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Analysis of CD8™ Treg cells in patients with ovarian cancer:
a possible mechanism for immune impairment

Shuping Zhangl’z*, Xing Kel?*, Suyun Zeng3 Ak Meng Wu'?, Jianfang Lou®?, Lei Wu'?,
Peijun Huang"?, Lei Huang"?, Fang Wang"* and Shiyang Pan'

Regulatory T (Treg) cells may participate in mediating a suppressive microenvironment that blunts successful anti-tumor
immunotherapy. Recent studies show that CD8* Treg cells might impede effective immune responses to established
tumors. However, there is limited research regarding CD8™* Treg cells in ovarian cancer (OC) patients. Here, we
investigated CD8* Treg cells in OC patients and their in vitro induction. The immunohistochemistry of tumor-infiltrating
lymphocytes revealed a significant correlation between the intratumoral CD8™* T cells and the forkhead box p3 (Foxp3)™*
cells in the intraepithelial and stromal areas of advanced OC tissues. We examined the expression of Treg markers in
CD8™* T cells from the peripheral blood and fresh tumor tissues of OC patients using flow cytometry. Our results indicated
an increase in the CD8™ Treg cell subsets of OC patients compared with those in patients with benign ovarian tumors and
healthy controls, including an increased expression of CD25, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), and
Foxp3 and decreased CD28 expression. To demonstrate whether the tumor microenvironment could convert CD8*
effector T cells into suppressor cells, we used an in vitro transwell culturing system. Compared with the CD8™ T cells
cultured alone, the CD8™ Treg cells induced in vitro by coculture with SK-OV-3/A2780 showed increased CTLA-4 and
Foxp3 expression and decreased CD28 expression. In addition, the in vitro-induced CD8* Treg cells inhibited naive
CD4™ T-cell proliferation, which was partially mediated through TGF-p1 and IFN-y. Our study suggests that CD8™" Treg
cells were increased in OC patients and could be induced in vitro, which may be the way that tumors limit antitumor
immunity and evade immune surveillance.
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INTRODUCTION

Treg cells consist of functionally diverse subsets of immune

Ovarian cancer (OC) is the leading cause of death among gyne-
cological malignancies, which has a complex immune sup-
pressive network that presents major barriers to successful
anti-tumor immunotherapy. Despite many therapeutic efforts
using new chemotherapies, approximately 80% of patients
with advanced OC will have tumor progression or recurrence.'
Immunotherapy is a promising treatment for various types of
cancer, including OC.? However, different types of regulatory T
(Treg) cells that lead to immunosuppressive microenviron-
ments in OC blunt successful immune eradication.’

suppressive T cells that play a crucial role in the modulation of
immune responses and the reduction of deleterious immune
activation.* Based on pre-clinical tumor models, it is well
known that Treg cells may participate in the progression of
cancer, especially with regard to the ability of Treg cells to
promote the development and growth of murine primary
tumors.” However, the influence of Treg cells on tumor pro-
gression in the clinic is less clear, with the levels of intratumoral
Treg cells correlating with better or worse outcomes depending
on the tumor type.*’
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CD4" Treg cells and CD8™ Treg cells are the two main Treg
cell subtypes. Compared with CD4 ™" Treg cells, CD8™ Treg cells
are less well studied. Recent studies indicate that some CD8"
T-cell subsets have regulatory functions in cancer,®® auto-
immune diseases,'”'* and infectious diseases.'>'* Several
induced or naturally occurring CD8" Treg cell subsets have
been found to express different cell markers, such as CD25™,
forkhead box p3 (Foxp3)™, CD122%, CD103", and CD287,
depending on the immune environment. Among these mar-
kers, CD8 "CD28 "~ cells are an important Treg subtype because
CD8"CD28 " cells exert a suppressive effect on diverse types of
diseases, such as diabetes and cancer.'>!'® Previous studies have
shown an expansion of CD8"CD28 cells in patients with
malignancies and that increased CD8"CD28~ lymphocyte
subsets in cancer patients may be associated with advanced
disease stages and poor survival.'” Although several subsets
of CD8" Treg cells have been identified, it is difficult to com-
pletely distinguish CD8 " Treg cells from conventional CD8* T
cells because of the lack of a reliable marker.

At present, Foxp3 remains the most specific Treg marker,
regardless of its relatively low expression in activated T cells.'®
Other widely used markers for Treg cells, such as CD25,"
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),%
and glucocorticoid-induced tumor necrosis factor receptor-
related protein (GITR),”' are also expressed on activated
effector T cells. Although these Treg markers are not specific,
they are essential tools for defining a subset of Treg cells and are
associated with Treg cell functionality. Recent studies have
demonstrated that the accumulation of Treg cells was involved
in the formation of an immunosuppressive microenvironment
in OC patients;zz’23 however, there is a limited characterization
of CD8* Treg cells in OC patients. Moreover, it remains
unclear whether the OC microenvironment could convert
CD8™ effector T cells into suppressive CD8™ Treg cells.

In this study, we demonstrate that subsets of CD8 " Treg cells
were increased in OC patients, and the human OC cell line SK-
OV-3/A2780 could induce subsets of CD8" T cell expressed
Treg-associated markers and inhibited naive CD4" T-cell
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proliferation, which is mediated partially via TGF-f1 and
[FN-vy. To improve antitumor immunotherapy, it is important
to understand whether CD8" Treg cells could be induced
within the tumor environment.

MATERIALS AND METHODS

Patients and specimens

The study was approved by the Ethical Committee of the First
Affiliated Hospital of Nanjing Medical University (Nanjing,
China), and informed consent was obtained from all patients.
We studied untreated individuals with OC who were staged
according to the International Federation of Gynecology and
Obstetrics. We excluded cases who received an operation,
radiotherapy, or preoperative chemotherapy before collecting
informed consent. Paraffin-embedded specimens and peri-
pheral blood samples were obtained from OC patients and
benign ovarian tumor (BOT) patients treated at the First
Affiliated Hospital of Nanjing Medical University from 2010
to 2013. Fresh tumor tissues were collected from OC patients
and BOT patients treated at the General Hospital of the
Nanjing Military Region. Healthy volunteers who underwent
a physical examination served as controls. The clinical data of
the patients were also collected for analysis. The patient char-
acteristics are displayed in Table 1.

Mononuclear cell isolation

Peripheral blood mononuclear cells (PBMCs) were obtained
from blood samples using a Ficoll-Hypaque (TBD, Tianjin,
China) density gradient. The tumor tissues were minced into
small pieces and then digested using type-IV collagenase,
hyaluronidase, and DNase I (all from Sigma, St louis, MO,
USA) in serum-free RPMI 1640 medium (Gibco, Gaithersburg,
MD, USA) at 37 °C for 1 h under slow rotation. Single-cell
suspensions were obtained by filtering the digested tissues
through 100 pm cell strainers (BD Falcon, San Jose, CA, USA),
and lymphocytes were isolated using Ficoll-Hypaque density
gradient centrifugation.

Table 1 The clinicopathologic characteristics of the ovarian cancer patients, benign ovarian tumor patients and healthy controls

Paraffin tumor tissues Fresh tumor tissues Peripheral blood

oc BOT ocC BOT oc BOT HC
Number 41 12 14 12 31 26 20
Age + SD? (y) 51.67 +11.71 48.64 + 13.47 46.28 = 15.84 55.79 + 9.99 51.2 +11.50 47.21 = 18.53 48.19 = 16.74
Stage (n)°
I/l 18 7
11%\% 23 11 24
Histology (n)
Serous 30 7 21
Mucinous 4 3 4
Others® 7 4 6

Abbreviations: OC, ovarian cancer; BOT, benign ovarian tumor; HC, healthy controls.

@ Age at diagnosis.
b According to the International Federation of Gynecology and Obstetrics.
¢Including endometrioid adenocarcinoma and transitional cell carcinoma.
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Cell culture

The human OC cell line (SK-OV-3) was purchased from the
ATCC (American Type Culture Collection, Manassas, VA,
USA) and grown in McCoy’s 5A medium (Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum
(FBS). Another cell line (A2780) was purchased from
KeyGEN (Nanjing, China) and maintained in RPMI 1640 med-
ium supplemented with 10% FBS. The two cell lines were cul-
tured in 5% CO, at 37 °C.

Immunohistochemistry

The cell populations of CD4", CD8 ™" T cells, and Foxp3™ cells
in the OC and BOT tissues were determined using immuno-
histochemistry. Before the immunostaining, the sections were
placed in Tris EDTA buffer (10 mM Tris, 1 mM EDTA) at pH
9.0 and heated for 2 min in a pressure cooker. Then, the sec-
tions were stained with a panel of the first specific polyclonal
antibodies against human CD4 (clone PAB11904, Abnova,
1:200), CD8 (clone PAB11235, Abnova, 1:300), and Foxp3
(clone PAB12685, Abnova, 1:100). The slides were then incu-
bated with secondary antibody labeled polymer horseradish
peroxidase for 15 min (Fuzhou Maixin Biotech, Fujian,
China). The color development was performed using diamino-
benzidine, and the slides were counterstained with hematoxylin,
dehydrated and mounted. The expression of the CD4*, CD8* T
cells, and Foxp3™ cells was evaluated using an optical micro-
scope (BX51; Olympus, Tokyo, Japan). The quantitation of the
positive cells in the tumor sections was performed using meth-
ods as described by Chunling Ma et al.** Briefly, the number of
positive cells was counted in 10 cancer nest areas, 10 cancer
stromal areas, and 10 areas that included both cancer nest and
stromal areas at a high-power field (400X), and the average
number of positive cells per reported field was calculated.

Transwell experiments

CD8™ T cells were isolated from the peripheral blood of healthy
adults using a CD8-positive isolation kit (Dynal, Oslo,
Norway), and the purities of the isolated cells were >95%.
The transwell coculture experiments were conducted in 24-well
plates with inner wells (0.4 pm pore size, Corning Costar,
Corning, NY, USA) to separate the CD8" T cells and SK-
OV-3/A2780. Freshly isolated CD8" T cells (2 X 10°) were
placed in the inner wells containing RPMI 1640 medium with
10% FBS (Gibco). The outer wells contained SK-OV-3/A2780
(4X10% in the same medium or medium alone (for controls).
At day 5, the culture supernatant was collected, and the CD8" T
cells were harvested and washed; 1 X 10° cells were collected for
the Foxp3, CD25, CD28, CTLA-4, and GITR mRNA analysis,
and 2 X 10° cells were collected to detect the expression of
Foxp3, CD25, CD28, CTLA-4, and GITR in the CD8" T cells
by flow cytometry, while the rest of the cells were transferred to
96-well plates and stimulated with soluble anti-CD3 (1 mg
mL~'; eBioscience, San Diego, CA, USA) plus anti-CD28 (1
mg mL ™' eBioscience) for 6 or 24 h. After the stimulation, the
CD8™ T cells were collected and analyzed using real-time PCR,
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and the supernatants were collected for cytokine detection by
ELISA and cytometric bead array (CBA).

Flow cytometry

The fluorochrome-coupled monoclonal antibodies (mAbs)
(conjugated with FITC, allophycocyanin (APC), phycoerthrin
(PE)) used in this study were: anti-CD8 (FITC), anti-CTLA-4
(APC), anti-CD25 (APC), anti-CD28 (APC), anti-Foxp3 (PE)
(all from BD Bioscience, San Jose, CA, USA), and anti-GITR
(PE) (eBioscience). Freshly isolated or in vitro cultured cells
were washed and incubated with mAbs specific for surface
markers, including anti-CD8, anti-CD25, anti-CD28, and
anti-GITR in 100 pL PBS for 20 min at room temperature in
the dark. The intracellular detection of Foxp3 with anti-Foxp3
and CTLA-4 with anti-CTLA-4 was performed using fixed and
permeabilized cells, in accordance with the manufacturer’s
instructions. Dead cells were excluded by the forward and side
scatter characteristics. The fluorescence labeling was measured
with a Gallios Flow cytometer (Beckman Coulter, Fullerton,
CA, USA), and the data were analyzed using Kaluza software
(Beckman Coulter).

ELISA and cytometric bead array
Transforming growth factor B1 (TGF-B1) in the culture super-
natants was tested by ELISA (eBioscience). Interleukin (IL)-10,
IL-2, tumor necrosis factor o (TNF-a), and interferon y (IFN-
v) were measured by flow cytometry with the Human Th1/Th2
Cytokine CBA kit (BD Bioscience).

RNA isolation and real-time PCR

The total RNA of CD8" T cells from different groups was
isolated using the miRNeasy Mini kit (Qiagen, Valencia, CA,
USA), following the manufacturer’s instructions and then
converted to cDNA. The mRNA expression was determined
in an ABI 7500 real-time PCR system (Applied Biosystems/
Life Technologies, Foster City, CA, USA) with the use of
SYBR Green. The mRNA levels in the CD8™ T cells in each
sample were normalized with the relative quantity of B-actin.
Each analysis was repeated at least three times. The primers
used in this study are shown in Table 2.

Proliferation assays

Naive CD4 ™" T cells were isolated from a healthy person with the
use of a CD4-positive isolation kit (Dynal, Oslo, Norway) and
the Dynabeads FlowComp Human CD45RA kit (Dynal, Oslo,
Norway). The CD8" T cells that were cultured alone or with
SK-OV-3/A2780 were added at ratios of 1:0, 1:1, 1:5, 1:10, and
0:1 to naive CD4™" T cells (1 X 10° cells/well) in 96-well plates.
All of the wells were cultured in a final volume of 200 puL with
the presence of irradiated PBMCs (5 X 10* cells/well) and
500 ng mL~' anti-CD3 mAb for 56 h. [*H]-thymidine was
added for another 16 h for the determination of proliferation
by scintillation counting. The transwell experiments were con-
ducted in 24-well plates as described above. Naive CD4 ™ T cells
(1 X 10°) and 1 X 10° irradiated PBMCs were seeded in the
outer wells of a 24-well plate, whereas equal numbers of CD8 "
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Table 2 The sequences of the primers used in the RT-PCR analysis

Gene Forward primer (5'-3') Reverse primer (5'-3')

Foxp3 CAG CAC ATT CCC AGAGTT CCT C GCG TGT GAA CCAGTG GTAGATC
CD25 GTC CTG GGA CAACCAATG TC TTC TGT TCT TCA GGT TGA GGT G

GITR GTT TTG GCT TCC AGT GTATCG A AAC ACA GTG AGA AAC CCG AAC T
CTLA-4 CCG AAC TAA CTG CTG CAA GGA CCC AGATTT ATG TAA TTG ATC CAG AA
CD28 ATG AAT CAG TGA CAT TCT ACC TCC AGG TGT TTC CCT TTC ACA TGG

IL-2 GAA TGG AAT TAATAATTA CAAGAATCC C TGT TTC AGA TCC CTT TAG TTC CAG
TNF-o CCC CAG GGACCT CTC TCT AATC GGT TTG CTA CAA CAT GGG CTA CA
IFN-y GTTTTG GGT TCT CTT GGC TGT TA AAA AGA GTT CCATTATCC GCT ACATC
IL-10 GCT GGA GGA CTT TAA GGG TTA CCT CTT GATGTC TGG GTC TTG GTT CT
TGF-B1 CAG CAACAATTC CTG GCG ATAC TCA ACC ACT GCC GCA CAACT

B-actin GAG CTA CGA GCT GCC TGA CG GTA GTT TCG TGG ATG CCA CAG

T cells that were cultured with or without SK-OV-3/A2780 were
placed in the inner wells. The cells were cultured in medium
containing anti-CD3 (500 ng mL™"). The cells in the inner and
outer wells were collected separately and transferred to 96-well
plates after 56 h of culture. The proliferative response was tested
by the addition of [’H] thymidine for another 16 h. For the
neutralization experiment, anti-TGF-f1 (1 pg mL™!; R&D
Systems, Minneapolis, MN, USA), anti-IFN-y (2 pg mL™Y
BD Bioscience), anti-TNF-o (2 ug mL™"; BD Bioscience), and
anti-IL-2 (1 pug mL™'; eBioscience) mAbs were added to the
transwell system described above.

Statistical analysis

The results are expressed as mean = SD. The statistical analysis
was performed using the SPSS (Statistical Package for the
Social Sciences) 20.0 statistics software (SPSS Inc., Chicago,
IL, USA). Differences between the groups and correlations were
assessed using the non-parametric Mann—Whitney U-test and
the Spearman test, respectively. A P value < 0.05 was consid-
ered to be statistically significant.

RESULTS

Prevalence of Foxp3™ cells in the ovarian cancer tissues

To investigate whether Treg cells were localized at the tumor
site, we performed immunohistochemistry to detect the CD4 ™",
CD8" T cells, and F0xp3+ cells in sections of 41 OC tissues and
12 BOT tissues (Figure la). The numbers of positive cells
(CD4", CD8" T cells, and FoxpS+ cells) per analyzed field
were significantly higher in the tissues of the OC patients com-
pared with those in the BOT patients (Figure 1b, P < 0.05). To
investigate the clinical significance of increased CD4 ", CD8 " T
cells, and Foxp3 ™ cells in the human OC, the tumor stage of
the OC patients were analyzed in comparison with the numbers
of CD4™, CD8™ T cells, and Foxp3 ™ cells in the OC tissues. As
shown in Figure 1c, the CD8" T cell and Foxp3 " cell numbers
were higher in the OC patients at stage ITI/IV than those at stage
I/II (P < 0.05), while we did not detect any difference in the
CD4™" T-cell numbers between the OC patients at stage I/II
and III/IV (data not shown). Importantly, among these three
subsets of tumor-infiltrating lymphocytes (TILs), the numbers
of CD8™ T cells and Foxp3™ cells showed the most significant

increase in the advanced OC patients. Thus, we further assessed a
possible correlation between the CD8 ™ T cells and Foxp3 " cells
in the intraepithelial and stromal areas of the OC patients at
stage III/IV. As a result, we found a significant correlation
between the CD8 ™ T cells and Foxp3 * cells in the intraepithelial
and stromal areas of the advanced OC tissues (P < 0.05, r =
0.516 and P < 0.05, r = 0.430, respectively) (Figure 1d). These
results suggested that the numbers of both CD8 " T and Foxp3™
cells were highly increased in the advanced OC patients.

Expression of Treg markers in the CD8* T cells from the
ovarian cancer patients

The results of the immunohistochemistry demonstrated that
the numbers of CD8" T cells were highly increased in the
advanced OC patients. Next, we characterized freshly isolated
CD8™ T cells in PBMCs and tissue lymphocytes of the OC
patients as well as age-matched BOT patients and healthy
individuals as controls (Table 1). We analyzed the expression
of Treg markers, including Foxp3, CD25, CD28, CTLA-4, and
GITR in the CD8" T cells. Compared with the BOT tissues,
there were increases in the expression of Foxp3 and CTLA-4
and a decrease in the expression of CD28 in the CD8™ T cells
from the OC tissues (P < 0.05, P < 0.01, and P < 0.05,
respectively). There were no significant differences in the
expression of CD25 or GITR in the CD8" T cells between
the OC tissues and BOT tissues (Figure 2). Next, we investi-
gated the expression of Treg markers in the CD8" T cells
from peripheral blood. The proportions of CD25", Foxp3 ™,
CTLA-4", and CD28 cells in the CD8™ T cells were increased
significantly in the PBMCs from the OC patients compared
with those in the BOT patients and healthy controls (P < 0.05,
P < 0.01, P < 0.01, and P < 0.01, respectively). However,
there was no significant difference in the proportion of GITR ™"
cells in the CD8 ™" T cells among the OC patients, BOT patients
and healthy controls (Figure 3a and b). Moreover, the level of
Foxp3 expression in the CD8" T cells of the OC patients at
stage III/TV was higher than those at stage I/II (Figure 3c).
These findings demonstrated that CD8™ Treg cells undergo
phenotypic alterations that potentially contribute to their
function in OC patients.
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Figure 1 The prevalence of Foxp3™ cells in ovarian cancer tissues. (a) Representative images of immunohistochemical staining for CD4, CD8,
Foxp3 in consecutive sections of OC tissues and BOT tissues, which were used to analyze the cell numbers. Few CD4*, CD8™ T cells, and Foxp3™
cells were observed in the BOT tissues, while high numbers of CD4™, CD8™ T cells, and Foxp3™ cells were detected in the OC tissues. (b) The
numbers of CD4™, CD8™ T cells, and Foxp3™ cells were significantly increased in the OC tissues (n = 41) compared with those in the BOT tissues
(n = 12). (c) The numbers of CD8™ T cells and Foxp3* cells were significantly increased in the OC tissues of patients at stage I/IV (n = 18)
compared with those at stage I/l (n = 23). (d) Scatter plots showed a positive correlation of the Foxp3 and CD8 distribution densities in the
intraepithelial and stromal compartments of the OC patients, respectively. The average numbers of CD4*, CD8™ T cells, and Foxp3™ cells per field
(original magnification: 400X) are shown for each tissue sample. All of the graphs show the mean + SEM. *P < 0.05, Mann-Whitney U-test and

Spearman test.

SK-OV-3 induced phenotypic differentiation of CD8* T cells
in a transwell coculture system

To test whether CD8" Treg cells can be induced in vitro by
SK-OV-3, we first evaluated the phenotypes of the CD8" T
cells cultured with or without SK-OV-3 using a transwell
coculture system. As shown in Figure 4, compared with the
CD8" T cells cultured without SK-OV-3, the expression of
Foxp3 and CTLA-4 was increased and the CD28 expression
was decreased in the CD8" T cells cultured with SK-OV-3
(both P < 0.001). There was no significant difference in
the expression of CD25 or GITR between the CD8" cells
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cultured with or without SK-OV-3. Our results showed that
the frequency of Foxp3™, CTLA-4", and CD28 cells gated
on the CD8" T cells was increased in the transwell culture
system with SK-OV-3.

Cytokine expression profile of in vitro-differentiated CD8*
Treg cells

In addition to the phenotypic changes of the CD8™" T cells in
the transwell coculture system with SK-OV-3/A2780, the
CD8" T cells also showed a vigorous TGF-fB1, IFN-vy, TNF-
o, and IL-2 response with the stimulation of anti-CD3/CD28



Increased CD8™ Treg cells in ovarian cancer
S Zhang et al

a *
1
30 15 90
& : & &
Ll
o 20 o 10 o 60
= = =
© + +
=Y w0 ©
% N N
g 10 8s 8 30
0 . =g g
0 0
* %
1
, 30 15
[
8 : o
¥ 20 a
Y o1
1 )
< i -
=10 - E 5 .. -
) o ,0° )
0 =5 i 0l_Teer N
BOT ocC BOT ocC
b 1000 1 c
| Foxp3 CD28 CTLA-4
800 | 10%3 10° 10°
| | 2.01% 80.07% 0.29%
1071 10? 10%
600 = %
o 10" 10' ; 10'
1] { ¥
3 400 10°4 10° 10°
9 00 1
10° 10" 10% 10° 10° 10" 10% 10° 10° 10" 10% 10°
200 400 600 800 1000
3 3 3
FsC 10? 20904 s ° 10.37%)
1074 102 10?
1000 8 0] i 10' : 10' '
800 100 b 10° 10° 4
600 10° 10" 10% 10° 10° 10" 102 10° 10° 10" 10% 10°

& CD8

Figure 2 The expression of phenotypic Treg markers in the CD8* T cells from ovarian cancer tissues. (a) The lymphocytes from the OC tissues or
the BOT tissues were stained with PE-, APC-, or FITC-labeled mAbs against human CD8, CD25, GITR, Foxp3, CTLA-4, or CD28 molecules,
according to the staining protocol described in “Materials and Methods” section. The cumulative data showed an increased expression of Foxp3
and CTLA-4 and a decreased CD28 expression in the CD8™ T cells from the OC patients (n = 14) compared with that in the CD8™" T cells from the
BOT patients (n = 12). (b) The gating strategy: the lymphocytes (R1) were gated according to their side- and forward-scatter properties, and the
CD8™ T cells (R2) were gated from R1. (¢) Representative dot plots of CD8 and Foxp3, CD28, and CTLA-4 staining of the lymphocytes from the OC
tissues and BOT tissues. All of the graphs show the mean = SEM. *P < 0.05, **P < 0.01, Mann-Whitney U-test.

mADbs for 6 or 24 h, while the CD8" T cells cultured without
SK-OV-3/A2780 showed poor TGF-B1, IFN-y, TNF-a, and
IL-2 production (Figure 5a). The results of the real-time PCR
also indicated that the CD8™" T cells cultured with SK-OV-3
expressed higher TGF-B1, IFN-y, TNF-a, and IL-2 mRNA
after the anti-CD3/CD28 mAbs stimulation for 6 or 24 h
compared with that in the CD8" T cells cultured without
SK-OV-3 (Figure 5b). IL-10 is important for the suppressive
activity of Treg cells. Although the real-time PCR analysis
indicated that the IL-10 mRNA expression in the CD8" T
cells cultured with SK-OV-3 was higher than that in the
CD8" T cells cultured without SK-OV-3; we found no or

little IL-10 secretion from the CD8" T cells cultured with
or without SK-OV-3 after stimulation with the anti-CD3/
CD28 mAbs (data not shown). The analyses of the pheno-
types and cytokine secretion indicated that CD8™ Treg cells
could be induced from peripheral blood CD8* T cells by
coculture with SK-OV-3.

In vitro-differentiated CD8" Treg cells suppress the
proliferation of naive CD4" T cells

In addition to examining the phenotypes and cytokine
expression profiles of the CD8" T cells cultured with SK-
OV-3, we explored the function of these CD8" T cells. As
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Figure 3 The expression of Treg markers inthe CD8™ T cells from the PBMCs of ovarian cancer patients. (a) The PBMCs from the OC patients, BOT
patients, and healthy controls were stained with PE-, APC-, or FITC-labeled mAbs against human CD8, CD25, GITR, Foxp3, CTLA-4, or CD28
molecules, according to the staining protocol described in “Materials and Methods” section. The cumulative data showed an increased expression
of CD25, Foxp3, and CTLA-4, and a decreased expression of CD28 inthe CD8™ T cells from the PBMCs of OC patients (n = 31) compared with that
inthe CD8™ T cells from the PBMCs of the BOT patients (n = 26) and healthy controls (n = 20). (b) The gating strategy: the lymphocytes (R1) were
gated according to their side- and forward-scatter properties, and the CD8™ T cells (R2) were gated from R1. (¢) Representative dot plots of CD8
and Foxp3, CD28, CD25, and CTLA-4 staining of the PBMCs from the OC patients, BOT patients, and healthy controls. (d) The cumulative data
showed that the percentage of Foxp3™ T cells among the CD8™ T cells from the PBMCs of the OC patients at stage I11/IV (n = 24) was higher than
that in the patients at stage I/l (n = 7). All of the graphs show the mean = SEM. *P < 0.05, **P < 0.01, Mann-Whitney U-test.

shown in Figure 6a, we found that the CD8™ T cells cultured
with SK-OV-3 suppressed the naive CD4" T-cell prolifera-
tion in the presence of an anti-CD3 mAb in a dose-depend-
ent manner, while the CD8" T cells cultured without
SK-OV-3 did not suppress the naive CD4" T-cell prolifera-
tion. Our results indicated that CD8" T cells cultured with
SK-OV-3 exerted a potent immunosuppressive effect on the
naive CD4" T-cell proliferation. To determine whether
cell-to-cell contact or soluble factors were required for the
suppressive activity of these CD8" T cells, we performed
direct coculture and transwell experiments. The CD8™ T cells
cultured with SK-OV-3 inhibited the naive CD4 " T-cell pro-
liferation, not only in the direct coculture but also in the
transwell system (Figure 6b). With the use of neutralizing

Cellular & Molecular Immunology

anti-TGF-B1 and IFN-y mAbs, we found that the suppressive
effect of the CD8" T cells cultured with SK-OV-3 could be
partially blocked, while the blockade of TNF-a and IL-2 did
not affect the suppressive ability of the CD8" T cells cultured
with SK-OV-3 (Figure 6¢). Our results showed that the sup-
pressive ability of the CD8" T cells cultured with SK-OV-3
was mediated at least in part by soluble factors, and the
immunosuppression could be alleviated by anti-TGF-B1
and IFN-y mAb. The same analysis was performed in the
transwell coculture system using another OC cell line,
A2780, and CD8" T cells, which revealed that A2780 and
SK-OV-3 could induce CD8" T cells in an in vitro transwell
coculture system, with similar Treg-associated characteristics
(Supplementary Figures S1-S3).
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with or without SK-OV-3. *P < 0.05, **P < 0.01.

TGF-B1 may participate in the induction of CD8* Treg cells
in an in vitro transwell coculture system

We detected the expression of cytokines released in the culture
medium that may contribute to the induction of CD8™" Treg
cells. As shown in Supplementary Figure S4, we found that
compared with the CD8" T cells cultured without the SK-
OV-3 system, the CD8" T cells cultured with the SK-OV-3
system secreted a higher level of TGF-B1 in the medium
(P < 0.01), while we found no or little IL-10, IFN-y, TNF-a,
IL-2, IL-4, and IL-6 in the medium (data not shown). The
higher level of TGF-B1 in our study system may participate
in the induction of CD8 " Treg cells.

DISCUSSION

The presence of TILs in the tumor environment indicates that
host immune cells can respond to tumor antigens.”>*® For
successful anti-tumor immunotherapy, it is important for us
to understand the roles of different subtypes of TILs in the
immunosuppressive microenvironment. An immunosuppres-
sive environment still forms at the tumor site regardless of the

infiltration of the effector TILs that respond to tumor antigens
by exerting their cytotoxic effect and releasing soluble factors.”’
Tumor immune tolerance is mainly because of the immuno-
suppressive effect of Treg cells on anti-tumor immunity.*® Treg
cells induce immune tolerance via their suppressive effect on
self- and non-self-antigens and contribute to the inhibition of
autoimmunity. However, they can also impair anti-tumor
immunity.*® Until now, Foxp3 has been the most specific mar-
ker to distinguish Treg cells from T cells. Our results suggested
that the numbers of CD4", CD8" T cells, and Foxp3™ cells
were highly increased in the OC tissues compared with those in
the BOT tissues (Figure 1). Due to the cytotoxic T-lymphocyte
activity of CD8™ T cells, researchers pay more attention to their
antitumor functions in immunotherapy.”® It has also been
reported that the number of CD8" T cells is selectively
decreased in colorectal cancer patients.”’ However, our results
showed that the numbers of tumor-infiltrating CD8 " T cells
were positively correlated with the tumor stage.

Additionally, we found that a high tumor density of
Foxp3™ cells in the OC patients was associated with a poor

587

Cellular & Molecular Immunology



Increased CD8™ Treg cells in ovarian cancer
S Zhang et al

IN
)

w
M

Fold expression of IL-2
N

Fold expression of IFN-y
N

o
I

ﬂl-D—[ |
1.
O.

a
<= 807 ~ 807
- |
E E
g 60 ) 601
p 2
8 40- = 2 40
g *% 8
[ =
= 20- 2 201
@ T
% g
0 £ ol
. 6h 24h
~ 807 ~ 15007
[ [
€ €
60
2 2 1000
(] [
g
= *k = -
S 50 " s 500
o . . 3
= w
0- g
6h 24h
b
S 87 < 151
w 2
'(2 ] *% *% ‘s
=6
15} 5 101
2 S
S 4- @
] o
4 S
< % 51
5] o
T 0
o 0- 04
v 6h 24h
*%*
**
6h 24h

o
I

*k
*k I
6h 24 h
*k *k
ﬂl_ﬂl
6h 24 h

[ CD8* T cells without SK-OV-3
I CD8" T cells with SK-OV-3

*%

6h

*k

6h

[ CD8" T cells without SK-OV-3
I CD8' T cells with SK-OV-3

81 *%

Fold expression of TNF-a
N

6h 24 h

Figure 5 The cytokine expression profile of the in vitro-differentiated CD8* Treg cells. (a) The production of TGF-B1, IL-10, IFN-v, IL-2, and TNF-o
inthe CD8* T cells cultured with or without SK-OV-3. The supernatants were collected after the CD8* T cells were stimulated with anti-CD3/CD28
stimulation for 6 or 24 h. TGF-B1 was detected by ELISA, and IL-10, IFN-vy, IL-2, and TNF-a were detected by CBA. (b) The real-time RT-PCR
analysis of the TGF-B1, IL-10, IFN-y, IL-2, and TNF-ae mRNA expression in the CD8™ T cells cultured with or without SK-OV-3. The total RNA was
isolated from the CD8™ T cells stimulated with anti-CD3/CD28 mAbs for 6 or 24 h. **P < 0.01.

clinical outcome, indicating that the presence of Treg cells
might play a key role in OC development. Importantly, we
revealed a significant correlation between the intratumoral
CD8" T cells and the Foxp3™ cells in the intraepithelial and
stromal areas of advanced OC tissues. Based on these data, we
hypothesized that the growth of tumors in OC patients
induces the generation of CD8" Treg cells. Tumors could
secrete soluble factors that promote the induction, expansion,
and recruitment of Treg cells to the tumor microenviron-
ment. Therefore, tumors contribute to the generation and
expansion of Treg cells in the tumor microenvironment.'®
The phenotype and function of CD8" Treg cells are different
in diverse tumor models.”

Cellular & Molecular Immunology

To confirm whether CD8 ™" T cells in OC patients constitute a
subtype of Treg cells, we compared the expression of Treg
markers in the blood and tissue CD8 T cells in the OC patients
with that in BOT patients and healthy volunteers. The CD8 " T
cells from the PBMCs of OC patients had an increased express-
ion of CD25, Foxp3, and CTLA-4 and a decreased expression of
CD28, while the CD8" T cells in the tumor tissues of the OC
patients showed an increased expression of Foxp3 and CTLA-4
and a decreased CD28 expression. Our study demonstrated
that the CD8" T-cell subsets with the phenotypic features of
Treg cells were expanded in the tumor tissues and peripheral
blood of patients with primary OC. We also found that the
expression of Foxp3 in the CD8" T cells was positively
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correlated with the tumor stage in the OC patients. These
results indicated that CD8 " Foxp3™ Treg cells may be involved
in the progression of OC, and Foxp3 expression in CD8 " T cells
may be regarded as a marker to predict the clinical outcome of
OC patients.

There are three modes of Treg cells accumulation within the
tumor environment: increased migration, preferential Treg
cells expansion, and de novo conversion of Foxp3™ T cells into
Treg cells.”” To explore whether the tumor microenvironment
could convert CD8™ effector T cells into suppressor cells, we
established an in vitro transwell culturing system. Our results
showed that CD8" T cells in the transwell coculture system
shared similar phenotypic features with CD8" T cells in OC
tissues, namely, increased expression of the Treg cell-associated
molecules Foxp3 and CTLA-4 and decreased CD28 expression.
The cytokine profile analysis showed that the CD8" T cells
cultured with SK-OV-3 secreted TGF-B1, IFN-vy, TNF-a, and
IL-2, but no or little IL-4 and IL-10. TGF-p plays a vital role in
the ability of Treg cells to exert their suppressive function.”**>
Recent studies indicate that IFN-y may be immunosuppressive,

and CD8 " Treg cells cannot be induced in IFN-y R™/~ mice.*®
TNF-a is known for its ability to desensitize T cells to
T-cell receptor activation, and there is increasing evidence
that TNF-o contributes to a loss of CD28 expression.”’
Importantly, CD8" T cells in the transwell coculture system
had a potent suppressive activity that strongly suppressed the
proliferation of the naive CD4™ T cells (Figure 6a). The pos-
sible mechanisms by which CD8" Treg cells exert their sup-
pressive effect may vary depending on diverse immune
reactions. Recent studies indicate that the suppressive activity
of Treg cells is mainly mediated through soluble factors, such as
IL-10 and/or TGF-B, or cell—cell contact.’®* In our study, the
CD8™ T cells cultured with SK-OV-3 exerted their suppressive
effects not only in the direct coculture but also in the transwell
system, which could be blocked by anti-TGF-B1 and IFN-y
mAbs (Figure 6¢), implying that the suppressive activity of
these cells is partially mediated through TGF-f1 and IFN-y.
These results indicated that SK-OV-3-induced subsets of
CD8™ T cells expressed Treg markers and acquired the capacity
to suppress the proliferative response of naive CD4" T cells.

Cellular & Molecular Immunology
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We also found that the CD8™ T cells cultured with the SK-OV-
3 transwell system secreted a higher level of TGF-P1 in the
medium (Supplementary Figure S4), implying that TGF-B1
may contribute to the induction of CD8™ Tregs in an in vitro
transwell coculture system. TGF-f signals are important for
Tregs, and they could convert CD4"CD25~ T cells into
CD4" Tregs through upregulating Foxp3 expression.*’
However, the detailed mechanism/signals that are involved in
the induction of CD8 " Tregs need further study.

In conclusion, our findings provide new insights into the
composition and function of CD8" T cells in OC patients,
which may contribute to the development of T-cell-based
adoptive immunotherapy for OC. SK-OV-3 could convert
CD8™ T cells into CD8™" Treg cells which may partially pro-
mote tumor progression in OC.
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