Received: 7 April 2016

Accepted: 30 July 2016

DOI: 10.1111/cpr.12294

ORIGINAL ARTICLE

Gene expression profiling of CD8 T cells induced by ovarian
cancer cells suggests a possible mechanism for CD8" Treg cell

production

Meng Wul? | Jianfang Lou | Shuping Zhang'? | Xian Chen? |
Lei Huang'? | Ruihong Sun'? | Peijun Huang? | Shiyang Pan®? | Fang Wang!?

1Department of Laboratory Medicine, the
First Affiliated Hospital of Nanjing Medical
University, 210029 Nanjing, China

National Key Clinical Department of
Laboratory Medicine, 210029 Nanjing,
China

Correspondence

Fang Wang, Department of Laboratory
Medicine, the First Affiliated Hospital of
Nanjing Medical University, National Key
Clinical Department of Laboratory Medicine,
Nanjing, China.

Email: wangfang@njmu.edu.cn

1 | INTRODUCTION

Abstract
Objectives: The aim of this study was to investigate a possible mechanism of CD8

+

regulatory T-cell (Treg) production in an ovarian cancer (OC) microenvironment.
Materials and methods: Agilent microarray was used to detect changes in gene ex-
pression between CD8" T cells cultured with and without the SKOV3 ovarian adeno-
carcinoma cell line. QRT-PCR was performed to determine glycolysis gene expression
in CD8" T cells from a transwell culturing system and OC patients. We also detected
protein levels of glycolysis-related genes using Western blot analysis.

Results: Comparing gene expression profiles revealed significant differences in ex-
pression levels of 1420 genes, of which 246 were up-regulated and 1174 were down-
regulated. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes analysis
indicated that biological processes altered in CD8" Treg are particularly associated
with energy metabolism. CD8" Treg cells induced by co-culture with SKOV3 had
lower glycolysis gene expression compared to CD8*T cells cultured alone. Glycolysis
gene expression was also decreased in the CD8" T cells of OC patients.

Conclusions: These findings provide a comprehensive bioinformatics analysis of DEGs
in CD8" T cells cultured with and without SKOV3 and suggests that metabolic pro-
cesses may be a possible mechanism for CD8" Treg induction.

CD4" and CD8" Treg cells are different Treg cell subtypes, which
have distinctive co-stimulatory molecules on the cell surface mem-
brane. In OC patients, high percentages of CD4" Treg cells have been

Ovarian cancer (OC) is the most lethal gynaecological cancer and the
fifth leading cause of cancer death in women. The ovarian tumour
microenvironment establishes an immunosuppressive network that
promotes tumour immune escape, thus promoting tumour growth.1
Regulatory T cells (Tregs) are the best characterized type of immuno-
suppressive cell that play a crucial role in the fine tuning of immune
responses and the reduction of deleterious immune activation.?
Tumour-induced biological changes in Treg cells may enable tumour

cells to escape immunosurveillance.

#These authors contributed equally to this work.

detected in the peripheral blood® and in the tumour microenviron-
ment.? In contrast, less is known about the function and existence of
CD8" Treg cells in cancer. Nevertheless, emerging evidence indicates
that CD8" Treg cells play an important role in various inflammatory dis-
orders, autoimmune diseases and tumour immunity‘s'7 Treg cells can
be further classified into “naturally occurring” Tregs or inducible Tregs
according to their different origins.8 Yukiko et al.? previously reported
that CD8" Treg cells are induced in the prostate tumour microenvi-
ronment or in a cytokine milieu favouring Treg cell induction, while

Andrew et al.'® suggested that they also accumulate or are activated
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by the immunosuppressive environment of the lung. In an earlier

study, we observed an increase of CD8" Treg cells in OC patients and
found that they could be induced by OC cells in vitro.1!

Several induced or naturally occurring CD8" Treg cells
have been discovered and functionally analysed, such as CD8*
CD122*Tregs,”> CD8'CD103"Tregs,)® CD8'LAG-3"Foxp3*CTLA-
4™ Tregs,}#CD8*CD28 Tregs,}°CD8*CD75s Tregs, }*CD8*IL-16 Tregs,
CD8'IL-10"Tregs,'® CD8'CD28 CD56*Tregs,'” CD8'CD25"Foxp3*
LAG3*Tregs,®® CD8'CD11c Tregs®! and CD8'CD44 CD103"Tregs.??
However, detailed and comprehensive studies of CD8"* Treg cells have
been hampered by the lack of key transcription factors and specific com-
mon markers to distinguish CD8" Treg cells from conventional CD8" T
cells. Furthermore, the induction mechanism of CD8" Treg cells in the
OC microenvironment has not been clarified.

In this study, we used Agilent microarray analysis to detect changes
in gene expression between CD8" T cells cultured alone and co-
cultured with the SKOV3 ovarian adenocarcinoma cell line. We sought
to confirm that OC cells have a direct effect on CD8" T-cell gene tran-
scription. We also aimed to identify the underlying molecular changes
in CD8" Treg cells and potential signalling pathway mechanisms that

induce CD8" Treg cell generation in an OC microenvironment.

2 | MATERIALS AND METHODS

2.1 | Patients and samples

This study was approved by the Ethical Committee of the First
Affiliated Hospital of Nanjing Medical University (permit number:
SRFA-061), and written informed consent was provided by the study
participants. Peripheral blood samples were obtained from 22 new
cases with OC, 20 new cases with benign ovarian tumour (BOT), and
20 age-matched healthy donors treated at the First Affiliated Hospital
of Nanjing Medical University from 2014 to 2015. Patients who un-
derwent surgery, radiotherapy or preoperative chemotherapy before
blood sample collection were excluded from the study.

Of the 22 OC samples, 16 were of ovarian serous adenocarcinoma
and six were of ovarian mucinous adenocarcinoma. Of the 20 BOT
samples, three were of ovarian mucinous cystadenoma, 14 were of

ovarian serous cystadenoma and three were of ovarian teratoma.

2.2 | Blood sample collection and CD8* T-
cell isolation

Venous blood was collected from OC and BOT patients and healthy
donors using EDTA tubes. Peripheral blood mononuclear cells (PBMCs)
were isolated by Ficoll-Hypaque density gradient centrifugation (GE
Health Care Life Sciences, Piscataway, NJ, USA). CD8" T cells were
then separated using a CD8-positive isolation kit (Dynal, Oslo, Norway).

2.3 | Cell lines and culture conditions

SKOV3 cells (American Type Culture Collection, Manassas, VA, USA)
were grown in 5% CO, at 37°C in McCoy’s 5A medium (Invitrogen,

Carlsbad, CA, USA) with 10% foetal bovine serum (FBS) (Gibco,
Gaithersburg, MD, USA).

2.4 | Co-culture of SKOV3 and CD8" T cells

SKOV3 cells were cultured in six-well plates in 2 mL McCoy’s 5A
medium (Invitrogen) with 10% FBS for 24 hours. For synchroniza-
tion, CD8" T cells were isolated from PBMCs using the CD8-positive
isolation kit (Dynal), achieving a purity were basically >95%. SKOV3
and CD8" T cells (1:5) were then co-cultured using the inner wells
(0.4 um pore size; Corning Costar, Corning, NY, USA) to separate the
cell types. Specifically, SKOV3 cells (2 x 10°/well) were incubated
in the lower well in 2 mL RPMI 1640 medium with 10% AB serum
(Gibco), and CD8" T cells (1 x 10%) were grown in the inner wells with
or without SKOV3 cells (for controls) in 1 mL of the same medium.

After 5 days of incubation, CD8" T cells were washed and collected.

2.5 | Microarray data production and analysis

CD8" T cells from transwell and control groups were harvested, and
total RNA was extracted using Trizol reagent (Qiagen, Valencia, CA,
USA). The RNA quality, integrity and purity were measured using a
bioanalyzer (2100 Bioanalyzer; Agilent Technologies, Santa Clara,
CA, USA). Gel electrophoresis demonstrated that each processed
RNA had a 28s/18s >2.0 and 260/280 nm absorbance >1.8 (Table S1
and Figure S1), indicating that the samples were suitable for micro-
array analysis. Total RNA (2 ug) was reverse transcribed into cDNA
and then into labelled cRNA. The appropriate amount of cRNA was
hybridized to the Agilent whole human genome 8 x 60 K microarray
chip. All microarray experiments were performed at the microarray
facility of CapitalBio Corporation (Beijing, China), and gene expres-
sion workflow was performed according to the manufacturer’s rec-
ommendations (Agilent Technologies). Data analysis was conducted
using GeneSpring GX software (Agilent Technologies). The t test was
used to identify genes that were differentially expressed between the
SKOV3 transwell group and CD8" T control group. Criteria for se-
lecting differentially expressed genes (DEGs) were fold change (FC)
>2.0 and P-values <.05. Functional analysis was compiled using Gene
Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes
(KEGG,) analyses.

2.6 | Real-time quantitative PCR for validation of
microarray data

To validate the microarray results, glycolysis genes were selected
to carry out real-time quantitative PCR analysis. The remaining
RNA of microarray analysis was applied to reverse-transcript into
cDNA using the PrimeScript RT Reagent Kit (TaKaRa Bio, Japan).
Gene expression levels were analysis with ABI 7500 real-time PCR
(Applied Biosystems) by applying SYBR Green. The sequences of
primers were as follows: mammalian target of rapamycin complex 1
(mTORC1), 5'-CGGACTATGACCACTTGACTC-3' and 5'-CCAAACC
GTCT CCAATGAAAGA-3'; hypoxia-inducible factor 1(HIF1a), 5'-CC
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ATTAGAAAGCAGTTCCGC-3" and 5'-TGGGTAGGAGATGGAGATG
C-3'; glucose transport 1 (Glut1), 5'-TTGGCTCCGGTATCGTCAAC-3’
and 5'-GCCAGGACCCACTTCAAAGA-3'; glucose-6-phosphate iso-
merase (GPI), 5'-AGGCTGCTGCCACATAAGGT-3' and 5'-AGCGTCG
TGAGAGGTCACTTG-3’; triosephosphate isomerase (TPI), 5'-CCA
GGAAGTTCTTCGTTGGGG-3' and 5'-CAAAGTCGATGTAAGCGGTG
G-3'; enolase 1(Eno1), 5'-TCATCAATGGCGGTTCTCA-3' and 5'-TT
CCCAATAGCAGTCTTCAGC-3';pyruvatekiasemuscle(PKM2),5'-GCC
GCCTGGACATTGACTC-3' and 5'-CCATGAGAGAAATTCAGCCG
AG-3'; lactate dehydrogenase(LDHa), 5'-CCAGCGTAACGTGAAC
ATCTT-3' and 5'-CCCATTAGGTAACGGAATCG-3'; Forkhead box pro-
tein P3(Foxp3), 5'-CAGCACATTCCCAGAGTTCCTC-3" and 5'-GCG
TGTGAACCAGTGGTAGATC-3'; B-actin, 5'-TGGCCCCAGCACAATG
AA-3" and 5'-CTAAGTCATAGTCCG CCTAGAAGCA-3'. The relative
fold change of each gene was calculated by the expression 278ACt and
B-actin, as a housekeeping gene, was used to normalize these target
genes expression.

2.7 | Western blot analysis

Protein from co-cultured cells was extracted using NE-PER® nuclear
and cytoplasmic extraction reagents (Thermo Scientific, Waltham,
MA, USA). Equal amounts of protein per lane were separated by so-
dium dodecyl sulphate polyacrylamide gel electrophoresis and blot-
ted onto polyvinylidene fluoridemembranes (Bio-Rad, Hercules,
CA, USA). Corresponding primary antibodies (anti-mTORC1, 1:1000
dilution, Cell Signaling Technology; anti-HIF1a, 1:1000 dilution, Cell
Signaling Technology, Danvers, MA, USA; anti-PKM2, 1:1000 dilu-
tion, Cell Signaling Technology; and anti-GAPDH, 1:1000 dilution,
ZSGB, Beijing, China) and a horseradish peroxidase-conjugated sec-
ondary antibody (ZSGB) were used to detect specific protein. The
exposure was developed with enhanced chemiluminescence reagents
(Millipore, Billerica, MA, USA) and X-ray film.

3 | RESULTS

3.1 | Gene expression profile of CD8" T cells
cultured with or without SKOV3 cells

To identify the underlying molecular alterations and the potential in-
duction mechanism of CD8" Treg cells, we carried out gene expres-
sion analysis of CD8" T cells cultured with and without SKOV3 cells.
As shown in Fig. 1, we identified 1420 DEGs between the two groups,
of which 246 were up-regulated and 1174 were down-regulated in
CD8" T cells cultured with SKOV3 cells relative to control CD8* T
cells cultured alone. To better understand the biological function of
the DEGs, we performed GO and KEGG pathway analyses. Three hun-
dred and seventeen DEGs (22.3%) could be mapped onto the KEGG
signalling database. As shown in Fig. 2, the 15 most related pathways
to DEGs were identified through KEGG analysis and included the met-
abolic pathway, MAPK signalling pathway, calcium signalling pathway,
and focal adhesion and chemokine signalling pathway. Almost all of
the 15 most related pathways were significantly down-regulated in

CD8" T cells cultured with SKOV3 cells compared with the control
group. These pathways were associated with the immune system, sig-
nal transduction and energy metabolism. GO analysis revealed that
the DEGs were mainly involved in cellular processes, binding and
metabolic processes (Fig. 3).

3.2 | Comparison of microarray results with
previous findings

We validated the microarray outcome by comparing CD8* Treg cell
molecular markers identified by microarray with previous findings.
Several CD8" Treg cell markers have been functionally analysed, in-
cluding CD122*, CD103", CTLA-4*, CD287, CD75s", IL-16%, IL-10",
CD56*, LAG3"*, CD44™ and CD11c*. More importantly, 73% of the
CD8" Treg cell subsets that had previously been reported were found
to be differentially expressed in our microarray data. Our dataset
was similar to that of previously reported study (Table 1). Notably,
ITGAX, also known as CD11c, was shown to be up-regulated 6.03-
fold (P=.0023) in CD8" T cells cultured with SKOV3 cells compared
with the control group. The top 20 significantly up- or down-regulated
genes are listed in Table 2. To our knowledge, these results are the
first to show that many of these genes are associated with CD8" Treg
cells.

3.3 | Validation of glycolysis genes by quantitative
real-time reverse transcriptase PCR and
Western blotting

GO and KEGG analysis of DEGs indicated that biological processes
altered in CD8" Treg are particularly associated with energy metabo-
lism. We, therefore, focused our attention on the glycolysis pathway
(Fig. 4a). To validate our microarray results, we examined the expres-
sion of eight glycolysis genes by quantitative real-time reverse tran-
scriptase (qRT)-PCR (mTORC1, HIF1a, Glutl, PKM2, GPI, TPI, Enol
and LDHa). A cDNA pool derived from the same cells used to perform
the microarray analysis was the template for qRT-PCR. Compared
with CD8" T cells cultured without SKOV3 cells, glycolysis gene ex-
pression showed varying degrees of decline in CD8" T cells cultured
with SKOV3 cells (Fig. 4b). The expression of mTORC1, HIF1a, PKM2,
GPI and TPI was significantly decreased in co-cultured cells compared
with the control group. The expression levels of almost all glycolysis
genes were consistent with the microarray data, with the exception
of HIF1a (Table 3).

Further confirmation of this was achieved using Western blotting
(Fig. 4c). This showed that the expression of mTORC1, HIF1la and
PKM2 decreased significantly (P<.05) in CD8" T cells cultured with
SKOV3 cells compared with CD8" T cells cultured alone.

3.4 | Decreased glycolysis gene expression in
patients with ovarian cancer

We next utilized semi-quantitative RT-PCR to investigate the expres-
sion of glycolysis genes and Foxp3 mRNA in CD8" T cells from OC
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FIGURE 1 Gene expression profile of
CD8'T cells expanded from the co-culture
system. Hybridization signals produced by
8x60 K Agilent GeneChip. Each column
represents an individual sample and each
row represents a specific gene. The colour
range reflects relative changes, with higher
levels in red and lower ones in green.

Bar plot shows normalized hybridization
signals in six independent, microarray
hybridizations using RNA from CD8" T cells

o
P 0

CD8*T cell cocultured
with SKOV3

patients (n=22), BOT patients (n=20) and healthy controls (n=20). As
shown in Fig. 4d, mTORC1, HIF1la, Glutl, PKM2, GPI and TPI were
expressed at lower levels in OC patients than in either BOT patients
or healthy controls (both P<.05). There was no obvious difference
in the expression of glycolysis genes between benign tumour and
healthy control groups. By contrast, Foxp3 mRNA expression was
significantly higher in peripheral blood samples of patients with OC
than in benign tumours and healthy controls. The expression of Foxp3
was, therefore, negatively correlated with that of glycolysis genes in
OC patients. Together with the data presented in Fig. 4, these results
indicate that genes of the glycolysis pathway play an important role in

the differentiation and generation of CD8" Treg cells.

4 | DISCUSSION

As a suppressor T-cell subset, CD8* Treg cells have been the focus

of much research because of their critical roles in the inhibition

CD8*T cell cocultured
without SKOV3

cultured with or without SKOV3 cells from
three healthy controls

of antitumour immunity and the promotion of tumour growth.23
Previously, Meloni et al.2* found that the CD8" CD28" T-cell subset
was significantly increased in the peripheral blood of patients with

lung cancer, while Yang et al?®

reported that a higher percentage
of intrahepatic CD8*FoxP3* Treg cells was associated with tumour-
node-metastasis (TNM) stage in hepatocellular carcinoma patients.
Moreover, Chen etal?® showed that CD4*CD25'FOXP3" and
CD8"CD28™ Treg cells dropped significantly in number in non-small-
cell lung cancer patients undergoing surgery. These data together
suggest that the tumour microenvironment might be at least partially
responsible for the enhanced generation of CD8* Treg cells. However,
the underlying mechanism of CD8" Treg induction remained unknown.

In our previous study, we demonstrated that CD8" Treg cells were
increased in the peripheral blood and fresh tumour tissues of OC pa-
tients and that the ovarian microenvironment could convert CD8"
effector T cells into suppressor cells in vitro.!* Thus, to investigate
possible mechanisms involved in the induction of CD8* Treg cells, we
herein cultured CD8" T cells with OC cells and used high-throughput
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FIGURE 2 Proportion of differentially expressed genes in significantly affected pathways. KEGG pathway analysis showed that the 15 most
related pathways to DEGs included metabolic, mitogen-activated protein kinase, calcium, focal adhesion, chemokine, natural killer cell-mediated
cytotoxicity, gonadotropin-releasing hormone, insulin, Wnt, neurotrophin, T-cell receptor, B cell receptor, Fc epsilon RI, vascular endothelial
growth factor and the Toll-like receptor signalling pathway. Almost all of these pathways were significantly down-regulated in CD8" T cells
cultured with SKOV3 cells compared with CD8" T cells cultured alone
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TABLE 1 Previously reported biomarkers of CD8"Tregs

CD8*Tregs Gene symbol Regulation Fold change P-value Reference
CD8" CcD122* CD122/1L2RB Up 1.38 0.045* [12]
CD8" CD103* CD103 Up 1.12 0.33 [13]
CD8*LAG-3*Foxp3* CTLA-4* CD152/CTLA-4 Up 1.97 0.021* [14]
CD8* CD28~ CD28 Down -1.59 0.028* [15]
CD8" CD75s" CD75s/ST3GAL1 Up 1.05 0.024* [16]
CD8* IL-16* IL-16 Up 1.61 0.0067* [17]
CD8" IL-10" IL-10 Up 1.23 0.067 [18]
CD8* CD28™ CD56"* CD56/NCAM1 Up 1.49 0.011* [19]
CD8" CD25" Foxp3* LAG3* LAG3 Up 1.95 0.018* [20]
cD8* ch11ct CD11c/ ITGAX Up 6.03 0.0023* [21]

CD8" CD44°CD103"* CD44 Down 1.14 0.13 [22]
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FIGURE 4 Validation of DEGs by real-
time PCR and western blotting. (a) Diagram
of the glycolytic pathway, including

the eight glycolysis genes (MTORC1,
HIF1a, Glutl, PKM2, GPI, TPI, Enol and
LDHa) selected for further validation.

(b) Glycolysis gene mRNA expression in
CD8* T cells from the co-culture system
was detected using the RNA remaining
from microarray analysis. The expression
of mTORC1, HIF1a, PKM2, GPI and TPI
mRNA was significantly lower in co-
cultured groups (*P<.05) compared with
CD8* T cells cultured alone. Data represent
the mean * SD. (c) Protein expression of
mTORC1, HIF1la and PKM2 was analysed
using western blotting. Expression of all
three proteins decreased significantly

in CD8" T cells cultured with SKOV3

cells (*P<.05) compared with CD8* T

cells cultured alone. Data represent the
mean + SD. (d) Expression of glycolysis
gene mRNA in CD8 T cells from ovarian
cancer patients (OC; n=22), benign ovarian
tumour patients (BOT; n=20) and healthy
controls (HC; n=20). MTORC1, HIF1aq,
Glutl, PKM2, GPI and TPI were expressed
at lower levels in OC patients than in both
BOT patients and healthy controls. *P<.05
compared with healthy control group,
#p<.05 compared with benign ovarian
tumour group

TABLE 3 Validation by real-time
RT-PCR of glycolytic genes

microarray technology to identify 1420 genes showing differential
expression between CD8" T cells cultured with and without SKOV3

cells. This was the first time that many of these genes had been
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Microarray RT-PCR
Genes Regulation Fold change P-value Regulation Fold change P-value
mTORC1 Down -1.41 .013* Down -3.57 .0012*
HIF1a Down -1.10 .29 Down -2.43 .015*
GLUT1 Down -1.0 .93 Down -1.52 .08
PKM2 Down -1.86 .045* Down -2.08 .014*
GPI Down -1.37 .0056* Down -1.60 .013*
TPI Down -1.25 .003* Down -1.64 .0051*
ENO1 Down -1.11 12 Down -1.58 .096
LDHa Down -1.03 .78 Down -1.27 .060

associated with CD8" Treg cells. We also observed that 73% of pre-
viously reported CD8" Treg cell molecular markers were significantly

differentially expressed between the two groups. This correlation with
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previous findings reinforces our confidence in the microarray platform

used in this study.
Investigations into CD8*CD11c* T cells in recent years have

produced conflicting results. For example, Beyer et al.?’

reported in-
creased numbers of CD8"CD11c" T cells during inflammation, repre-
senting an important class of adaptive immune regulators. By contrast,
Chen et al.?! observed that CD11c"8"cD8* regulatory T-cell feedback
inhibited the CD4 T-cell immune response by killing activated CD4 T
cells via the Fas/Fas ligand pathway. In our study, CD11c/ITGAX was
up-regulated 6.03-fold (P=.0023) in CD8" T cells cultured with SKOV3
cells compared with CD8" T cells cultured alone, providing further evi-
dence for the fact that CD8" T cells co-expressing CD11c are a subset
of CD8" Treg cells.

To better understand DEG biological functions, we performed GO
functional enrichment analyses and KEGG pathway analyses. Mockler
etal.?® previously reported that the tumour microenvironment in-
fluences T-cell immune responses by altering cellular metabolism.

Moreover, Simeoni et al.??

suggested that metabolic processes and
immune responses are mainly activated by T-cell differentiation. Our
results showed that the DEGs identified in this study were involved
in the biological function of cell energy metabolism. This process re-
fers to the metabolism of three major nutrients associated with energy
production and usage, namely glucose, lipid and protein. Here, we paid
attention to the glycolysis metabolism of CD8" T cells cultured with
and without SKOV3 cells.

mTOR is an evolutionarily conserved serine/threonine protein ki-
nase implicated in the regulation of cellular metabolism, protein syn-
thesis, differentiation, survival and growth. It has also been reported
to play an important role in T-cell differentiation.° mTOR is the cata-
lytic subunit of two distinct complexes, called mTORC1 and mTORC?2,
each with unique functions and downstream targets.31 HIF1, a het-
erodimer comprised HIF1a and HIF1B subunits, is a major regulator
of cellular metabolism and a key transcription factor orchestrating
the expression of glycolytic enzymes.32 Finlay et al.®% demonstrated
that mTORC1 regulates glucose metabolism in CD8" cytotoxic T-
lymphocytes through regulating the expression of HIF1la. Research
by Shi et al.®* showed that the mTORC1-HIF1la-pathway-dependent
glycolytic pathway includes a metabolic checkpoint for the differenti-
ation of T;17 and Treg cells and that HIF1a was required to promote
T,,17 but to inhibit Treg cell differentiation.

The process of glycolysis depends on a chain of reactions cata-
lysed by multiple enzymes (Fig. 4a). To elucidate the role of the CD8"
T-cell glycolysis metabolism in a co-culture system, we showed that
the expression of glycolysis genes in CD8" T cells was decreased in
the SKOV3 cell co-culture group. Additionally, glycolysis genes were
expressed at lower levels in OC patients than in both BOT patients
and healthy controls. Interestingly, the expression of Foxp3 was neg-
atively correlated with that of glycolysis genes in OC patients. These
data suggest that the glycolysis pathway plays an important role in the
differentiation and generation of CD8" Treg cells.

In conclusion, gene expression patterns were shown to differ sig-
nificantly between CD8" T cells cultured with and without SKOV3
cells in this study, and microarray analysis suggested that the glycolysis

pathway plays an important role in CD8Treg induction. These ob-
servations provide a basis for the understanding of the process of
CD8*Treg induction. Analysis of the prevalence of different Treg cell
subpopulations, as well as their suppressive mechanisms in an ovarian
microenvironment, is critical to our understanding of immunosuppres-
sion in OC patients and will help devise new strategies to improve the
therapeutic potential of cancer vaccines. Further experimental explo-
ration is, therefore, needed to elucidate the mechanism of CD8*Treg

production in an ovarian microenvironment.
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