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Abstract: Objectives: The specific killing effect of cytotoxic T cells induced by OCT4 and Sox2 on lung cancer stem
cells was investigated. Methods: CD40-activated B cells (CD40-B) were used as the antigen presenting cells (APCs)
to induce the CSC-specific CTL with the peripheral lymphocytes of NSCLC patients, and the OCT4 and Sox2-specific
T cell proliferation was observed to analyze the killing effect of the specific CTL on lung cancer CSCs. Results: The
CD154 (CD40L) positive clone cell was successfully constructed via the lentiviral vector, and the peripheral blood
mononuclear cells (PBMCs) were successfully extracted from lung adenocarcinoma patients. The PBMCs and the
positive clone cells were co-cultured to prepare CD40-B cells, which were used as the APCs with the stimulation of
OCT4 and Sox2 to construct the specific CTL. The killing effect of the CTL on the lung adenocarcinoma CSC, FC9O was
tested, and the result verified the effective killing activity of the CTL on lung adenocarcinoma stem cells, with the op-
timum effect reached at the effector-target ratio of 40:1. Conclusions: The induced OCT4 and Sox2-specific CTL can
effectively kill lung adenocarcinoma stem cells, providing new perspectives into the immunotherapy of lung cancer.
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Introduction

Lung cancer is one of the malignancies seri-
ously threatening human health. Surgery, radio-
therapy, drug therapy, etc. are now employed
clinically for the treatment of lung cancer. Drug
therapy (including combined chemotherapy
mainly with CDDP and EGFR target therapy)
remains the primary choice because a majority
of the confirmed patients have entered the
mid-late stage [1, 2]. However, relapse and
metastasis will occur in some patients due to
drug resistance, and these metastatic lung
cancer patients usually suffer poor prognosis.
Therefore, effective killing of drug-resistance
tumor cells remains crucial to control the dis-
ease progression and improve prognosis [3].

The drug-resistance mechanism of tumor cells
is complex, which includes drug transport and
metabolism, target gene mutation, anti-apopto-
sis gene expression, etc. [4, 5]. One of the pri-
mary causes leading to drug-resistance of
tumor cells on the cellular level is a group of

undifferentiated cancer cells in tumor tissues
with the characteristics of stem cells, which are
called the cancer stem cells (CSCs) [6]. Studies
show that cytotoxic drug chemotherapy and tar-
get therapy can kill most tumor cells except
CSCs [7]. CSCs are typically featured by self-
renewal, entitling them the properties of high
oncogenesis, metastasis, drug-resistance, etc.
[8]. For lung cancer CSCs, the expression of plu-
ripotent transcription factors, especially OCT4
and Sox2, is closely correlated to tumor relapse,
metastasis and drug-resistance [9-11].

Given high resistance of CSCs to the existing
cytotoxic drugs and target drugs, the specific
cytotoxic T cells were used as an effective
immunotherapy to kill this group of drug-resis-
tance tumor cells. The tumor occurrence and
development are a dynamic process concern-
ing the interaction between tumor cells and the
immune system. It remains unclear which lung
cancer antigen is recognized by CTLs to display
anti-tumor effects, but it is estimated based on
the anti-tumor mechanism that the CSC-specific
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Figure 1. Western blotting result of the expression
product of the 293T cells transiently transfected with
the CD154 lentiviral vector.

CTL therapy will be clinically effective by adop-
tive immunotherapy. In this study, the CSC-
specific CTL targeting CT4 and Sox2 was con-
structed accordingly, and the killing effect of
the CTL on lung adenocarcinoma cells was
investigated, laying the foundation and provid-
ing new perspectives for the development of
the immunotherapy based on targeting and Kill-
ing drug-resistance CSCs.

Materials and methods
Construction of the CD154 lentiviral vector

CD40LG (CD154) was selected from the human
placenta cDNA library and then digested by
Agel/Nhel, which was then inserted into the
GV341 lentiviral expression plasmid (Gene-
chem, Shanghai, China). The constructed plas-
mid was then transiently transfected into 293T
cells, and then the total protein was extracted
for Western blotting. After package and con-
centration, 1 ml lentivirus was obtained (1 x
108 TU/ml).

Construction of the CD154 overexpression
feeder cell

The CD154 virus was used to transfect the
mouse embryonic fibroblast NIH3T3 (MOI = 5),
and then 10 mg/ml puromycin was used to
screen out the stably transfected cell clones
two days after the transfection.

Extraction of the peripheral B cells and prolif-
eration by co-cultural

Anticoagulant peripheral blood (10 ml) was col-
lected from 10 lung adenocarcinoma patients,
and then subjected to Ficoll gradient centrifu-
gation to extract PBMCs. Then B cells were
obtained via CD19 antibody magnetic separa-
tion. The CD40-B cells after two-week culture
were subjected to immunofluorescence assay.
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Ability of CD40-B cells to present antigens and
induce CTLs

CD8+ T cells were extracted from PBMCs via
magnetic separation and then mixed with
CD40-B cells at the ratio of 5:1 as well as COT4
and Sox2 (each of 10 g/ml). Then incubation
continued for two weeks.

Detection of the Killing activity of CTL

The target cells were labeled with CFSE, and
the controls were set: target cell blank control,
target cell negative control and target cell posi-
tive control. Then mixed cultivation was per-
formed: CD8+ T cells were collected and count-
ed; 2 x 107 cells were centrifuged at 1500 rpm
for 5 min, with the supernatant discarded; 1 ml
10% FCS-RPMI was added; CFSE-labeled PC9
cells were added into the FCM tubes respec-
tively and then centrifuged at 1500 rpm for 2
min; incubation at 37°C continued for 24 h; PI
staining and FCM detection were performed.

Computer operation, counting and calculation:
% DT-e = experimental group DT; % DT-t = PC-t
tube DT; % DT-s = NC-t tube DT. % DT =
(CFSE+PI+ events/CFSE+PI+ events +CFSE+PI-
events) x 100%. % specific cytotoxicity (% SC) =
(% DT-e - % DT-¢/% PC-t - % DT-c) x 100%.

Statistics

The statistical analysis was performed with
SPSS 17.0. Qualitative variables were subject-
ed to Chi-square test. Quantitative variables
were subjected to analysis of variance. P<0.05
indicated statistical significance.

Results
Construction of the CD154 vector

The expression product of 31 kD was detected
(Figure 1), which was consistent with the pre-
diction, indicating successful construction.

CD154 overexpression feeder cell

The CD154 positive rate reached 96.9% by
FCM (Figure 2).

Extraction of the peripheral B cells and prolif-
eration by co-cultural

The result of separation showed an average
amount of 1.78 x 10° B cells and an average
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Figure 2. Analysis of the CD154 expression in the transfected NIH3T3 cells by FCM.
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Figure 3. Amounts of B cells obtained from the 10 blood samples by CD19

antibody magnetic separation.

yield of 15.27% with the 10 blood samples
(Figure 3).

The B cells from the HLA-A2+ blood samples
and the tCD154 feeder cells were selected for
in vitro incubation and proliferation. The am-
ount of B cells was found to increase from 2 x
10° to at least 5 x 10° after one-week co-cul-
ture. The CD40-B cells after two-week culture
were selected for immunofluorescence assay,
and the result showed the positive expression
of CD19 antigen (Figure 4B). The FCM result
revealed a positive rate of 91% for the co-stim-
ulatory molecules HLA-ABC and CD86 in the
amplified CD40-B cells (Figure 4D, 4E), which
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indicated a potential antigen-
presenting ability of these B
cells.

Ability of CD40-B cells to
present antigens and induce
CTL

The amount of the CD8+ T
cells was increased by five
times after counting. The FCM
result showed that OCT4
and Sox2 could effectively
stimulate the proliferation of
CD3+CD8+ T cells with the
positive rates reaching 87%
(P1) and 94% (P2) respective-
ly. CD40-B cells could induce
the proliferation of CD8+ T cells when loaded
with OCT4/Sox2 antigen peptides (Figure 5).

Detection of the Killing activity of CTLs

The test standard was set with the unlabel-
ed FC9 target cells as the baseline. After four-
hour incubation, CFSE+PI- and CFSE+PI+ cells
reached 1833 and 25341 respectively, and %
DT = 6.75% (Figure 6). % DT of each group was
calculated and then % Specific cytotoxicity (%
SC) was obtained: effector-target ratio = 10:1,
% DT = 21.04, % SC = 15.32; effector-target
ratio = 20:1, % DT = 44.80, % SC = 40.80;
effector-target ratio = 40:1, % DT = 70.49, % SC
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Figure 4. Amplification of the peripheral B cells co-cultured with the NIH3T3 feeder cells.
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Figure 5. Proliferation of OCT4/Sox2-specific CD8+ T cells stimulated by CD40-B APCs.

= 68.35. The intergroup differences were sta- cantly up-regulated OCT4, Sox2 and Nanog in
tistically significant (P<0.05). The highest % DT the drug-resistance lung cancer cells in vitro
and % SC appeared at the effector-target ratio induced by CDDP [12]. Via the transfection
of 40:1, indicating effective killing activity of assay, the introduced heterologous OCT4 gene
the specific CTL on the FC9 cell line. can promote the reverse differentiation of lung

cancer cells to CSC-like cells with high drug-
Discussion resistance, while the introduced OCT4-specific

siRNA can silence the OCT4 expression to
The expression of the pluripotent transcription remarkably recover the sensitivity of tumor
factors OCT4 and Sox2 is closely correlated to cells to chemotherapeutics, indicating that
tumor relapse, metastasis and drug-resistance OCT4 and OCT4-positive cells play an pivotal
[9]. Recently, the relevant study shows signifi- role in chemotherapy resistance of lung cancer
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Figure 6. Killing effect of the specific CTL on lung cancer CSCs (FC9).

[9, 13]. Meanwhile, our previous studies [14]
suggest that OCT4 and OCT4 are independent
prognosis factors of lung cancer. Therefore,
OCT4 and OCT4 were used as the specific anti-
gens to induce CTLs and the killing effect of the
specific CTL on the drug-resistance lung cancer
CSC cell line was investigated in this study. The
culture and amplification of the CTL specific to
pluripotent factors have rarely been reported
abroad. Therefore, our study is progressive in a
certain sense.

Peripheral B cells can be used as the primary
APCs in place of DCs to activate CTLs due to
their antigen presenting capacity and easy cul-
ture and amplification in vitro [15]. Recently,
the CD40-B-induced CTL has been an advanced
technology [16, 17]. The lung cancer stem cell-
specific CTL was activated and amplified in
vitro with both CD40-B APC and acDC technolo-
gies which were easy and stable with high
reproducibility. CD40-B APCs have been suc-
cessfully prepared through this method in our
previous work and used to stimulate the periph-
eral T lymphocytes of lung cancer patients.
CD8+ T lymphocytes were successfully cultured
and amplified in vitro, laying the foundation for
this study [18]. Meanwhile, we have been dedi-
cated to the study of the lung cancer CSC for
years. In cooperation with the lung cancer stem
cell study group of Shanghai Cancer Institute,
we separated a group of lung adenocarcinoma
CSCs with the characteristics of the bronchioal-
veolar stem cell (BASC) from the human lung
adenocarcinoma cell line. This group of CD24/
IGF-1R positive lung adenocarcinoma CSCs,
which had the CD24+/IGF-1R+ phenotype, was
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manifested by high expression of the marker
proteins of stem cells, such as OCT4, Sox2 and
Nanog. The functional experiment also corrobo-
rated high invasiveness and oncogenicity of
these CSCs. Oncogenesis could be triggered in
NOD/SCID mice with only 100 transplanted
cells, which had oncogenicity 1000 times that
ofthe CD24/IGF-1R negative cells. Furthermore,
the in vitro culture system of the lung cancer
CSC has been successfully established, with
which continuous culture of lung cancer CSCs
can be performed without the loss of undiffer-
entiation status [19]. Recently, induced by
CDDP and gefitinib, the double-drug-resistance
cell line was established with PC9 cells, and
high expression of OCT4 and Sox2 was also
observed in this cell line. Therefore, CD40-
activated B cells (CD40-B) were used in this
study as APCs to induce the CSC-specific CTL
with the peripheral lymphocytes of NSCLC
patients, and OCT4 and Sox2-specific T cell pro-
liferation was observed [20]. The results
showed that the induced OCT4 and Sox2-
specific CTL could effectively kill lung cancer
CSCs, laying the foundation for the clinical use
of this technology in tumor treatment.

Disclosure of conflict of interest
None.

Address correspondence to: Zheng Wang, De-
partment of Thoracic Surgery, Putuo Hospital,
Shanghai University of Traditional Chinese Medicine,
No. 164 Lan Xi Road, Shanghai 200062, China. Tel:
+86 22233222; Fax: +86 22233222; E-mail:
PZXXWK@163.com

Int J Clin Exp Pathol 2016;9(3):3051-3056


mailto:PZXXWK@163.com

Cox2, OCT4 and lung cancer

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

3056

Holwerda N, Sanderman R, Pool G, Hinnen C,
Langendijk JA, Bemelman WA, Hagedoorn M,
Sprangers MA. Do patients trust their physi-
cian? The role of attachment style in the pa-
tient-physician relationship within one year af-
ter a cancer diagnosis. Acta Oncol 2013; 52:
110-117.

Katayama H, Ito S, Sano T, Takahari D,
Mizusawa J, Boku N, Tsuburaya A, Terashima
M, Sasako M. A Phase Il study of systemic che-
motherapy with docetaxel, cisplatin, and S-1
(DCS) followed by surgery in gastric cancer pa-
tients with extensive lymph node metastasis:
Japan Clinical Oncology Group study JCOG-
1002. Jpn J Clin Oncol 2012; 42: 556-559.
Katayama T, Kubota K, Machida Y, Toriihara A,
Shibuya H. Evaluation of sequential FDG-PET/
CT for monitoring bone metastasis of breast
cancer during therapy: correlation between
morphological and metabolic changes with tu-
mor markers. Ann Nucl Med 2012; 26: 426-
435.

Borst P. Cancer drug pan-resistance: pumps,
cancer stem cells, quiescence, epithelial to
mesenchymal transition, blocked cell death
pathways, persisters or what? Open Biol 2012;
2: 120066.

Holohan KN, Lahiri DK, Schneider BP, Foroud
T, Saykin AJ. Functional microRNAs in
Alzheimer’s disease and cancer: differential
regulation of common mechanisms and path-
ways. Front Genet 2012; 3: 323.

Dean M. Cancer stem cells: Implications for
cancer causation and therapy resistance.
Discov Med 2005; 5: 278-282.

Clevers H. The cancer stem cell: premises,
promises and challenges. Nat Med 2011; 17:
313-319.

Herreros-Villanueva M, Bujanda L, Billadeau
DD, Zhang JS. Embryonic stem cell factors and
pancreatic cancer. World J Gastroenterol
2014; 20: 2247-2254.

Chiou SH, Wang ML, Chou YT, Chen CJ, Hong
CF, Hsieh WJ, Chang HT, Chen YS, Lin TW, Hsu
HS, Wu CW. Coexpression of Oct4 and Nanog
enhances malignancy in lung adenocarcinoma
by inducing cancer stem cell-like properties
and epithelial-mesenchymal transdifferentia-
tion. Cancer Res 2010; 70: 10433-10444.
Nakatsugawa M, Hirohashi Y, Torigoe T, Inoda
S, Kiriyama K, Tamura Y, Sato E, Takahashi H,
Sato N. Comparison of speedy PCR-ssp meth-
od and serological typing of HLA-A24 for
Japanese cancer patients. J Immunoassay
Immunochem 2011; 32: 93-102.

(11]

(12]

(13]

(14]

[15]

(16]

[17]

(18]

(19]

[20]

Murakami A, Takahashi F, Nurwidya F,
Kobayashi |, Minakata K, Hashimoto M, Nara T,
Kato M, Tajima K, Shimada N, Ilwakami S,
Moriyama M, Moriyama H, Koizumi F,
Takahashi K. Hypoxia increases gefitinib-resis-
tant lung cancer stem cells through the activa-
tion of insulin-like growth factor 1 receptor.
PLoS One 2014; 9: e86459.

Dogan |, Kawabata S, Bergbower E, Gills JJ,
Ekmekci A, Wilson W 3rd, Rudin CM, Dennis
PA. SOX2 expression is an early event in a mu-
rine model of EGFR mutant lung cancer and
promotes proliferation of a subset of EGFR mu-
tant lung adenocarcinoma cell lines. Lung
Cancer 2014; 85: 1-6.

Murakami H, Yamanaka T, Seto T, Sugio K,
Okamoto |, Sawa T, Hirashima T, Takeda K,
Atagi S, Fukuoka M, Nakanishi Y, Nakagawa K,
Yamamoto N. Phase Il study of zoledronic acid
combined with docetaxel for non-small-cell
lung cancer: West Japan Oncology Group.
Cancer Sci 2014; 105: 989-995.

Zhang XY, Huang AM, Bai H. Pemetrexed alone
or in combination with chemotherapy in 68
cases patients with advanced relapsed non-
small cell lung cancer. Chinese Journal of
Cancer 2009; 19: 118-121.

Boisgerault N, Kottke T, Pulido J, Thompson J,
Diaz RM, Rommelfanger-Konkol D, Embry A,
Saenz D, Poeschla E, Pandha H, Harrington K,
Melcher A, Selby P, Vile R. Functional cloning of
recurrence-specific antigens identifies molecu-
lar targets to treat tumor relapse. Mol Ther
2013; 21: 1507-1516.

Inoda S, Hirohashi Y, Torigoe T, Morita R,
Takahashi A, Asanuma H, Nakatsugawa M,
Nishizawa S, Tamura Y, Tsuruma T, Terui T,
Kondo T, Ishitani K, Hasegawa T, Hirata K, Sato
N. Cytotoxic T lymphocytes efficiently recognize
human colon cancer stem-like cells. Am J
Pathol 2011; 178: 1805-1813.

Wennhold K, Shimabukuro-Vornhagen A,
Theurich S, von Bergwelt-Baildon M. CD40-
activated B cells as antigen-presenting cells:
the final sprint toward clinical application.
Expert Rev Vaccines 2013; 12: 631-637.
Geng Q, Dong QG, Yao M, et al. Lung cancer
stem cell spheres formed with tumorigenicity
analysis. Zhong Liu 2008; 28: 751-754.
Dhodapkar MV. Immunity to stemness genes
in human cancer. Curr Opin Immunol 2010;
22:245-250.

Mittal D, Gubin MM, Schreiber RD, Smyth MJ.
New insights into cancer immunoediting and
its three component phases-—-elimination, equi-
librium and escape. Curr Opin Immunol 2014;
27: 16-25.

Int J Clin Exp Pathol 2016;9(3):3051-3056



