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ABSTRACT

Purpose. This study aimed to investigate the dynamic changes in monocytic myeloid-
derived suppressor cells (M-MDSCs) and their implications in the pathogenesis of acute
coronary syndrome (ACS), shedding light on potential therapeutic targets.
Experimental Design. Peripheral blood samples were collected from 68 ACS patients,
35 stable angina pectoris (SAP) patients, and 30 healthy controls (HC). Multi-
parameter flow cytometry was employed for analysis of M-MDSCs, explored with
disease characteristics and progression.

Results. ACS patients exhibited an increased frequency of circulating M-MDSCs
compared to SAP patients and HC. M-MDSC:s levels demonstrated associations with
ACS type, coronary artery lesions, multi-vessel disease, and cardiac dysfunction severity.
Higher M-MDSCs levels were found in obese patients. Notably, therapy led to a
significant decrease in M-MDSCs frequency. Furthermore, ACS patients exhibited
elevated levels of interleukin (IL)-6, IL-10, granulocyte-macrophage colony-stimulating
factor (GM-CSF), and tumor necrosis factor-o (TNF-«) in the cytokine profile
associated with M-MDSCs. Increased expression of arginase-1(Arg-1) was observed
in ACS patients, with positive correlations between M-MDSCs levels and IL-6, GM-
CSF, and Arg-1 expression. The diagnostic performance of triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), and M-MDSCs levels varied in predicting
the severity of coronary artery stenosis, with TG showing higher specificity, HDL-C
displaying higher sensitivity, and M-MDSCs levels demonstrating balanced sensitivity
and specificity.

Conclusions. Assessment of M-MDSCs frequency holds promise as a predictive
marker for disease progression and therapy response of coronary artery stenosis. The
elevated presence of M-MDSCs suggests their potential role in modulating ACS-related
inflammation.
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INTRODUCTION

Acute coronary syndrome (ACS), encompassing unstable angina and myocardial infarction,
is a leading cause of morbidity and mortality worldwide, posing a significant burden
on healthcare systems (Nohria ¢ Antono, 2024). Despite advancements in medical
interventions and revascularization strategies, the pathophysiological mechanisms
underlying ACS development and progression remain complex and multifactorial. In
recent years, there has been growing recognition of the pivotal role played by immune
cells in atherosclerosis and ACS, highlighting the need for a comprehensive understanding
of the immunopathogenesis underlying this disorder (Delaney et al., 2021; Riesinger ef al.,
2018). Pathologically, chronic inflammation of the arterial wall, characterized by immune
activation and the release of leukocytes (e.g., monocytes, neutrophils, and lymphocytes) into
the susceptible regions of the intima, is a hallmark of arteriosclerosis (Askari et al., 2021;
Shi et al., 2023). Immune activation is considered the most critical feature determining the
vulnerability of atherosclerotic plaques (Morici et al., 2020). Understanding the intricate
interplay between various cellular components of the immune system and the vascular
endothelium is crucial for unraveling the pathogenesis of ACS and identifying potential
therapeutic targets.

Myeloid-derived suppressor cells (MDSCs) have emerged as intriguing players with
potential implications for disease pathogenesis and clinical management (Zhang et
al., 2024). MDSCs constitute a heterogeneous population of immature myeloid cells
characterized by their potent immunosuppressive properties (Zhou et al., 2023). There are
two main subtypes of MDSCs: granulocytic MDSCs (G-MDSCs) and monocytic MDSCs
(M-MDSCs), distinguished by their phenotypic markers. In mice, MDSCs are characterized
by the expression of Gr-1 and CD11b molecules (Tian et al., 2023). In humans, M-MDSCs
are commonly identified as CD11bTCD33TCD14THLA-DR®Y/~ or CD14*HLA-DR*"/~
cells, while G-MDSCs are typically characterized as CD11b*TCD33tCD15THLA-DR*
cells (Ostrand-Rosenberg, Lamb & Pawelec, 2023). MDSCs employ various mechanisms
to suppress immune responses, including direct cell-cell contact and the secretion of
immunomodulatory factors (Mizuhara et al., 2023; Zahran et al., 2020). These cells play a
pivotal role in maintaining immune homeostasis, regulating inflammatory responses, and
modulating the balance between innate and adaptive immunity. Importantly, aberrant
expansion and activation of MDSCs have been implicated in the pathogenesis of various
pathological conditions, including cancer, infections, and autoimmune diseases (Gjerstorff,
20235 Li et al., 2023; Li, Ahirwar & Wu, 2023; Wang et al., 2019).

Despite the well-established role of MDSCs in various pathological conditions, their
involvement in cardiovascular diseases, particularly ACS, remains relatively unexplored.
Recent studies have suggested that MDSCs may play a significant role in shaping
the inflammatory milieu within atherosclerotic plaques, thereby influencing disease
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progression (Li, Li ¢ Jia, 2023; Xing et al., 2020). However, comprehensive investigations
into the frequency, phenotype, and functional characteristics of MDSCs in ACS patients
are lacking. In-depth research on the immunosuppressive and pro-inflammatory functions
of MDSCs in ACS patients, as well as their interactions with other immune cells, will
contribute to a more comprehensive understanding of the role of MDSCs in the pathogenic
mechanisms of ACS. These research findings not only will enrich our knowledge of the
role of MDSCs in cardiovascular diseases but also may provide new targets and strategies
for the development of immune-based therapeutic approaches for ACS.

This study aims to investigate the frequency of circulating M-MDSCs in ACS patients
and explore their potential association with clinical characteristics.

MATERIALS AND METHODS

Human samples

Fresh paired peripheral blood (PB) samples were collected from 68 ACS patients and 35 SAP
patients at the First Affiliated Hospital of Anhui Medical University and Feidong People’s
Hospital between January 2023 and January 2024. Specifically, the diagnosis of ACS and
SAP refers to the clinical diagnostic criteria of ischemic heart disease of the International
Society of Cardiology and the World Health Organization (ISFC/WHO) (Braunwald et
al., 2000). Additionally, PB samples from 30 healthy donors were included as the healthy
control (HC) group. The basic characteristics of the ACS, SAP, and HC participants are
summarized in Table 1. The degree of coronary artery stenosis was assessed using the
Gensini scoring system (Rampidis et al., 2019), where a total score of <24 indicated mild
stenosis, 25—49 indicated moderate stenosis, and >50 indicated severe stenosis. All patients
underwent percutaneous coronary intervention (PCI) and received dual antiplatelet
therapy with aspirin and clopidogrel. This study was conducted in accordance with the
Declaration of Helsinki, and the study protocol was approved by the Ethics Committee
of the First Affiliated Hospital of Anhui Medical University (NO. S20200021). Written
informed consent was obtained from all patients and healthy donors, and samples were
processed within six hours of collection. Portions of this text were previously published as
part of a preprint (https:/doi.org/l0.21203/rs.3.r5-4461420/1).

Sample collection

Fresh PB samples were collected from all cohorts using heparin-containing tubes. For
the ACS patients, paired pre- and post-therapy PB samples were collected to assess the
impact of standard PCI treatment or anticoagulant therapy on the study parameters. All PB
samples were collected prior to any treatments, ensuring that the measurements captured
the baseline levels for accurate analysis.

Surface staining

PB samples (100 pL) were collected and transferred into test tubes. To facilitate staining,

the appropriate concentration of the following fluorescently labeled monoclonal antibodies
was added: Human TruStain FcX TM (Clone 422301; BioLegend, San Diego, CA, USA),

Brilliant Violet 510 TM anti-human CD45 (Clone 2D1; BioLegend), PE anti-human
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Table 1 Clinical characteristics for ACS, SAP patients and HC.

Characteristic ACS SAP HCs F/x? P ACSvs HCs SAP vs HCs ACSvs SAP
Case 68 35 30 F/x? p F/y? p F/x? p
Sex (male/female) 38/30 20/15 18/12 0.144 0.930

Age (years) 55.1 +9.5 53.6 +8.9 54.5+9.3 0.121  0.888

Hypertension (%)  41(60.2%) 23(65.7%) 8(26.7%) 12.045 0.002 9.416 0.002 9.873 0.002 0.289 0.591
Smoking (%) 14(20.6%) 8(22.8%) 6(20%) 0.097  0.952

Obesity (%) 20(29.4%) 11(31.4%) 8(26.7%) 0.177 0915

Diabetes (%) 22(32.4%) 9(25.7%) 3(10%) 6.186  0.045 5473 0.019 2.65 0.104 0.484  0.487
TG(mmol/L) 1.73 £0.81 1.58 +0.46 1.21£042 17.231 0.003 3.719 0.001 1.2 0.621  1.013  0.313
TC(mmol/L) 471 £1.53 4.56 £ 1.33 4.19 £0.78 2.338  0.177

HDL-C(mmol/L) 0.96 £ 0.28 1.29+0.33 1.434+0.23  28.063 0.001 7549 0.001 1.981 0.09 5.327  0.001
LDL-C(mmol/L) 2.88 £0.83 2.49 £0.77 1.32£0.32  59.017 0.001 9949 0.001 6.647 0.001 2.314 0.023

HLA-DR (Clone LN3; BioLegend), FITC anti-human CD14 (Clone M5E2). The samples
were then incubated for 15 min at room temperature to allow for antibody binding and
cell surface staining.

Subsequently, red blood cell lysis was performed using red blood cell lysis buffer from
BD Biosciences. The lysis process lasted for 15 min, ensuring the removal of red blood
cells while preserving the stained cells of interest. After completion, the stained cells were
washed twice with phosphate-buffered saline (PBS) to eliminate any remaining debris or
unbound antibodies.

Data acquisition and analysis were carried out using a flow cytometer (Cytoflex S;
Beckman Coulter, Brea, CA, USA) and the accompanying CytExpert software (Beckman
Coulter). M-MDSCs were characterized by the expression of CD14THLA-DR~/1°" on
CD14" monocytes in this study.

Cytokine assay

Simultaneously with PB collection, plasma samples were obtained from all individuals.
The PB samples were centrifuged at 3,000 rpm for 10 min at 4 °C to separate the plasma
fractions. The obtained plasma fractions were carefully collected and stored at —80 °C
until further use to maintain sample integrity. To assess the concentrations of IL-6,
IL-10, GM-CSF, and TNF-« in the plasma samples, ELISA Kits (ESM; R&D System) were
employed following the manufacturer’s instructions.

RT-PCR analysis

Total RNA was extracted from Peripheral blood mononuclear cells (PBMCs) using TRizol
reagent (Invitrogen, Carlsbad, CA, USA). The extracted RNA was then subjected to
reverse transcription using the First-Strand Synthesis System (TaKaRa, Dalian, China) to
generate first-strand cDNA. Real-time PCR analysis was performed using the Applied
Biosystems 7500 Real-time Polymerase Chain Reaction system. SYBR Green PCR
Master mix was used in the PCR reactions. The mRNA levels of Arg-1 and inducible
nitric oxide synthase (iNOS) were analyzed in each reaction. The following primer
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sequences were used: Arg-1: forward 5-GGCTGGTCTGCTTGAGAAAC-3" and reverse 5'-
ATTGCCAAACTGTGGTCTCC-3".iNOS: forward 5'-CTTTCCAAGACACACTTCACCA-
3’ and reverse 5-TATCTCCTTTGTTACCGCTTCC-3'. To normalize the expression levels,
glyceraldehyde phosphate dehydrogenase (GAPDH) was used as a control. The primer

sequences for GAPDH were: forward 5'-CAGGAGGCCATTGCTGATGAT-3’ and reverse
5'-GAAGGCTGGGGCTCATTT-3'. The thermal cycling conditions were as follows: an

initial denaturation step at 95 °C for 30 s, followed by 40 cycles of amplification with the
following profile: 95 °C for 5 s and 60°C for 34 s. The relative expression levels of the target

—(Cttarget—Ctcontrol

genes were determined using the following formula: 2 ', where Ct represents

the threshold cycle.

Statistical analysis

The statistical analysis of the data was performed using GraphPad Prism 8 and SPSS 27.0
software. The experimental data were presented as mean =+ standard deviation (SD).
For comparisons among multiple groups, analysis of variance (ANOVA) was conducted,
followed by post hoc pairwise comparisons using the Least Significant Difference (LSD)
t-test. When comparing two paired samples, either the non-parametric unpaired Mann—
Whitney U-test or the parametric Student’s t-test was employed. To assess correlations
between M-MDSCs frequency and each parameter, the Pearson’s coefficient test was
utilized. Logistic regression analysis was employed to identify factors influencing the
occurrence of middle to serious coronary artery disease. Receiver operating characteristic
(ROCQ) curves were constructed to determine the optimal cut-off value based on the
maximum Youden index. In all statistical tests, a p-value less than 0.05 (P < 0.05) was
considered statistically significant.

RESULTS

Comparative clinical analysis of ACS, SAP and control group

The clinical data of the three study groups, including initial diagnosis ACS patients, SAP
patients, and the HC group, are summarized in Table 1. No significant differences were

observed in gender, age, smoking rate, obesity incidence, and total cholesterol (TC) levels
among the three groups (P > 0.05).

However, the prevalence of hypertension (60.2%) and diabetes (32.4%) was significantly
higher in the ACS group compared to the SAP group (65.7% and 25.7%) and the HC group
(26.7% and 10%) (P < 0.05). Additionally, the ACS group had higher TG levels (1.73
4 0.81 mmol/L) compared to the SAP group (1.58 + 0.46 mmol/L) and the HC group
(1.21 & 0.42 mmol/L) (P < 0.01), while the HDL-C level (0.96 & 0.28 mmol/L) was lower
than the other two groups (P < 0.01). The LDL-C level showed significant differences
among the three groups, with the ACS group having the highest level (2.88 &= 0.83 mmol/L),
followed by the SAP group (2.49 £ 0.77 mmol/L), and the HC group having the lowest
level (1.32 &= 0.32 mmol/L) (P < 0.01).

Increased frequency of circulating M-MDSCs in ACS patients
In this study, the frequency of circulating M-MDSCs was investigated in ACS patients. Flow
cytometry analysis was performed, and M-MDSCs were characterized by the expression
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Figure 1 The expression of M-MDSCs in ACS patients, SAP patients and HC. (A) Flow cytometry data
plots illustrating the gating strategy of human peripheral blood M-MDSCs. (B) No significant differences
were observed in the frequency of CD14" monocytes (in PBMCs) between ACS patients, SAP patients,
and HC. (C) The levels of M-MDSCs (in CD14" monocytes) were significantly increased in ACS patients
and SAP patients compared to HC. Each point represents an individual. The horizontal bar represents the
average. P < 0.01; ns, non-significant.

Full-size Gal DOI: 10.7717/peerj.18154/fig-1

of CD14tHLA-DR~/1°Y on CD14% monocytes. Flow cytometry data plots illustrating the
gating strategy of human peripheral blood M-MDSCs (Fig. 1A). No significant differences
were observed in the frequency of CD14" monocytes between ACS patients, SAP patients,
and HC (20.9 + 5.82% vs21.09 & 5.72% vs 19.69 + 4.69%, P = 0.146, Fig. 1B). However,
the levels of M-MDSCs were significantly increased in ACS patients and SAP patients
compared to healthy controls (18.92 £ 9.04% vs 7.01 £ 3.6% vs 5.82 = 3.39%, P =0.001,
Figs. 1A, 1C).

Association between characteristics and disease status of ACS
patients with M-MDSCs

To determine the clinical significance of increased M-MDSCs in ACS patients, the patients
were categorized based on different clinical characteristics. Among the total 68 ACS patients,
there were 19 patients with acute ST-segment elevation myocardial infarction (STEMI),
23 patients with acute non-ST-segment elevation myocardial infarction (NSTEMI), and
26 patients with unstable angina pectoris (UA). Initially, STEMI patients exhibited a
significantly higher frequency of M-MDSCs compared to NSTEMI patients and UA
patients (25.28 & 8.97% vs 18.36 & 9.56% vs 14.76 £ 5.6%, P = 0.001, Fig. 2A). However,
there was no significant difference in the frequency of M-MDSCs between NSTEMI
patients and UA patients (P > 0.05). Based on the severity of coronary artery stenosis, the
patients were further classified as mild (25 patients), moderate (28 patients), and severe
(15 patients). Significantly elevated M-MDSCs frequency were observed in severe patients
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and moderate patients compared to mild patients. (25.22 £ 8.17% vs 20.45 + 9.61% vs
13.42 £ 5.11%, P =0.001, Fig. 2B). However, no significant difference was found in the
frequency of M-MDSCs between severe and moderate patients (P > 0.05). Considering
the number of coronary artery lesions, the patients were grouped as follows: single vessel
lesions (23 cases), two vessel lesions (33 cases), and three vessel lesions (12 cases). Patients
with three vessel lesions had a significantly higher frequency of M-MDSCs compared

to those with single vessel lesions (25.46 £ 8.3% vs 19.38 &£ 9.05% vs 14.85 £ 7.37%,
P =0.003, Fig. 2C). However, there were no significant differences in the frequency of
M-MDSCs between patients with single and two vessel lesions, as well as between patients
with two and three vessel lesions (P > 0.05). According to the Killip classification of
cardiac function, the patients were categorized into three groups: level II (24 patients),
level IIT (31 patients), and level IV (13 patients). Patients with level IV cardiac function
had a significantly higher frequency of M-MDSCs compared to those with level II and
IIT (29.03 £ 6.88% vs 17.67 &= 8.17% vs 15.05 £ 7.11%, P =0.001, Fig. 2D). However,
there was no significant difference in the frequency of M-MDSCs between patients with
level I and I (P > 0.05). Interestingly, obese patients (22 patients) had significantly higher
levels of M-MDSCs compared to non-obese patients (46 patients) (23.38 &= 9.39% vs
16.78 + 8.13%, P = 0.004, Fig. 2E). To evaluate the relationship between the frequency
of M-MDSCs and treatment outcomes, all ACS patients received emergency PCI surgery
and anticoagulant therapy such as aspirin and clopidogrel for more than 1 month. The
frequency of M-MDSCs significantly decreased after therapy (18.92 % 9.04% vs 7.79

=+ 4.34%, P =0.001, Fig. 2F). No significant differences were observed in the frequency of
M-MDSCs among different age groups, genders, hypertension, smoking, or diabetes (Fig.
S1).

M-MDSCs associated cytokine profile in ACS patients

This study investigated the cytokine profile associated with M-MDSCs in ACS patients.
The levels of IL-6, IL-10, GM-CSF, and TNF-« were measured in the peripheral blood
of ACS and SAP patients. The results showed significantly higher plasma concentrations
of IL-6, IL-10, GM-CSF, and TNF-« in ACS patients compared to SAP patients and HC.
The plasma concentrations of IL-6 were significantly increased in ACS patients compared
to SAP patients and HC (28.41 & 9.46 pg/ml vs 14.5 £ 3.24 pg/ml vs 11.07 & 4.1 pg/ml,
P =0.001, Fig. 3A). Similar findings were observed for IL-10 (56.12 = 14.31 ng/ml vs 36.08
=+ 13.61 ng/ml vs 10.56 & 3.08 ng/ml, P =0.001, Fig. 3B), GM-CSF (123 4 34.06 pg/ml vs
68.3 £ 23.96 pg/ml vs 28.6 £ 12.89 pg/ml, P =0.001, Fig. 3C), and TNF-« (52.6 £ 15.19
pg/ml vs 28.2 + 5.97 pg/ml vs 11.12 £ 4.06 pg/ml, P =0.001, Fig. 3D).

M-MDSCs are known to secrete various cytokines and enzymes to exert immuno-
suppressive effects, including Arg-1 and iNOS. This study also measured the levels of
MDSC-associated enzymes in ACS patients. It was found that the level of Arg-1 mRNA was
significantly increased in ACS patients compared to SAP patients and HC (5.21 & 1.03 vs
3.47 £ 1.01 vs 3.25 + 1.24, P =0.001, Fig. 3E). The level of iNOS mRNA was also higher
in ACS patients, although not significantly (Fig. 3F).
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Figure 2 Clinical relevance of M-MDSCs in ACS patients. (A) STEMI patients exhibited a significantly
higher frequency of M-MDSCs compared to NSTEMI patients and UA patients. (B) Significantly elevated
M-MDSC frequency were observed in severe patients and moderate patients compared to mild patients.
(C) Patients with three vessel lesions had a significantly higher frequency of M-MDSCs compared to those
with single vessel lesions. (D) Patients with level IV cardiac function had a significantly higher frequency
of M-MDSCs compared to those with level IT and III. (E) Obese patients had significantly higher levels of
M-MDSCs compared to non-obese patients. (F) The frequency of M-MDSCs significantly decreased after
therapy. Each dot represents one individual. Horizontal bars indicate mean values. **P < 0.01; ns, non-
significant.

Full-size Gl DOL: 10.7717/peerj.18154/fig-2

Furthermore, the study analyzed the correlation between M-MDSCs levels and associated
cytokines in ACS patients. Positive correlations were observed between M-MDSCs levels
and the expression of IL-6 (r =0.64, P =0.01, Fig. 4A), GM-CSF (r =0.61, P = 0.01,
Fig. 4B), and Arg-1 (r =0.56, P =0.01, Fig. 4C) in ACS patients. However, no significant
correlations were found between M-MDSCs levels and the expression levels of 1L-10,
TNF-«, and iNOS (P > 0.05).

Analysis of multiple risk factors and the degree coronary artery
stenosis in ACS patients

In the logistic regression analysis, this study investigated multiple risk factors and their
association with the degree of coronary artery stenosis in ACS patients. The dependent
variable was the degree of stenosis, while the independent variables included sex, gender,
age, hypertension, smoking, obesity, diabetes, TG, TC, HDL-C, LDL-C, and M-MDSCs.
The results of the analysis, as shown in Table 2, indicated that several factors were statistically
significant predictors of the severity of coronary artery stenosis in ACS patients. Specifically,
diabetes, TG, HDL-C, and M-MDSCs were identified as significant risk factors. Among
these factors, TG emerged as the most significant risk factor, with the highest odds ratio
(OR), indicating a strong association with the degree of stenosis. Diabetes and M-MDSCs
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Figure 3 M-MDSCs associated cytokine profile in ACS patients. (A) The plasma concentrations of IL-
6 were significantly increased in ACS patients compared to SAP patients and HC. (B) The plasma concen-
trations of IL-10 were significantly increased in ACS patients compared to SAP patients and HC. (C) The
plasma concentrations of GM-CSF were significantly increased in ACS patients compared to SAP patients
and HC. (D) The plasma concentrations of TNF-« were significantly increased in ACS patients compared
to SAP patients and HC. (E) The level of Arg-1 mRNA was significantly increased in ACS patients com-
pared to SAP patients and HC. (F) The level of INOS mRNA was not significantly higher in ACS patients
compared to SAP patients and HC. *P < 0.05; **P < 0.01; ns, non-significant.
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also showed significant associations with the severity of stenosis. Interestingly, HDL-C
exhibited a significant inverse association with the degree of coronary artery stenosis.

Multiple risk factors in predicting the severity of coronary

artery stenosis

The researchers performed ROC curve analysis to assess the diagnostic performance of TG,
HDL-C, and M-MDSCs levels in predicting the severity of coronary artery stenosis. The
ROC curve analysis provides information on the sensitivity and specificity of these factors
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Table 2 Logistic regression analysis on the middle to serious coronary artery disease.

Characteristic B SE Wald P OR(95%CI)
Diabetes 1.59 0.63 6.45 0.011 4.91(1.44-16.77)
TG 4.65 2.19 4.53 0.033 14.51(1.65-76.67)
HDL-C —9.49 3.55 7.16 0.014 0.12(0.01-0.08)
M-MDSCs 0.32 0.15 4.61 0.032 2.38(1.03-6.86)
A B C
100 100 100
80+ 80+ 80
% 60 % 60 % 60 i
= = =
£ 40- £ 40- £ 404
8 AUC=0.76 8 AUC=0.86 g AUC=0.88
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Figure 5 Multiple risk factors in predicting the severity of coronary artery stenosis. (A) TG has mod-
erate diagnostic performance in predicting the severity of coronary artery stenosis. (B) HDL-C has a high
ability to correctly identify patients with severe stenosis. (C) M-MDSCs has a moderate ability to correctly
identify patients with severe stenosis.

Full-size & DOI: 10.7717/peerj.18154/fig-5

at different threshold values. For TG, the area under the curve (AUC) value was found to
be 0.76. The critical threshold value for TG was determined to be 1.87 mmol/L. At this
threshold, the sensitivity was 50% and the specificity was 96.43%. These values indicate
that TG has moderate diagnostic performance in predicting the severity of coronary artery
stenosis (Fig. 5A). Regarding HDL-C, the AUC value was higher at 0.86. The critical
threshold value for HDL-C was determined to be 1.18 mmol/L. At this threshold, the
sensitivity was found to be 97.5%, indicating a high ability to correctly identify patients
with severe stenosis. However, the specificity was 71.43%, suggesting a relatively lower
ability to accurately identify patients without severe stenosis (Fig. 5B). For M-MDSCs levels,
the AUC value was 0.88, indicating a good diagnostic performance. The critical threshold
value for M-MDSCs was determined to be 17.55%. At this threshold, the sensitivity was
72.5%, indicating a moderate ability to correctly identify patients with severe stenosis. The
specificity was higher at 85.71%, suggesting a good ability to accurately identify patients
without severe stenosis (Fig. 5C).

DISCUSSION

Several previous studies have investigated the role of MDSCs in various disease
conditions, including cancer, chronic infections, and autoimmune disorders. In the
field of cardiovascular diseases, limited research has been conducted on the involvement
of MDSCs, particularly M-MDSCs, in ACS.
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This study primarily focuses on M-MDSCs due to their higher immunosuppressive
capacity compared to G-MDSCs in the tumor microenvironment, as evidenced by previous
research (Haverkamp et al., 2014). Furthermore, it has been observed that G-MDSCs are
present in whole blood but absent from PBMC, leading to relatively less research attention
on G-MDSCs (Azzaoui et al., 2016). Therefore, our study specifically emphasizes the
investigation of M-MDSCs.

In previous study, Wang et al. (2015) found the levels of MDSCs were significantly
elevated in ACS patients compared to healthy controls. Within 24 h after acute myocardial
infarction (AMI), there was a noticeable rise in the levels of MDSCs in the peripheral
blood. This increase occurred in the presence of advanced glycation end-products (AGEs),
indicating that the augmented infiltration of MDSCs by AGE:s plays a role in exacerbating
myocardial injury during AMI (Yao et al., 2015). Consistent with findings in previous
researches, our study revealed a significant increase in the frequency of M-MDSCs in ACS
patients compared to SAP patients and healthy controls. This finding the involvement of
MDSCs in immune regulation and suppression under various pathological conditions.
The expansion of M-MDSCs in ACS patients suggests their potential role in modulating
immune responses and disease progression.

ACS is a progressive condition characterized by the buildup of lipids within arteries.
The pathogenesis of ACS is significantly influenced by disorders in lipid metabolism.
Interestingly, MDSCs showed an inverse correlation with two crucial risk factors LDL and
TC (Wen et al., 2022). It is necessary to investigate the associations between M-MDSCs
levels and additional clinical characteristics of ACS patients. Firstly, this study demonstrated
significantly higher M-MDSCs frequencies in patients with STEMI compared to NSTEMI
and UA patients. This observation highlights the potential link between M-MDSCs and the
pathophysiology of STEMI, which involves complete occlusion of the coronary arteries.
Furthermore, this research established a correlation between M-MDSCs levels and the
severity of coronary artery stenosis. Patients with more severe stenosis exhibited higher
frequencies of M-MDSCs compared to those with milder stenosis. This result suggesting
that MDSCs may contribute to the progression of coronary artery disease and the formation
of more severe stenotic lesions. It supports the notion that the accumulation of M-MDSCs
in peripheral blood reflects ongoing inflammation within the coronary arteries. The
association with the number of coronary artery lesions further underscores the relationship
between M-MDSCs and the extent of coronary artery involvement. Thirdly, patients
with multi-vessel disease had significantly increased M-MDSCs frequencies compared
to those with single-vessel disease. This finding is consistent with the hypothesis that a
broader inflammatory response may lead to greater expansion of M-MDSCs. It emphasizes
the importance of M-MDSCs as potential biomarkers for assessing disease severity and
complexity. Fourthly, the association between M-MDSCs levels and cardiac function,
as assessed by the Killip classification, revealed that patients with more severe cardiac
dysfunction had higher frequencies of MDSCs. This finding suggests that M-MDSCs
may be involved in the pathogenesis of myocardial injury and remodeling in ACS. The
association of MDSCs with the severity of stenosis suggests their contribution to the
pathogenesis of ACS and their potential as a therapeutic target.
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Obesity is the most critical factor in the development of coronary heart disease (Atigue et
al., 2016). Interestingly, our study highlights a significant association between obesity and
increased M-MDSCs levels in ACS patients. This observation provides new insights into the
relationship between obesity and coronary artery disease, suggesting that M-MDSCs may
play a role in modulating the effects of obesity-related chronic low-grade inflammation.
While previous research has established the link between obesity and MDSCs. Molecular
markers of obesity (e.g., IL-6, CRP, IL-1 B) increase the generation of MDSCs (Clements
et al., 2018). MDSCs exhibit a protective role by reducing both systemic inflammation
and inflammation within adipose tissue. These MDSCs play a dual role in obesity-related
conditions by providing protection against certain metabolic dysfunctions associated with
obesity (Clements et al., 2018; Xia et al., 2011). Therefore, we hypothesize that the elevated
levels of MDSCs in ACS patients also play a protective role by reducing inflammatory
responses.

Consistent with similar results in diffuse large B-cell lymphoma and systemic lupus
erythematosus patients, the level of M-MDSCs significantly decreased after therapy (Wang
et al., 2021; Wang et al., 2019). This study found the level of M-MDSCs significantly
decreased after PCI surgery and anticoagulant therapy. This observation suggests that
the level of M-MDSCs correlates with disease progression. As the disease returns to a
normal state, the frequency of M-MDSCs decreases significantly. The significant changes
in M-MDSCs frequency after therapy in ACS patients can be used as an indicator of
treatment efficacy.

The chronic, low-grade inflammation is the dominant driving force for MDSCs
accumulation (Ostrand-Rosenberg ¢ Sinha, 2009). The pro-inflammatory mediators IL-6,
IL-10, GM-CSF, and TNF-« are major inducers of the differentiation, accumulation, and
potency of MDSCs (Bai et al., 2022; Rosborough et al., 2012; Wu et al., 2017; Zheng et al.,
2021). In terms of cytokine profiles, our research demonstrated significantly increased
plasma concentrations of IL-6, IL-10, GM-CSF, and TNF- « in ACS patients compared
to SAP patients and healthy controls. These cytokines are involved in inflammation and
immune regulation. The elevated levels of these cytokines in ACS patients may contribute
to the expansion and activation of M-MDSCs. The positive correlations between M-MDSCs
levels and the expression of IL-6, GM-CSF further support the expansion role of cytokine
in ACS. These findings align with previous research, indicating the association between
cytokine dysregulation and MDSCs expansion in different disease contexts.

Activated MDSCs secrete cytokines and other soluble factors that exert immunoregula-
tory effects on various immune cells (Bekic ¢ Tomic, 2023; Jimenez-Cortegana ¢ Galluzzi,
2023). These cytokines, such as Arg-1, and iNOS by MDSCs, collectively contribute to
the inhibition of T and NK cell proliferation. Regarding MDSC-related enzymes, our
study showed a significant increase in Arg-1 mRNA levels in ACS patients compared to
SAP patients and healthy controls. This finding is consistent with previous research (Cao
et al., 2022), suggesting the involvement of Arg-1 in the immunosuppressive function
of MDSCs. The positive correlations between M-MDSCs levels and the expression of
Arg-1 further support the immunosuppressive role of M-MDSCs in ACS. Although the
difference in iNOS mRNA levels did not reach statistical significance, there was a trend

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 12/18


https://peerj.com
http://dx.doi.org/10.7717/peerj.18154

Peer

towards increased iNOS expression in ACS patients. Further research is needed to fully
understand the significance of iNOS in ACS and its interaction with M-MDSCs.

The logistic regression analysis revealed that diabetes, TG, HDL-C and M-MDSCs were
significant risk factors associated with the severity of coronary artery stenosis in ACS
patients. Among these factors, TG emerged as the most significant risk factor, indicating
its potential role in promoting atherosclerosis and plaque instability. Interestingly, HDL-C
exhibited a significant inverse association with the degree of coronary artery stenosis. This
finding suggests that HDL-C are associated with a lower degree of coronary artery stenosis,
indicating a potential protective role of HDL-C against the development and progression
of atherosclerosis in the coronary arteries. Further ROC curve analysis suggested that
TG, HDL-C, and M-MDSCs levels have varying diagnostic performances in predicting the
severity of coronary artery stenosis. TG and HDL-C provide moderate to good performance,
with TG showing higher specificity and HDL-C showing higher sensitivity. M-MDSCs levels
demonstrate good performance with balanced sensitivity and specificity. Integrating these
factors into a comprehensive risk assessment model may enhance the accuracy of predicting
the severity of coronary artery stenosis and inform clinical decision-making.

CONCLUSIONS

In conclusion, this research reveals a significant association between M-MDSCs levels
and the severity of coronary artery stenosis in patients with ACS. The expansion of M-
MDSCs suggests their potential role in modulating immune responses, contributing to the
progression of coronary artery disease and an indicator of treatment efficacy. Furthermore,
increased M-MDSCs indicating a potential role for modulating the effects of ACS-related
inflammation. Additionally, ACS patients exhibited elevated levels of pro-inflammatory
cytokines and expression of immunosuppressive factors by MDSCs, supporting their
immunoregulatory and suppressive functions. Finally, M-MDSCs demonstrated a balanced
sensitivity and specificity in predicting the severity of coronary artery stenosis. Integrating
these factors into a comprehensive risk assessment model may enhance the accuracy of
predicting the severity of coronary artery stenosis in ACS patients.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by grants from projects funded by An-hui Natural Fund General
Project (2008085MH239). There was no additional external funding received for this study.
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
An-hui Natural Fund General Project: 2008085MH239.

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 13/18


https://peerj.com
http://dx.doi.org/10.7717/peerj.18154

Peer

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Yinsheng Tan conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

e Mingde Ren conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

e Jie Hou performed the experiments, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

e Tao Hou analyzed the data, authored or reviewed drafts of the article, and approved the
final draft.

e Xianhe Lin conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The studies involving human participants were reviewed and approved by the Ethics
Committee of the First Affiliated Hospital of Anhui Medical University (No. $20200021).
The studies were conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed consent to participate in
this study.

Data Availability
The following information was supplied regarding data availability:

The data is available at Zenodo: Xianhe, L., Yinsheng, T., Minde, R., Tao, H., &
Jie, H. (2023). Raw FCM Data of ACS SAP patients [Data set]. Zenodo. Available at
https:/doi.org/10.5281/zenodo.120742009.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.18154#supplemental-information.

REFERENCES

Askari N, Lipps C, Voss S, Staubach N, Grun D, Klingenberg R, Von Jeinsen B, Wolter
JS, Kriechbaum S, Dorr O, Nef H, Liebetrau C, Hamm CW, Keller T. 2021.
Circulating monocyte subsets are associated with extent of myocardial injury but not
with type of myocardial infarction. Frontiers in Cardiovascular Medicine 8:741890
DOI 10.3389/fcvm.2021.741890.

Atique SM, Shadbolt B, Marley P, Farshid A. 2016. Association between body mass
index and age of presentation with symptomatic coronary artery disease. Clinical
Cardiology 39:653—657 DOI 10.1002/clc.22576.

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 14/18


https://peerj.com
https://doi.org/10.5281/zenodo.12074209
http://dx.doi.org/10.7717/peerj.18154#supplemental-information
http://dx.doi.org/10.7717/peerj.18154#supplemental-information
http://dx.doi.org/10.3389/fcvm.2021.741890
http://dx.doi.org/10.1002/clc.22576
http://dx.doi.org/10.7717/peerj.18154

Peer

Azzaoui I, Uhel F, Rossille D, Pangault C, Dulong J, Le Priol ], Lamy T, Houot
R, Le Gouill S, Cartron G, Godmer P, Bouabdallah K, Milpied N, Damaj G,

Tarte K, Fest T, Roussel M. 2016. T-cell defect in diffuse large B-cell lymphomas
involves expansion of myeloid-derived suppressor cells. Blood 128:1081-1092
DOI 10.1182/blood-2015-08-662783.

Bai H, Peng Y, Li Y, Duan J, Fu W, Liang X, Yu W, Zhang Q. 2022. Cytarabine-induced
TNFalpha promotes the expansion and suppressive functions of myeloid-derived
suppressor cells in acute myeloid leukaemia. Scandinavian Journal of Immunology
95:¢13158 DOI 10.1111/sji.13158.

Bekic M, Tomic S. 2023. Myeloid-derived suppressor cells in the therapy of autoimmune
diseases. European Journal of Immunology 53:€2250345 DOI 10.1002/¢ji.202250345.

Braunwald E, Antman EM, Beasley JW, Califf RM, Cheitlin MD, Hochman JS, Jones
RH, Kereiakes D, Kupersmith J, Levin TN, Pepine CJ, Schaeffer JW, Smith 3rd
EE, Steward DE, Theroux P, Gibbons R]J, Alpert JS, Eagle KA, Faxon DP, Fuster
V, Gardner TJ, Gregoratos G, Russell RO, Smith Jr SC. 2000. ACC/AHA guidelines
for the management of patients with unstable angina and non-ST-segment elevation
myocardial infarction: executive summary and recommendations. A report of the
American College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on the Management of Patients with Unstable Angina).
Circulation 102:1193-1209 DOT 10.1161/01.¢ir.102.10.1193.

Cao P, Sun Z, Zhang F, Zhang J, Zheng X, Yu B, Zhao Y, Wang W, Wang W. 2022.
TGF-beta enhances immunosuppression of myeloid-derived suppressor cells to
induce transplant immune tolerance through affecting Arg-1 expression. Frontiers
in Immunology 13:919674 DOI 10.3389/fimmu.2022.919674.

Clements VK, Long T, Long R, Figley C, Smith DMC, Ostrand-Rosenberg S. 2018.
Frontline Science: high fat diet and leptin promote tumor progression by inducing
myeloid-derived suppressor cells. Journal of Leukocyte Biology 103:395-407
DOI 10.1002/JLB.4HI0517-210R.

Delaney JAC, Olson NC, Sitlani CM, Fohner AE, Huber SA, Landay AL, Heckbert SR,
Tracy RP, Psaty BM, Feinstein M, Doyle MF. 2021. Natural killer cells, gamma delta
T cells and classical monocytes are associated with systolic blood pressure in the
multi-ethnic study of atherosclerosis (MESA). BMC Cardiovascular Disorders 21:45
DOI10.1186/512872-021-01857-2.

Gjerstorff MF. 2023. Epigenetic targeting of myeloid-derived suppressor cells:
time to move into infectious diseases?. Frontiers in Immunology 14:1247715
DOI 10.3389/fimmu.2023.1247715.

Haverkamp JM, Smith AM, Weinlich R, Dillon CP, Qualls JE, Neale G, Koss B, Kim
Y, Bronte V, Herold MJ, Green DR, Opferman JT, Murray PJ. 2014. Myeloid-
derived suppressor activity is mediated by monocytic lineages maintained by con-
tinuous inhibition of extrinsic and intrinsic death pathways. Immunity 41:947-959
DOI 10.1016/j.immuni.2014.10.020.

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 15/18


https://peerj.com
http://dx.doi.org/10.1182/blood-2015-08-662783
http://dx.doi.org/10.1111/sji.13158
http://dx.doi.org/10.1002/eji.202250345
http://dx.doi.org/10.1161/01.cir.102.10.1193
http://dx.doi.org/10.3389/fimmu.2022.919674
http://dx.doi.org/10.1002/JLB.4HI0517-210R
http://dx.doi.org/10.1186/s12872-021-01857-2
http://dx.doi.org/10.3389/fimmu.2023.1247715
http://dx.doi.org/10.1016/j.immuni.2014.10.020
http://dx.doi.org/10.7717/peerj.18154

Peer

Jimenez-Cortegana C, Galluzzi L. 2023. Myeloid-derived suppressor cells: emerging
players in cancer and beyond. International Review of Cell and Molecular Biology
375:xiii—xix DOI 10.1016/S1937-6448(23)00048-5.

LiL, Li M, Jia Q. 2023. Myeloid-derived suppressor cells: key immunosuppressive
regulators and therapeutic targets in cancer. Pathology - Research and Practice
248:154711 DOI 10.1016/j.prp.2023.154711.

Li Q, Mei A, Qian H, Min X, Yang H, Zhong J, Li C, Xu H, Chen J. 2023. The role of
myeloid-derived immunosuppressive cells in cardiovascular disease. International
Immunopharmacology 117:109955 DOI 10.1016/j.intimp.2023.109955.

Li X, Ahirwar DK, Wu XY. 2023. Editorial: myeloid-derived suppressor cells in inflam-
mation and its complications and cancers. Frontiers in Immunology 14:1240415
DOI 10.3389/fimmu.2023.1240415.

Mizuhara K, Shimura Y, Tsukamoto T, Kanai A, Kuwahara-Ota S, Yamaguchi J,
Muramatsu A, Okamoto H, Taminishi-Katsuragawa Y, Kawaji-Kanayama Y,

Isa R, Mizutani S, Inaba T, Kuroda J. 2023. Tumour-derived exosomes promote
the induction of monocytic myeloid-derived suppressor cells from peripheral
blood mononuclear cells by delivering miR-106a-5p and miR-146a-5p in multiple
myeloma. British Journal of Haematology 203:426—438 DOT 10.1111/bjh.19049.

Morici N, Molinari V, Cantoni S, Rubboli A, Antolini L, Sacco A, Cattaneo M, Alican-
dro G, Oreglia JA, Oliva F, Giannattasio C, Brunelli D, La Vecchia C, Valgimigli
M, Savonitto S. 2020. Long-term risk of major adverse cardiovascular events in
patients with acute coronary syndrome: prognostic role of complete blood cell count.
Angiology 71:831-839 DOI 10.1177/0003319720938619.

Nohria R, Antono B. 2024. Acute coronary syndrome. Primary Care 51:53—64
DOI 10.1016/j.pop.2023.07.003.

Ostrand-Rosenberg S, Lamb TJ, Pawelec G. 2023. Here, there, and everywhere: myeloid-
derived suppressor cells in immunology. The Journal of Immunology 210:1183-1197
DOI 10.4049/jimmunol.2200914.

Ostrand-Rosenberg S, Sinha P. 2009. Myeloid-derived suppressor cells: link-
ing inflammation and cancer. The Journal of Immunology 182:4499—-4506
DOI 10.4049/jimmunol.0802740.

Rampidis GP, Benetos G, Benz DC, Giannopoulos AA, Buechel RR. 2019. A guide for
Gensini Score calculation. Atherosclerosis 287:181-183
DOI 10.1016/j.atherosclerosis.2019.05.012.

Riesinger L, Saemisch M, Nickmann M, Methe H. 2018. CD34(+) circulating cells
display signs of immune activation in patients with acute coronary syndrome. Heart
Vessels 33:1559—1569 DOI 10.1007/s00380-018-1220-7.

Rosborough BR, Castellaneta A, Natarajan S, Thomson AW, Turnquist HR. 2012.
Histone deacetylase inhibition facilitates GM-CSF-mediated expansion of myeloid-
derived suppressor cells in vitro and in vivo. Journal of Leukocyte Biology 91:701-709
DOI 10.1189/j1b.0311119.

Shi X, QuM, Jiang Y, Zhu Z, Dai C, Jiang M, Ding L, Yan Y, Wang C, Zhang X,

Cheng S, Hao X. 2023. Association of immune cell composition with the risk

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 16/18


https://peerj.com
http://dx.doi.org/10.1016/S1937-6448(23)00048-5
http://dx.doi.org/10.1016/j.prp.2023.154711
http://dx.doi.org/10.1016/j.intimp.2023.109955
http://dx.doi.org/10.3389/fimmu.2023.1240415
http://dx.doi.org/10.1111/bjh.19049
http://dx.doi.org/10.1177/0003319720938619
http://dx.doi.org/10.1016/j.pop.2023.07.003
http://dx.doi.org/10.4049/jimmunol.2200914
http://dx.doi.org/10.4049/jimmunol.0802740
http://dx.doi.org/10.1016/j.atherosclerosis.2019.05.012
http://dx.doi.org/10.1007/s00380-018-1220-7
http://dx.doi.org/10.1189/jlb.0311119
http://dx.doi.org/10.7717/peerj.18154

Peer

factors and incidence of acute coronary syndrome. Clinical Epigenetics 15:115
DOI10.1186/513148-023-01527-4.

Tian X, Wang T, Shen H, Wang S. 2023. Tumor microenvironment, histone modifi-
cations, and myeloid-derived suppressor cells. Cytokine ¢ Growth Factor Reviews
74:108-121 DOI 10.1016/j.cytogfr.2023.08.002.

Wang YG, Xiong X, Chen ZY, Liu KL, Yang JH, Wen Q, Wu FQ, Hu XF, Peng YD, Wu
JJ, Lian YT, Zhang WC, Cheng LX. 2015. Expansion of myeloid-derived suppressor
cells in patients with acute coronary syndrome. Cellular Physiology and Biochemistry
35:292-304 DOI 10.1159/000369696.

Wang Z, Jiang R, Li Q, Wang H, Tao Q, Zhai Z. 2021. Elevated M-MDSCs in circulation
are indicative of poor prognosis in diffuse large B-Cell lymphoma patients. Journal of
Clinical Medicine 10:1768 DOI 10.3390/jcm10081768.

Wang Z, Zhu F, Wang J, Tao Q, Xu X, Wang H, Xiong S, Wang Y, Zhai Z. 2019.
Increased CD14+HLA-DR —/low myeloid-derived suppressor cells correlate with
disease severity in systemic lupus erythematosus patients in an iNOS-dependent
manner. Frontiers in Immunology 10:1202 DOI 10.3389/fimmu.2019.01202.

Wen G, Yao L, Hao Y, Wang J, Liu J. 2022. Bilirubin ameliorates murine atherosclerosis
through inhibiting cholesterol synthesis and reshaping the immune system. Journal
of Translational Medicine 20:1 DOI 10.1186/s12967-021-03207-4.

WulL, DengZ, Peng Y, Han L, Liu J, Wang L, Li B, Zhao J, Jiao S, Wei H. 2017. Ascites-
derived IL-6 and IL-10 synergistically expand CD14(+)HLA-DR(-/low) myeloid-
derived suppressor cells in ovarian cancer patients. Oncotarget 8:76843-76856
DOI 10.18632/oncotarget.20164.

Xia S, Sha H, Yang L, Ji Y, Ostrand-Rosenberg S, Qi L. 2011. Gr-1+ CD11b+
myeloid-derived suppressor cells suppress inflammation and promote in-
sulin sensitivity in obesity. Journal of Biological Chemistry 286:23591-23599
DOI 10.1074/jbc.M111.237123.

Xing YF, Cai JR, Qin JJ, Zhou WY, Li CM, Li X. 2020. Expansion of monocytic
myeloid-derived suppressor cells in patients under hemodialysis might lead to
cardiovascular and cerebrovascular events. Frontiers in Immunology 11:577253
DOI 10.3389/fimmu.2020.577253.

Yao T, Lu W, Zhu J, Jin X, Ma G, Wang Y, Meng S, Zhang Y, Li Y, Shen C. 2015. Role of
CD11b+Gr-1+ myeloid cells in AGEs-induced myocardial injury in a mice model
of acute myocardial infarction. International Journal of Clinical and Experimental
Pathology 8:3238-3249.

Zahran AM, Moeen SM, Thabet AF, Rayan A, Abdel-Rahim MH, Mohamed WMY,
Hetta HF. 2020. Monocytic myeloid-derived suppressor cells in chronic lymphocytic
leukemia patients: a single center experience. Leukemia ¢» Lymphoma 61:1645-1652
DOI10.1080/10428194.2020.1728747.

Zhang M, Wan Y, Han J, Li J, Gong H, Mu X. 2024. The clinical association of pro-
grammed death-1/PD-L1 axis, myeloid derived suppressor cells subsets and
regulatory T cells in peripheral blood of stable COPD patients. Peer] 12:e16988
DOI 10.7717/peerj.16988.

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 1718


https://peerj.com
http://dx.doi.org/10.1186/s13148-023-01527-4
http://dx.doi.org/10.1016/j.cytogfr.2023.08.002
http://dx.doi.org/10.1159/000369696
http://dx.doi.org/10.3390/jcm10081768
http://dx.doi.org/10.3389/fimmu.2019.01202
http://dx.doi.org/10.1186/s12967-021-03207-4
http://dx.doi.org/10.18632/oncotarget.20164
http://dx.doi.org/10.1074/jbc.M111.237123
http://dx.doi.org/10.3389/fimmu.2020.577253
http://dx.doi.org/10.1080/10428194.2020.1728747
http://dx.doi.org/10.7717/peerj.16988
http://dx.doi.org/10.7717/peerj.18154

Peer

Zheng Z, Zheng X, Zhu 'Y, Yao Z, Zhao W, Zhu Y, Sun F, Mu X, Wang Y, He W, Liu Z,
Wu K, ZhengJ. 2021. IL-6 promotes the proliferation and immunosuppressive func-
tion of myeloid-derived suppressor cells via the MAPK signaling pathway in bladder
cancer. BioMed Research International 2021:5535578 DOI 10.1155/2021/5535578.

Zhou S, Zhao Z, Zhong H, Ren Z, Li Y, Wang H, Qiu Y. 2023. The role of myeloid-
derived suppressor cells in liver cancer. Discover Oncology 14:77
DOI 10.1007/512672-023-00681-8.

Tan et al. (2024), PeerJ, DOI 10.7717/peerj.18154 18/18


https://peerj.com
http://dx.doi.org/10.1155/2021/5535578
http://dx.doi.org/10.1007/s12672-023-00681-8
http://dx.doi.org/10.7717/peerj.18154

