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Abstract

Cytokine-induced killer cells (CIK) have been used in clinic for adoptive immunotherapy in a
variety of malignant tumors and have improved the prognosis of cancer patients. However,
there are individual differences in the CIK cell preparations including the obvious differences
in the ratio of effector CIK cells among different cancer patients. Infusion of such heteroge-
neous immune cell preparation is an important factor that would affect the therapeutic effi-
cacy. We report here the enrichment and expansion of CD8+ cells from CIK cells cultured
for one week using magnetic activated cell sorting (MACS). These enriched CD8+ CIK cells
expressed T cell marker CD3 and antigen recognition receptor NKG2D. Phenotypic analysis
showed that CD8+ CIK cells contained 32.4% of CD3+ CD56+ natural killer (NK)-like T
cells, 23.6% of CD45R0O+ CD28+, and 50.5% of CD45RA+ CD27+ memory T cells. In vitro
cytotoxic activity assay demonstrated that the enriched CD8+ CIK cells had significant cyto-
toxic activity against K562 cells and five ovarian cancer cell lines. Intriguingly, CD8+ CIK
cells had strong cytotoxic activity against OVCARS cells that has weak binding capability to
NKG2D. Flow cytometry and quantitative RT-PCR analysis revealed that OVCARS3 cells
expressed HLA-1 and OCT4 and Sox2, suggesting that CD8+ CIK cells recognize surface
antigen via specific T cell receptor and effectively kill the target cells. The results suggest
that transplantation of such in vitro enriched and expanded OCT4-specific CD8+ CIK cells
may improve the specific immune defense mechanism against cancer stem cells, providing
a novel avenue of cancer stem cell targeted immunotherapy for clinical treatment of ovarian
cancer.

Introduction

Cytokine-induced killer cells (CIK) are a type of polyclonal killer T cells that are activated by
interferon-gamma (IFN-y) and CD3 antibody. Since 1990s, CIK cells have been used clinically
as adoptive cell therapy for a variety of malignant tumors, and have improved patient out-
comes especially in combination with other cancer treatments such as chemotherapy [1-4]. It
is generally believed that the anti-cancer effectors in CIK cells are natural killer (NK)-like T
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cells with CD3+ CD56+ phenotype [5, 6]. These CIK effector cells express NKG2D receptor
and recognize cancer cell surface NKG2D ligands (NKG2DL), including MICA, MICB and
ULBPs in HLA-unrestricted manner. The binding of NKG2 with NKG2DL promotes the
release of perforin and granzyme B leading to subsequent apoptosis of CIK target cells [7-10].
Clinical studies have revealed that CIK cell infusion significantly benefits cancer patients with
MICA/B+ expression [11-13]. In addition, CD8+ CIK cells, regardless of CD56 expression,
express NKG2D as well as T cell receptor (T'CR), and this cell subtype accounts for 60% of
total CIK cells [7, 10]. The binding of TCR with HLA-I bound antigen peptides on the surface
of target cells is able to transduce signals to generate HLA-restricted function of CIK cells [14,
15]. Therefore, CD8+ CIK cells are believed to be a class of bifunctional cells that have both
TCR and NKG2D antigen recognition receptors and are capable of exerting immune killing
effects via HLA restricted and unrestricted mechanisms. Clinical data have shown that better
therapeutic effects are obtained with CIK cell preparations having higher percentage of
CD8+ cells [16]. We accordingly hypothesize that transplantation of CD8+ CIK cells that are
sorted from conventional CIK culture and expanded in vitro might significantly improve clini-
cal outcomes.

In this study, we enriched CD8+ subsets from cultured CIK cells using magnetic activated
cell sorting (MACS) technique, and investigated the proliferation, immune phenotype, antigen
recognition mechanism, and ovarian cancer cell killing activity of these CD8+ CIK cells.

Materials and methods
PBMC donation volunteers

This study was approved by the Ethics Committee of Shanghai Ninth People’s Hospital Affili-
ated to Shanghai Jiaotong University School of Medicine, and all the volunteers have signed a
written informed consent. This study enrolled 31 healthy volunteers including 23 males and 8
females with mean age of 37 years old (range 21-54 years). Inclusion criteria were no history
of chronic diseases (such as diabetes, hypertension), viral infections (such as hepatitis), auto-
immune diseases (such as systemic lupus erythematosus, rheumatoid arthritis, nephritis) and
cancer. The volunteers of cancer patients were advanced epithelial ovarian cancers diagnosed
and treated in our hospital.

Tumor cell lines and culture

3A0, A2780, HO8910, OVCAR3 and SKOV3 ovarian cancer cells and K562 cells were pur-
chased from the Cell Resource Center at Shanghai Institute of Life Science, Chinese Academy
of Sciences (Shanghai, China). The cells were cultured in RPMI 1640 medium containing 10%
fetal calf serum (FCS, Hyclone), 100 U/ml penicillin and 100 pg/ml streptomycin in an incuba-
tor with 5% CO, at 37°C.

Isolation of Peripheral Blood Mononuclear Cells (PBMC) and culture of
ClK cells

Peripheral blood of 20 ml was collected with EDTA anticoagulant from each donor and centri-
fuged at 400 g for 10 min to remove plasma. The blood cell pellet was resuspended in 20 ml
phosphate buffered saline (PBS) and centrifuged at 800 g for 15 in Ficoll centrifuge tube.
PBMC at interface cells were collected and resuspended in 40 ml PBS and centrifuged at 400 g
for 10 min. The cell pellet was resuspended in 40 ml PBS and centrifuged at 400 g for 10 min
for the second time. PBMC was adjusted to 1x10°/ml and cultured in 10 ml of GT-T551 culture
medium containing 10% FCS, 1000 U/ml IFN-y (Shanghai Chemo Wanbang Biopharma,
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Shanghai, China) in T25 flask for 1 day. In the next day, the cells were stimulated with 30 ng/
ml of anti-CD3 antibody (T&L Biological Technology, Beijing, China) and 1000 IU/ml of IL2
(Shanghai Huaxin High Biotechnology, Shanghai, China) to induce CIK cell proliferation. The
cell culture was supplemented with 1000 IU/ml of IL2 every 1-2 days.

Magnetic cell sorting (MACS) and CD8+ CIK cell culture

After culture for 1 week, CIK cells were collected by 400 g centrifugation for 10 min and resus-
pended in 500 ul MACS buffer (Miltenyi Inc), followed by addition of 100 ul CD8 microbeads
(Miltenyi Inc.). After incubation at room temperature for 30 min, the cells were mixed with 5
ml PBS, collected by 400 g centrifugation for 10 min, and resuspended in 500 pl PBS. CD8- cells
were removed and CD8+ CIK cells were selected using LS column (Miltenyi Inc.) following the
manufacturer’s operating manual. The final obtained CD8+ CIK cells were resuspended in 5 ml
PBS, collected by centrifugation at 400 g for 10 min, and cultured in 10% FCS-GT-T551 culture
medium containing 1000 TU/ml IL2 at a density of 1x 10°/ml for 2 weeks.

Immunotyping of CIK cells

5x 10° CIK cells in 100 ul MACS buffer were stained with fluorescent-conjugated antibodies
(BD Biosciences) at 4°C in the dark for 30 min. The cells incubated with MACS buffer alone
were used as control. After incubation, 3 ml PBS was added into each tube. The cells were col-
lected by centrifugation at 400 g for 5 min, and resuspended in 500 pl PBS. The positively
stained cells were analyzed using Carlibro or C6 flow cytometer (BD Biosciences).

Degranulation assay

For TCR-induced degranulation assay, 6 x 10° CIK cells in 100 pl PBS were stimulated with

1 pg/ml CD28 antibody (BD Biosciences), 1 pg/ml CMV-pp65 antigen polypeptides (Miltenyi)
and stained with 5upl PE-CD107a antibody (Miltenyi). For NKG2D-induced degranulation
assay, 6x10° CD8+ CIK cells were mixed with 6x10° or 6x10° K562 cells in 200 yl, followed by
addition of 5 ul PE-CD107a antibody. After incubation at 37°C for 4 hr, the cells were added 3
ml PBS and pelleted by centrifugation at 400 g for 5 min. The cell pellet was resuspended in
100 pl MACS bulffer, added with 20 ul FITC-CD8 antibody (BD Biosciences), and incubated at
4°C in the dark for 30 min. Then, the cells were washed once with 3 ml PBS, resuspended in
500 pl PBS, and subjected to flow cytometry analysis of CD8+ CD107a+ cells. The same proce-
dures were performed for OCT4 and Sox2 polypeptide antigens. The sequence of OCT4 peptide
was DVVRVWEFCNRRQKGK, while that of Sox2 was DYKYRPRRKTKTLMKKDKYTLPG. The anti-
genic polypeptides used were synthesized by Shanghai Qiangyao Co. Ltd (Shanghai, China),
purified by HPLC to purity of 98%, and stored at -80°C with stock concentration of 5 mg/ml.

Detection of MICA/B and NKG2D-Fc fusion protein

6x 10° K562 cells in 100 ul MACS buffer were stained with 20 pl mouse anti-MICA/B antibody
(BD Biosciences) with the cells in the buffer alone as control and incubated at 4°C in the dark
for 30 min. For detection of NKG2D-Fc fusion protein, 6 x 10° ovarian cancer cells in 100 pl
MACS buffer were stained with 20 pl recombinant NKG2D-Fc fusion protein (R&D systems).
The cells were then respuspended in 3 ml PBS and collected by centrifugation at 400 g for 5
min. The cell pellet was resuspended in 100 pl MACS buffer, added with 5 pl FITC-labeled
goat anti-mouse or rabbit IgG (Santa Cruz Company) antibody (BD Biosciences), and incu-
bated at 4°C in the dark for 30 min. Then, the cells were washed once with 3 ml PBS, resus-
pended in 500 pl PBS, and subjected to flow cytometry analysis.
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Table 1. PCR primer sequences.

GENE Forward (5’ - 3’) Reverse (5’ -3’)

18S rRNA TCGGAGGTTCGAAGACGATC CAGCTTTGCAACCATACTCCC
MICA ACGGCGATATCTAAAATCCGG TGACGCCAGCTCAGTGTGAT
MICB GACCAAGACACACTATCGCGC CATGTCACGGTGATGTTGCC
ULBP1 TTAAAGGGCAACTGCTTGACATT AGAGGAGGAACTTCTGTCCATTGA
ULBP2 GAGGTGGTGGACATACTTACAGAGC CCCATCGAAACTGAACTGCC
ULBP3 AGGCTCAGACTGGAACTGGC GAGGAACTTCCGTCCATCGA
ULBP4 CAATGCCAGAACCGACAGTGT CACCATTTTGCCACCAGACA
OCT4 GGGTGGAGAGCAACTCCG A GCTTGGCAAATTGCTCGA G

Sox2 GTTCTAGTGGTACGGTAGGAGCTTTG TTTGATTGCCATGTTTATCTCGAT

https://doi.org/10.1371/journal.pone.0175704.t001

Quantitative RT-PCR assay

Total RNA from ovarian cancer and K562 cells was extracted by using RNeasy" Plus Micro kit
(Qiagen) according to the manufacturer’s instructions. The quantity and purity of the RNA
were assessed by measuring the absorbance at 260 and 280 nm. The cDNA was synthesized
from total RNA (2 pg) with oligo (dT) primers using a QuantiTect Reverse transcription Kit
(Qiagen). All PCR conditions were optimized to produce a single product in the exponential
range. Quantitative real-time PCR was performed using HotStar Taq Plus DNA kit and ana-
lyzed using an ABI Step One real time PCR System (Applied Biosystems, Foster City, CA,
USA). Primer sequences for the reference gene 18S rRNA and the genes of interest are listed in
Table 1. Typical PCR thermocycler profile was the initial step at 95°C for 10 min followed by a
second step at 95°C for 15 s and 60°C for 30 s for 40 cycles with a melting curve analysis. The
level of target mRNA was normalized to the level of the 18S rRNA and compared with the con-
trol. Data were analyzed using the **CT method.

Analysis of HLA-I molecules expression

6x 10° K562 cells or ovarian cancer cells in 100 ul MACS buffer were added with 20 pl FIT-
C-HLA-ABC antibody (BD Biosciences) and incubated at 4°C in the dark for 30 min. The cells
were then resuspended in 3 ml PBS, collected by centrifugation at 400 g for 5 min, and resus-
pended in 500 ul PBS. The HLA+ cells were analyzed using Carlibro or C6 flow cytometer (BD
Biosciences).

Cytotoxic activity assay

Target cells (K562 and ovarian cancer cells) in 2 ml PBS, were labeled with 2 uM fluorescent
dye CFSE (Sigma) at room temperature for 5 min and terminated by addition of 1 ml FCS.
The fluorescence labeled cells were washed with 20 ml PBS by centrifugation (400 g, 10 min)
for 3 times, resuspended in 10% FCS-RPMI medium, and cell density was adjusted to 1x
10%/ml. Effector cells (CIK or CD8+ CIK cells) were collected, resuspended in 10% FCS-RPMI
medium, and cell density was adjusted to 1x 10”/ml and 2x 10"/ml. In experimental group,
effector cells and target cells were mixed in equal volumes (100 ul each) to give the ratio of
effector/target cells (E/T) of 10: 1 and 20: 1. The spontaneous death group was target cells only.
The cell mixture were centrifuged at 400 g for 5 min and cultured at 37°C for 4 hr, followed by
addition of 10 ul DNA fluorescent dye PI (100 mg/ml, Sigma) and incubation for 15 min. The
cells were then washed once with 3 ml PBS, resuspended in 500 pl PBS and subjected to flow
cytometry analysis. Specific cytotoxicity was calculated according to the formula: % specific
killing = [1] x 100%.
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Table 2. The cell purity and proliferation ability of CIK and CD8+ CIK cells.

PBMC donor ID CIK culture CD8* CIK culture CD8" cell purity (%)
PBMC N Culture days CIKN CD8*N Culture days Total N CcD3*CD8* CD8*NKG2D*

D1 0.34 5 1.29 0.57 17 8.60 98.8 97.6
D2 0.28 6 1.22 0.61 16 10.74 90.4 95.5
D3 0.2 7 1.14 0.34 17 1.31 98.5 97.6
D4 0.58 6 1.58 0.63 18 4.56 93.3 95.5
D5 0.36 6 1.31 0.55 18 8.10 99.1 98.5
D6 0.32 6 1.29 0.51 17 452 98.4 95.5
D7 0.32 7 1.21 0.46 14 2.87 99.2 99.3
D8 0.23 7 1.13 0.36 14 3.11 95.4 97.9
D9 0.96 7 2.25 0.47 18 4.93 85.7 84.5
D10 0.46 7 1.33 0.32 16 1.28 98.8 97.0
D11 0.4 7 1.22 0.31 11 0.93 93.1 95.4
D12 0.24 8 1.07 0.32 10 1.32 99.2 94.4
D13 0.36 8 1.31 0.52 10 5.59 97.9 94.6
D14 0.52 8 1.55 0.47 10 412 95.3 93.2
D15 0.38 8 1.37 0.55 12 4.99 93.2 91.6
D16 0.36 7 1.42 0.54 14 3.72 97.0 91.1
D17 0.4 7 1.30 0.39 14 2.61 83.4 68.9
Mean 0.39 6.88 1.35 0.47 14.47 4.31 95.1 93.4

Note: PBMC number: the number of 40 ml of peripheral blood cells after Ficoll centrifugation and used for CIK cell culture (x 108/ml); CIK cell number: the
number of CD8+ cells after MACS sorting of CIK cells (x 108/ml); CD8+ cell number: the number of CD8+ cells after MACS sorting of expanded CIK cells (x
108/ml); Total cell number: the number of total cells of CD8+ CIK cell when cell expansion culture was terminated (x 10%ml). D1 to D17, the identification
(ID) number of the donors. N, the number of cells.

https://doi.org/10.1371/journal.pone.0175704.t002

Results

MACS sorting of in vitro expanded CIK cells results in high homogeneity
of CD3+CD8+ cells expressing NKG2D antigen receptors

The PBMC from 17 healthy volunteers were used to assess the purity and proliferation of
CD8+ CIK cells. After stimulation by IFN-y and CD3 antibody for 7 days, the average of
PBMC number increased 3.46 times reaching to a mean of 1.35 x 10°. After MACS sorting, the
rate of CD8+ CIK cell subsets was 34.8% with a mean cell count of 0.47 x 10® (Table 2). Further
culture of the sorted CD8+ CIK cells with 1000 IU/ml IL2 for 2 weeks led to the increase of

the cell number of 91.7 times reaching 43.1 x 10®/ml. Cell purity analysis of the expanded
CD8+ CIK cells demonstrated an average of 95.1% of CD3+ CD8+ cells and 93.4% of

CD8+ NKG2D+ cells (Table 2). Fig 1 showed the representative results of flow cytometry (D5
donor cells). Thus, after sorting through MACS, high homogeneity of CD3+CD8+ cells
expressing NKG2D antigen receptors were obtained.

Immune phenotypes of CD8+ CIK cells

We next analyzed the immune phenotypes of CD8+ CIK cells of 8 cases of expanded cultures
of CD8+ CIK cells. Consistent with that of the above 17 cases, these eight cases of CD8+ CIK
cell culture contained an average of 96.8% CD3+ CD8+ cells and 94.8% CD8+ NKG2D+ cells.
Moreover, the average cell population of CD3+ CD56+ cells was 32.4%. In addition, the aver-
age cell populations of CD45RO+ CD28+ and CD45RA+ CD27+ memory T cell phenotype
were 23.6% and 50.5%, respectively (Table 3).
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Fig 1. Analysis of CD8 + cell purity by flow cytometry. CD8+ CIK cells were labeled with anti-CD8/CD3 and CD8/NKG2D specific
fluorescent antibody and subjected to flow cytometry. The control group (control) was treated with PBS instead of antibody. Shown are
representative images of cells from Donor 5.

https://doi.org/10.1371/journal.pone.0175704.9001

TCR on CD8+ CIK cell surface is functional and activation of it by antigen
is capable of selectively increasing the ratio of antigen specific T cells

Activated CD8+ T cells by specific antigen obtain immune memory and undergo rapid activa-
tion and degranulation to release perforin and granzyme from lysosomes upon confrontation
with the same antigen. Meanwhile, the degranulation leads to lysosomal membrane fusion
with the cell membrane resulting in cell surface expression of lysosomal membrane protein
CD107a. Therefore, the detection of CD107a expression on the surface of CD8+ T cells has
been widely used to assess the killing capability of cytotoxic T lymphocyte (CTL). Moreover,
antigen activates CD8+ memory T cells through TCR recognition mechanism, which requires
costimulatory signals of a complex formed by antigen polypeptide and cell surface HLA mole-
cule and CD28-B7 (CD80/86). In this study, we treated the PBMC from two healthy volunteers
with CD28 antibody alone or in combination with CMV-pp65 polypeptide antigen for 4 h.
There were very few CD8+ CD107a+ cells in PBMC treated with CD28 antibody alone,
whereas the CD8+ CD107a+ cells in the PBMC treated CD28 antibody in combination with
CMV-pp65 polypeptide antigen from two cases were 3.12% and 4.51% (Fig 2), indication of
antigenic specificity activation of CD107a.

Table 3. The phenotypes of 8 cases of CD8 + CIK cell after expansion.

CIKID Cell purity Cell phenotype
CD3"CD8" % CD8"NKG2D*% CD3"CD56"% CD454RO*CD28" % CD45RA*CD27*%
D18 99.2 98.0 34.3 28.9 52.1
D19 941 93.5 30.4 11.3 49.6
D20 97.0 96.5 32.8 24.6 51.9
D21 98.0 96.5 31.9 22.1 51.7
D22 98.4 97.8 33.3 18.1 491
D23 93.2 91.6 32.0 24.4 49.3
D24 98.0 88.7 28.9 28.7 491
D25 96.1 95.8 35.2 30.5 50.8
Mean 96.8 94.8 32.4 23.6 50.5
Note: D18 to D25, the identification (ID) number of the donors.
https://doi.org/10.1371/journal.pone.0175704.t003
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Fig 2. CMV antigen induced PBMC degranulation. Left: control group with no stimulation and fluorescence-labeled antibody addition;
Middle: CD28 antibody stimulation alone; Right: CD28 antibody and CMV-pp65 antigen costimulation.

https://doi.org/10.1371/journal.pone.0175704.g002

To expand our observation, we treated the PBMC from four healthy volunteers with OCT4
and Sox2 polypeptide antigens for 4 h and detected average of 3.3% (range 1.1%-5.2%)
CD8+ CD107a+ cells (Fig 3A), indicating that CD8+ T cells in healthy adults have immuno-
logical memory capacity to OCT4 and Sox2, polypeptide antigens of embryonic stem cells. To
test the effect of these antigens on the activation of CD8+ CIK cells, CIK cells were stimulated
with 10 pg/ml OCT4 or Sox2 antigen 48 hr prior to MACS sorting, and the sorted CD8+ CIK
cell were cultured for additional 2 weeks. Our results showed that the CD8+ CD107a+ cells
treated with OCT4 and Sox2 antigen were 33.0% and 27.7%, respectively (Fig 3B). Further
analysis of CD8+ CIK cells from 5 additional healthy volunteers showed that the average of
CD8+ CD107a+ cells treated with OCT4 was 25.3% (range 21.2%-35.3%), and that of Sox2
was 21.1% (range 18.5%-29.7%). These results suggest TCR on CD8+ CIK cell surface is func-
tional and activation of it by antigen is capable of selectively increasing the ratio of antigen spe-
cific T cells.

NKG2D on CD8+ CIK cell surface is functional and can be activated by
MICA/B antigen positive K562 cells

To test NKG2D receptor function on CD8+ CIK cell surface, we chose K562 cells as stimulator
cells. We first examined the HLA expression on K562 cell surface and found no undetectable
HLA molecules on K562 cell surface (Fig 4A). We then detected MICA/B antigen expression
on K562 cell surface and found that MICA/B was positive in 99.7% of the cells. Accordingly,
we co-cultured CD8+ CIK cells and K562 cells with different ratio for 4 h, and discovered that
CD8+ CD107a+ cell rates with 10: 1 and 1:1 of CD8+ CIK cell to K562 cells were 77.2% and
61.1% (Fig 4B), respectively, implying activation of CD8+ CIK cells by K562 cells.

Ovarian cancer cells express distinct NKG2D ligands at different levels

To assess the cytotoxic activity of CD8+ CIK cells on ovarian cancer cells, we screened a panel
of ovarian cancer cell lines for the expression of NKG2D ligands including MICA, MICB and
ULBP1-4 by qPCR. By using of K562 cells as a reference (Table 4), we found that MICA gene
expression in the five ovarian cancer cell lines was significantly lower than K562 cells, while
MICB and ULBP?2 expression levels were similar to that in K562 cells; there was increased
expression of ULBP3 in HO8910, OVCAR3 and SKOV3 cell; Increased ULBP4 expression was
observed in 3A0, A2780 and HO8910 cells, whereas ULBP1 showed a low expression in all
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Fig 3. OCT4 and Sox2 antigens induced CD8+ T cell degranulation. A, PBMC were treated with OCT4 and Sox2 polypeptide antigen for
4 h and subjected to flow cytometry analysis of CD8+ CD107a+ cells. B, CIK cells were stimulated with 10 g/ml OCT4 or Sox2 antigen 48 hr
prior to MACS sorting, and the sorted CD8+ CIK cell were cultured for additional 2 weeks, followed by flow cytometry analysis of CD8

+ CD107a+ cells. left: OCT4 antigen stimulation; Right: Sox2 antigen stimulation.

https://doi.org/10.1371/journal.pone.0175704.g003
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surface by flow cytometry. B, CD8+ CIK cells were mixed with K562 cells were cultured 4 hr and subjected flow cytometry analysis of
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rate of CD8+ CIK cell to K562 cells was 1: 1. Right: CD8+ CD107a+ cell The rate of CD8+ CIK cell to K562 cells was 10: 1.

https://doi.org/10.1371/journal.pone.0175704.g004

ovarian cancer cells with undetectable ULBP1 in A2780, OVCAR3 and SKOV3 cells. These
results showed that these ovarian cancer cells expressed different NKG2D ligands at different

levels.

We next used recombinant NKG2D-Fc fusion protein to detect binding capacity of ovarian

cancer cell surface NKG2DL, and found the positive NKG2D staining rates in OVCAR3,

SKOV3, A2780, HO8910 and 3AO cells were 8.2%, 10.5%, 42.1%, 67.8% and 75.1%,

Table 4. Gene expressions of NKG2D ligands in ovarian cancer cell lines.

MICA MIiCB ULBP1 ULBP2 ULBP3 ULBP4
K562 1 1 1 1 1 1
3A0 0.04 0.69 0.15 3.86 3.32 17.27
A2780 ND 3.23 ND ND ND 53.82
HO8910 0.04 0.73 0.10 1.95 11.96 10.63
OVCAR3 0.06 0.21 ND 0.76 18.51 1.46
SKOV3 0.95 0.97 ND 2.45 59.30 2.50

ND: not detectable. The data shown are 2" relative to 18S rRNA compared with that of K562 cells.

https://doi.org/10.1371/journal.pone.0175704.t004
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recombinant protein. The upper panel shows the control without addition of NKG2D-Fc recombinant protein.

https://doi.org/10.1371/journal.pone.0175704.9005

respectively (Fig 5). In combination with the expression status of NKG2D ligands (Table 4),
these results suggest ULBP4 may be the main cell surface NKG2D ligand for NKG2D receptor
in ovarian cancer cells.

CD8+ CIK cells have a stronger cell killing activity against K562 cells
than CIK cells

To assess the killing activity of CD8+ CIK cells on target cells, K562 cells were labeled with red
fluorescent dye CFSE and mixed with CIK cells. After culture for 4 hr, the cells were added
with PI to detect dead cells by flow cytometry (Fig 6A). Using this method, we assessed K562
cell killing activity of five cases of CIK and CD8+ CIK cells. The results showed that, at E/T
ratio of 10: 1 and 20: 1, the average killing activity of CIK cells against K562 cells were 7.38%
and 19.79%, while the average killing activity of CD8+ CIK cells against K562 cells were
64.79% and 82.07%, respectively (Fig 6B), indicating CD8+ CIK cells have a stronger anti-can-
cer function than CIK cells (p<0.05).

CD8+ CIK cells have a stronger cell killing activity against ovarian cancer
cells than CIK cells

To assess the killing activity of CD8+ CIK cells on ovarian cancer cells, we prepared CIK cells
and CD8 + CIK cells from PBMC of two donors and tested their cytotoxic activity in ovarian
cancer cells E/T = 10: 1. As shown in Fig 7, the killing ability of CIK cells from one donor
against ovarian cancer cells was weaker than K562 cells with the killing activity of less than
15%, while CD8+ CIK cell killing activity against ovarian cancer cells were more than 50%,
with the strongest effect on OVCAR3 cells (Fig 7). Similar results were obtained for CIK cells
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https://doi.org/10.1371/journal.pone.0175704.9g006
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cytometry. The indicated ovarian cancer cells co-cultured with CIK cells or CD8+ CIK cells (1:10) for 4h. Cell death was
analyzed with Pl and CFSE staining coupled with flow cytometry.

https://doi.org/10.1371/journal.pone.0175704.9007

and CD8 + CIK cells from the other donor (data not shown). These results demonstrated that
CD8+ CIK cells have a stronger anti-ovarian cancer function than CIK cells.

Ovarian cancer cells express HLA-I molecules and SOX2 and OCT4

The above results indicated that the cell killing activity of the prepared CD8+ CIK cells might
be partially independent on the NKG2D antigen-binding on ovarian cancer cells, particularly
OVCARS3 cells which had weak NKG2D binding capacity but 80% were killed by CD8+ CIK
cells suggesting the existence of other antigen recognition mechanisms by CD8+ CIK cells. To
test this hypothesis, we first assessed ovarian cancer cell surface HLA-I molecules using
HLA-ABC antibody and found the positive rates of HLA-I molecules in OVCAR3, HO8910,
3A0 and SKOV3 were 83.6%, 90.8%, 92.9% and 97.0%, respectively (Fig 8).

Our results indicated that CD8+ T cells in healthy adults might have immunological mem-
ory capacity to OCT4 and Sox2 (Fig 3A), suggesting that CD8+ CIK cells may kill ovarian can-
cer cells via binding OCT4 and Sox2 antigens. To this end, we determined the gene expression
of Sox2 and OCT4 in ovarian cancer cells by gPCR. OCT4 mRNA was significantly upregu-
lated in all tested cell lines with relatively lower expression in HO8910 cells (all p<0.01); Sox2
was highly expressed in OVCAR3 but not detectable in the rest cell lines (P<0.01) (Table 5).
Taken together, these results demonstrated that that ovarian cancer cells expressed HLA-I
molecules and OCT4, and OVCAR3 cells expressed Sox2. Since OCT4 and Sox2 are markers
of cancer stem cells, it is possible CD8+ CIK cells exert anticancer effects through specific TCR
to recognize cell surface HLA-antigen peptide complex.

Discussion

CIK cell transfusion is being widely used for adoptive cell therapy, but the quality of CIK cell
preparations is unstable. For example, there are obvious differences in the content of effector
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Fig 8. Detection of the expression of HLA-I molecules on ovarian cancer cell surface by HLA-ABC antibody. The upper panel shows
the control without addition of HLA-ABC antibody.
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cells including CD3+ CD56+ and CD3+ CD8+ cells in the CIK cells from different patients,
which affect the therapy efficacy [11-13]. In this study, we enriched CD8+ subsets from cul-
tured CIK cells using MACS technique and obtained high homogeneity of CD8+ CIK cells.
Moreover, we demonstrated that CD8+ CIK cells could be activated by HLA-MICA/B through
NKG2D receptor as well as by OCT4 and Sox2 antigen via TCR, suggesting CD8+ CIK cells
are a class of bifunctional effector cells. Regarding that OCT4 and Sox2 are specific markers
cancer stem cells (CSC) [17, 18], we for the first time revealed that CD8+ CIK cells are able to
recognize CSC specific antigens.

Establishment of long-term immune defense mechanism in the body after T cells infusion
is the key to clinical efficacy. In the T-cell population, only memory T cells have this feature
and express CD28 and CD27 costimulatory molecules and other receptors. CD28 belongs to
the immunoglobulin (Ig) receptor superfamily and is the specific surface receptor of B7 costi-
mulatory molecules CD80 and CD86. When receiving specific epitopes by antigen presenting

Table 5. OCT4 and Sox2 gene expression in ovarian cancer cell lines.

Ovarian cell lines OCT4 expression P value Sox2 expression P value
HO8910 1 <0.01 ND
3A0 2.53 <0.01 ND
A2780 56.89 <0.01 ND
OVCARS3 7.16 <0.01 407.31 <0.01
SKOV3 9.38 <0.01 ND

ND: not detectable. The data shown are 2" relative to 18S rRNA compared with that of HO8910 cells.

https://doi.org/10.1371/journal.pone.0175704.t005
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cells (APC) surface HLA, the corresponding TCR recognition of the signal (the first signal)
and interaction with CD3 and CD28 leads to T cell activation. CD28-B7 interaction provides a
second signal for T cell activation. CD27 belongs to the TNF receptor family (also known as
TNFRSF?7). Interaction of CD27 with APC surface CD70 (TNFSF7) results in recruitment of
adaptor proteins TRAF2/5 and activation of JNK kinase and NF-«B signaling cascade, thereby
promoting proliferation and inhibiting apoptosis of T cells, indication of an important role for
CD27-CD70 signal in the proliferation of activated T cells especially CD8+ T cells [19-22]. In
addition to CD27 and CD28 receptors, memory T cells also express other surface markers
such as CD45RA and CD45R0O. CD45 is a protein tyrosine phosphatase and encoded by CD45
gene containing seven exons. The encoded full-length product is CD45RA, which is expressed
on naive T cell surface together with antigen CD27 and CD28. When naive T cells are acti-
vated, the exons 4-6 of CD45 transcript are clipped, producing a short-chain product
CD45RO0, which is selectively expressed in the memory T cells. When the memory T cells pro-
liferate and differentiate into effector T cells, CD45RA is re-expressed. At the same time,
CD45RO is inhibited. Such effector T cells do not express CD45RO, CD27 and CD28 [23].
However, some studies have shown that under appropriate culture conditions, memory T cells
especially CD27 + subsets can also express CD45RA [24]. However, it remains unclear whether
CD8+ CIK cells have the phenotype and function of memory T cells. Linn et al., reported that
CD3+ CD56+ CIK cells are T cells of a late stage with similar phenotypic characteristics to
effector memory T cells, such as containing 60% CD28-CD27+ cells, and one-third

CD3+ CD56- CIK cells have central memory CD28+ CD27+ T cell phenotype [25]. Neverthe-
less, another study showed that CD3+ CD56+ CIK cells are derived from CD3+ CD8+ T cells
and express CD27 and CD45RA [5]. In our study, using CD27, CD28, CD45RA and CD45RO
specific antibodies, we tested the phenotypic characteristics of the sorted and expanded homo-
geneous CD8+ CIK cell population and found that about 50% of the cells were CD45RA+
CD27+, 23.6% were CD45RO+ CD28+, and 32.4% were CD3+ CD56+ cells. Our results sug-
gest that CD8+ CIK cells have memory T cell phenotype.

It is now believed that one of the anticancer mechanisms of CIK cells is through NKG2D
cell surface receptor to recognize the corresponding NKG2DL leading to degranulation and
consequent apoptosis of target cells [25]. This effect is not limited by HLA. CD8+ CIK cells
express NKG2D and can be activated in the event of HLA-MICA/B + cancer cells such as
K562 cells leading to expression of CD107a. Verneris et al. reported that CD8+ cells activated
by IFNy and CD3 antibody express NKG2D, and target NKG2DL+ cells with high cytotoxic
activity [10]. Early studies have shown that the expression rate of MICA/B and ULBP1-4 is 60-
88% in ovarian cancer tissues, while expression of MICA/B and ULBP2-4 is more common in
ovarian cancer cell lines [26, 27]. Using qPCR and NKG2D-Fc fusion protein detection assay,
we found ULBP4 might be the main NKG2D receptor recognizing ligand. Moreover, we
showed that purified CD8+ NKG2D+ CIK cells effectively killed both K562 and ULBP4+ ovar-
ian cancer cells. Regarding high expression of ULBP4 predicts poor survival of ovarian cancer
patients [7], our findings suggest that such CIK cells have potential clinical value in ovarian
cancer immunotherapy.

Importantly, by in vitro cytotoxic activity assay, we found that the above CIK cells had
strong killing activity of OVCAR3 cells that had weak NKG2D binding. Further investigation
revealed that these CIK cells might also recognize OCT4 and Sox2 polypeptide antigen via
HLA-TCR. OCT4 and Sox2 are specific markers of pluripotent cells (such as embryonic stem
cells, ESC) during early embryonic development. OCT4 and Sox2 are necessary transcription
factors in maintenance of the self-renewal of stem cells [28, 29]. It has now been widely
accepted that CSC are the origin of tumorigenesis and drug resistance, and thus elimination of
CSC may be the key to cure cancers [30]. Samardzija et al. observed the expression of OCT4 in
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ovarian CSC [31], and Di et al. found that peripheral blood T cells from ovarian cancer patient
could be activated by OCT4 and became CD107a+ cells [32]. However, there has been no
report about the scale preparation of these OCT4 antigen-specific T cells. Our results showed
that sorted and expanded CD8+ CIK cells were activated by ovarian cells expressing OCT4
and Sox2, suggesting these CD8+ CIK cells may effectively target CSC of ovarian as well as
other cancers.

In summary, CD8+ cells cultured for one week were successfully enriched by MACS and
expanded. These enriched and expanded CD8+ CIK cells from CIK had significant cytotoxic
activity against K562 and ovarian cancer cells, which expressed HLA-I and OCT4 and Sox2.
The results suggest that tranplantation of such in vitro enriched and expanded OCT4-specific
CD8+ CIK cells may improve the specific immune defense mechanism against CSC, providing
anovel avenue of CSC targeted immunotherapy for clinical treatment of ovarian cancer.

Supporting information

S1 File. Data. The raw data for drawing the Figs 6 and 7.
(XLSX)

Author Contributions
Conceptualization: JL YC WZ.
Formal analysis: JLLW YW.
Investigation: JLLW YW.
Methodology: JL LW YW.
Project administration: JL.
Resources: YC WZ.
Supervision: YC WZ.
Validation: YC WZ.

Writing - original draft: JL.
Writing - review & editing: JL WZ YC.

References

1. Schmidt-Wolf IG, Negrin RS, Kiem HP, Blume KG, Weissman IL. Use of a SCID mouse/human lym-
phoma model to evaluate cytokine-induced killer cells with potent antitumor cell activity. The Journal of
experimental medicine. 1991; 174(1):139—-49. Epub 1991/07/01. PMID: 1711560

2. Introna M, Franceschetti M, Ciocca A, Borleri G, Conti E, Golay J, et al. Rapid and massive expansion
of cord blood-derived cytokine-induced killer cells: an innovative proposal for the treatment of leukemia
relapse after cord blood transplantation. Bone marrow transplantation. 2006; 38(9):621-7. Epub 2006/
09/19. https://doi.org/10.1038/sj.bmt.1705503 PMID: 16980990

3. LinnYC, Lau LC, Hui KM. Generation of cytokine-induced killer cells from leukaemic samples with in
vitro cytotoxicity against autologous and allogeneic leukaemic blasts. British journal of haematology.
2002; 116(1):78-86. Epub 2002/02/14. PMID: 11841399

4. Hoyle C, Bangs CD, Chang P, Kamel O, Mehta B, Negrin RS. Expansion of Philadelphia chromosome-
negative CD3(+)CD56(+) cytotoxic cells from chronic myeloid leukemia patients: in vitro and in vivo effi-
cacy in severe combined immunodeficiency disease mice. Blood. 1998; 92(9):3318-27. Epub 1998/10/
27. PMID: 9787169

5. Franceschetti M, Pievani A, Borleri G, Vago L, Fleischhauer K, Golay J, et al. Cytokine-induced killer
cells are terminally differentiated activated CD8 cytotoxic T-EMRA lymphocytes. Experimental

PLOS ONE | https://doi.org/10.1371/journal.pone.0175704  April 20, 2017 15/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175704.s001
http://www.ncbi.nlm.nih.gov/pubmed/1711560
https://doi.org/10.1038/sj.bmt.1705503
http://www.ncbi.nlm.nih.gov/pubmed/16980990
http://www.ncbi.nlm.nih.gov/pubmed/11841399
http://www.ncbi.nlm.nih.gov/pubmed/9787169
https://doi.org/10.1371/journal.pone.0175704

@° PLOS | ONE

Phenotypic characterization and anticancer capacity of CD8+ CIK cells

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

hematology. 2009; 37(5):616—28.e2. Epub 2009/04/21. https://doi.org/10.1016/j.exphem.2009.01.010
PMID: 19375652

Lu PH, Negrin RS. A novel population of expanded human CD3+CD56+ cells derived from T cells with
potent in vivo antitumor activity in mice with severe combined immunodeficiency. Journal of immunol-
ogy (Baltimore, Md: 1950). 1994; 153(4):1687-96. Epub 1994/08/15.

McGilvray RW, Eagle RA, Rolland P, Jafferii |, Trowsdale J, Durrant LG. ULBP2 and RAET1E NKG2D
ligands are independent predictors of poor prognosis in ovarian cancer patients. International journal of
cancer. 2010; 127(6):1412—20. Epub 2010/01/08. https://doi.org/10.1002/ijc.25156 PMID: 20054857

Nishimura R, Baker J, Beilhack A, Zeiser R, Olson JA, Sega El, et al. In vivo trafficking and survival of
cytokine-induced killer cells resulting in minimal GVHD with retention of antitumor activity. Blood. 2008;
112(6):2563-74. Epub 2008/06/21. https://doi.org/10.1182/blood-2007-06-092817 PMID: 18565854

Thorne SH, Negrin RS, Contag CH. Synergistic antitumor effects of immune cell-viral biotherapy. Sci-
ence (New York, NY). 2006; 311(5768):1780—4. Epub 2006/03/25.

Verneris MR, Karimi M, Baker J, Jayaswal A, Negrin RS. Role of NKG2D signaling in the cytotoxicity of
activated and expanded CD8+ T cells. Blood. 2004; 103(8):3065—72. Epub 2004/04/09. https://doi.org/
10.1182/blood-2003-06-2125 PMID: 15070686

Li R, Wang C, LiuL, Du C, Cao S, Yu J, et al. Autologous cytokine-induced killer cellimmunotherapy in
lung cancer: a phase |l clinical study. Cancer immunology, immunotherapy: Cll. 2012; 61(11):2125-33.
Epub 2012/05/15. https://doi.org/10.1007/s00262-012-1260-2 PMID: 22581306

Linn YC, Lau SK, Liu BH, Ng LH, Yong HX, Hui KM. Characterization of the recognition and functional
heterogeneity exhibited by cytokine-induced killer cell subsets against acute myeloid leukaemia target
cell. Immunology. 2009; 126(3):423-35. Epub 2008/09/10. https://doi.org/10.1111/j.1365-2567.2008.
02910.x PMID: 18778291

Shi M, Zhang B, Tang ZR, Lei ZY, Wang HF, Feng YY, et al. Autologous cytokine-induced killer cell
therapy in clinical trial phase | is safe in patients with primary hepatocellular carcinoma. World journal of
gastroenterology. 2004; 10(8):1146-51. Epub 2004/04/08. PMID: 15069715

Olioso P, Giancola R, Di Riti M, Contento A, Accorsi P, lacone A. Immunotherapy with cytokine induced
killer cells in solid and hematopoietic tumours: a pilot clinical trial. Hematological oncology. 2009; 27
(3):130-9. Epub 2009/03/19. https://doi.org/10.1002/hon.886 PMID: 19294626

Karimi M, Cao TM, Baker JA, Verneris MR, Soares L, Negrin RS. Silencing human NKG2D, DAP10,
and DAP12 reduces cytotoxicity of activated CD8+ T cells and NK cells. Journal of immunology (Balti-
more, Md: 1950). 2005; 175(12):7819—-28. Epub 2005/12/13.

Wang FS, Liu MX, Zhang B, Shi M, Lei ZY, Sun WB, et al. Antitumor activities of human autologous
cytokine-induced killer (CIK) cells against hepatocellular carcinoma cells in vitro and in vivo. World jour-
nal of gastroenterology. 2002; 8(3):464—8. Epub 2002/06/05. PMID: 12046071

Dhodapkar KM, Feldman D, Matthews P, Radfar S, Pickering R, Turkula S, et al. Natural immunity to
pluripotency antigen OCT4 in humans. Proceedings of the National Academy of Sciences of the United
States of America. 2010; 107(19):8718-23. Epub 2010/04/21. https://doi.org/10.1073/pnas.
0915086107 PMID: 20404147

Schmitz M, Temme A, Senner V, Ebner R, Schwind S, Stevanovic S, et al. Identification of SOX2 as a
novel glioma-associated antigen and potential target for T cell-based immunotherapy. British journal of
cancer. 2007; 96(8):1293-301. Epub 2007/03/22. https://doi.org/10.1038/s].bjc.6603696 PMID:
17375044

Chen L, Flies DB. Molecular mechanisms of T cell co-stimulation and co-inhibition. Nature reviews
Immunology. 2013; 13(4):227—42. Epub 2013/03/09. https://doi.org/10.1038/nri3405 PMID: 23470321

Huang J, Kerstann KW, Ahmadzadeh M, Li YF, EI-Gamil M, Rosenberg SA, et al. Modulation by IL-2 of
CD70 and CD27 expression on CD8+ T cells: importance for the therapeutic effectiveness of cell trans-
ferimmunotherapy. Journal of immunology (Baltimore, Md: 1950). 2006; 176(12):7726—35. Epub 2006/
06/06.

Nolte MA, Arens R, van Os R, van Oosterwijk M, Hooibrink B, van Lier RA, et al. Inmune activation
modulates hematopoiesis through interactions between CD27 and CD70. Nature immunology. 2005; 6
(4):412-8. Epub 2005/02/22. https://doi.org/10.1038/ni1174 PMID: 15723067

Huang J, Khong HT, Dudley ME, EI-Gamil M, Li YF, Rosenberg SA, et al. Survival, persistence, and
progressive differentiation of adoptively transferred tumor-reactive T cells associated with tumor regres-
sion. Journal of immunotherapy (Hagerstown, Md: 1997). 2005; 28(3):258—-67. Epub 2005/04/20.

Zikherman J, Weiss A. Alternative splicing of CD45: the tip of the iceberg. Immunity. 2008; 29(6):839—
41. Epub 2008/12/23. https://doi.org/10.1016/j.immuni.2008.12.005 PMID: 19100695

PLOS ONE | https://doi.org/10.1371/journal.pone.0175704  April 20, 2017 16/17


https://doi.org/10.1016/j.exphem.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19375652
https://doi.org/10.1002/ijc.25156
http://www.ncbi.nlm.nih.gov/pubmed/20054857
https://doi.org/10.1182/blood-2007-06-092817
http://www.ncbi.nlm.nih.gov/pubmed/18565854
https://doi.org/10.1182/blood-2003-06-2125
https://doi.org/10.1182/blood-2003-06-2125
http://www.ncbi.nlm.nih.gov/pubmed/15070686
https://doi.org/10.1007/s00262-012-1260-2
http://www.ncbi.nlm.nih.gov/pubmed/22581306
https://doi.org/10.1111/j.1365-2567.2008.02910.x
https://doi.org/10.1111/j.1365-2567.2008.02910.x
http://www.ncbi.nlm.nih.gov/pubmed/18778291
http://www.ncbi.nlm.nih.gov/pubmed/15069715
https://doi.org/10.1002/hon.886
http://www.ncbi.nlm.nih.gov/pubmed/19294626
http://www.ncbi.nlm.nih.gov/pubmed/12046071
https://doi.org/10.1073/pnas.0915086107
https://doi.org/10.1073/pnas.0915086107
http://www.ncbi.nlm.nih.gov/pubmed/20404147
https://doi.org/10.1038/sj.bjc.6603696
http://www.ncbi.nlm.nih.gov/pubmed/17375044
https://doi.org/10.1038/nri3405
http://www.ncbi.nlm.nih.gov/pubmed/23470321
https://doi.org/10.1038/ni1174
http://www.ncbi.nlm.nih.gov/pubmed/15723067
https://doi.org/10.1016/j.immuni.2008.12.005
http://www.ncbi.nlm.nih.gov/pubmed/19100695
https://doi.org/10.1371/journal.pone.0175704

@° PLOS | ONE

Phenotypic characterization and anticancer capacity of CD8+ CIK cells

24,

25.

26.

27.

28.

29.

30.

31.

32.

Henson SM, Riddell NE, Akbar AN. Properties of end-stage human T cells defined by CD45RA re-
expression. Current opinion in immunology. 2012; 24(4):476-81. Epub 2012/05/05. https://doi.org/10.
1016/j.c0i.2012.04.001 PMID: 22554789

Rong XX, Wei F, Lin XL, Qin YJ, Chen L, Wang HY, et al. Recognition and killing of cancer stem-like
cell population in hepatocellular carcinoma cells by cytokine-induced killer cells via NKG2d-ligands rec-
ognition. Oncoimmunology. 2016; 5(3):e1086060. Epub 2016/05/04. https://doi.org/10.1080/
2162402X.2015.1086060 PMID: 27141341

Huang B, Sikorski R, Sampath P, Thorne SH. Modulation of NKG2D-ligand cell surface expression
enhances immune cell therapy of cancer. Journal of immunotherapy (Hagerstown, Md: 1997). 2011; 34
(3):289-96. Epub 2011/03/11.

Li K, Mandai M, Hamanishi J, Matsumura N, Suzuki A, Yagi H, et al. Clinical significance of the NKG2D
ligands, MICA/B and ULBP2 in ovarian cancer: high expression of ULBP2 is an indicator of poor progno-
sis. Cancer immunology, immunotherapy: Cll. 2009; 58(5):641-52. Epub 2008/09/16. https://doi.org/
10.1007/s00262-008-0585-3 PMID: 18791713

Rizzino A. Concise review: The Sox2-Oct4 connection: critical players in a much larger interdependent
network integrated at multiple levels. Stem cells (Dayton, Ohio). 2013; 31(6):1033-9. Epub 2013/02/13.

Schmidt R, Plath K. The roles of the reprogramming factors Oct4, Sox2 and KIf4 in resetting the somatic
cell epigenome during induced pluripotent stem cell generation. Genome biology. 2012; 13(10):251.
Epub 2012/10/24. https://doi.org/10.1186/gb-2012-13-10-251 PMID: 23088445

Visvader JE, Lindeman GJ. Cancer stem cells: current status and evolving complexities. Cell stem cell.
2012; 10(6):717-28. Epub 2012/06/19. https://doi.org/10.1016/j.stem.2012.05.007 PMID: 22704512

Samardzija C, Quinn M, Findlay JK, Ahmed N. Attributes of Oct4 in stem cell biology: perspectives on
cancer stem cells of the ovary. Journal of ovarian research. 2012; 5(1):37. Epub 2012/11/23. https://doi.
0rg/10.1186/1757-2215-5-37 PMID: 23171809

Di J, Massuger LF, Duiveman-de Boer T, Zusterzeel PL, Figdor CG, Torensma R. Functional OCT4-
specific CD4+ and CD8+ T cells in healthy controls and ovarian cancer patients. Oncoimmunology.
2013; 2(5):e24271. Epub 2013/06/14. https://doi.org/10.4161/onci.24271 PMID: 23762805

PLOS ONE | https://doi.org/10.1371/journal.pone.0175704  April 20, 2017 17/17


https://doi.org/10.1016/j.coi.2012.04.001
https://doi.org/10.1016/j.coi.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22554789
https://doi.org/10.1080/2162402X.2015.1086060
https://doi.org/10.1080/2162402X.2015.1086060
http://www.ncbi.nlm.nih.gov/pubmed/27141341
https://doi.org/10.1007/s00262-008-0585-3
https://doi.org/10.1007/s00262-008-0585-3
http://www.ncbi.nlm.nih.gov/pubmed/18791713
https://doi.org/10.1186/gb-2012-13-10-251
http://www.ncbi.nlm.nih.gov/pubmed/23088445
https://doi.org/10.1016/j.stem.2012.05.007
http://www.ncbi.nlm.nih.gov/pubmed/22704512
https://doi.org/10.1186/1757-2215-5-37
https://doi.org/10.1186/1757-2215-5-37
http://www.ncbi.nlm.nih.gov/pubmed/23171809
https://doi.org/10.4161/onci.24271
http://www.ncbi.nlm.nih.gov/pubmed/23762805
https://doi.org/10.1371/journal.pone.0175704

