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Myeloid-derived suppressor cell accumulation induces Treg
expansion and modulates lung malignancy progression
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Abstract. Myeloid-derived suppressor cells (MDSCs) are
a heterogeneous family of myeloid cells that suppress T cell
immunity in tumor-bearing hosts. The present study aimed to
examine roles of T and MDSC subsets in lung malignancy. The
study analyzed 102 cases with lung malignancy and 34 healthy
individuals. Flow cytometry was performed for identification
of T cell and MDSC subsets and their phenotypic characteris-
tics in peripheral blood. The lung malignancy cases exhibited
lower frequencies of granulocyte-like MDSCs (G-MDSCs)
expressing PD-L2 and PD-L1 than healthy controls (P=0.013
and P<0.001, respectively). Additionally, there was a higher
frequency of monocyte-like MDSCs (M-MDSCs) expressing
PD-L1I in the peripheral blood of patients with lung malignancy
than healthy controls (P<0.001). The frequencies of G-MDSCs
and M-MDSCs were positively correlated with proportions
of PD-1* and CTLA-4" regulatory T cells (Tregs). In vitro
co-culture assay demonstrated M-MDSCs of lung malignancy
enhanced naive T cell apoptosis and promoted Treg subset
differentiation compared with M-MDSCs of healthy controls.
The findings suggested accumulation of MDSC subsets in
lung malignancy and MDSCs expressing PD-L2 and PD-L1
induced Treg expansion by binding to PD-1 on the surface of
Tregs.

Introduction
Lung malignancy is a common malignant tumor globally and

its morbidity and mortality increase yearly due to improve-
ments in early detection (1). In 2020, 2.2 million new cases and
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1.8 million deaths of lung malignancy were estimated glob-
ally (2). Lung malignancy is a complex disease that has diverse
histological and molecular types, and 85% of lung malignancy
cases are non-small cell lung cancer (NSCLC) and 15% are
SCLC (3.4). As tumor-induced immunosuppression is often
identified in patients with cancer and contributes to cancer
progression, immune checkpoint immunotherapy has attracted
attention (5,6).

Myeloid cells are the most abundant nucleated hematopoi-
etic cells in the human body and are distinct cell populations
with multiple functions (7). However, during pathological
processes including cancer, chronic inflammation and trauma,
myeloid cells are largely converted to myeloid-derived
suppressor cells (MDSCs) (8). MDSCs in the mouse represent
activated Gr-1(+) CD11b(+) myeloid precursor cells (9) and then
further classified into two subtypes: Monocyte like-MDSCs
(M-MDSCs; CDI11b*Ly6C high Ly6G") and granulocyte
like-MDSCs (G-MDSCs; CD11b*Ly6C low Ly6G’). MDSCs
are usually identified based on CD11b and CD33 in humans,
with low levels of major histocompatibility complex class II
molecule human leukocyte antigen-D-related (HLA-DR) (10).
High levels of arginase 1 are often expressed by MDSCs and
reactive oxygen species and nitric oxide are produced, thereby
leading to T cell depletion (11,12) and T regulatory cell (Treg)
expansion (13).

Tregs are a subpopulation of T cells and can suppress the
immune responses of cells, including T and B and natural
killer cells, monocyte and dendritic cells, to maintain immune
homeostasis and tolerance (14). Tregs in human can be sorted
by CD4*CD25*CD127 (IL-7R)/low (15). Tregs secrete
suppressive cytokines such as IL-10, TGF-B, and IL-35
to suppress T cells, can inhibit induction of IL-2 mRNA in
target T cells, and interact with CTLA-4 and CD80/CD86
on antigen presenting cells (APCs) to prevent their binding
to CD28 present on T cells (16). Chronic infection results in
large accumulation of Tregs and expression of programmed
death-1 (PD-1) (17). Immunosuppressive effects of MDSCs
are achieved by expressing large amounts of immunosuppres-
sive mediators, especially PD-ligand (L)1 (18). PD-1 binds
to its ligand PD-L1 to inhibit the proliferation of T cells and
promote Treg differentiation and function (19). The absence
of consensus regarding involvements of T cell and MDSC
subsets may limit understanding of cancer autoimmunity in
lung malignancy.
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The present study recruited lung malignancy cases and
healthy individuals and performed a direct comparative
analysis of MDSC, G-MDSCs and M-MDSCs, and T cell
subsets with regard to their frequency, as well as their periph-
eral immunosuppressive mediators in a bid to investigate
tumor-specific immune responses in lung malignancy.

Materials and methods

Study population. The present study was a case-control study
involving patients with lung malignancy and healthy controls.
Inclusion criteria for cases were as follows: i) Lung malignancy
diagnosed according to World Health Organization classifica-
tion (20); i) TNM staging established based on the 7th edition
of the TNM Classification of Lung Cancer (21) and iii) an age of
18 years or above. Exclusion criteria were as follows: i) Previous
history of infectious diseases, atopy, allergic rhinitis, asthma,
autoimmune disease, liver and kidney dysfunction or other
malignancy and ii) use of immunomodulatory drugs. Ethics
Committee of Beijing Tsinghua Changgung Hospital (Beijing,
China) approved the protocol (approval no. 18190-0-01).
All cases and healthy controls were informed of study back-
ground and objective and signed informed consent. A total of
102 patients with lung malignancy, consisting of 71 males and
31 females, who were admitted to Tsinghua Changgung Hospital
between February 2019 and January 2020 were analyzed.
These patients' age ranged from 33 to 92 years. Additionally,
34 healthy individuals (20 males and 14 females) undergoing
physical examination between November 2019 and January
2020, without autoimmune diseases and/or active infection and
administration of immunomodulatory or corticosteroid drugs,
were included as controls. The age of healthy individuals ranged
from 34 to 78 years.

Peripheral blood sampling and processing. Peripheral blood
samples (5 ml) were collected and placed into heparinized
tubes within 24 h of admission to the Tsinghua Changgung
Hospital (Beijing, China) (for cases) or physical examination
(for controls). Heparinized blood was immediately iced and
centrifuged at 400 x g (30 min, 4°C) and density-gradient
centrifugation was performed to separate peripheral
blood mononuclear cells (PBMCs) via Ficoll as previously
described (22).

Circulating T cell subpopulation detection. Flow cytometry
was performed to detect phenotypes of T cells. The functional
compartments of CD4* and CD8*T cells were phenotypically
characterized as CD3*CD4* and CD3*CD4, respectively.
The phenotypic characteristic of Tregs were determined
according to their differential expression of CD25 and CD127
(CD4*CD25*brightCDI127 /*low expression). The subpopula-
tions expressing PD-1 and CTLA4 were determined in each
of the T cell subsets as follows: CTLA4*CD4, PD-1"CDS8,
CTLA4*CDS8, PD-1"Treg, PD-1"CD4, CTLA4*Treg.
Phenotypical analyses of T cells were characterized by
fluorescence-activated cell sorting (FACS) using a CytoFLEX
(Beckman Coulter, Inc.) with anti-human-specific antibodies
against surface CD markers (all eBioscience; Thermo Fisher
Scientific, Inc.) as follows: CD3 (cat. no. MHCDO0327,
APC-Alexa Fluor™ 750), CD4 (cat. no. 25-0049-42; PE-

Cyanine), CD25 (cat. no. 12-0257-42; PE), CD127 (cat. no. 17-
1278-42; APC), CTLA-4 (cat. no. 85-46-1529-42; PerCP-
eFluor®710) and PD-1 (CD279; cat.no. 61-2799-42; PE-eFluor™
610). A total of 5 pul antibodies was added according to the
manufacturer's instructions and incubated at 4°C for 30 min.
CytExpert for DxXFLEX version 1.0 (Beckman Coulter, Inc.)
was used for flow cytometry analysis.

Immunophenotyping of MDSC subsets by flow cytometry.
MDSC subsets, M-MDSCs (CD14*CD15CDI11b*CD33"HLA-
DR7/low) and G-MDSCs (CD15"CD33*CD11b*CDI14 HLA"
DR/low) were identified by FACS using a CytoFLEX (Beckman
Coulter, Inc.) with a panel of fluorescent-labeled monoclonal
antibodies (all eBioscience; Thermo Fisher Scientific, Inc.)
as follows: Anti-CDI15 (cat. no. 11-0159-42), anti-CD33 (cat.
no. 56-0338-42), anti-CD14 (cat. no. 61-0149-42), anti-CD45
(cat. no. 47-0459-42), anti-CD11b (cat. no. 46-0118-42) and
anti-HLA-DR (cat. no. 25-9952-42). The frequency of cells
expressing PD-2 and PD-1 was determined in MDSC subsets
by flow cytometry using fluorescent-labeled monoclonal
antibodies CD274-APC (cat. no. 17-5983-42, eBioscience,
Thermo Fisher Scientific, Inc.) and CD273-PE (12-5888-42,
eBioscience, Thermo Fisher Scientific, Inc.), allowing the
identification of PD-L1*G-MDSCs, PD-L1*M-MDSCs,
PD-L2*G-MDSCs and PD-L2*M-MDSCs. Samples were
added to 100 pl PBS, and the cell precipitates were blown and
mixed well. A total of 5 ul antibodies was added according to
the manufacturer's instructions, blown and mixed well. They
were incubated at 4°C for 30min. CytExpert for DxFLEX
version 1.0 (Beckman Coulter, Inc.) was used for flow
cytometry analysis.

In vitro co-culture. PBMCs were isolated from leukocytes of
patients with lung malignancy and healthy controls. M-MDSCs
(CD14*CD15CDI11b*CD33*HLA'DR/low) and G-MDSCs
(CD15*CD33*CD11b*CDI14' HLA DR /low) were independently
isolated and purified (>90%) by flow cytometry as aforemen-
tioned. Naive CD4*T cells were isolated from peripheral blood
using a commercial kit (cat. no. 130-094-131; Miltenyi Biotec
GmbH) according to the manufacturer's instructions. The purity
of naive T cells (CD45RA*CD4*CCRT7*) was verified by flow
cytometry as aforementioned. M-MDSCs and G-MDSCs,
sourced from leukocytes of lung malignancy and healthy
control were co-cultured with naive CD4*T cells in 96-well
plate, 2.5x10° cells/well, in RPMI-1640 (Invitrogen, Carlsbad,
CA, USA) containing 10% fetal bovine serum (FBS, Hyclone,
Logan, UT, USA) in a 5% CO, humid atmosphere at 37°C.
Soluble anti-CD3 (1 mg/ml; cat. no. 16-0037-81; eBioscience;
Thermo Fisher Scientific, Ind.) and anti-CD28 (1 mg/ml; cat.
no. 16-0289-81; eBioscience; Thermo Fisher Scientific, Inc.) in
a CO, incubator at 37°C for 4 h were added to achieve T cell
receptor (TCR) stimulation via the TCR/CD3 complex. The cells
were cultured in RPMI-1640 supplemented with 10% FBS in a
5% CO, humid atmosphere at 37°C for 5 days. The proliferation
and apoptosis of T cells, as well as differentiation of Tregs, were
examined by using flow cytometry as aforementioned.

Statistical analysis. GraphPad Prism 8.0 software (GraphPad
Software, Inc.; Dotmatics) was used to analyze data.
Experiments were performed with three replicates in at least
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Figure 1. Flow cytometric detection to sort circulating T cell subsets. The phenotypes of T cells were determined using flow cytometry based on CD3 expres-
sion. CD3*CD4*CD25highCDI127low were Tregs. Tregs expressing PD-1 and CTLA4 were determined. Treg, regulatory T cell.

three independent experiments; data are presented as the
mean =+ standard deviation. For the data with normal distribu-
tion, one-way analysis of variance followed by Tukey's post
hoc analysis or unpaired t test were performed for multiple
and two group comparisons, respectively. Pearson's correla-
tion analysis was used to evaluate the relationship of T cell
and MDSC subsets. Categorical variables are expressed as
proportions and analyzed using % test. P<0.05 was considered
to indicate a statistically significant difference.

Results

Demographic and clinical characteristics of the subjects. The
102 lung malignancy cases were classified as follows: Stage |
(n=13),1II (n=16), 11T (n=18) and IV (n=55); squamous cell carci-
noma (n=35), adenocarcinoma (n=50), large cell carcinoma
(n=7) and SCLC (n=10; data not shown). A total of 49 cases
exhibited distant metastasis and 41 were non-smokers. Among
these healthy individuals, there were 12 non-smokers and 22
smokers. Lung malignancy cases and healthy individuals were
age-, sex- and smoking-matched.

Frequency of peripheral blood T cell subsets in lung cancer.
The strategy for flow cytometric analysis to identify T cell
subpopulations in the circulation is presented in Fig. 1. Flow
cytometric analyses of PD-1"CD8* T cells, Tregs, PD-1"Tregs,
CTLA-4*CD4" T cells, CTLA-4*Tregs, and PD-1*CD4* and
CTLA-4*CD8* T cells are shown in Figs. 2 and 3. There were
no notable differences concerning the frequencies of Tregs,
PD-1"Tregs and PD-1*CD4*, CTLA-4*CD4* and PD-1*CD8"*

T cells in the peripheral blood of patients with lung cancer and
healthy controls. However, there were higher frequencies of
peripheral CTLA-4*Tregs and CTLA-4*CD8* T cells in lung
malignancy cases compared with healthy individuals (P<0.05;
Fig. 4; Table I).

Association between clinical variables and the frequencies
of CTLA-4*Tregs and CTLA-4*CDS8* T cells in lung cancer.
The present study investigated whether CTLA-4*Tregs
and CTLA-4*CD8* T cells were associated with clinical
variables of cases with lung malignancy. A lower frequency
of CTLA-4"CD8* T cells was found in cases at stage III +
IV compared with those at stage I + II (P=0.009; Table II),
indicating the proportion of CTLA-4*CD8* T cells was associ-
ated with TNM stage. However, frequencies of CTLA-4"Tregs
and CTLA-4*CD8* T cells were not significantly associated
with age, sex, smoking status, histological type and distant
metastasis; frequency of CTLA-4"Tregs was not associated
with TNM stage (P>0.05).

Frequencies of peripheral blood MDSC subsets in lung
cancer. The strategies of flow cytometric analyses to
identify G-MDSCs and M-MDSCs in the circulation are
shown in Figs. 5 and 6. A greater diversity of G-MDSC
and M-MDSC subpopulations was noted in lung malig-
nancy cases compared with healthy individuals (P<0.001;
Table IIT). To study interaction between MDSC subsets,
PD-L1 and PD-L2 in lung malignancy, flow cytometry was
used to sort G-MDSCs and M-MDSCs expressing either
PD-L1 or PD-L2 in lung malignancy cases and healthy
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Figure 2. Flow cytometric analyses of peripheral Tregs expressing PD-1" and CTLA-4* in lung malignancy cases and healthy controls. Peripheral (A) Tregs
expressing (B) PD-1" and (C) CTLA-4" in lung malignancy cases and healthy controls. Treg, regulatory T cell.
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Table I. Frequency (%) of peripheral blood T cell subsets in the peripheral blood between patients with lung cancer and healthy

controls.

T cell subset Healthy controls (n=34) Lung cancer (n=102) P-value
Tregs 7.55+1.94 8.38+3.24 0.161
PD-1"Tregs 20.38+6.09 22.97+11.62 0.216
CTLA-4*Tregs 13.31+4.08 16.43+8.77 0.047*
PD-1*CD4 21.02+7.21 23.68+14.10 0.295
CTLA-4*CD4 17.25+5.16 20.47+10.67 0.093
PD-1"CD8 23.12+7.71 26.27+11.84 0.149
CTLA-4*CDS8 19.98+5.74 24.06+10.05 0.026*

P<0.05. Treg, regulatory T cell.

Table II. Association between clinical variables of patients with lung cancer and the frequencies of CTLA-4"Tregs and

CTLA-4*CD8* T cells in the peripheral blood.

CTLA4/Tregs CTLA4/CDS8
Clinical variable n Frequency, % P-value Frequency, % P-value
Age, years 0.766 0.430
<65 45 16.11£8.37 24.95+11.08
>65 57 16.68+9.13 23.36+9.19
Sex 0.354 0.508
Male 71 15.90+8.28 23.62+9.46
Female 31 17.66+9.84 25.06+11.39
Smoking status 0.893 0.807
Smoker 61 16.53+8.45 23.86+10.12
Non-smoker 41 16.29+9.33 24.36+10.05
TNM stage 0.628 0.009*
I+1 29 15.76+8.67 28.14+7.13
oI +1v 73 16.70+8.85 22.44+10.60
Histological type 0.992 0.756
Squamous cell carcinoma 35 16.22+7.80 24.22+10.07
Adenocarcinoma 50 16.53+9.80 23.60+10.49
Large cell carcinoma 7 16.99+7 .47 24.79+11.81
Small cell lung cancer 10 17.08+7.93 27.41+7.87
Distant metastasis 0.279 0.482
Yes 49 17.41+9.32 23.33+10.45
No 53 15.52+8.21 24.74+9.71

*P<0.05. Treg, regulatory T cell.

controls (Figs. 7 and 8). The cases with lung malignancy
exhibited lower frequencies of PD-L1*G-MDSCs (P=0.013)
and PD-L2*G-MDSCs (P<0.001) in the peripheral blood
than the healthy controls. Additionally, there was a higher
frequency of PD-L1*"M-MDSCs in peripheral blood of lung
malignancy cases than healthy controls (P<0.001). However,
significant differences were not found in PD-L2*M-MDSCs
between lung malignancy cases and healthy controls
(P=0.406).

Association between clinical variables and frequency of
peripheral blood MDSC subsets in lung malignancy. The
present study investigated whether peripheral blood MDSC
subsets were associated with clinical variables of patients
with lung cancer. Patients with distant metastasis exhibited
higher frequencies of G-MDSCs and M-MDSCs in peripheral
blood when compared with those without distant metastasis
(P<0.001; Table 1V), suggesting the frequency of peripheral
G-MDSCs and M-MDSCs was associated with the occurrence
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G-MDSC, granulocyte-like myeloid-derived suppressor cell.

of distant metastasis in lung malignancy. Additionally, there =~ without (P=0.020; Table V), suggesting the frequency of
was a lower frequency of peripheral PD-L1*"M-MDSCs in  PD-LI*M-MDSCs in peripheral blood was associated with the
cases with distant metastasis when compared with those occurrence of distant metastasis in lung cancer.
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Table III. Frequencies (%) of peripheral blood MDSC subsets in the peripheral blood between patients with lung cancer and

healthy controls.

MDSC subset Healthy controls (n=34) Lung cancer (n=102) P-value
G-MDSCs 10.71+5.60 18.65+10.52 <0.001*
PD-L1*G-MDSCs 71.18+24.30 60.49+20.30 0.013*
PD-L2*G-MDSCs 50.84+20.08 35.03+15.77 <0.001*
M-MDSCs 8.91+2.96 16.68+9.63 <0.001*
PD-L1*"M-MDSCs 36.21+27.42 62.75+26 .48 <0.001*
PD-L2*M-MDSCs 48.35+32.14 53.62+31.85 0.406

*P<0.05. M-MDSC, monocyte-like myeloid-derived suppressor cell.

Table IV. Association between clinical variables of patients with lung cancer and the frequencies of peripheral blood MDSC

subsets.
G-MDSC M-MDSC
Clinical variable n Frequency, % P-value Frequency, % P-value
Age, years 0.201 0.211
<65 45 17.26+9.52 15.22+8.40
>65 57 19.86+10.79 17.62+10.39
Sex 0.879 0.878
Male 71 18.80+10.67 16.64+9.90
Female 31 18.46+9.46 16.32+8.98
Smoking status 0.261 0.857
Smoker 61 19.63+10.94 16.40+9.71
Non-smoker 41 17.2949.11 16.75+9.49
TNM stage 0.009* 0.104
I+10 29 14.52+7.14 14.10+8.31
oI +1v 73 20.37+10.88 17.52+9.93
Histological type 0.187 0.447
Squamous cell carcinoma 35 20.13+£10.76 18.28+11.18
Adenocarcinoma 50 16.91+8.57 15.27+8.43
Large cell carcinoma 7 23.94+15.21 14.99+6.66
Small cell lung cancer 10 16.24+8.32 18.82+12.04
Distant metastasis <0.001* <0.001*
Yes 49 22.29+10.69 20.18+10.55
No 53 15.24+8.62 13.04+7.03

*P<0.05. M-, monocyte-like; G-, granulocyte-like; MDSC, myeloid-derived suppressor cell.

Correlation between frequencies of peripheral blood MDSC
and T cell subsets in lung malignancy. Next, the present study
investigated correlation between frequency of peripheral blood
MDSC and T cell subsets and in lung cancer. First, a positive
correlation was noted between frequencies of G-MDSCs and
M-MDSCs (r=0.325, P=0.001; Fig. 9). In addition, G-MDSC
populations shared a positive correlation with the proportion
of Tregs expressing PD-1 (r=0.385, P<0.001) and CTLA-4*
(r=0.337, P<0.001). Likewise, the frequency of M-MDSCs
exhibited a positive correlation with the proportion of Tregs

expressing PD-1 (r=0.265, P=0.01) and CTLA-4" (r=0.284,
P<0.005). However, no further correlation was observed
between other T cell and MDSC subsets in lung cancer.

M-MDSCs in lung malignancy enhance naive T cell apoptosis
and promote Treg subset differentiation. To investigate the
effects of MDSC subsets derived from lung malignancy and
healthy controls on naive T cell proliferation and apoptosis, as
well as Treg differentiation, MDSC subsets were co-cultured
with naive T cells. Results of flow cytometry demonstrated
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that G-MDSCs derived from lung malignancy and healthy
controls exerted no significant effects on naive T-cell prolif-
eration and apoptosis, as well as Treg differentiation (data

SSC-A :: SSC-A

CD11b PC5.5-A

(7 ... i ———
0 500K 1.0M 1.5M 2.0M
FSC-A :: FSC-A
N
o
(96.28%) Q2-UR(3.13%)
CD15-CD11b+
e ::‘;Z;..
=
<
=
o
Q2-LL(0.33%) Q2-LR(0.26%)
1 T T T T T T rrrmy T T T T
0 10 10° 10°
CD15 FITC-A

not shown). However, compared with M-MDSCs of healthy
controls, M-MDSCs from patients with lung malignancy did
not notably affect naive T cell proliferation (Fig. 10A and B),
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suppressor cell.

but enhanced naive T cell apoptosis (Fig. 10C and D) and
promoted Treg subset differentiation (Fig. 10E and F).

Discussion

The immunopathological role of MDSCs in infectious disease,
inflammation and cancer by affecting T cells has been reported
previously (23-25). The present study demonstrated that circu-
lating frequencies of CTLA-4*Tregs and CTLA-4*CD8* T
cells are increased in lung cancer, accumulation of M-MDSC
and G-MDSC occurs in cases with lung malignancy and
frequencies of G-MDSCs and M-MDSCs in the peripheral

blood were associated with lung malignancy metastasis and
positively correlated with the proportions of CTLA-4* and
PD-1"Tregs. These results demonstrated impaired host tumor
immunosurveillance in lung cancer as MDSCs could bind to
PD-1 on Treg by expressing PD-L2 and PD-L1 and induce
Treg expansion.

Tregs induce immunosuppression via contact-dependent,
including the expression of PD-1, neuropilin 1, CTLA-4,
lymphocyte-activation protein 3 and PD-LI, or -indepen-
dent mechanisms, such as secretion of immunosuppressive
molecules (26). Accumulation of immunosuppressive Tregs in
lung tumor and systemic expansion enhances tumor evasion,
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Table V. Association between clinical variables of patients with lung cancer and frequencies of PD-L1* and PD-L2*G-MDSCs
and PD-L1"M-MDSCs in the peripheral blood.

PD-L1*G-MDSC

PD-L2*G-MDSC

PD-L1*M-MDSC

Clinical variable n Frequency, % P-value Frequency, % P-value Frequency, % P-value
Age, years 0.580 0.078 0414
<65 45 61.74+20.36 32.43+12.60 64.86+26.58
>65 57 59.47+20.59 37.95+17.51 60.53+26.38
Sex 0.300 0.960 0.240
Male 71 59.05+21.13 34.97+16.39 60.37+27.01
Female 31 63.64+18.68 35.14+14.58 67.09+24.90
Smoking status 0.827 0.228 0951
Smoker 61 60.85+20.55 36.55+17.23 62.34+26.73
Non-smoker 41 59.94+20.45 32.70+13.11 62.67+26.30
TNM stage 0.403 0.238 0.084
I+10 29 63.16+19.27 32.12+16.23 69.57+24.79
or+1v 73 59.39+20.90 36.22+15.54 59.55+26.70
Histological type 0472 0.139 0.237
Squamous cell carcinoma 35 57.94+20.89 34.26+£15.07 58.73+26.83
Adenocarcinoma 50 60.55+20.62 32.70+14.12 61.69+25.71
Large cell carcinoma 7 71.43+14.42 43.63+£19.78 80.87+24.09
Small cell lung cancer 10 60.67+21.54 42.41£20.37 65.26+28.29
Distant metastasis 0.296 0.088 0.020*
Yes 49 58.32+22.63 37.75+16.75 56.31+29.00
No 53 62.56+18.03 32.42+14 47 68.39+22.43

*P<0.05. M-, monocyte-like; G-, granulocyte-like; MDSC, myeloid-derived suppressor cell.

thus contributing to progression of numerous types of malig-
nancy, such as lung (27), breast (28), ovary (29) and prostate
cancer (30). The present study showed no notable difference in
populations of peripheral blood Tregs, CTLA-4"CD4* T cells,
PD-1"Tregs and PD-1*CD4* and PD-1"CD8* T cells between
lung cancer cases and healthy controls. Kumagai er al (31)
showed a profound reactivation of effector PD-1"CD8* T cells
rather than PD-1" Treg cells by PD-1 blockade is necessary
for tumor regression, which is not consistent with the present
results. The aforementioned study focused on Tregs and CD8*
T cells in the tumor microenvironment rather than in the
circulation. Wu et al (32) identified a high population of Tregs
expressing PD-L1 in the tumor microenvironment of lung
cancer and frequency of PD-L1*Tregs was higher in cancer
tissues than in normal tissue and blood, suggesting levels of
these cells vary between the tumor microenvironment and
circulation. However, it is unknown which immunosuppressive
molecule is responsible for inducing the function of circulating
Tregs in lung malignancy and whether Tregs have tumor
microenvironment- or circulation-dependent phenotype?
The present study observed higher frequencies of peripheral
CTLA-4"Tregs and CTLA-4*CD8* T cells in lung cancer
cases compared with healthy controls, suggesting that CTLA-4
may be the immunosuppressive molecule that induces func-
tion of circulating Tregs in lung cancer. CTLA-4 is a protein
receptor that maintains peripheral tolerance by suppressing

T cell activation and proliferation, thus inhibiting the immune
system (33). CTLA-4 in Tregs could remove CD80/CD86 from
the antigen-presenting cells and function in a cell-extrinsic
fashion, thus preventing further priming of other T cells (34).
Studies have identified CTLA-4 molecules as a strong
inductor of Treg function (35,36). Additionally, combination of
anti-PD-1/PD-L1 + anti-CTLA-4 immune-checkpoint inhibi-
tors contributes to better survival compared with single-agent
immunotherapy (37). Compared with stage I + II, the present
study found a lower frequency of circulating CTLA-4*CDS8*
T cells in patients with stage III + IV lung cancer. Similarly,
Erfani et al (38) found an increase in circulating CD8" T cells
expressing SurCTLA-4 instead of CD4* T cells expressing
SurCTLA-4 in NSCLC compared with health controls.
Therefore, CD8" T cells and Tregs expressing CTLA-4 might
be novel immunotherapeutic targets for lung cancer.

MDSCs contribute to the immune tolerance of tumor cells
by attracting Tregs into tumor sites and inhibiting prolif-
eration of T cells (39). Here, a higher diversity of peripheral
blood G-MDSC and M-MDSC populations was noted
in lung cancer cases compared with healthy individuals.
In vitro co-culture assay demonstrated M-MDSCs of lung
malignancy enhanced naive T cell apoptosis and promoted
Treg subset differentiation compared with M-MDSCs of
healthy controls. Recruitment of MDSCs is regulated by
a series of cytokines, such as IL-1f, vascular endothelial
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Figure 9. Pearson's correlation analyses of frequencies of peripheral blood T cell and MDSC subsets in patients with lung malignancy. Treg, regulatory T cell;
G, granulocyte-like; M, monocyte-like; MSDC, myeloid-derived suppressor cell.

growth factor, prostaglandin E2, IL-6, granulocyte macro-
phage colony stimulating factor and SI00A8/A9 (40). Most
of the aforementioned cytokines activate the JAK/STAT?3
signaling pathway to mediate the amplification and aggre-
gation of MDSCs (41). In this event, MDSCs are recruited,
migrate and expand ~10 times in the circulation and tumor
environment. Yamauchi er al (42) detected a significant
increase in frequency of circulating M-MDSCs in patients
with NSCLC compared with healthy donors. Additionally,
Li et al (43) demonstrated increased abundance of G-MDSCs
locally within the tumor microenvironment and systemically
in peripheral blood and spleen in a Live kinase Bl-deficient

murine model of NSCLC. Here, increased frequencies of
peripheral blood G-MDSCs and M-MDSCs were observed
in distant metastasis, suggesting two MDSC subsets were
correlated with lung cancer metastasis. Lung-derived
G-MDSCs harvested from tumor-bearing animals promote
proliferation of disseminated cancer cells at metastatic
sites. Tumor-infiltrated M-MDSCs induce dissemination of
cancer cells by eliciting epithelial-to-mesenchymal transi-
tion/cancer stem cell phenotype (44). Hypoxia is a hallmark
of the tumor microenvironment and contributes to tumor
progression. Hypoxia triggers a rapid, notable selective
upregulation of PD-L1 on MDSCs in tumor-bearing mice,



BIOMEDICAL REPORTS 20: 68, 2024

15

7
107 3 1073 807 *
J01-UL(40.09% | Q1-UR(59.91%) 10" 1-uL(54.44%) [Q1-UR(45.56%) JO1-UL(E7 42% [Q1-UR(258%)| . ns
3 B ] . <
3 100 T 105 3 10°] v e0{ @ .
< ] < 7 g ] -
< E < 3 by E o
8 1 8 1 8 1 & 201
0 0 0 <
T T T T T T T T T T T T T T T T T T T T T T T T T 0 T T T
0 10° 0 108 0 10° 42 38 38
Ki-67 APC-A700-A Ki-67 APC-A700-A Ki-67 APC-A700-A °° 83 83
> = =
Naive CD+ T cells Naive CD+ T cells+Healthy M-MDSCs Naive CD+ T cells+Tumor M-MDSCs g E = E =
o Sof
23 23
EE - A
107 107 107 —_
303-UL(1.13%) Q3-UR(9.68%) 3Q3-UL217%) Q3-UR(16.04%) J03-UL(1.34%) Q3-UR(24.81%) 50 * *
3 ] —_ —_—
10°4 1064 S
< ] E » 401 .
5 10° b $10%4 3
0 b 0 ] = 304 °
Q 10t S © 10* 3
5 5 5 3
3 [=] O 204 °
2100 2 2 10%4 2
L N3 s g 0] e
] ) . . ) 1 .. . 5
0 1 Q3-LL(86.61%) ' Q3-LR(2.58%) 01 Q3-LL(70.42%) : Q3-LR.(11_37%) 0 Q3-LL(63.14%) . Q3-LR(10.70%) §- 0
0 10* 105  10° 107 o 10t 105 105 107 0 10t 10°  10° 107 42 38 38
Annexin V PE-A Annexin V PE-A Annexin V PE-A ‘:u) E @ 8 E 8
Naive CD+ T cells Naive CD+ T cells+Healthy M-MDSCs Naive CD+ T cells+Tumor M-MDSCs 3 ': § ': i
z [a} [a)
oz O s
25 2§
2T 2
7 7 *
7
10 Jor-uLe230% Tregs(7.70%) 10 Jor-uLere%) Tregs(12.84%) 10 Jor-uLgeain Tregs(20.58%) 251 —_—
<1 5 <"1 £ 201 e
B 10° 3 8 5] 2 ol?
2 10°4 = i 10%% 8 154 d v
< < < g Pt 3
g 10% I g 1044 * .
< < < 3 S 104 ole
2 10°] 2 2 10°] o *
o o i o 3 & 54 [qle
0] 0 ] 0 ] 3
1 . E - . e . oo . r T
0 10° 0 10° 0 108 e 58 8
Foxp3 PE-A Foxp3 PE-A Foxp3 PE-A o8 fu; 8 (?3 8
Naive CD+T cells Naive CD+ T cells+Healthy M-MDSCs Naive CD+ T cells+Tumor M-MDSCs % - ': = ': 2
z az A=
o o8
> > 35
23 =
2T 2

Figure 10. Flow cytometry detection of naive T cell proliferation and apoptosis, as well as Treg differentiation in in vitro co-culture system of MDSC subsets
derived from lung malignancy and healthy controls with naive T cells. (A) Flow cytometric detection of Ki-67*CD4* T cells when cocultured with M-MDSCs
derived from healthy controls or lung malignancy. (B) Quantification of Ki-67*CD4* T cells. (C) Flow cytometric detection of apoptotic CD4* T cells when
cocultured with M-MDSCs derived from healthy controls or lung malignancy. (D) Quantification of apoptotic CD4* T cells. (E) Flow cytometric detection of
Foxp3*CD4* T cells when cocultured with M-MDSCs derived from healthy controls or lung malignancy. (F) Quantification of Foxp3*CD4* T cells. "P<0.05.
ns, not significant. Treg, regulatory T cell; MSDC, myeloid-derived suppressor cell.

inducing immunosuppressive function of MDSCs (45).
MDSC-induced release of PD-L1 is also modulated by
IFN-v, which activates phosphorylated STATI1 to directly
modulate IFN regulatory factor-1 (IRF1) transcription. IRF1
activation leads to PD-L1 expression in MDSCs by directly
binding to an IRF-binding consensus element (46). Here,
compared with controls, lung malignancy cases exhibited
lower frequencies of PD-L1* and PD-L2*G-MDSCs, but a
high frequency of PD-L1*M-MDSCs in the peripheral blood.
Rather than G-MDSCs, M-MDSCs bind with PD-1 on the
surface of Tregs and promote differentiation of initial CD4*
T cells into Tregs; frequencies of M-MDSCs were positively
correlated with proportions of CTLA-4* and PD-1"Tregs.
These findings support the hypothesis that notable accumula-
tion of MDSC subsets is involved in lung cancer occurrence
and progression as M-MDSCs bind to PD-1 on Tregs by

expressing PD-L1 and PD-L2 on the surface and induce Treg
expansion.

There were several limitations in the present study. Firstly,
the mechanism behind the contribution of G-MDSCs to lung
cancer should be further investigated, since a higher diversity
of peripheral blood G-MDSC and M-MDSC populations
was noted in cases with lung cancer compared with healthy
controls. Secondly, since MDSCs are more likely to accumu-
late systemically in the spleen (47), more locations, such as
cancerous lung tissue and spleen in lung cancer, should be used
to characterize the frequencies of T cell subsets and MDSC
subset. Future clinical studies and cell and animal models
should be performed to demonstrate M-MDSC promotion of
Tregs by PD-1/PD-L1/2 interaction.

In conclusion, CTLA-4*Tregs, M-MDSCs, CTLA-4*CD8*
T cells and G-MDSCs accumulated in lung cancer. MDSCs
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promote Treg expansion by binding surface molecule PD-1,
which is involved in lung cancer occurrence and progression.
Collectively, these findings suggested a contributing role for
MDSCs and Tregs in immunopathogenesis of lung cancer and
these may be potential targets to design host-directed therapies
for patients with lung cancer.
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