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ABSTRACT
Introduction: Myeloid-derived suppressor cells (MDSCs) are a heterogeneous population of immature myeloid cells that accumulate 
under pathological conditions, such as cancer, and suppress immune responses through various mechanisms. Distinguishing MDSC 
populations remains challenging due to their shared surface markers with neutrophils and monocytes, complicating accurate 
identification and quantification. This study aimed to improve MDSC identification and quantification using conventional flow 
cytometry panels and assess their functional activity for integration into the cancer immunogram of cancer patients at the Immunology 
Department of IPO-Porto.
Methods: Identification and quantification of circulating MDSCs were performed by flow cytometry using an 8-color multiparametric 
panel.
Results: Cancer patients showed significantly higher levels of PMN-MDSCs (12-fold) and M-MDSCs (1.1-fold) than healthy donors. 
MDSC function was evaluated by qPCR after cell sorting (FACS), revealing increased transcriptional levels of NOS2 and TGFB1,  
which are associated with immunosuppressive activity. Moreover, reduced zeta chain (CD247) expression in T lymphocytes and NK 
cells was observed, with lower mean fluorescence intensity (MFI) ratios in cancer patients, indicating impaired immune signaling.
Conclusion: This study confirmed that circulating MDSC levels are elevated in cancer patients, reinforcing their relevance in the cancer 
immunogram. It also identified potentially useful phenotypic and functional MDSC markers that require validation in larger sample 
sets. The findings contribute to refining flow cytometry analysis panels, enabling more accurate and standardized identification of 
MDSC populations using conventional platforms.

Keywords: Biomarkers, Tumor; Flow Cytometry; Myeloid-Derived Suppressor Cells; Neoplasms

RESUMO
Introdução: As células mieloides supressoras (MDSCs) são uma população heterogénea de células mieloides imaturas que se 
acumulam em condições patológicas, como o cancro, e suprimem as respostas imunitárias através de vários mecanismos. A distinção 
entre populações de MDSC continua a ser um desafio devido à partilha de marcadores de superfície com neutrófilos e monócitos, 
dificultando a sua identificação e quantificação precisas. Este estudo teve como objetivo melhorar a identificação e quantificação das 
MDSCs utilizando painéis de citometria de fluxo convencional e avaliar a sua atividade funcional para integração no imunograma de 
cancro de doentes oncológicos no Serviço de Imunologia do IPO-Porto.
Métodos: A identificação e quantificação das MDSCs circulantes foram realizadas por citometria de fluxo utilizando um painel 
multiparamétrico de 8 cores.
Resultados: Os doentes com cancro apresentaram níveis significativamente mais elevados de PMN-MDSCs (12 vezes) e M-MDSCs 
(1,1 vezes) em comparação com dadores saudáveis. A função das MDSCs foi avaliada por qPCR após a separação celular (FACS), 
revelando níveis de transcrição aumentados de NOS2 e TGFB1, associados à atividade imunossupressora. Além disso, foi observada 
uma redução na expressão da cadeia zeta (CD247) em linfócitos T e células NK, com rácios de intensidade média de fluorescência 
(MFI) inferiores nos doentes com cancro, indicando um comprometimento na sinalização imunitária.
Conclusão: Este estudo confirmou que os níveis de MDSCs circulantes estão elevados em doentes com cancro, reforçando a sua 
relevância no imunograma de cancro. Também identificou uma combinação de marcadores fenotípicos e funcionais potencialmente 
úteis, que necessitam de validação em amostras de maior dimensão. Os resultados contribuem para o aperfeiçoamento  
dos painéis de análise por citometria de fluxo, permitindo uma identificação mais precisa e padronizada das populações  
de MDSCs em plataformas convencionais.

Palavras-chave: Biomarcadores Tumorais; Células Supressoras Mieloides; Citometria de Fluxo; Neoplasias

INTRODUCTION
Cancer encompasses a heterogeneous group of diseases 
characterized by the uncontrolled growth and dissemination of 
abnormal cells.1 The interactions between the immune system 

and cancer development have been extensively studied 
over the years, leading to key insights into tumor biology 
and significant advances in cancer treatment.2 The cancer 
immunogram was first described by Blank et al,3 is a framework 
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PMN-MDSCs are characterized as CD11b⁺ CD14⁻ CD15⁺ 
CD33⁺ HLA-DR⁻/low, M-MDSCs as CD11b⁺ CD14⁺ CD15⁻ 
CD33⁺ HLA-DR⁻/low, and e-MDSCs as Lineage⁻ (CD3, 
CD14, CD15, CD19, CD56) CD33⁺ HLA-DR⁻. However, these 
surface markers are not specific to MDSCs, making it di%cult 
to distinguish them from neutrophils and monocytes.19,20 
In the past few years, lectin-type oxidized LDL receptor-1  
(LOX-1) has been identified as a distinct marker for PMN-
MDSCs not only in cancer but in other pathologies, as 
PMN-MDSCs are LOX-1 positive, while neutrophils are 
mostly LOX-1 negative.21-23

This study aims to explore the phenotypic and functional 
characteristics of MDSCs using conventional flow cytometry 
panels to improve their identification and quantification in 
cancer patients.

MATERIAL AND METHODS
1. PATIENTS AND SAMPLES
Peripheral whole blood (PB) samples from 31 patients with 
solid or hematologic tumors (22 with multiple myeloma (MM), 
one with MM and prostate cancer, one with di&use large B-cell 
lymphoma, one with Waldenström’s macroglobulinemia and 
seven with colon carcinoma) of the Portuguese Oncology 
Institute of Porto (IPO-Porto) were collected. For control, 12 
samples from healthy donors were used. All samples were 
collected after obtaining informed consent from all individual 
participants and were in accordance with the ethical standards 
of the institutional ethics commi!ee and with the Declaration 
of Helsinki.

2. FLOW CYTOMETRIC DETECTION OF MDSC
For the processing of peripheral blood, a specific lysing 
solution – BulkLysisTM (Cytognos) – was used according to 
the manufacturer’s protocol. After this step, each sample 
was stained with an eight-color panel using the appropriate 
amount of the following fluorescently labeled antibodies 
(Table 1). An incubation step of 30 min at room temperature 
(RT) protected from the light was performed, and then 1X 
FACSTM lysing solution (BD Bioscience) was added. Another 
incubation of 10 min at RT protected from the light, a 
centrifugation at 1800 rpm for 5 min and a washing step with 
2 mL of washing solution was performed. The supernatant 
was discarded, and the cell pellet was resuspended in 
500 μL of acquisition bu&er (FACSFlowTM BD Biosciences) 
for further data acquisition in the BD FACSCantoTM II (at 
least 5 million cells were acquired). If the cells were not 
immediately acquired, they were stored at 4°C. The data 
analysis was performed using InfinicytTM 1.7 software  
(Cytognos).

that incorporates multiple multidimensional biomarkers 
influencing cancer-immune system interactions, aiming to 
guide the selection of the most e&ective cancer therapy for 
individual cases.4 The cancer immunogram consists of seven 
parameter classes: tumor foreignness, general immune status, 
immune cell infiltration, absence of checkpoints, absence of 
soluble inhibitors, absence of inhibitory tumor metabolism, 
and tumor sensitivity to immune e&ectors.3,5,6

Myeloid-derived suppressor cells (MDSCs) – one of the 
key parameters analyzed in the cancer immunogram – are a 
heterogeneous population of myeloid lineage cells defined 
by their immature state and capacity to suppress immune 
responses.7,8 Under normal conditions, hematopoietic 
stem cells (HSC) in the bone marrow give rise to immature 
myeloid cells (IMCs), which later di&erentiate into mature 
macrophages, dendritic cells (DC), or neutrophils. However, 
under pathological conditions such as chronic inflammation, 
infection, and especially cancer, abnormal myelopoiesis 
is triggered by persistent stimulation from growth factors, 
cytokines, and chemokines. This leads to the accumulation of 
immature myeloid cells, which acquire immunosuppressive 
properties in the peripheral microenvironment and are 
collectively termed MDSCs.8,9

In humans, there are three main subsets of MDSCs: 
polymorphonuclear MDSCs (PMN-MDSC), which are 
phenotypically identical to neutrophils; monocytic MDSCs 
(M-MDSC), which are similar to monocytes; and early-
stage MDSCs (e-MDSC), a smaller population with a mixed 
immature phenotype.10,11 In healthy individuals, PMN-MDSCs 
represent less than 1% of circulating neutrophils, but in cancer 
patients, they can increase to 4%–15% of total neutrophils and 
up to 40% in tumor-infiltrating neutrophils.12,13 In solid tumors, 
M-MDSCs can rapidly di&erentiate into tumor-associated 
macrophages (TAM), suppressing immune responses and 
promoting tumor progression. Elevated MDSC levels in 
peripheral blood are positively correlated with advanced 
cancer stage, increased tumor burden, shorter progression-
free survival, and poor response to chemotherapy.12,14,15

The PMN-MDSC to M-MDSC ratio is crucial, as these cells 
employ di&erent mechanisms to suppress T-cell responses. 
M-MDSCs suppress T cell activation through antigen-specific 
and nonspecific mechanisms, involving increased NOS2 
expression, NO production, and secretion of inhibitory 
cytokines like IL-10. In contrast, PMN-MDSCs primarily 
mediate antigen-specific suppression, inducing CD8⁺ T cell 
tolerance through increased ARG1 expression and elevated 
ROS levels.16-18
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and purification were performed using the GRS total  
RNA kit – blood and cultured cells (GRiSP). After the 
extraction, the RNA was quantified using a NanoDropTM 
Lite Spectrophotometer (Thermo Fisher Scientific) and 
reversely transcribed using the high-capacity cDNA reverse 
transcription kit (Thermo Fisher Scientific) according to the 
manufacturer’s protocol.

Quantitative PCR (qPCR) reactions were performed using 
SYBR Green (BioRad) as a probe on a Bio-Rad CFX Connect 
device. GAPDH was used as the reference gene, and the 
results presented as the ratio of mRNA molecules of the 
studied genes/mRNA molecules of GAPDH. T cells from 
the healthy donor were used as a negative control. Primer 
sequences were designed using Beacon Designer software 
version 8 (Premier Biosoft International, Palo Alto, CA, USA) 
and thoroughly tested (Table 2).

3. ANALYSIS OF THE MRNA LEVELS OF ARG1, 
IDO1, NOS2 AND TGFB1

To study the immunosuppressive mechanisms involved 
in MDSC activity, the two MDSC subsets were isolated 
by fluorescence-activated cell sorting (FACS), RNA was 
extracted, and the transcription levels of ARG1, IDO1, NOS2, 
and TGFB1 were evaluated. For the FACS technique, samples 
of PB from a group of patients that exhibit a higher frequency 
of MDSCs were stained using the previously mentioned 
antibodies and processing protocol. Also, a PB sample 
from 1 healthy donor was collected to establish the se!ings 
for the acquisition of the FACS and the T cells separated 
by FACS by staining with CD45-PO (clone MHCD4530, 
Life Technologies) and CD3-APC (clone UCHT, Beckman 
Coulter). Samples were acquired using a BD FACSAriaTM II.

The sorted cells were preserved in TripleXtractor (GRiSP) 
at –80ºC for further RNA extraction. The RNA extraction 

Table 1. Comprehensive parameter panel for MDSC Characterization

Marker Clone Fluorochrome (s) Vendor μL/100μL Purpose in the Painel

CD15 MMA V450 BD Biosciences 5 Monocyte lineage marker, improved 
lymphocyte gate purity

CD45 MHCD4530 PO Life Technologies 2.5 Pan leucocyte marker

Lineage 
Cocktail 2 
(CD3, CD14, 
CD19, CD20 
and CD56)

n.a FITC BD Biosciences 10
Exclusion of lymphocyte and NK 
cell populations, focusing on the 
analysis of the myeloid population

LOX-1 n.a PE BioLegend 5 Distinction marker for PMN-MDSCs

CD33 P67.6 PerCP-CyTM 5.5 BD Biosciences 10
Myeloid cell marker; Distinction 
between M-MDSCs and PMN-
MDSCs

HLA-DR n.a PC7 Beckman Coulter 1 Essential marker for M-MDSCs 
identification

CD11b clone D12 APC BD Biosciences 10 General myeloid marker

CD14 MψP9 APC-H7 BD Biosciences 5 Monocyte and M-MDSCs marker

Table 2. qPCR primers for detecting mRNA expression of interested genes

Gene Name Primer Sequences Reference

NOS2 Forward: TCAGTATCACAACCTCAG
Reverse: "CTGGAGAC"C"TCC ID NM_000625

IDO1 Forward: CCTGAC"ATGAGAACAT
Reverse: A"GCC"GAATACAGTA ID NM_002164

ARG1 Forward: AAGAGAAGTGTCAGAGCATGAG
Reverse: CTCGTGGCTGTCCC"TG ID NM_000045

TGFB1 Forward: GGAAACCCACAACGAAATC
Reverse: GCTCTGATGTG"GAAGAAC ID NM_000660

GAPDH Forward: ACAGTCAGCCGCATC"C
Reverse: GCCCAATACGACCAAATCC ID NM_002046
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not shown), followed by selecting CD15⁺ cells based on 
SSC-A characteristics. Neutrophils were then selected upon 
eosinophils exclusion based on their characteristic position 
based on their characteristic position in the CD45 versus 
SSC-A plot. Cells co-expressing CD33 and CD11b were 
then selected, and CD14⁺ and HLA-DR⁺ cells were excluded 
by applying a stringent gate on the CD14⁻ and HLA-DR⁻ 
populations in the CD14 versus SSC-A and HLA-DR versus 
SSC-A plots, respectively. Finally, PMN-MDSCs were 
identified as CD15⁺ cells expressing LOX-1.

For the identification of M-MDSC, after excluding the 
doublets, cell debris, and the CD45⁻ cells, the CD14+ 
cells were selected using a CD14 vs SSC-A plot. The cells 
co-expressing CD33 and CD11b were selected, and the 
CD15+ cells were excluded using a gate on a CD15 vs SSC-A 
plot. Finally, M-MDSC were identified as the CD14+ cells 
without HLA-DR expression.

The gating strategy for both PMN-MDSCs (A) and M-MDSCs 
(B) is shown in Fig. 1.

In the cancer patient group, PMN-MDSC percentages 
ranged from 0.134% to 3.136% of the total neutrophils, with 
a median value of 0.531%. These values correspond to a 
12-fold increase compared to healthy donors, whose PMN-
MDSC percentages ranged from 0.004% to 0.151%, with a 
median value of 0.045%.

Regarding M-MDSCs, percentages in the cancer patient 
group ranged from 0.144% to 8.495% of the total monocytes, 
with a median value of 0.931%, corresponding to a nearly 
1.1-fold increase to those observed in healthy donors, where 
percentages ranged from 0.197% to 2.185%, with a median 
value of 0.845%.

4. EVALUATION OF ZETA CHAIN EXPRESSION IN 
T LYMPHOCYTES AND NK CELLS

This study implied the optimization of the mAb CD247-
Alexa Fluor 647. For the mAb to work in its best condition, 
it was necessary to separate peripheral blood mononuclear 
cells (PBMC). The PB samples were transferred to centrifuge 
tubes using an aseptic technique, and an equal amount of 
phosphate-bu&ered saline 1( (PBS 1() was added to each. The 
mix was gently transferred to tubes containing LymphoprepTM 
(STEMCELL Technologies) and centrifuged for 20 min at 
room temperature (RT) at 2100 rpm. After centrifugation, 
the mononuclear cells layer was retained, washed twice, and 
stained with fluorescently labeled antibodies (Table 3). An 
incubation of 30 min at RT was performed, and cells were 
washed with a washing solution (centrifugation at 1800 rpm, 
5 min). The supernatant was removed, and then the staining 
of cytoplasmic antigen – CD247 – was performed using the 
BD Cytofix/Cytoperm Kit, according to the manufacturer’s 
protocol. Before acquisition, cells were resuspended in 500 
μL of acquisition bu&er (FACSFlowTM), and data acquisition 
was performed in the BD FACSCantoTM II. If the cells were 
not immediately acquired, they were stored at 4°C. The 
data analysis was performed using InfinicytTM 1.7 software 
(Cytognos).

5. STATISTICAL ANALYSIS
The statistical analysis was performed using the two-tailed 
unpaired t-test, or the Mann-Whitney U test, using the 
GraphPad Prism 8.0 software. Statistical significance was 
considered whenever p ) 0.05.

RESULTS
A gating strategy was used to remove the doublets and 
cellular debris using FSC-A and SSC-A parameters to 
identify PMN-MDSCs. CD45⁻ cells were excluded (data 

Table 3. Comprehensive panel of parameters for characterizing the zeta chain (CD247) on T and NK cells

Marker Clone Fluorochrome (s) Vendor μL/100μL Purpose in the Panel

CD27 M-T271 BV421 BD Horizon 1 Differentiation, Co-stimulation

CD45 MHCD4530 PO Life Technologies 2,5 Pan leucocyte marker

CD45RA ALB11 FITC Beckman Coulter 2,5 Differentiation

CD8 B9.11 PE Beckman Coulter 10 Identification of CD8+ T cell subsets

CD4 SK3 PerCP BD Biosciences 10 Identification of CD4+ T cell subsets

CD56 N901 (NKH-1) PC7 Beckman Coulter 10 NK cells marker

CD247 6B10.2 Alexa Fluor 647 BD Biosciences 10 Essential marker to study T cell 
activation and function

CD3 SK7 APC-H7 BD Biosciences 10 T cell lineage marker
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Figure 1. Gating strategy used for the identification of human PMN-MDSC (A) and M-MDSC (B) in peripheral blood samples. 
(A) After excluding doublets and cell debris, CD15+ cells were first selected. Neutrophils were then selected upon eosinophils 
exclusion based on their characteristic position on the CD45 versus SSC-A plot. Subsequently, cells expressing CD33+ CD11b+ 
CD14- HLA-DR- were selected. Finally, PMN-MDSCs were identified by selecting only those CD15+ cells that also express 
LOX-1, a marker specific to this population. (B) After excluding doublets and cell debris, CD14+ cells were initially selected. Cells 
co-expressing CD33 and CD11b were then included. CD15+ cells were excluded using a gate based on the CD15 versus. SSC-A 
plot. Finally, CD14+ cells lacking HLA-DR expression were selected, corresponding to the M-MDSC population.
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the di&erences observed in PMN-MDSCs and M-MDSCs 
between cancer patients and healthy donors are presented in 
Figs. 2 and 3, respectively.

Next, to evaluate the production of key immunosuppressive 
factors, including NOS2, TGFB1, ARG1, and IDO1, by PMN-
MDSCs and M-MDSCs, their relative mRNA levels were 
measured using quantitative PCR (qPCR).

The di&erence in PMN-MDSC percentages between cancer 
patients and healthy donors was statistically significant 
(p<0.0001). However, although a slight increase was 
observed for M-MDSC percentages between the two 
groups, it was not statistically significant (p>0.5).

The quantification of MDSC subsets in cancer patients 
and healthy donors and representative plots illustrating 

	
  
Figure 3. Representative plots showing the di&erences in PMN-MDSC (A) and M-MDSC (B) populations between healthy 
donors and cancer patients. LOX-1 versus CD15 (A) and HLA-DR versus CD14 (B) plots were used for the identification and 
quantification of PMN-MDSC and M-MDSC, respectively.

	
  

Figure 2. Quantification of MDSC subsets in peripheral blood of cancer patients and healthy donors. The percentages of PMN-
MDSC (A) and M-MDSC (B) were compared between cancer patients (CP) and healthy donors (HD). The percentage of 
PMN-MDSC in cancer patients was approximately 12 times higher than in healthy donors (**** p<0.0001). In contrast, the 
percentage of M-MDSC was approximately 1.1 times higher in cancer patients compared to healthy donors, although this 
di&erence was not statistically significant (ns p>0.05).
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in this study. This suggests that either their transcription 
levels are inherently low in the analyzed samples, or post-
transcriptional regulation may limit their mRNA availability.

Finally, the zeta chain (CD247) expression was analyzed by 
calculating the mean fluorescence intensity (MFI) ratios of 
CD247 expression between T cells and B cells and between 
NK cells and B cells. B cells were used as a negative control 
since these cells do not express CD247.

As shown in Fig. 5, the MFI ratios of CD247 expression 
between T and B cells and between NK and B cells were 

The detection of NOS2 and TGFB1 mRNA in these cells from 
the cancer patients group confirms their immunosuppressive 
activity, consistent with their known roles in promoting 
immune evasion and tumor progression. More specifically, 
NOS2 expression was significantly higher (p<0.05) in PMN-
MDSCs than in M-MDSCs of cancer patients (Fig- 4A). In 
contrast, TGFB1 was predominantly produced by M-MDSCs 
(Fig. 4B).

Although it was expected that MDSCs would present 
increased transcription of both ARG1 and IDO1, their levels 
were below the detection threshold of the qPCR assay used 

	
  
Figure 4. Relative mRNA levels of NOS2 and TGF-β. PMN-MDSC and M-MDSC were sorted from cancer patients for RNA 
isolation. NOS2 mRNA was detected in both MDSC subsets, but approximately 21 times lower in M-MDSC compared to 
PMN-MDSC (* p<0.05) (A). For TGF-β, mRNA levels were about 4 times lower in PMN-MDSC compared to M-MDSC (B).

	
  Figure 5. Comparison of mean fluorescence intensity (MFI) ratios of CD247 expression between NK and B cells (A) and between 
T and B cells (B) in healthy donors (HD) and cancer patients (CP). Lower MFI ratios were observed for both T lymphocytes and 
NK cells in cancer patients, with statistically significant di&erences (*** p<0.005 for NK cells and **** p<0.0005 for T cells, 
respectively).
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of MDSCs is investigated, and the transcription of several key 
molecules involved in suppression mechanisms was assessed 
by qPCR in MDSC subpopulations isolated by FACS. The 
mRNA levels of NOS2 and TGFB1 were detected, indicating 
that these cells possess immunosuppressive activity. According 
to the literature, M-MDSC-mediated immunosuppression 
is primarily associated with elevated NOS2 expression and 
nitric oxide (NO) production. In contrast, PMN-MDSC 
immunosuppression is more closely linked to increased ARG1 
expression and high levels of reactive oxygen species (ROS) 
and peroxynitrite (PNT).12,30,31 Interestingly, in this study, 
NOS2 mRNA levels were higher in PMN-MDSCs than in 
M-MDSCs, contrasting with previously reported findings.32 
Conversely, TGFB1 was predominantly produced by 
M-MDSCs in the analyzed samples, while the transcription of 
ARG1 and IDO1 was not detected. These discrepancies may 
stem from the limited number of biological samples analyzed 
and the small amounts of RNA available for qPCR analysis, 
which may have made detecting low-abundance transcripts 
such as ARG1 and IDO1 challenging. To improve the sensitivity 
and accuracy of the results, it would be ideal to perform cell 
sorting using larger volumes of peripheral blood samples or to 
use Cells-to-CT™ kits, which allow for the direct measurement 
of relative gene transcription without the need for RNA 
purification before reverse transcription and qPCR run.

Another immunosuppressive mechanism of MDSCs involves 
their capacity to modulate the expression of the zeta chain 
(CD247). CD247 is a subunit of the T-cell receptor (TCR) 
complex, essential for its surface expression and signaling 
function in T lymphocytes.33,34 Natural killer (NK) cells 
also express the zeta chain as a heterodimer associated 
with CD16.35 Reduced levels of zeta chain can impair T and 
NK cell activation, proliferation, and cytokine production 
due to the diminished availability of tyrosine residues for 
phosphorylation, thereby compromising downstream 
signaling events such as the recruitment and activation of 
ZAP-70.35,36 Flow cytometry analysis revealed a statistically 
significant reduction in zeta chain expression in T lymphocytes 
and NK cells in the cancer patient group. This reduction could 
be a!ributed to the immunosuppressive activity of MDSCs 
since, as demonstrated in this study, elevated levels of MDSCs 
were present in the cancer patient group.

CONCLUSION
Accurate and reproducible measurement of MDSC levels 
remains challenging due to the overlap of immunophenotypic 
markers shared with other myeloid cells, such as monocytes 
and neutrophils. There is a continuing need to expand 
the existing panel of markers to facilitate a more precise 

significantly lower in the cancer patient group compared to the 
healthy donor group (p<0.0005 and p<0.005, respectively). 
These findings indicate a reduced zeta chain expression in T 
lymphocytes and NK cells from cancer patients, suggesting a 
potential impairment in their activation and signaling capacity.

DISCUSSION
MDSCs are a heterogeneous population of immature myeloid 
cells that contribute significantly to the immunosuppressive 
tumor microenvironment and are increased in most cancer 
patients.1 They are responsible for suppressing immune 
responses and are correlated with a poor clinical outcome and 
metastatic propensity.24,25

In this work, the expression of the LOX-1 receptor was used as 
a marker to define the PMN-MDSC population, as previously 
described by Condamine et al,26 who suggested its utility in 
distinguishing human neutrophils and PMN-MDSCs without a 
gradient. This distinction is based on PMN-MDSCs expressing 
LOX-1, while normal neutrophils scarcely do.27 However, 
no similar marker has yet been identified for distinguishing 
M-MDSC from monocytes. Additionally, defining the cut-o& 
value on the HLA-DR versus CD14 plot remains challenging, as 
a fluorescence minus one (FMO) control cannot be performed 
in this context.27 Therefore, for both MDSC populations, 
there remains a need to expand the existing panel of markers 
to facilitate a more straightforward phenotypic distinction.9

Regarding quantification, the levels of both MDSC subsets 
were significantly higher in the cancer patients group than in 
the healthy donors. The percentage of PMN-MDSC in healthy 
donors had a median value of 0.045% of total neutrophils, 
which is aligned with the expected low percentage (< 1%). 
However, in the peripheral blood of cancer patients, these 
values are typically reported to increase to 4%-15% of total 
neutrophils.28 Our cancer patients cohort’s median value was 
0.531%, which remains below 1% of the total neutrophils. This 
discrepancy could be a!ributed to the gating strategy used, 
leaning toward a stringent definition of the MDSC population. 
Regarding M-MDSC, higher percentages were observed 
in cancer patients and healthy donors relative to the PMN-
MDSC subset. This could be explained by the absence of 
specific markers for identifying M-MDSCs, complicating their 
phenotypic distinction from other monocyte populations.

MDSCs are not only defined by their surface markers but 
also by their functional properties, particularly their ability 
to suppress immune responses.9,29 As Hao et al30 described, 
inhibiting T cell activity remains the gold standard for evaluating 
MDSC function. In this study, the immunosuppressive activity 
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of flow cytometry analysis panels, enabling more accurate 
and standardized identification of MDSC populations using 
conventional flow cytometry platforms.
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and reliable phenotypic distinction of MDSCs. Therefore, 
improving the identification and quantification of these cells 
remains a key priority in the field.

The immunosuppressive capacity of MDSCs, mediated through 
multiple mechanisms, is a defining functional characteristic of 
these cells. In this study, the immunosuppressive activity of 
MDSCs was evaluated by assessing the increased transcription 
of key molecules, namely NOS2 and TGFB1, as well as the 
reduced expression of the zeta chain in both T cells and 
NK cells. However, these functional assays require further 
optimization and validation using more biological samples to 
strengthen the reliability of the observed trends.

In summary, this study confirmed that circulating MDSC 
levels are elevated in cancer patients compared to healthy 
individuals, reinforcing the relevance of including MDSCs in 
the cancer immunogram. Additionally, this study identified 
and confirmed potentially useful phenotypic and functional 
MDSC markers that warrant validation in larger sample sets. 
The findings from this study could contribute to the refinement 
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