 6 months after
transplantation.
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Figure 2. Example of flow cytometry graphics of M-MDSC (patient 9). Representative
flow cytometry analysis of monocytic myeloid-derived suppressor cells (M-MDSCs)
from a representative patient (patient 9). M-MDSCs were gated within the monocyte
population according to characteristicimmunophenotypic features.

Laboratory values, including flow cytometry, blood counts,
and chimerism parameters, as well as their changes over time,
are presented in Table 2. Changes in M-MDSC and lymphocyte
values over time were statistically significant (p=0.039 and
p=0.010). Changes in the remaining parameters did not
reach statistical significance (CD14/MFI p=0.183, CD15/MFI
p=0.896, PMN-MDSC/MFI p=0.071, M-MDSC/MFI p=0.039,
WBC p=0.183, neutrophils p=0.281, monocytes p=0.409,
lymphocytes p=0.010, thrombocytes p=0.689). Chimerism
was preserved in these patients.

4

In the correlation analysis, a moderate, statistically significant
positive correlation was observed between platelet engraftment
time (Plt-e) and CD14+ cells (r=0.556, p=0.039). Amoderate negative
correlation was observed between neutrophil engraftment time
(Neu-e) and CD15+ cells (r=-0.472, p=0.076); however, this did not
reach statistical significance. No statistically significant correlations
were observed between neutrophil or platelet engraftment times
and PMN-MDSCs or M-MDSCs (Plt-e and PMN-MDSC r=0.409,
p=0.147; Plt-e and M-MDSC r=0.152, p=0.603; Neu-e and PMN-
MDSC r=-0.074, p=0.793; Neu-e and M-MDSC r=-0.018, p=0.949).
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Table 2. Flow cytometry and blood count parameters across engraftment time points

e e0 (n=15) e30 (n=15) €60 (n=13) €90 (n=11) b
Median (IQR) Median (IQR) Median (IQR) Median (IQR)

CD14/MFI 14.8 (11.4-90.5) 21.7 (15.7-36.5) 25.0(18.2-71.3) 104.9 (34.2-143.0) 0.183
CD15/MFI 304 (23.4-74.8) 46.9 (28.3-99.9) 61.3(30.3-86.3) 43.5 (18.9-88.9) 0.896
PMN-MDSC/MFI 147.3 (23.4-250.0) 201.6 (151.6-352.0) 189.2 (145.0-242.0) 191.4 (173.4-293.8) 0.071
M-MDSC/MFI 1.4 (0.9-1.8)° 2.0(1.8-2.6)° 2.1(1.2-2.3)® 1.7 (0.8-2.9)*® 0.039
WBC (10%/uL) 3.3(1.8-4.9) 3.9 (3.5-4.9) 3.3(2.8-5.8) 53(3.3-5.7) 0.183
Neutrophils (10%/uL) 1.8 (1.1-3.2) 3.0(1.8-3.4) 1.7 (1.3-4.0) 3.5(1.8-3.7) 0.281
Monocytes (10*/uL) 0.6 (0.5-1.1) 0.5 (0.4-0.6) 0.4 (0.3-0.6) 0.5 (0.3-0.7) 0.409
Lymphocytes (10*/uL) 0.5 (0.3-0.7)° 0.8 (0.5-1.1)* 1.1 (0.9-1.4)° 0.9 (0.7-1.2)*® 0.010
Thrombocytes (10%/uL) 97.0 (42.0-161.0) 126.0 (111.0-159.0) 143.0 (121.0-186.0) 154.0 (115.0-177.0) 0.689

Longitudinal changes in flow cytometry parameters and peripheral blood counts at predefined engraftment time points (e0, €30, €60, and e€90). Data are presented as
median and interquartile range (IQR). P values indicate overall differences between time points. The same letters within a row indicate similarity between time points,
whereas different letters indicate statistically significant differences. e0: Engraftment day; e30: 30* day of engraftment; e60: 60" day of engraftment; e90: 90" day of
engraftment; CD: Cluster of differentiation; MFI: Mean fluorescence intensity; PMN-MDSC: Polymorphonuclear myeloid-derived suppressor cell; M-MDSC: Monocytic

myeloid-derived suppressor cell; WBC: White blood cell.

The median M-MDSClevel measured on day eO was significantly
higher in GVHD-negative patients than in GVHD-positive
patients (p<0.02). No statistically significant differences were
observed for the other parameters with respect to GVHD
status and time (p>0.05) (Table 3).

The change in lymphocyte levels over time in the GVHD-
negative group was statistically significant (p<0.01). The median
value on day e60 was higher than that on day e0 (Table 3).

DISCUSSION

In normal physiology, when a pathological threat arises—such
as infection, tissue damage, or malignant transformation—
myelopoiesis is stimulated, leading to myeloid expansion
aimed at eliminating the threat. As inflammation and myeloid
expansion persist, the morphology of myeloid cells shifts
toward a more immature state. These immature cells, defined
as MDSCs, possess immunosuppressive capacities and thus
prevent excessive tissue damage by suppressing the immune
response.®® MDSCs exert immunosuppressive and anti-
inflammatory effects through the cytokines they secrete. In
the pathogenesis of many solid tumors, an increase in the
MDSC population is observed, and elimination of MDSCs
enhances the immune response, strengthens anti-tumor
activity, and shifts the balance against the tumor. However, in
HSCT, suppression of the immune response may represent a
therapeutic target.

Notarantonio et al."® recently published a study examining
the effects of MDSCs on disease relapse in patients who
underwent allogeneic stem cell transplantation. In this study,
they suggested that MDSCs reduce GVHD development

through their immunosuppressive effects and are associated
with relapse by impairing the immune system’s ability to
identify and eliminate blastic cells. Fan et al.'' demonstrated in
a study of allogeneic stem cell recipients with different primary
hematological malignancies that bone marrow-derived grafts
contained higher numbers of MDSCs than peripherally derived
stem cells and that the number of MDSCs in the graft was
negatively correlated with the incidence and severity of GVHD.
Li et al." conducted a study comparing pegylated G-CSF with
conventional G-CSF in relation to GVHD. In this study, severe
GVHD was less frequent in patients receiving peg-G-CSF, and
the beneficial effects of peg-G-CSF grafts were attributed to
increased numbers of M-MDSCs.

In another study investigating the role of MDSCs in immune
reconstitution after allogeneic HSCT, 26 patients were
followed during the first three months after transplantation.’
Both MDSC subsets were found to recover within 2—-4 weeks,
well before the recovery of T and B lymphocytes. MDSCs
have been shown to suppress the differentiation of Thi
cells and promote the development of regulatory T (Treg)
lymphocytes.”™ Functional MDSCs contribute to the early post-
transplant regulatory cell population after HSCT. Monocytes
are among the first cells to recover after successful allogeneic
transplantation, followed by granulocytes and platelets.
In contrast, lymphocyte recovery, along with coordinated
immune reconstitution, generally does not occur until
approximately 100 days after HSCT.'*'* The aforementioned
study demonstrated that MDSCs begin to recover within the
first month after HSCT, with M-MDSCs recovering 1-2 weeks
earlier than PMN-MDSCs. This finding is consistent with
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Table 3. Comparison of flow cytometry and blood count parameters according to GVHD status

GVHD positive (n=5)

GVHD negative (n=10)

Parameter Time p*
Median (IQR) Median (IQR)
CD14/MFI e0 21.7 (11.4-46.9) 16.8 (6.3-159.9) 0.859
e30 36.8 (21.2-132.5) 21.7 (7.2-80.5) 0.129
e60 18.1(15.5-119.9) 24.9(13.7-200.1) 0.573
€90 108.2 (74.5-141.9) 104.9 (14.2-257.8) 0.999
p 0.494 0.392
CD15/MFI e0 48.1 (15.3-79.4) 30.1 (14.7-85.1) 0.859
e30 38.0(9.8-107.6) 42.2 (9.5-108.6) 0.953
€60 66.2 (16.1-87.4) 46.3 (13.4-93.3) 0.692
€90 69.4 (43.5-95.2) 24.7 (12.1-111.4) 0.436
p 0.896 0.954
PMN-MDSC/MFI e0 169.8 (93.0-355.0) 141.0 (5.3-297.0) 0.513
e30 249.4 (170.0-446.0) 171.6 (101.8-352.0) 0.075
€60 216.8 (30.2-242.0) 177.0 (82.6-374.0) 0.811
€90 130.7 (35.4-226.0) 191.4 (101.0-377.2) 0.436
p 0.308 0.115
M-MDSC/MFI e0 0.8 (0.5-1.2) 1.6 (0.1-2.7) 0.028
e30 1.2 (0.7-2.6) 2.0(1.1-2.9) 0.440
e60 1.1(0.5-2.3) 2.1(0.7-3.3) 0.287
€90 1.0 (0.8-1.3) 1.9(0.7-3.0) 0.327
p 0.145 0.145
Neutrophils (10°/uL) e0 3.2(2.3-7.9) 1.6 (0.9-4.8) 0.055
e30 4.2(1.7-6.9) 3.0(1.8-4.3) 0.440
€60 1.2 (1.2-4.0) 1.7 (1.2-6.8) 0.217
€90 3.0 (2.5-3.6) 3.5(1.2-10.8) 0.999
p 0.896 0.268
Monocytes (10%/L) e0 1.3 (0.6-2.6) 0.6 (0.2-2.0) 0.075
e30 0.5 (0.4-0.9) 0.5(0.2-1.2) 0.513
e60 0.2 (0.2-0.6) 0.4 (0.1-0.8) 0.371
€90 0.6 (0.3-0.8) 0.5(0.3-1.1) 0.582
p 0.308 0.706
Lymphocytes (10°/uL) e0 0.6 (0.0-0.7) 0.5 (0.2-2.0)* 0.953
e30 0.9 (0.4-1.6) 0.7 (0.2-1.7) 0310
€60 1.1(0.4-1.2) 1.2 (0.6-1.8)° 0.469
€90 0.7 (0.5-1.0) 0.9 (0.2-2.0) 0.727
p 0.112 0.013

Comparison of flow cytometry parameters and peripheral blood counts between patients with and without acute GVHD at different engraftment time points. Data are
expressed as median and interquartile range (IQR). p* indicates the significance of differences between groups, and p indicates the significance of differences over time.
The same letters within a column indicate similarity between time points, whereas different letters indicate statistically significant differences. # In the GVHD group, the
sample size was n=3 for e60 and n=2 for €90, as three patients died before the respective sampling time points. In the non-GVHD group, the sample size was n=9 for
€90, as one patient died before the sampling time point. e0: Engraftment day; e30: 30" day of engraftment; e60: 60" day of engraftment; €90: 90* day of engraftment;
CD: Cluster of differentiation; MFI: Mean fluorescence intensity; PMN-MDSC: Polymorphonuclear myeloid-derived suppressor cell; M-MDSC: Monocytic myeloid-derived

suppressor cell; WBC: White blood cell.
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previous data indicating that monocytes recover earlier than
granulocytes following HSCT. The study also emphasized
the potentially important role of PMN-MDSCs in HSCT. PMN-
MDSCs were noted to be more abundant numerically, to exert
stronger suppressive effects on lymphocyte proliferation, to
show a positive correlation with other components of the
immune system, and to potentially serve as predictors of
acute GVHD."3™

In the present study, neither neutrophil nor platelet
engraftment times correlated with MDSCs. However, the
number of M-MDSCs increased significantly earlier than that
of other subsets during the first month after transplantation
(p<0.05). A significant increase in lymphocyte counts was
observed at the end of the second month. Baseline M-MDSC
levels were higher in patients who did not develop GVHD
than in those who did. This finding is consistent with previous
data suggesting that M-MDSCs may serve as predictive
biomarkers for acute GVHD." However, unlike the findings
of Storek et al.,'* similar parameters were not found to be
significant for PMN-MDSCs.

The recovery of MDSCs during the early post-transplant
immune process is thought to depend on growth factors
and proinflammatory cytokines.* Therefore, changes in
clinical practice, such as post-transplant growth factor
administration, may influence both the quantity and function
of MDSCs in the microenvironment, potentially explaining
differences in GVHD outcomes associated with the use of
hematopoietic growth factors. A better understanding of
the physiological behavior of MDSCs in patients with GVHD
will provide valuable insights to guide future studies on the
use of these cells to limit the uncontrolled immune response
central to GVHD pathophysiology. As cellular therapies
continue to advance toward clinical application, MDSCs may
represent a promising therapeutic tool.

In addition, age-related immune changes may influence the
interpretation of MDSC dynamicsin the post-transplant setting.
Aging is associated with inflammaging, a chronic low-grade
inflammatory state that contributes to immunosenescence-
related alterations in hematopoiesis, including myeloid
skewing and increased generation of MDSCs in the bone
marrow.'® Consequently, age-related variability in MDSC levels
may represent a confounding factor when evaluating immune
profiles in transplant recipients. However, the age distribution
of our cohort was relatively narrow, as all patients were eligible
for allogeneic hematopoietic stem cell transplantation.
The mean age of the study population was 39.1£16.2 years,
reflecting a relatively young and selected patient population.
Therefore, the potential impact of age-related variation in
MDSC levels is likely to be limited in this cohort.

Erdem Kinas et al. Myeloid-Derived Suppressor Cells and GVHD

The major limitation of this study was the relatively small
sample size, including only 15 patients, which inevitably
affected the statistical power of some analyses and the
generalizability of the findings. In addition, the relapse rate
was very low, limiting the ability to assess the potential impact
of MDSCs on disease relapse. The overall observed power
for the repeated-measures analysis was moderate (63%),
reflecting the limited number of cases. Therefore, the findings
should be interpreted with caution, considered preliminary,
and validated in larger prospective cohorts.

Despite these limitations, the prospective design and serial
measurements during the early post-transplant period
provide preliminary evidence that M-MDSCs may serve as an
early biomarker for acute GVHD.

CONCLUSION

In conclusion, the monocytic subtype of MDSCs plays a
predominant role in limiting GVHD and may represent a
potential therapeutic target for the prevention or treatment
of GVHD.
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