MOLECULAR MEDICINE REPORTS 15: 4374-4381, 2017

Enhanced circulating ILC2s and MDSCs may contribute to ensure
maintenance of Th2 predominant in patients with lung cancer
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Abstract. Group 2 innate lymphoid cells (ILC2s) were demon-
strated to be involved in the initiation and coordination of type 2
T helper cell (Th2) responses. Myeloid-derived suppressor
cells (MDSCs) have received a great deal of attention for their
role in creating an immunosuppressive microenvironment in
cancer-bearing hosts. However, the contributions of ILC2s
in the occurrence and development of lung cancer, and the
association between ILC2s and Th2 or MDSC:s in lung cancer
remain to be elucidated. In the present study, 36 patients newly
diagnosed with lung cancer based on the guidelines of the
International Union Against Cancer Tumor Node Metastasis
were included. The frequencies of ILC2s and MDSCs in
peripheral blood mononuclear cells were determined, and the
mRNA expression levels of ILC2s or Th2-related transcrip-
tion factors and cytokines, and MDSCs-related products were
assessed. The results demonstrated that the frequencies of the
circulatory ILC2s and MDSCs were enhanced in lung cancer
patients, as were ILC2-related transcription factors and cyto-
kines in peripheral blood. A positive correlation was identified
between the Th2-dominated phenotype and the expression
levels of ILC2s-associated cytokines or transcription factors. In
addition, increased autophagy related 1 was closely associated
with Th2-associated transcription factors. It was demonstrated
that ILC2s and MDSCs were clearly upregulated and accom-
panied by a predominant Th2 phenotype in patients with lung
cancer; this may lead to new immunotherapy approaches for
lung cancer based on the associated metabolites and cytokines.
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Introduction

Lung cancer remains a daunting health problem with more than
1.1 million mortalities worldwide attributed to lung cancer
annually (1). Although there is growing evidence that the
immune system has the potential to protect against malignan-
cies, the precise mechanisms of immune modulation in lung
cancer patients remain elusive, particularly that exerted by the
innate immune system, which is considered to be the primary
response against tumor growth and development. Previous
studies (2,3) have indicated that the immune system may be
involved in the protection and promotion of carcinogenesis.
Innate lymphoid cells (ILCs) are a heterogeneous group of
cell types that serve arole in innate immune responses and which
have received a great deal of attention. ILCs are categorized into
three distinct populations based on the surface markers they
express, the transcription factors that regulate their development
and function and the effective cytokines they can produce (4,5).
Group 2 ILCs mainly produce interleukin (IL)-13 and IL-5, and
express the transcription factors retinoic acid receptor related
orphan receptor o. (RORa) or GATA binding protein 3 (GATA3;
4,6,7). These cells respond to IL-25 and IL-33 in vitro due to
IL-17 receptor (R) B or ST2 expression on their membrane (8.9).
Myeloid-derived suppressor cells (MDSCs) are defined as a
heterogeneous population of activated immature myeloid cells
characterized by a morphological mixture of granulocytic and
monocytic cells. However, they lack the expression of cell-surface
markers that are specific to the fully differentiated monocytes,
macrophages, or dendritic cells. In mice, granulocytic MDSCs
possess a CD11b*Ly6G*Ly6C"™ phenotype, whereas MDSCs
with monocytic morphology are CD11b*Ly6GLy6C"ie"; the
two phenotypes exhibit different functions in cancer and
autoimmune diseases. By contrast, the human MDSCs are
traditionally defined as CD14-CD11b*CD33*CDI15"cells or
cells that express the CD33 marker but lack the expression of
markers of mature myeloid and lymphoid cells and the major
histocompatibility complex class-II molecule human leukocyte
antigen-antigen D related (10). The identification and isolation
of human MDSC subsets have been challenging due to the
heterogeneous characteristics of these immature cells and
accumulating data suggest a significant diversity in the MDSC
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subsets identified in different human cancers (11). The frequency
of each MDSCs subset appears to be influenced by the type
of cancer (12). MDSCs are suspected of serving a crucial
role in local and systemic tumor development, providing a
microenvironment in which tumor cells can proliferate, expand,
acquire new mutations and escape host immunosurveillance (13).
Elevated numbers of MDSCs in many cancer patients have been
demonstrated, including patients with lung cancer (14-16), and
their inhibitory role in adaptive immunity via their suppression
of T cell activation is well established (17-20). However, the
influence of MDSCs on Th1/Th2 balance is little known in lung
cancer. In previous studies of the authors (21,22), it was identified
that there were markedly enhanced ILC2s and a predominant
Th2 phenotype in patients with gastric cancer. However, it
remains controversial whether these ILC2s serve a role in the
progression of lung cancer. The present study was designed
to investigate the changes in the frequency of ILC2s and the
expression levels of ILC2s-associated factors in patients with
lung cancer, and to analyze the association between circulating
ILC2s, or associated factors, and Th1/Th2 immune imbalance,
with the aim of understanding the significance of ILC2s in lung
cancer.

Materials and methods

Patients and healthy controls. A total of 36 patients (26 male,
10 female), newly diagnosed with lung cancer based on the
guideline of International Union Against Cancer Tumor
Node Metastasis (23) were included in the current study.
These patients ranged between 43 and 70 years of age (mean
52.35 years) and 30 healthy subjects, age- and sex-matched to
the patients, were studied as the controls. None of the patients
had been treated preoperatively or had a history of autoimmune
disease, and none of the healthy controls had a prior history of
cancer or any chronic inflammation. The present study was
approved by the Ethical Committee of the Affiliated People's
Hospital of Jiangsu University (Zhenjiang, China), and written
informed consent was obtained from all individuals.

Cell preparation. Peripheral blood samples were collected
from lung cancer patients and healthy controls. Plasma samples
were frozen at -80°C immediately following centrifugation at
500 x g and at 4°C until use. Peripheral blood mononuclear
cells (PBMCs) were obtained by Ficoll-Hypaque centrifuga-
tion at 500 x g and at 4°C. The cell suspensions were divided
into two equal aliquots, one was immediately used for experi-
ments, and then 1 ml TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) was added to the other
aliquot, which was stored at -80°C for extracting total RNA.

Flow cytometric quantification of ILC2s and MDSCs. ILC2s
population was defined as lineage (CD2, CD3, CDI14, CDI6,
CD19, CD56 and CD235a) and lineage /inducible T-cell
costimulator (ICOS)*/IL-17RB*; MDSCs population was
defined as lineage /HLA-DR/CD33*. For flow cytometric
quantification of ILC2s: PBMCs were stained with a fluores-
cently labeled antibody mix (FITC-conjugated anti-human
CD2, CD3, CDl14, CDI16, CD19, CD56 and CD235a;
22-7778-72; 1:50; eBioscience, Inc.; Thermo Fisher Scientific,
Inc.), with Allophycocyanin- (APC) -conjugated anti-human
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ICOS (FAB6975A; 1:200; R&D Systems, Inc., Minneapolis,
MN, USA) and PerCP-conjugated anti-human IL-17RB
(FABI1207C; 1:200; R&D Systems, Inc.). For flow cytometric
quantification of MDSCs: PBMCs were stained with antibody
mix (FITC-conjugated anti-human CD2, CD3, CDI14, CDI16,
CD19, CD56 and CD235a; 22-7778-72; 1:50; eBioscience,
Inc.; Thermo Fisher Scientific, Inc.) with PE-conjugated
anti-human HLA-DR (FAB4869P; 1:200; R&D Systems,
Inc.) and PE conjugated anti-human CD33 (15-0339; 1:100;
eBioscience Inc.; Thermo Fisher Scientific, Inc.); incubated
at room temperature for 30 min. Following incubation, the
samples were washed with phosphate buffered saline (PBS)
and the pellets were resuspended in 250 ul PBS. The isotype
control antibody was used in all cases. The labeled cells were
analyzed with an Accuri C6 flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA) using FlowJo software version 7.6
(Tree Star, Inc., Ashland, OR, USA).

RNA extraction, cDNA synthesis and reverse transcrip-
tion-quantitative polymerase chain reaction (RT-gPCR). Total
RNA was extracted from individual PBMCs and 500 ng RNA
was reverse transcribed using PrimeScript® RT reagent kit
Perfect Real Time (Takara, Bio, Inc., Ostu, Japan), according
to the manufacturer's protocols. For RT-qPCR, reverse tran-
scribed cDNA (1 ul) was amplified by RT-PCR using the SYBR
Green Premix EX Taq kit (Takara Bio, Inc.). The reaction was
performed in a 10 pl solution containing 1 1 DNA template, a
forward primer (10 M), a reverse primer (10 xM), 2X SYBR
Premix EX Taq II (1X, final concentration) and distilled water.
Then the reaction was carried out as follows: 95°C 5 min then
40 cycles of denaturation at 95°C for 10 sec, annealing at 72°C
for 30 sec, extension at 72°C for 30 sec and a final extension
at 72°C for 5 sec. Each sample was analyzed in duplicate with
the CFXA96 Cycler (Thermo Fisher Scientific, Inc.) and the
expression data for each target gene was then normalized rela-
tive to -actin. All primer sequences are presented in Table I.

ELISA. The protein expression levels of I1L-33, IL-13 and IL-5
in plasma were measured by an ELISA kit following the manu-
facturer's protocols (IL-33; BMS2048; eBioscience Inc.; Thermo
Fisher Scientific, Inc.; IL-13; BMS231TNST; eBioscience Inc.;
Thermo Fisher Scientific, Inc.; and IL-5; BMS278TNSTCE;
eBioscience, Inc.; Thermo Fisher Scientific, Inc.). Hemolyzed
and lipoidaemia samples were excluded. All samples were run in
batches to minimize inter-assay variability and in triplicate, and
the mean absorbance was calculated from the standard curve.

Statistical analysis. Statistical comparisons between groups
were performed using the Student's unpaired or paired
t-test. The correlation between two continuous variables was
analyzed by the Spearman test. Calculations were performed
using GraphPad Prism, software version 5.0 (GraphPad
Software, Inc., La Jolla, CA, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results
Elevated ILC2s in PBMCs are accompanied by an increased

level of IL-33 in PBMCs and plasma in lung cancer patients.
ILC2s, defined as lineage/ICOS*/IL-17RB* cells, were
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Table I. Primers used in real-time polymerase chain reaction.

Gene Sequence (5'-3") Length (bp)

1L-33 Forward: ATCCCAACAGAAGGCCAAAG 198
Reverse: CCAAAGGCAAAGCACTCCAC

RORa Forward: CTGACGAGGACAGGAGTAGG 204
Reverse: GTGCGCAGACAGAGCTATTC

GATA3 Forward: TTGTGGTGGTCTGACAGTTC 294
Reverse: AGTACAGCTCCGGACTCTTC

T-bet Forward: CGGGAGAACTTTGAGTCCAT 115
Reverse: ACTGGTTGGGTAGGAGAGGAG

IL-13 Forward: GGCTGAGGTCTAAGCTAAGG 370
Reverse: GACAGCTGGCATGTACTGTG

IL-5 Forward: ACTCTCCAGTGTGCCTATTC 102
Reverse: CTGCTGATAGCCAATGAGAC

1L-4 Forward: GACATCTTTGCTGCCTCCA 99
Reverse: TACTCTGGTTGGCTTCCTTCA

Argl Forward: CAAGAAGAACGGAAGAATCAGC 149
Reverse: TTGTGGTTGTCAGTGGAGTGTT

iNOS Forward: CTTTCCAAGACACACTTCACCA 236

Reverse: TATCTCCTTTGTTACCGCTTCC

IL, interleukin; RORa, retinoic acid receptor related orphan receptor a; GATA3, GATA binding protein 3; Argl, autophagy related 1; iNOS,
inducible nitric oxide.
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Figure 1. The results of flow cytometry analysis of ILC2s (lineage-/ICOS+/IL-17RB+) in PBMCs from lung cancer patients and healthy control.
(A and B) Representative diagrams of flow cytometry analysis for circulating ILC2s. (C) The frequency of ILC2s in PBMCs from lung cancer patients was
significantly increased compared with healthy controls. The IL-33 expression was clearly increased in (D) mRNA and (E) protein levels in patients with lung
cancer compared with healthy controls. Data were analyzed by the Student's t-test. ““P<0.001 and ““P<0.01 vs. Controls. ILC2s, group 2 innate lymphoid cells;

ICOS, inducible T-cell costimulator; IL-17RB interleukin (IL)-17 receptor B; PBMCs, peripheral blood mononuclear cells; SSC, side scatter characteristics;
FSC, forward scatter characteristics.

determined by multicolor flow cytometry and calculated patients compared with healthy controls. MDSCs from PBMCs
as the percentage of PBMCs. As demonstrated in Fig. 1, the  of lung cancer patients were also analyzed and demonstrated a
frequency of individual ILC2s was significantly increased in  significantly elevated frequency (Fig. 2).
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Figure 2. Elevated frequency of MDSCs (lineage-/HLA-DR/CD33*) in PBMCs of patients. (A and B) Representative diagrams of flow cytometry analysis for
circulating MDSCs. (C) The frequency of MDSCs in PBMCs from lung cancer patients, it was significantly increased compared with healthy controls. “P<0.01
vs. Controls. MDSCs, myeloid-derived suppressor cells; HLA-DR, human leukocyte antigen-antigen D; PBMCs, peripheral blood mononuclear cells SSC, side
scatter characteristics; FSC, forward scatter characteristics.
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Figure 3. The levels of RORa, GATA3 and T-bet in PBMCs from patients with lung cancer. The mRNA levels of (A) IL-33, (B) RORa, (C) GATA3 and (D) T-bet
retinoic acid receptor related orphan receptor a; GATA3, GATA binding protein 3; PBMCs, peripheral blood mononuclear cells; IL, interleukin; RT-qPCR,
reverse transcription-quantitative polymerase chain reaction.
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Figure 4. The levels of the ILC2s products in lung cancer. reverse transcription-quantitative polymerase chain reaction analysis of (A) IL-4, (B) IL-13 and
(C) IL-5 mRNA levels in PBMCs. ELISA analysis of (D) IL-33, (E) IL-13 and (F) IL-5 protein levels in plasma. The mRNA expression levels of (G) Argl and
(H) iNOS. Data were analyzed by the Student's t-test. All samples were measured in triplicate. "P<0.05, “P<0.01 and “"P<0.001 vs. Controls. ILC2s, group 2
innate lymphoid cells; IL, interleukin; PBMCs, peripheral blood mononuclear cells; Argl, autophagy related 1; iNOS, inducible nitric oxide.

The plasma concentration of IL-33, an important factor
with the potential to induce the dominant differentiation of
human ILC2s, was also measured. The results demonstrated
that IL-33 expression was clearly increased in mRNA
(Fig. 1D) and protein level (Fig. 1E) in patients with lung
cancer compared with healthy controls.

Increased expression levels of RORa and GATA3 in PBMCs
from patients with lung cancer. The transcription factors RORa
and/or GATA3 are essential for the development and function
of human ILC2s. GATA3 and T-bet are involved in Th1/Th2

balance. To analyze the level of ILC2s and Th1/Th2 equilibrium
in patients with lung cancer, the expression levels of RORa,
GATA3 and T-bet in PBMCs were identified. As presented in
Fig. 3, there was an increased mRNA expression of GATA3 in
patients, although RORa. mRNA decreased. Simultaneously, the
expression level of T-bet was markedly decreased.

Enhanced ILC2s, MDSCs and Th2 related cytokines in
PBMC from patients with lung cancer. RT-qPCR was used
to analyze the mRNA levels of IL-4, IL-5, IL-13, autophagy
related 1 (Argl) and inducible nitric oxide (iNOS) in PBMCs,
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Figure 5. Correlations between Th2 cytokines and ILC2s or MDSCs. (A-C) The correlation between IL-33 and RORa, IL-5 or IL-13 expression levels.
(D-G) The correlation between ILC2s associated factors (IL-33, IL-5, IL-13 or RORa) and Th2s related molecules (GATA3 or IL-4); a significantly positive
correlation was observed between them in patients with lung cancer. (H-K) There were also positive correlations between GATA3/IL-4 and Argl/iNOS
mRNA expression. The data were analyzed by the Spearman test. Th2, type 2 T helper cell; ILC2s, group 2 innate lymphoid cells; MDSCs, myeloid-derived
suppressor cells; IL, interleukin; RORa, retinoic acid receptor related orphan receptor a; GATA3, GATA binding protein 3; Argl, autophagy related 1; iNOS,

inducible nitric oxide.

and ELISA was performed to evaluate the levels of these
signature cytokines in plasma. The data indicated that IL-5
and IL-13 were significantly increased in mRNA and protein
expression levels in patients. The results also demonstrated
increased mRNA levels of Argl and IL-4, while the level of
iNOS was decreased (Fig. 4).

The correlation between the expression levels of Th2 cyto-
kines and ILC2s or MDSCs. IL-33 serves an important role in
inducing ILC2s, while IL-5 and IL-13 are the signature cyto-
kines produced by ILC2s. Correlation analysis demonstrated
that the expression of IL-33 was associated with RORa, IL-5 or
IL-13 expression levels (Fig. SA-C). In order to understand the
association between ILC2s and Th2s, the connection between
ILC2s associated factors (IL-33, IL-5, IL-13 or RORa) and
Th2s related molecules (GATA3 or IL-4) were analyzed;
the results demonstrated that there was a positive correlation
between them in patients with lung cancer (Fig. 5SD-G). In

addition, the mRNA expression levels of Argl and iNOS (the
representative cytokines of MDSCs) were affected signifi-
cantly and positively by predominant Th2signature cytokines
in patients with lung cancer (Fig. SH-K).

Discussion

Human immunity is an elegant, powerful and complex system
that fights invading pathogens and transformed cells, including
cancer. The system is divided into the major components of
innate and adaptive immunity. In past years, the regulation
of cancer by adaptive immunity has received a great deal of
attention, although little has been focused on innate immunity.
The ILC2s, which is a subset of the newly identified innate
lymphoid cell family, are essential in the initiation and coordi-
nation of efficient Th2 cell-mediated immunity by producing
IL-13 and IL-5 when stimulated by IL-25 or IL-33 (24). Under
the tumor induced immunosuppressive environment, T helper
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cells acquire Th2, while MDCS are hypothesized to inhibit
effector immune responses. It has become clear that IL-4
and IL-13 are also important factors, which can promote the
expansion of these MDSCs or induce their activation (10),
and it has been widely accepted that the ILC2s were the early
source of IL-13 (25). Therefore, it was hypothesized that
these two heterogeneous groups may coexist in the tumor
immune microenvironment. In the present study, the frequen-
cies of ILC2s and MDSCs in the peripheral blood in patients
with lung cancer was evaluated. It was confirmed that the
circulating ILC2s (lineage /ICOS*/IL-17RB*) and MDSCs
(lineage /HLA-DR/CD33*) were significantly increased in
patients with lung cancer. In addition, IL-5 and IL-13 were
significantly increased in mRNA and protein expression
levels in patients. It was hypothesized that the IL-13 or IL-5
produced by ILC2s may cause the expansion of circulating
MDSCs or induce their activation. It was noteworthy that the
expression of RORa, as a transcription factor of ILC2s, was
clearly decreased in lung cancer patients in the present study.
This phenomenon may be due to increased circulating MDSCs
executing their inhibitory function in ILC2s by certain yet to
be elucidated mechanisms, including suppression of T cell
activation (16-19). A previous study (26) indicated that Th2s
are also important for ILC2s function, and identified that
numbers of ILC2s are not maintained following several days
without T cells.

IL-33 and IL-25 are also potent activators of ILC2s,
however, recent studies have paid attention on the more
forcible function of IL-33 on ILC2s. Mjosberg et al (8)
reported that human fetal gut and blood CRTH2* ILC2 lines
responded to IL-25, although the response to IL-33 was
more pronounced. In addition, an influenza-induced airway
hyper-reactivity model confirmed the hypothesis that IL-33
is more potent in the induction of ILC2s (27-29). Consistent
with these previous studies, the data from the present study
demonstrated that lung cancer patients exhibited a marked
increase of IL-33 in mRNA and protein levels. The mRNA
level of ILC2s-required transcription factor, GATA3, was
also demonstrated to be significantly increased, while the
mRNA expression of transcription factor RORa was reduced
compared with healthy controls. This discrepancy may due
to the diversity of the tumor microenvironment, or the faster
degradation rate of mRNA compared with protein (30). It has
been reported (31) that GATA3 has the potential to control the
function of ILC2s through multiple mechanisms. Considering
the Th1/Th2 balance in this type of cancer, the mRNA level
of T-bet, the Th1 cells-required transcription factor, was then
analyzed in the present study and the results demonstrated
that the mRNA level of T-bet was decreased, indicating that
there was a predominant Th2 phenotype in patients with lung
cancer.

IL-13 is one of the main products of ILC2s, and
Gabitass et al (32) reported that the elevated MDSCs in
pancreatic and gastric cancer is an independent prognostic
factor associated with the elevation of IL-13. Thus, the func-
tional products of MDSCs were analyzed; the mRNA level of
Argl was elevated, and the level of iNOS was reduced. This
phenomenon was similar to one study (33) where in vitro
cultured MDSCs with IL-13 exhibited clearly increased Argl,
although no significantly increased iNOS. Indeed, monocytic
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MDSCs appear to fit in the concept of classically activated
(or M1) vs. alternatively activated (or M2) mononuclear
phagocytes, induced by Thl vs. Th2 cytokines, respectively.
Monocytic MDSCs are also distinguished by the production of
enzymes involved in L-arginine metabolism (high iNOS/NO
for M1; high Argl for M2) (34). IL-4 and IL-13 are crucial
for inducing the M2-MDSCs, which can produce high levels
of Argl. Studies (35-37) demonstrate that Th2s and ILC2s
exhibit a close association with MDSCs. In view of this,
the correlations between the products of Th2s and ILC2s or
MDSCs were analyzed, and it was identified that there were
positive correlations between Th2 cytokines and ILC2s or
MDSC:s associated factors. These results require confirmation
using an in vivo model.

In conclusion, the present study demonstrated significant
increases in circulating ILC2s and MDSCs in lung cancer
patients whose peripheral circulation had an elevated expres-
sion level of IL-33. The positive correlations between Th2
cytokines and ILC2s or MDSCs associated factors indicated
that enhanced ILC2s and MDSCs were accompanied by a
predominant Th2 phenotype, which may lead to new immuno-
therapeutic approaches for lung cancer based on the associated
metabolites and cytokines.
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