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Abstract: The death rates of lung cancer have ranked first in the world. Many patients are at advanced stage when
diagnosed; therefore, they miss optimal operative period. And some patients cannot endure radiotherapy or chemo-
therapy. The present study investigated the antitumor effects of cocultured dendritic cells and cytokine-induced kill-
er cells on human non small cell lung cancer (NSCLC) and the potential underlying mechanisms. Antitumor effects
of cocultured dendritic cells and cytokine-induced killer cells suppressed the cell proliferation, increased the cyto-
toxicity, induced the apoptosis and promoted caspase-3/9 activities in NSCLC. Meanwhile, the effects of cocultured
dendritic cells and cytokine-induced Killer cells suppressed the protein expression of TGF-3, inhibited IL-4 activity,
enhanced IL-10 and PGE-2 activities and activated the protein expression of IFN-y and suppressed EGFR protein
expression of NSCLC. This study provides a theoretical and experimental basis for clinical immunotherapy using the
effect of cocultured dendritic cells and cytokine-induced killer cells on NSCLC through activating of caspases, IL-10

activity, PGE-2, IFN-y and EGFR expression, and suppression of IL-4 activity and TGF-[ protein expression.
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Introduction

With increasing morbidity and fatality rates
year by year, lung cancer is the major cause of
malignant cancer death in China [1]. It can be
classified as small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC) [2]. The lat-
ter form occupies about 75% and patients of
this form are generally advanced when diag-
nosed and accompanied by malignant pleural
effusion [3]. Traditional therapeutic methods
have some limitations [4]. For patients with
NSCLC, only 25%-30% can be administrated
with operative therapy with low survival rates
[5]. Radiotherapy, by using high-power electron
beams such as y and x to destroy chromosome,
is an essential therapy for tumor. It would stop
cellular growth and has lethal effects to tumor
cells [6]. However, it would cause various side
reactions such as radiodermatitis, radiation
esophagitis, loss of appetite, vomiting and
stomachache [7]. As patients are not endur-
able, therapeutic effects are reduced. For rou-
tine chemotherapy, it is to Kill tumor cells
through cellular toxic effects of drugs. Mean-

while, normal cells would be destroyed [8]. It is
studied that therapeutic failure would occur
because of drug resistance owing to the exis-
tence of genes such as multidrug resistance
gene, lung resistance related protein and gluta-
thione S-transferasemn [7]. Only one third of
NSCLC patients can benefit from chemotherapy
[9].

Bio-chemotherapy is a new comprehensive
therapy model by combing bio-therapy with che-
motherapy, which becomes more and more
important in treating malignant tumor [10]. Bio-
chemotherapy can Kkill tumor cells as well as
reduce toxic and side effects caused by chemo-
therapeutics [11]. In spite of these achieve-
ments, methods and sequence of combined
application of bio-therapy and chemotherapy
are in need of further study [11].

As an immuno-biological cancer therapy, cyto-
kine-induced Kkiller cells (CIK) induced by den-
dritic cells (DC) and cytokines has been widely
applied to clinic treatment [12]. Its combination
with chemical treatment has achieved certain
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effects. DC and CIK applied to clinic treatment
are acquired by in vitro culture of precursor
cells extracted from peripheral blood and bone
barrow [13]. In 1997, Gjomarkaj et al. reported
that they found DC in malignant pleural effu-
sion and later studies proved that mature DC
can be induced and generated by malignant
pleural effusion [14].

In recent years, molecular targeting treatment
has gained increasing attention and widely
applied to clinic. As a member of epidermal
growth factor receptor family, EGFR is closely
related with occurrence and progression of
tumor and participates in the regulation of
tumor cell growth, proliferation, vasculogenesis
and diffusion [15]. By now, EGFR inhibitors
have become an important target spot of
molecular targeting treatment.

Materials and methods

Culture and ampilification of CIK cells and DCs
in vitro

Human experiments were performed in accor-
dance with the ethical standards provided by
the responsible committee of the institution
and in accordance with the Central Hospital of
Huzhou. Healthy blood donors were collected
from Healthy volunteer in Central Hospital of
Huzhou, which was used to collect peripheral
blood. Mononuclear cells were separated by
centrifugation using a lymphocyte separating
medium (Sigma-Aldrich), which incubated at
37°Cin 5% CO, for 2 h in a humidified incuba-
tor. Non-adherent cells (3 x 10%/mL) were
collected and cultivated with RPMI 1640
(Invitrogen Life Technologies, Carlsbad, CA,
USA) supplemented with 10% heat-inactivated
fetal bovine serum (Gibco Life Technologies,
Carlsbad, CA, USA), 100 U/ml penicillin and
100 mg/ml streptomycin at 37°Cin 5% CO,. 10
U/mL of rhIFN-y was added to the culture and
incubated at 37°C in 5% CO, for 24 h. Then, the
medium was replaced with fresh medium com-
prising CD3 monoclonal antibody (50 ng/mL,
R&D Systems, Minneapolis, MN, USA) and rhlL-
2 (300 U/mL, R&D Systems, Minneapolis, MN,
USA) every 3 days. Meanwhile, adherent cells
(1 x 10%/mL) was incubated with RPMI 1640
(Invitrogen Life Technologies, Carlsbad, CA,
USA) supplemented with rhGM-CSF (1000 U/
mL, R&D Systems, Minneapolis, MN, USA) and
rhiL4 (500 U/mL, R&D Systems, Minneapolis,
MN, USA).
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DC-CIK cells coculture and human non-small
cell lung cancer cell culture

DCs were co-cultured with CIKs at a ratio of 1:5
with CIK cell culture medium and incubated
with fresh medium comprising CD3 mono-
clonal antibody (50 ng/mL, R&D Systems,
Minneapolis, MN, USA) and rhiL-2 (300 U/mL,
R&D Systems, Minneapolis, MN, USA) every 3
days at 37°C in 5% CO,. Human non small cell
lung cancer A549 cell line were cultured with
RPMI1640 medium comprising 10% FBS in a
humidified incubator at 37°C with 5% CO,
atmosphere.

Analysis of cell proliferation and cytotoxicity

DC-CIK cells and A549 cell were inoculated
onto the culture plate at ratios of 2.5:1, 5:1,
10:1, and 20:1, and were placed at 37°C in 5%
CO, for 48 h. 20 pL of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT,
Invitrogen Life Technologies, Carlsbad, CA,
USA) was added to each well and incubated for
4 h. Then, 100 pL dimethyl sulfoxide (DMSO,
Invitrogen Life Technologies, Carlsbad, CA,
USA) was added to each sample and subse-
quently stirring sufficiently. Cell proliferation
was measured using enzyme mark instrument
at 490 nm. Meanwhile, maximal release of
LDH (Invitrogen Life Technologies, Carlsbad,
CA, USA) was performed to analyze cytotoxicity
using enzyme mark instrument at 570 nm.

Analysis of apoptosis

DC-CIK cells and A549 cell were inoculated
onto the culture plate at ratios of 2.5:1, 5:1,
10:1, and 20:1, and were placed at 37°C in 5%
CO, for 48 h. Coculture cell was collected by
centrifugation and washed twice with ice-cold
PBS and were then resuspended with 200 uL
of binding buffer (KeyGEN BioTECH, Nanjing,
China). Then, Coculture cell was incubated with
5 uL each of Annexin V-FITC for 30 min in the
dark, at room temperature, and then incubated
with propidium iodide (PI) for 15 min in the
dark, at room temperature. Apoptosis rate was
analyzed immediately after staining, using a
FACScan flow cytometer (Becton-Dickinson).

Analysis of caspase-3, caspase-9, IL-4, IL-10
and PGE-2 activities

DC-CIK cells and A549 cell were inoculated
onto the culture plate at ratios of 2.5:1, 5:1,
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Figure 1. Antitumor effects of cocultured dendritic
cells and cytokine-induced Kkiller cells on cell prolif-
eration of A549 cell. "P<0.05 compared with control
day.
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Figure 2. Antitumor effects of cocultured dendritic
cells and cytokine-induced killer cells on cytotoxicity
of A549 cell.
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Figure 3. Antitumor effects of cocultured dendritic
cells and cytokine-induced killer cells on apoptosis
of A549 cell. ""P<0.05 compared with control day.

10:1, and 20:1, and were placed at 37°C in 5%
CO2 for 48 h. Caspase-3, caspase-9, IL.-4 and
IL-10 activities was analyzed using ELISA assay
kits, in according with the manufacturer’s
protocol.

Western blot analysis

DC-CIK cells and A549 cell were inoculated
onto the culture plate at ratios of 2.5:1, 5:1,
10:1, and 20:1, and were placed at 37°C in 5%
CO, for 48 h. Coculture cell was washed twice
with PBS and lysed in ice-cold lysis buffer for
30 min with occasional rocking. Supernatant
was collected at 12,000 rpm, for 5 min at 4°C
and determined using protein concentration
using the BCA kit (Cwbiotech, Beijing, China).
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Protein (60 ug) was separated on 10-12% SDS-
PAGE gel and transferred to a PVDF membrane
(Bio-Rad, Hercules, CA, USA). The membrane
was blocked using 5% non-fat milk in TBST for
2 h at room temperature, and incubated over-
night at 4°C with anti-IFN-y (1:3000, Cell Sig-
naling, Beverly, MA, USA), anti-TGF-f (1:4000,
Cell Signaling, Beverly, MA, USA), anti-EGFR
(1:4000, Cell Signaling, Beverly, MA, USA) and
B-actin (1:5000, Beyotime, Shanghai, China).
The membrane was washed three times with
TBST and incubated with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies
(1:4000, Cell Signaling, Beverly, MA, USA) for 1
h at room temperature.

Statistical analysis

Values are expressed as the mean + standard
error of the mean. And the original data were
tested via homogeneity of variance, and then
used for t-test and variance analysis. P<0.05
was considered to indicate a statistically signifi-
cant difference.

Results

Antitumor effects of DC-CIK cells on cell prolif-
eration of A549 cell

A549 cell added by DC-CIK cells was analyzed
the cell proliferation of A549 cell using MTT
assay. At 48 h after co-cultured, the antitumor
effects of DC-CIK cells suppressed the cell pro-
liferation of A549 cell in dose-dependence
(Figure 1). However, DC-CIK cells: A549 cell
was 10:1 or 20:1 significantly inhibited cell pro-
liferation of A549 cell (Figure 1).

Antitumor effects of DC-CIK cells on cytotoxic-
ity of A549 cell

To explore the antitumor effects of DC-CIK cells
on cytotoxicity of A549 cell, cytotoxicity was
measured using LDH assay. When cultured for
2 days, we found that cytotoxicity of A549 cell
was enhanced in dose-dependence (Figure 2).

Antitumor effects of DC-CIK cells on apoptosis
of A549 cell

When A549 cell were co-cultured with DC-CIK
cells, we examined the antitumor effects of
DC-CIK cells on apoptosis of Ab49 cell. As
showed in Figure 3, the apoptosis rate of A549
cell was activated by co-cultured with DC-CIK
cells (10:1 or 20:1).
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Figure 4. Antitumor effects of cocultured dendritic cells and cytokine-induced killer cells on caspase-3 and cas-
pase-9 activities of A549 cell. Antitumor effects of cocultured dendritic cells and cytokine-induced Killer cells on
caspase-3 (A) and caspase-9 (B) activities of A549 cell. “"P<0.05 compared with control day.
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Figure 5. Antitumor effects of cocultured dendritic cells and cytokine-induced killer cells on IL-4 and IL-10 activities
of A549 cell. Antitumor effects of cocultured dendritic cells and cytokine-induced killer cells on IL-4 (A) and IL-10 (B)
activities of A549 cell. “"P<0.05 compared with control day.
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Figure 6. Antitumor effects of cocultured dendritic
cells and cytokine-induced Killer cells on PGE-2 activ-
ity of A549 cell. ""P<0.05 compared with control day.

Antitumor effects of DC-CIK cells on caspase-3
and caspase-9 activities of A549 cell

To inspect the antitumor effects of DC-CIK cells
on apoptotic mechanism of A549 cell, cas-
pase-3 and caspase-9 activities of A549 cell
were detected using apoptotic ELIST kits. As
showed in Figure 4, 10:1 or 20:1 of DC-CIK
cells significantly increased the caspase-3 and
caspase-9 activities of A549 cell.

Antitumor effects of DC-CIK cells on IL-4 and
IL-10 activities of A549 cell

To inspect the apoptotic mechanism of DC-CIK
cells on A549 cell, IL-4 and IL-10 activities
were detected as an important index. As show-
ed in Figure 5, IL-4 activity was significantly
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decreased and IL-10 activity significantly
increased by 10:1 or 20:1 of DC-CIK cells in
A549 cell.

Antitumor effects of DC-CIK cells on PGE-2 ac-
tivity of A549 cell

We examined the antitumor effects of DC-CIK
cells on PGE-2 activity of A549 cell using ELIST
Kits. As showed in Figure 6, PGE-2 activity of
A549 cell was significantly promoted by 10:1 or
20:1 of DC-CIK cells.

Antitumor effects of DC-CIK cells on IFN-y pro-
tein of A549 cell

To explore the antitumor effects of DC-CIK cells
on IFN-y protein expression of A549 cell, IFN-y
protein expression was measured using West-
ern blot analysis. Figure 7 from Western blot
analysis showed that there is significant
increase IFN-y protein expression of 10:1 or
20:1 of DC-CIK cells group in comparison with
control group.

Antitumor effects of DC-CIK cells on EGFR pro-
tein of A549 cell

To further explore the antitumor effects of
DC-CIK cells on EGFR protein expression of

Int J Clin Exp Pathol 2016;9(11):10906-10913
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Figure 7. Antitumor effects of cocultured dendritic
cells and cytokine-induced Killer cells on IFN-y pro-
tein of A549 cell. Antitumor effects of cocultured
dendritic cells and cytokine-induced Kkiller cells on
IFN-y protein using western blotting analysis and
statistical analysis of IFN-y protein of A549 cell.
"*P<0.05 compared with control day.
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Figure 8. Antitumor effects of cocultured dendritic
cells and cytokine-induced Kkiller cells on EGFR pro-
tein of A549 cell. Antitumor effects of cocultured
dendritic cells and cytokine-induced Kkiller cells on
IFN-y protein using western blotting analysis and
statistical analysis of EGFR protein of A549 cell.
**P<0.05 compared with control day.

A549 cell, EGFR protein expression was mea-
sured using Western blot analysis. These
results from Western blot analysis showed that
EGFR protein expression of A549 cell was sig-
nificantly suppressed by 10:1 or 20:1 of DC-CIK
cells (Figure 8).

Antitumor effects of DC-CIK cells on TGF-(3 pro-
tein of A549 cell

Next, we explored the antitumor effects of
DC-CIK cells on TGF-B protein expression of
A549 cell using Western blot analysis. As
showed in Figure 9, 10:1 or 20:1 of DC-CIK
cells significantly suppressed the protein ex-
pression of TGF-B protein expression in A549
cell.
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Figure 9. Antitumor effects of cocultured dendritic
cells and cytokine-induced killer cells on TGF- pro-
tein of A549 cell. Antitumor effects of cocultured
dendritic cells and cytokine-induced Kkiller cells on
IFN-y protein using western blotting analysis and
statistical analysis of TGF-B protein of A549 cell.
"*P<0.05 compared with control day.

Discussion

Lung cancer is the most common malignant
cancer ranking first in the world. Statistics
showed that new lung cancer cases in 2002
reached about 1.35 million with 1.18 million of
death cases [16]. Most of patients with lung
cancer have reached middle and advanced
stage accompanied by malignant pleural effu-
sion [17]. With further development of lung
cancer, therapeutic methods have been im-
proved. 1980s, Oldham proposed the theory
of biological response modifier which suggest-
ed that the occurrence and progression of
tumor was caused by unbalance of defensive
system and tumor cells [18]. The present study
identified the antitumor effects of DC-CIK cells
suppressed cell growth and increased cytotox-
icity of human non-small cell lung cancer A549
cell.

As a form of biotherapy, adoptive cellular immu-
notherapy is a fundamental cancer therapy to
strengthen immunologic functions by input of
effector cells with anti-cancer activities [19].
According to inducing methods and sources, it
can be grouped as tumor infiltrating lympho-
cyte, lymphokine-activated Kkiller cells, anti-
CD3+ monoclonal antibody activated Killer
cells, CIK and DC [20]. The latter two have
become hot spots for present research.
Furthermore, we found that identified the anti-
tumor effects of DC-CIK cells induced apopto-
sis and promoted caspase-3/9 activities of
human non small cell lung cancer A549 cell.
Wang et al. indicated that DCs- glypican 3 gene

Int J Clin Exp Pathol 2016;9(11):10906-10913
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-ClIKs significant induced tumor growth inhibi-
tion of HepG2 cell in nude mice [21].

DC was first discovered by Steinman and Cohn
in 1973. It is antigen-presenting cell with stron-
gest functions. It is named because of the den-
dritic protuberance. It is induced by stimulation
of antigen [22]. Under the stimulation of micro-
organism and inflammatory factors as well as
the combined action of cytokines, DC precursor
cells such as CD34+, CD14+ and peripheral
blood CD14+ can differentiate into mature DC
with strong phagocytosis and processing ability
of antigens [23]. Under the influence of anti-
gens and inflammatory factors, it starts to
transfer into peripheral lymphoid organs [24].
During the metastasis process, DC is becoming
more and more mature. In this study, we found
that DC-CIK cells significantly promoted PGE-2
activity of human non small cell lung cancer
A549 cell. Tateosian et al. identify dendri-
tic cells promote the generation of CD4(+)
FOXP3(+) regulatory T cells through TGF-B in
vitro [25].

In 1991, Schmidt-Wolf in Stanford University
gave a classic definition that peripheral blood
mononuclear cells were a kind of specific cell
groups cultured by stimulation of in vitro cyto-
kines [26]. They have the characteristics of
anti-tumor activity of T lymphocyte and limited
tumor-cytotoxicity of NK cells [27]. Their main
effector cells are CD3+CD56+ cells, which can
secrete various cytokines including IL-4 and
IFN-y, characterized by rapid proliferation,
strong tumor-killing effects and wide anti-tumor
spectra [27]. The results of this study revealed
that DC-CIK cells significantly decreased IL-4
activity, increased IL-10 activity and induced
IFN-y protein expression of human non small
cell lung cancer A549 cell. Shekhar et al. dem-
onstrate that lung dendritic cell mediated Th1l/
Th17 immunity through IL-4 and IFN-y during
intracellular bacterial infection [28].

It was reported that as DC has functional
defects, thus it cannot give full play to its anti-
tumor effects [29]. Numbers of DC is negative
correlated with surrounding invasion. DC can
prevent from tumor metastasis and relapse
[30]. Therefore, improvement of its sources
and culture technique is an issue urgently
needed. In the present study, DC-CIK cells sig-
nificantly suppressed the protein expression of
TGF-B protein expression in A549 cell.
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EGFR is possibly related with the formation of
non-small cell lung cancer [31]. Therefore, it
was predicted that EGFR inhibitors may be
effective to non-small cell lung cancer. EGFR
inhibitors can be grouped into EGFR exhibitor
and tyrosine kinase inhibitor [31]. Further stud-
ies found that the effective rates of EGFR inhib-
itors for non-small cell lung cancer were about
20% [15]. Finally, we found that DC-CIK cells
significantly suppressed EGFR protein expres-
sion of A549 cell. Hayashi et al. reported that
DC-CIK cells inhibit IL-4 and activated EGFR in
tumor cells [32].

In conclusion, the results demonstrate that, the
antitumor effects of DC-CIK cells suppressed
cell growth, increased cytotoxicity, and induced
apoptosis of human non small cell lung cancer
through activating of caspases, IL-10 activity,
PGE-2, IFN-y and EGFR expressions, and sup-
pression of IL-4 activity and TGF-B protein
expressions, which provides a experimental
basis for the application of DC-CIK cells co-cul-
tured to the immunotherapy of human non
small cell lung cancer in clinical applications.

Acknowledgements

The study was sponsored by 2015 Zhejiang
Provincial Medical and Health Platform Program
(Academic Leaders) (NO 2015DTA016).

Disclosure of conflict of interest
None.

Address correspondence to: Enhai Cui, Department
of Respiratory Medicine, Central Hospital of Huzhou,
Huzhou 313000, Zhejiang Province, China. Tel: +86-
572-2555775; E-mail: chizon484@yeah.net

References

[1] Minami S, Kijima T, Komuta K, Kumagai T,
Imamura F, Yokota S, Takeuchi Y, Nakatani T,
Tachibana | and Kawase |. Phase Il trial of
pemetrexed continuation—-maintenance after
carboplatin-based induction in untreated non-
squamous non-small cell lung cancer. Anti-
cancer Res 2013; 33: 5535-5542.

[2] Huang A, Zhang B, Wang B, Zhang F, Fan KX
and Guo YJ. Increased CD14(+)HLA-DR (-/low)
myeloid-derived suppressor cells correlate
with extrathoracic metastasis and poor re-
sponse to chemotherapy in non-small cell lung
cancer patients. Cancer Immunol Immunother
2013; 62: 1439-1451.

Int J Clin Exp Pathol 2016;9(11):10906-10913



(3]

(4]

(5]

(6]

(7]

(8]

(9]

Cocultured dendritic cells and cytokindecytokine-induced killer cells

Minami S, Kijima T, Hamaguchi M, Nakatani T,
Koba T, Takahashi R, Takeuchi Y, Kida H,
Nagatomo I, Yamamoto S, Tachibana |, Komuta
K and Kawase |. Phase Il study of pemetrexed
plus intermittent erlotinib combination therapy
for pretreated advanced non-squamous non-
small cell lung cancer with documentation of
epidermal growth factor receptor mutation sta-
tus. Lung Cancer 2013; 82: 271-275.

Aerts JG, Codrington H, Lankheet NA, Burgers
S, Biesma B, Dingemans AM, Vincent AD,
Dalesio O, Groen HJ and Smit EF. A randomized
phase Il study comparing erlotinib versus erlo-
tinib with alternating chemotherapy in re-
lapsed non-small-cell lung cancer patients: the
NVALT-10 study. Ann Oncol 2013; 24: 2860-
2865.

Weber B, Meldgaard P, Hager H, Wu L, Wei W,
Tsai J, Khalil A, Nexo E and Sorensen BS.
Detection of EGFR mutations in plasma and
biopsies from non-small cell lung cancer pa-
tients by allele-specific PCR assays. BMC
Cancer 2014; 14: 294,

von Pawel J, Harvey JH, Spigel DR, Dediu M,
Reck M, Cebotaru CL, Humphreys RC, Gribbin
MJ, Fox NL and Camidge DR. Phase Il trial of
mapatumumab, a fully human agonist mono-
clonal antibody to tumor necrosis factor-relat-
ed apoptosis-inducing ligand receptor 1
(TRAIL-R1), in combination with paclitaxel and
carboplatin in patients with advanced non-
small-cell lung cancer. Clin Lung Cancer 2014;
15: 188-196 €182.

Langer CJ, Hirsh V, Ko A, Renschler MF and
Socinski MA. Weekly nab-paclitaxel in combi-
nation with carboplatin as first-line therapy in
patients with advanced non-small-cell lung
cancer: analysis of safety and efficacy in pa-
tients with renal impairment. Clin Lung Cancer
2015; 16: 112-120.

Gridelli C, Bennouna J, de Castro J, Dingemans
AM, Griesinger F, Grossi F, Rossi A, Thatcher N,
Wong EK and Langer C. Randomized phase Illb
trial evaluating the continuation of bevacizum-
ab beyond disease progression in patients
with advanced non-squamous non-small-cell
lung cancer after first-line treatment with beva-
cizumab plus platinum-based chemotherapy:
treatment rationale and protocol dynamics of
the AvaALL (M022097) trial. Clin Lung Cancer
2011; 12: 407-411.

Belani CP, Brodowicz T, Ciuleanu TE, Krzako-
wski M, Yang SH, Franke F, Cucevic B,
Madhavan J, Santoro A, Ramlau R, Liepa AM,
Visseren-Grul C, Peterson P, John WJ and
Zielinski CC. Quality of life in patients with ad-
vanced non-small-cell lung cancer given main-
tenance treatment with pemetrexed versus
placebo (H3E-MC-JMEN): results from a ran-

10912

(10]

(11]

[12]

[14]

(17]

domised, double-blind, phase 3 study. Lancet
Oncol 2012; 13: 292-299.

Nechushtan H, Hamamreh Y, Nidal S, Gotfried
M, Baron A, Shalev Yl, Nisman B, Peretz T and
Peylan-Ramu N. A phase IIb trial assessing the
addition of disulfiram to chemotherapy for the
treatment of metastatic non-small cell lung
cancer. Oncologist 2015; 20: 366-367.
Berghmans T, Ameye L, Lafitte JJ, Colinet B,
Cortot A, CsToth |, Holbrechts S, Lecomte J,
Mascaux C, Meert AP, Paesmans M, Richez M,
Scherpereel A, Tulippe C, Willems L, Dernies T,
Leclercq N and Sculier JP. Prospective valida-
tion obtained in a similar group of patients and
with similar high throughput biological tests
failed to confirm signatures for prediction of
response to chemotherapy and survival in ad-
vanced NSCLC: A prospective study from the
European Lung Cancer Working Party. Front
Oncol 2014, 4: 386.

Zheng C, Yu G, Wang H, Tang A, Geng P, Zhang
H, Zhu Z, Li F and Xie X. Meta-analysis of che-
motherapy and dendritic cells with cytokine-
induced Killer cells in the treatment of non-
small-cell lung cancer. Int J Clin Exp Med 2015;
8: 14527-14537.

Shi SB, Ma TH, Li CH and Tang XY. Effect of
maintenance therapy with dendritic cells: cyto-
kine-induced Kkiller cells in patients with ad-
vanced non-small cell lung cancer. Tumori
2012; 98: 314-319.

Gjomarkaj M, Pace E, Melis M, Spatafora M,
D’Amico D and Toews GB. Dendritic cells with a
potent accessory activity are present in human
exudative malignant pleural effusions. Eur
Respir J 1997; 10: 592-597.

Verone-Boyle AR, Shoemaker S, Attwood K,
Morrison CD, Makowski AJ, Battaglia S and
Hershberger PA. Diet-derived 25-hydroxyvita-
min D3 activates vitamin D receptor target
gene expression and suppresses EGFR mutant
non-small cell lung cancer growth in vitro and
in vivo. Oncotarget 2016; 7: 995-1013.
O’Brien ME, Konopa K, Lorigan P, Bosquee L,
Marshall E, Bustin F, Margerit S, Fink C, Stigt
JA, Dingemans AM, Hasan B, Van Meerbeeck J
and Baas P. Randomised phase Il study of am-
rubicin as single agent or in combination with
cisplatin versus cisplatin etoposide as first-line
treatment in patients with extensive stage
small cell lung cancer - EORTC 08062. Eur J
Cancer 2011; 47: 2322-2330.

Watanabe S, Minegishi Y, Yoshizawa H,
Maemondo M, Inoue A, Sugawara S, Isobe H,
Harada M, Ishii Y, Gemma A, Hagiwara K and
Kobayashi K. Effectiveness of gefitinib against
non-small-cell lung cancer with the uncommon
EGFR mutations G719X and L861Q. J Thorac
Oncol 2014; 9: 189-194.

Int J Clin Exp Pathol 2016;9(11):10906-10913



(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Cocultured dendritic cells and cytokindecytokine-induced killer cells

Claret L, Gupta M, Han K, Joshi A, Sarapa N,
He J, Powell B and Bruno R. Prediction of over-
all survival or progression free survival by dis-
ease control rate at week 8 is independent of
ethnicity: Western versus Chinese patients
with first-line non-small cell lung cancer treat-
ed with chemotherapy with or without bevaci-
zumab. J Clin Pharmacol 2014; 54: 253-257.
Hutchinson L. Lung cancer: Squiring immuno-
therapy to CheckMate. Nat Rev Clin Oncol
2015; 12: 436.

Zhang G, Zhao H, Wu J, Li J, Xiang Y, Wang G,
Wu L and Jiao S. Adoptive immunotherapy for
non-small cell lung cancer by NK and cytotoxic
T lymphocytes mixed effector cells: retrospec-
tive clinical observation. Int Immunopharmacol
2014; 21: 396-405.

Wang Y, Wang Y, Mu H, Liu T, Chen X and Shen
Z. Enhanced specific antitumor immunity of
dendritic cells transduced with the glypican 3
gene and co-cultured with cytokine-induced
killer cells against hepatocellular carcinoma
cells. Mol Med Rep 2015; 11: 3361-3367.
Autenrieth SE, Grimm S, Rittig SM, Grunebach
F, Gouttefangeas C and Buhring HJ. Profiling of
primary peripheral blood- and monocyte-de-
rived dendritic cells using monoclonal antibod-
ies from the HLDA10 Workshop in Wollongong,
Australia. Clin Transl Immunology 2015; 4:
e50.

Ocadlikova D, Trabanelli S, Salvestrini V,
Ciciarello M, Evangelisti C, Lecciso M, Sabattini
E, Righi S, Piccioli M, Pileri SA, Lemoli RM and
Curti A. CD103 marks a subset of human
CD34+-derived langerin+ dendritic cells that
induce T-regulatory cells via indoleamine
2,3-dioxygenase-1. Exp Hematol 2015; 43:
268-276 e265.

Huang MM, Kew VG, Jestice K, Wills MR and
Reeves MB. Efficient human cytomegalovirus
reactivation is maturation dependent in the
Langerhans dendritic cell lineage and can be
studied using a CD14+ experimental latency
model. J Virol 2012; 86: 8507-8515.
Tateosian NL, Reiteri RM, Amiano NO, Costa
MJ, Villalonga X, Guerrieri D and Maffia PC.
Neutrophil elastase treated dendritic cells pro-
mote the generation of CD4(+)FOXP3(+) regu-
latory T cells in vitro. Cell Immunol 2011; 269:
128-134.

10913

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Zhong R, Teng J, Han B and Zhong H. Dendritic
cells combining with cytokine-induced Kkiller
cells synergize chemotherapy in patients with
late-stage non-small cell lung cancer. Cancer
Immunol Immunother 2011; 60: 1497-1502.
Youlin K, Jian K, Siming L, Li Z, Weiyang H,
Chaodong L and Xin G. Potent anti-prostate
cancer immune response induced by dendritic
cells transduced with recombinant adenovi-
ruses encoding 4-1BBL combined with cyto-
kine-induced Kkiller cells. Immunotherapy
2015; 7: 13-20.

Shekhar S, Peng Y, Gao X, Joyee AG, Wang S,
Bai H, Zhao L, Yang J and Yang X. NK cells mod-
ulate the lung dendritic cell-mediated Thl/
Th17 immunity during intracellular bacterial
infection. Eur J Immunol 2015; 45: 2810-
2820.

Ma J, Liu H and Wang X. Effect of ginseng poly-
saccharides and dendritic cells on the balance
of Th1/Th2 T helper cells in patients with non-
small cell lung cancer. J Tradit Chin Med 2014;
34: 641-645.

Han RX, Liu X, Pan P, Jia YJ and Yu JC.
Effectiveness and safety of chemotherapy
combined with dendritic cells co-cultured with
cytokine-induced killer cells in the treatment of
advanced non-small-cell lung cancer: a sys-
tematic review and meta-analysis. PLoS One
2014; 9: e108958.

Karachaliou N, Codony-Servat J, Teixido C,
Pilotto S, Drozdowskyj A, Codony-Servat C,
Gimenez-Capitan A, Molina-Vila MA, Bertran-
Alamillo J, Gervais R, Massuti B, Moran T,
Majem M, Felip E, Carcereny E, Garcia-Campelo
R, Viteri S, Gonzalez-Cao M, Morales-Espinosa
D, Verlicchi A, Crisetti E, Chaib I, Santarpia
M, Luis Ramirez J, Bosch-Barrera J, Felipe
Cardona A, de Marinis F, Lopez-Vivanco G,
Miguel Sanchez J, Vergnenegre A, Sanchez
Hernandez JJ, Sperduti |, Bria E and Rosell R.
BIM and mTOR expression levels predict out-
come to erlotinib in EGFR-mutant non-small-
cell lung cancer. Sci Rep 2015; 5: 17499.
Hayashi T, Hideshima T, Akiyama M, Raje N,
Richardson P, Chauhan D and Anderson KC. Ex
vivo induction of multiple myeloma-specific cy-
totoxic T lymphocytes. Blood 2003; 102: 1435-
1442,

Int J Clin Exp Pathol 2016;9(11):10906-10913



