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Abstract: The expression patterns of immunosuppressive molecules on regulatory T (Treg) cells have not been eluci-
dated in non-small-cell lung cancer (NSCLC) patients. In this study, a total of 88 patients including 53 patients with
NSCLC, 17 patients with lung non-malignant diseases, and 18 healthy volunteers were enrolled. Increased number
of total CD4*CD25*FoxP3* Treg cells and elevated expressions on the surface of several inhibitory molecules includ-
ing CTLA-4, LAG-3 and PD-1 have been observed in the peripheral blood of NSCLC patients. We found that intratu-
moral Treg cells from NSCLC patients express the highest levels of co-inhibitory molecules compared to Treg cells
isolated from tumor adjacent tissues or from peripheral blood of cancer patients, which is in consistent with the
enhanced immunosuppressive function of these co-inhibitory molecules. Moreover, the number of Treg cells and
their functional surface molecules increased during the progression of lung cancer. Elevated plasma levels of TGF-3
and IL-10 in NSCLC patients were also observed in NSCLC patients compared to that in healthy volunteers. Our find-
ings further support the role of Treg cells in the tumor microenvironments in NSCLC patients.
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Introduction

Lung cancer accounts for the largest number of
cancer-related deaths worldwide, and more
than 85% of cases are non-small-cell lung can-
cer (NSCLC). The predicted five-year survival
rate of NSCLC is 16% due to limited improve-
ments in the treatment of patients over the
past few decades [1]. However, great progress
has been made in understanding tumor devel-
opment and lung cancer cell interactions with
the tumor microenvironment; and this progress
may help improve the survival rate of NSCLC
patients through the development of novel
therapeutic strategies.

T lymphocytes play a vital role in the immune
response that controls tumor development.
Increased number of conventional regulatory T
(Treg) cells has been shown to inhibit anti-
tumor immune response and reduce the effect
of cancer immunotherapy [2]. Potential mecha-

nisms underlying the immunosuppressive
effects of Treg cells may include the production
of inhibitory cytokines such as TGF-$ and IL-10,
as well as the suppression of T cell function by
competitive binding of interleukin-2 (IL-2) via
cell surface receptor CD25 (IL-2 receptor). In
addition, expressions of several co-inhibitory
molecules, such as cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) and glucocorti-
coid-induced tumor necrosis factor receptor
(GITR), bind to ligands on effector T cells and
directly contributes to the inhibitory function of
Treg cells [3]. Although enrichment of Treg cells
in both peripheral blood and the tumor microen-
vironment has been proposed to be responsi-
ble for suppressing anti-tumor immunity, key
molecules that take part in the expansion and
function of Treg remains largely undiscovered.

Recently, CTLA-4, programmed cell death-1
(PD-1), lymphocyte activation gene-3 (LAG-3),
and ectonucleotidase CD39 have been pro-
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posed as critical immunosuppression mole-
cules mediating Treg cell functions [4-7]. In this
present study, we focused on the expression
patterns of these four molecules on tumor-infil-
trating and circulating Treg cells in NSCLC
patients. CTLA-4 exerts immunosuppressive
functions by inhibiting T cell proliferation and
activation, and by inducing indoleamine
2,3-dioxygenase (IDO) activity in antigen pre-
senting cells (APCs) [8]. It has been shown that
CTLA-4 promotes the polarization of Treg cells
from naive CD4* T cells [4]. By combining to
major histocompatibility complex-1l (MHC-II) on
APCs, LAG-3 on Treg cells is indispensable in
the negative regulation of immune homeosta-
sis and inhibition of effector T cell expansion
[5]. PD-1 is a member of the CD28 family; which
also plays an important role in peripheral toler-
ance, as well as in host anti-tumor immune
response. PD-1 ligands, PD-L1 (B7-H1) and
PD-L2 (B7-DC) [6] are widely expressed in
immune cells, non-hematopoietic cells and
tumor cells [3]. The interaction of PD-L1 on
APCs with PD-1 on naive CD4* T cells induces
differentiation of Foxp3* Treg cells [6]. Treg
cells also express ectonucleotidase CD39;
which has been proposed to be an important
contributor to Treg-mediated immunosuppres-
sive functions, and thereby promote tumor pro-
gression [9]. CD39 converts ATP and ADP into
CcAMP, and is further converted into adenosine,
which is a potent immunosuppressive agent
[9]. CTLA-4, PD-1, LAG-3 and CD39 are thereby
very important not only for the inhibitory func-
tion of Treg cells, but also for regulating their
differentiation and amplification. However,
despite their importance in regulating the func-
tion of Treg cells, the comprehensive analysis
of these molecules on Treg in NSCLC patients
has not been reported.

We isolated lymphocytes from tumor tissues,
tumor adjacent tissues and peripheral blood of
NSCLC patients; and compared the expression
of CTLA-4, PD-1, LAG-3 and CD39 on different
sources of Treg cells. Levels of immunosup-
pressive molecules were elevated in circulating
Treg cells from NSCLC patients compared to
healthy volunteers. We demonstrated that
intratumoral Treg cells have higher levels of
immunosuppressive molecules than Tregs from
tumor adjacent tissues or peripheral blood Treg
cells. Our data suggest that elevated expres-
sions of immunosuppressive molecules may
contribute to the expansion and/or suppressive
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activity of Treg cells in both tumor sites and
peripheral blood.

Materials and methods
Patients and specimens

Seventy patients, who were referred to the
Shanghai Pulmonary Hospital affiliated to the
Tongji University School of Medicine and the
Changhai Hospital affiliated to the Second
Military Medical University from August 2012 to
March 2013, were included in this study. All
patients were initially diagnosed with “lung can-
cer or lung placeholder”. Among the total
patients enrolled in this study, 53 patients were
diagnosed with NSCLC. Histological type was
further classified according to the “The 2004
World Health Organization classification of lung
tumors” [10], and TNM clinical staging was
determined according to the 2009 “TNM
Classification of Malignant Tumors” [11]. The
remaining 17 patients were diagnosed with
non-malignant diseases including lung tubercu-
losis (n=2), lung angioma (n=3), cryptogenic
organizing pneumonia (COP, n=2), lung abscess
(n=2), lung bullae (n=2), pulmonary infection
(n=4) and lung sarcomatoid carcinoma (n=2).
Peripheral blood samples and laboratory data
were collected before chemotherapy, radiother-
apy or surgery. Patients had no history of diabe-
tes or other metabolic diseases. Further, 18
gender and age-matched healthy volunteers
were also included in this study as controls.
Thus, three groups were included in our study:
NSCLC group, patients with NSCLC; non-malig-
nant disease group, patients with non-malig-
nant diseases; control group, healthy volun-
teers. According to TNM stage, the NSCLC
group was further divided into two subgroups:
early stage group, stage |-l patients; late stage
group, stage IlI-IV patients. Thirteen paired
tumor and normal (3-5 cm away from the tumor
edge) tissues were obtained from NSCLC
patients and analyzed. This present study was
approved by the Shanghai Pulmonary Hospital
and Changhai Hospital Institutional Review
Board. Signed informed consent was obtained
from each subject in accordance with the
Declaration of Helsinki.

Antibodies and reagents

The following anti-human monoclonal antibod-
ies (mAb) were used for staining: FITC-CD4,
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PE-PD-1, PE-CD39 (all obtained from eBiosci-
ence), PE-CTLA-4 (BD Biosciences), PE-LAG-3
(R&D Systems), Fc receptor blocking buffer
(Miltenyi Biotec). TGF-B and IL-10 ELISA kits
were obtained from eBioscience.

Collection of cancer tissues, adjacent tissues
and peripheral blood samples

All blood samples were collected after over-
night fasting. Part of the blood specimens was
centrifuged, and plasma samples were stored
at-20°C until use. The rest of the samples were
directly labeled with antibodies for flow cytom-
etry (FCM). Lung cancer tissues and adjacent
tissues were obtained through conventional
surgery or minimally invasive thoracoscopic
surgery. Tissues were rinsed with PBS to
remove blood and necrotic tissues, cut into
pieces, and washed repeatedly with PBS for
3-4 times. Tissue fragments were digested with
0.1% type IV collagenase at 37°C for 1.5 hours,
and were filtered through a 200 ym mesh stain-
less steel filter to obtain a single cell suspen-
sion. Cells were washed twice with PBS and re-
suspended in 0.5 mL of PBS for FCM analysis.

Flow cytometry

Peripheral blood cells or cells isolated from
tumor tissues or tumor adjacent tissues were
blocked with 5 pyL of Fc receptor blocking
reagent for 10 minutes in 100 yL of staining
buffer. Samples were stained with 5 pl of mono-
clonal antibodies to target different cell surface
makers including CD4, CD25, CD39, CTLA4,
LAG3 and PD-1 for 30 minutes at room temper-
ature in the dark. Cells were washed with PBS
and treated with 1 ml of erythrocyte lysis buffer
for 10 minutes to remove red blood cells.
Intracellular staining for FOXP3 was performed
according to manufacturer’'s protocol. Briefly,
cells were washed with PBS, and subsequently
fixed and permeabilized by Fix/Perm buffer.
After being washed, cells were stained for
Foxp3 in 50 uL of permeabilization solution for
4-6 hours in the dark, followed by another
wash; and were re-suspended in 500 ul of PBS.
FCM was performed using MACSQuant®
Analyzer (Miltenyi Biotec), and data were ana-
lyzed using FlowJo software (Tree Star Inc.).

Treg cell suppression assays

Peripheral blood cells, as well as cells isolated
from tumor tissues and tumor adjacent tissues
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as described above, were used for the isolation
of CD4*CD25" Treg cells. Isolation was per-
formed using a human CD4*CD25* Regulatory
T Cell Isolation Kit (Miltenyi Biotec). Briefly, non-
CD4* cells were first magnetically labeled with
a cocktail of biotin-conjugated antibodies and
anti-biotin monoclonal antibodies conjugated
to MicroBeads. Labeled cells were subsequent-
ly depleted by separation over a MACS®
Column. In the second step, CD4*CD25" Treg
cells were directly labeled with CD25 Micro-
Beads, and isolated by positive selection from
the pre-enriched CD4* T cell fraction. The re-
maining CD4*CD25" pre-enriched CD4* T cells
obtained from peripheral blood were collected
and used as effective T cells for Treg cell sup-
pression assays. When CFSE dye was used,
purified CD4*CD25 T cells were first co-incu-
bated with 5 mM of CFSE for 15 minutes, and
thoroughly washed before being co-cultured
with Treg cells. Enriched CD4*CD25* Treg cells
and CFSE labeled CD4*CD25" effective T cells
(1 x 105 cells/well) were mixed at 1:1, 0.5:1,
0.25:1 and 0O:1 ratios; and were co-cultured in
anti-CD3/anti-CD28 coated culture plates for
four days before FCM analysis.

Enzyme-linked immunosorbent assay (ELISA)

Plasma samples were collected as described
above, and TGF-B and IL-10 levels were detect-
ed according to manufacturer’s instructions.

Statistical analysis

All statistical analyses were performed with
SPSS software (SPSS 17.0; Chicago, IL, USA).
One-way ANOVA was used to compare the three
groups (NSCLC, non-malignant disease and
control groups), while Fisher’s LSD test was fur-
ther used for pairwise comparisons. Data
obtained from tumors and its adjacent tissues
were analyzed with the paired-sample t-test. P
values <0.05 were considered statistically
significant.

Results
Clinical characteristics of patients

A total of 88 subjects were included in this
study. There were no statistically significant dif-
ferences in gender or age of patients in the
NSCLC, non-malignant disease and control
groups; or between NSCLC patients in the early
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Table 1. Clinical characteristics of all enrolled subjects

NSCLC group Non-malignant - o ) group NSCLC suberoups
disease group Stage Il Stage IlI-IV
Cases 53 17 18 33 20
Gender (male/female) 39/14 11/6 14/4 22/11 17/3
Age (years) 60.50+9.20 55.50 + 10.00 57.60 + 9.10 59.60 + 9.80 61.90 + 8.30
Histology (Adenocarcinoma/squamous cell carcinoma 39/14 27/6 12/8
Differentiation (high/medium/low) 7/29/17 6/20/7 1/9/10

Table 2. Phenotypic characterization of Treg cells among different groups
n Treg/CD4* T (%) CTLA-4* Treg/Treg (%) LAG-3* Treg/Treg (%) PD-1*Treg/Treg (%) CD39* Treg/Treg (%)

Patients Groups

NSCLC 53 9.12+3.57" 6.01 + 4.49" 4.89 + 4.80" 20.14 + 11.57™ 57.58 + 20.84
Non-malignant disease 17 7.01+£2.89 6.02 £5.93 3.83+4.39 20.17 £9.98 56.47 + 30.26
Control 18 6.43+248 2.53+2.04 1.79 +2.18 11.68 + 5.86 62.13 + 30.60

“Compared with the control group, P<0.05; “*compared with the control group,

and late stage groups (P>0.05). Clinical charac-
teristics of these patients are listed in Table 1.

Increased CTLA-4*, LAG-3* and PD-1* Treg
cells in peripheral blood of NSCLC patients

We demonstrated that the number of CD4*
CD25*FoxP3* Treg cells was significantly elevat-
ed, and that CTLA-4, LAG-3 and PD-1 expres-
sions were elevated in peripheral blood Treg
cells of NSCLC patients, compared to healthy
volunteers. In contrast, there was no significant
difference in Treg cells of patients between the
NSCLC and non-malignant disease groups.
There was no statistically significant difference
in the expression of CD39* in peripheral blood
Treg cells among the three groups (P>0.05,
Table 2; Figure 1A).

Next, we characterized circulating Treg cells in
NSCLC patients with different TNM stages. The
percentage of Treg cells in CD4* T cells and
CTLA-4*Tregcellsin the total CD4*CD25*FoxP3*
Treg cells in NSCLC patients with late stage dis-
ease (TNM stage IlI-1V) were statistically higher
than in NSCLC patients with early stage dis-
ease (TNM stage I-1l). There were no significant
differences in LAG-3, PD-1 or CD39 expres-
sions on Treg cells among the different NSCLC
stages (Figure 1B).

Levels of CTLA-4, LAG-3 and PD-1 increased in
tumor-infiltrating Treg cells compared to Treg
cells in normal adjacent tissues

Paired tumor tissues and corresponding nor-
mal tissues were obtained from 13 NSCLC
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P<0.01.

patients, and were analyzed by FCM to deter-
mine the ratio of Treg cells and expression lev-
els of inhibitory molecules on their surface. As
shown in Figure 2A and 2B, both the total Treg
cells, as well as subsets of CTLA-4*, LAG-3* and
PD-1* Treg cells, were significantly higher in
tumors than in normal tissues (P<0.05). In con-
trast, no differences in CD39 expressions on
Treg cells were found between tumor and non-
malignant tissues.

Tumor infiltrating Treg cells express higher
levels of inhibitory molecules compared to Treg
cells in peripheral blood

Next, we compared the cell surface expression
of CTLA-4, LAG-3, PD-1 and CD39 on tumor-
infiltrating and circulating Treg cells in 13
NSCLC patients. Results revealed that the
expression levels of LAG-3, PD-1 and CTLA-4
were higher in tumor-infiltrating Treg cells than
in circulating Treg cells (Figure 3). In contrast,
the expression of CD39 was comparable in
tumor-infiltrating and peripheral blood Treg
cells (data not shown).

Tumor-infiltrating Treg cells have increased
suppressive properties

Since tumor-infiltrating Treg cells express high-
er levels of immunosuppressive molecules
than Treg cells in normal tissues or in peripher-
al blood, we hypothesized that tumor-infiltrated
Treg cells have increased suppressive proper-
ties. CD4*CD25* T cells were isolated from
tumor tissues, normal tissues and peripheral
blood of two NSCLC patients; and Treg cell sup-
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Figure 1. CTLA-4, LAG-3, PD-1 and CD39 expressions in peripheral blood Treg cells of NSCLC patients. Cells in dif-
ferent groups were labeled as described in the Materials and Methods, and detected by FCM. A. Representative
flow cytometric analysis for detecting CD4*CD25*Fxop3* Treg cells, or CTLA-4, LAG-3, PD-1 and CD39 on Treg cells.
B. Treg cells and CTLA-4 expressions on Treg cells are elevated in peripheral blood of late stage NSCLC patients (*,

P<0.05).

pressive assays were performed as described
in the Materials and Methods. Tumor-infiltrating
Treg cells demonstrated increased suppressive
ability on proliferation of effective T cells, com-
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pared to Treg cells obtained from peripheral
blood or from normal tissues (Figure 4). These
data confirms that tumor-infiltrating Treg cells
have increased suppressive activity, which is

Am J Cancer Res 2015;5(7):2190-2201
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Figure 2. Comparison of Treg cells and expressions of inhibitory molecules in tumor tissues and corresponding ad-
jacent tissues by flow cytometry. A. Representative flow cytometric analysis of a NSCLC patient; B. analysis of paired
tumor and tumor-adjacent tissues obtained from 13 NSCLC patients (*P<0.05, *"P<0.01).
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blood. Local tumor-infiltrating or circulating Treg cells, as well as surface expressions of LAG-3, PD-1, and CTLA-4,
were determined by flow cytometry. TT: tumor tissues; PB: peripheral blood.

likely to be at least in part attributed to elevat-
ed expressions of immunosuppressive mole-
cules such as CTLA-4, PD-1 and LAG-3.

Plasma levels of TGF-3 and IL-10 are elevated
in NSCLC patients

TGF-B and IL-10 have been shown to play impor-
tant roles in the differentiation and function of
Treg cells. We compared the plasma levels of
TGF-B and IL-10 in the three experimental
groups by ELISA, and found that TGF-B and
IL-10 levels are elevated in NSCLC patients
compared to healthy volunteers. Although the
difference in serum levels of TGF-B between
patients in the NSCLC and non-malignant dis-
ease groups were statistically significant, no
differences in IL-10 levels were observed
between these two groups (Figure 5, P>0.05).
We found no correlation between the elevated
levels of serum TGF-B or IL-10 and increased
proportion of Treg cells in NSCLC patients (data
not shown, P>0.05).

Discussion

Treg cells suppress anti-tumor immune res-
ponse and contribute to the immune escape
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mechanism of cancer [12]. Recently, the fre-
quency and/or function of Treg cells have been
reported to be elevated in peripheral blood and
local tumor sites of patients with several types
of cancers, including head and neck squamous
cell carcinoma, breast cancer, pancreatic can-
cer, stomach cancer and liver cancer [9, 12-16].
The increase in Treg cells correlates with tumor
progression and poor prognosis of cancer
patients [14, 15]. Although it has been shown
that the frequency of Treg cells increases dur-
ing tumor progression in NSCLC [17], the mech-
anism in which tumor-associated Treg cells
exert enhanced suppressive activity in NSCLC
has not been elucidated.

Our data revealed that the percentage of Treg
in CD4* T cells in peripheral blood was signifi-
cantly elevated in NSCLC patients, compared
to healthy volunteers. Moreover, the number of
Treg cells was significantly increased in tumor
tissues, compared to normal tissues located
3-5 cm distal from the tumor. We found that in
some patients, Treg cells account for as much
as 60% of CD4* T cells that infiltrate tumors.
The proportion of intratumoral Treg cells was
also significantly higher compared to circulating

Am J Cancer Res 2015;5(7):2190-2201
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Figure 4. Tumor-infiltrating Treg cells have increased suppressive properties. A. CFSE-labeled CD4*CD25 T cells
were co-cultured with unlabelled CD4*CD25" Treg cells from different sources at indicated ratios. After four days
of treatment with anti-CD3 and anti-CD28 antibodies for stimulation of T cell proliferation, CD4*CFSE* T cells were
analyzed by flow cytometry. B. Inhibitory activity of Treg from different sources on T cells in Patient #1 and Patient
#8. Treg: CD4*CD25" regulatory T cells; Teff: CD4*CD25  effective T cells; Treg-TT: Treg cells in tumor tissues; Treg-
TAT: Treg cells in tumor adjacent tissues; Treg-PB: Treg cells in peripheral blood.
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Figure 5. Plasma levels of TGF-B and IL-10 are elevated in NSCLC patients.
All plasma samples of the 88 cases were collected and detected by ELISA

(*P<0.05, **P<0.01).

Treg cells. These results are consistent with
previous studies in NSCLC and other cancer
patients [12, 18, 19].

The analysis of cell surface molecules revealed
that CTLA-4*, LAG-3* and PD-1" Treg cell fre-
quencies in peripheral blood were elevated in
NSCLC patients, compared to healthy volun-
teers. During the preparation of this study, Jie
HB reported that CTLA-4, TIM-3, PD-1 and
CD39 expressions were elevated in intratumor-
al Treg cells compared to circulating Treg cells
in patients with head and neck squamous cell
carcinoma [9]. We confirmed that tumor infil-
trating Treg cells have increased suppressive
activity compared to Treg cells in peripheral
blood or in normal tissues. These data demon-
strate that elevated Treg cells and increased
expressions of co-inhibitory molecules might
play critical roles in anti-tumor immune res-
ponses in NSCLC patients, which may contrib-
ute to tumor immune escape and tumor pro-
gression. In contrast, we found no differences
in CD39 expressions between CD4* T cells or
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Treg cells among the three

experimental groups, and in
-8 CD39 expressions between
tumor-infiltrating Treg cells or
Treg cells from adjacent nor-
mal tissues.

The number of CD4*CD25*
FOXP3* Treg cells has been
found to be elevated in the
peripheral blood of NSCLC
patients compared to patients
with non-malignant lung dis-
eases [12]. In contrast, we
found no significant differ-
ence in the number of Treg
cells or expression of co-inhib-
itory molecules between NSC-
LC patients and patients with
non-malignant lung disease.
These differences might be
partly due to the different
compositions of non-malig-
nant diseases in the experi-
mental group. Our cohort
included patients with pulmonary tuberculosis,
pulmonary hemangioma, cryptogenic organiz-
ing pneumonia, lung abscess and pulmonary
bullae.

(TwyBd) o1-T1

We found that plasma levels of both TGF-3 and
IL-10 were elevated in NSCLC patients. TGF-B
regulates the proliferation and differentiation
of a variety of immune cells, including dendritic
cells, macrophages, natural Killer cells, and
functional subsets of CD4* T cells. IL-10 is syn-
thesized and secreted by several types of
immune cells, epidermal cells, and some tumor
cells. TGF-B and IL-10 secreted by Treg cells in
the tumor microenvironment can inhibit the
host’s anti-tumor immune response [20, 21].
Due to limited blood samples obtained from
patients, it is difficult to directly evaluate the
potential relationship between the amount of
TGF-B and IL-10 secreted by Treg cells and the
immunosupression function of Treg cells in
vitro. This issue should be further addressed in
mice models of NSCLC.
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Depletion of tumor-specific Treg cells and/or
blockade of co-inhibitory molecules such as
CTLA-4 and PD-1 are being tested for treating
malignancies. It has been found that anti-CD25
monoclonal antibody could eradicate tumor
cells in mice tumor models by eliminating Treg
cells and inducing tumor-specific effector T
cells [22]. Currently, anti-CD25 monoclonal
antibody or IL-2 fusion toxin (Denileukin diftitox,
Ontak) [23], anti-CCR4 monoclonal antibody
[24], anti-PD-1 or anti-PD-L1 monoclonal anti-
body [25, 26], and immunotherapy targeting
GITR or OX40 on Treg cells have all been under-
going different stages of clinical trials [27]; and
some of them have shown promising clinical
outcomes [25, 26]. Anti-CTLA-4 monoclonal
antibody (Ipilimumab) has been approved by
the FDA for treating malignant melanoma in
2010 [28, 29], and anti-PD-1 antibody (Pembro-
lizumab) was approved for patients with
advanced or unresectable melanoma in 2014
[30]. Therefore, targeting Treg cells and/or
inhibitory molecules is also likely to benefit
NSCLC patients.

In summary, we have demonstrated that the
number of CD4*CD25*FoxP3* Treg cells was
elevated in the peripheral blood of NSCLC
patients; and showed that the expressions of
their cell surface inhibitory molecules were ele-
vated, including CTLA-4, LAG-3 and PD-1. We
have shown that tumor infiltrating Treg cells
express higher levels of co-inhibitory molecules
and have increased suppressive properties
compared to circulating Treg cells or Treg cells
isolated from tumor adjacent tissues. Increased
plasma levels of TGF-B and IL-10 in NSCLC
patients did not correlate with the number of
Treg cells or expression of co-inhibitory mole-
cules. This current research may provide new
targets for tumor immunotherapy in NSCLC
patients.
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