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Role of NKG2D in cytokine-induced
killer cells against lung cancer
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Abstract. It has been previously demonstrated that cyto-
kine-induced killer (CIK) cells possess potent cytotoxicity
against various cancer cells, including lung cancer cells.
However, the mechanism by which CIK cells recognize lung
cancer cells has not been understood. The interaction between
killer cell lectin like receptor K1 (NKG2D) receptor and
NKG2D ligands was demonstrated to serve an important role
in target cell killing by natural killer cells. The present study
investigated whether NKG2D receptor and NKG2D ligand
interactions are involved in the CIK-directed killing of lung
cancer cells. The expression of MICA and ULBP2 was detected
in tumor and healthy tissue samples. The expression of MICA
and ULBP2 in tumor tissue samples was higher compared with
that in the healthy control tissue. The expression of NKG2D
ligands was analyzed in A549 and Q56 cells through reverse
transcription-quantitative polymerase chain reaction and flow
cytometry. The results demonstrated that the lung cancer cell
lines markedly expressed the NKG2D ligands. Furthermore,
NKG2D ligand-expressing lung cancer cells were targeted by
CIK cells, which was partially blocked by treating CIK cells
with an antibody against NKG2D. The data of the current study
has demonstrated that the NKG2D-NKG2D ligand interaction
serves an essential role in mediating lung cancer cell killing
by CIK cells.

Introduction

Lung cancer is the most commonly diagnosed cancer and
also the leading cause of cancer-associated mortality (1). Even
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with more advanced chemotherapeutic agents and molecularly
targeted drugs, the prognosis of this disease remains poor due
to limited treatment efficacy (2,3). Previously, maintenance
therapy has been identified to be an acceptable treatment
paradigm to improve progression free survival (4). However,
data from randomized clinical trials have demonstrated that
the maintenance and consolidation therapy failed to improve
the outcomes of patients with lung cancer, and in certain cases
caused severe side effects or toxicity-associated mortality (5).
Thus, given the higher recurrence and mortality rates, novel
therapeutic strategies are warranted in order to improve the
outcome of patients with lung cancer.

Aimed at eliminating tumor cells through stimulation or
restoration of a patient's immune system, adoptive cellular
immunotherapies have attracted increasing interests. Among
them, considerable attention has been given to cytokine induced
killer (CIK) cells derived from peripheral blood for treating
various types of cancer (6). Killer cell lectin like receptor K1
(NKG2D) has been demonstrated to serve an important role in
mediating the elimination of tumor cells by cytotoxic effectors
cells (7). Previous studies have demonstrated that effector cell
recognition and the lysis of tumor cells are primarily mediated
through NKG2D activating receptor (8-10). NKG2D-mediated
cytotoxicity depends on immune cell surface expression
of NKG2D receptors and target cell expression of NKG2D
ligands (11). Previous studies have demonstrated that
increased expression of NKG2D ligands sensitizes target
cells to natural killer (NK) cell-mediated lysis (12-14). There
are two categories of NKG2D ligands (15), including MHC
class I polypeptide-related sequence (MIC) A and B, and
ULI16 binding protein (ULBP) 1, 2 and 3. It was indicated that
multiple malignancies, including primary leukemia, glioma,
and melanoma tumors, expressed ULBP, and the expression
of MICA and ULBPI1-3 were identified in almost all primary
glioma isolates, but little expression of MICB on primary
glioma was detected (16-18). Therefore, NKG2D is important
in tumor immune surveillance to prevent tumor initiation and
in immunotherapy. In the present study, the expression of
NKG2D ligands in samples from patients with lung cancer,
and in A549 and Q56 cells was investigated. The cytotoxicity
of CIK cells against A549 cell was subsequently analyzed. The
current study aimed to investigate the mechanisms underlying
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the effects of CIK cells in tumor cell elimination, in order
to improve the efficacy of CIK cell therapy in the clinical
practice.

Materials and methods

Patients. The present study conformed to The Declaration of
Helsinki and was approved by the Institute Review Committee
of the No. 2 People's Hospital of Changzhou (Changzhou,
China). Written informed consent was obtained from all
participants. Patients with lung cancer were identified from
the surgical pathology biorepository of the Department of
Thoracic Surgery at the No. 2 People's Hospital of Changzhou.
No other specific inclusion or exclusion criteria were applied
to the present study. Healthy controls were recruited from indi-
viduals who visited the No. 2 People's Hospital of Changzhou
for a routine health check-up without any history of cancer.

Cell lines. The lung cancer cell lines A549 and QG56 were
purchased from The Cell Bank of Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China). Cells were
maintained in Dulbecco's modified Eagle medium (DMEM,
HyClone; GE Healthcare Life Sciences, Logan, UT, USA)
supplemented with 100 TU/ml penicillin, 100 ug/ml strep-
tomycin and 10% fetal bovine serum (FBS; HyClone; GE
Healthcare Life Sciences). The cells were incubated at 37°C
with 5% CO,.

Generation of CIK cells. Peripheral blood mononuclear cells
(PBMCs) were isolated using density gradient centrifugation.
The blood was separated with 650 x g for 20 min at 4°C.
The CIK cells were cultured using a previously described
method (19). Briefly, PBMCs were cultured in RPMI-1640
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA
supplemented with 10% FBS and 1,000 U/ml interferon y
(Prospec-TanyTechnoGene, Ltd., East Brunswick, NJ, USA).
Following 24 h, 50 ng/ml humanized anti-cluster of differ-
entiation 3 monoclonal antibody (cat. no. TL-101; dilution,
1:10,000; Wuhan Institute of Biological Products, Wuhan,
China) and 1,000 U/ml recombinant human interleukin-2
(rhIL-2; Prospec-TanyTechnoGene, Ltd.) were added to the cell
culture. Fresh medium was added to the culture every 3 days
and rhIL-2 every 6-7 days until CIK cells were harvested
following 3 weeks of culture.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). RNA was isolated using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) according
to the manufacturer's protocol. The RT of 1 ug of RNA
into cDNA was performed using SuperScript™ II Reverse
Transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.)
and stored at -20°C until use. RT-qPCR was performed with
SYBR Premix Ex Taq (TransGen Biotech Co., Ltd., Beijing,
China) under the following cycling conditions: one cycle
at 94°C for 30 sec, 40 cycles at 94°C for 5 sec and 60°C for
30 sec. The quantification of MHC class I polypeptide-related
sequence A (MICA) and UL16 binding protein 2 (ULBP2),
two ligands of NKG2D and GAPDH (housekeeping gene used
as loading control) was performed using specific primers. The
relative amount of MICA ligands' mRNA to GAPDH mRNA
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Figure 1. mRNA expression of NKG2D ligands, MICA and ULBP2, in
patients with lung cancer (5 healthy tissue and 24 lung cancer tissue samples).
Data are presented as the mean + standard deviation. “P<0.01 for lung cancer
tissue vs. normal tissue (Student's t-test). NKG2D, killer cell lectin like
receptor K1; MICA, MHC class I polypeptide-related sequence A; ULBP2,
ULI16 binding protein 2.

(MICA/GAPDH) was used to represent the expression of
the MICA genes. Analysis of relative gene expression data
was analyzed using the 2224 methods (20). The following
primers were used: MICA forward, 5'-GAGCTCCCAGCA
TTCTACTAC-3'; reverse, 5-GGTGTCGTGGCTCAAAGA
TA-3"; ULBP2 forward, 5'- GAGAGGTGGTGGACATAC
TTAC-3"; reverse, 5'-CAAGCCATCCTATACAGTCTCC-3";
and GAPDH forward, 5'-CTATTCGATGCCGTGTATGC-3';
reverse, 5'-GCCTGGTCCAGACTTCTTTC-3".

Westernblotting. Proteins from lung cancer and para-carcinoma
tissue samples were extracted with radioimmunoprecipitation
assay lysis buffer for 30 min and centrifuged at 13,400 x g
for 10 min at 4°C. The concentration of proteins was detected
using bicinchoninic acid assay kit (Beyotime Biotechnology
Co., Ltd., Shanghai, China). A total of 40 ug proteins per
lane were separated using 12% SDS-PAGE gel and trans-
ferred to a polyvinylidene fluoride membrane at 100 V for
1 h. The membrane was blocked using 5% non-fat dry milk
for 1 h at room temperature to inhibit non-specific binding.
Subsequently, the membrane was incubated with monoclonal
rabbit anti-mouse primary antibodies directed against MICA
(cat. no. ab93170; dilution, 1:500; Abcam, Cambridge, MA,
USA) and f-actin (cat. no. 3700; dilution, 1:10,000; Cell
Signaling Technology, Inc., Danvers, MA, USA) overnight at
4°C. Next, membranes were incubated with horseradish perox-
idase (HRP)-conjugated goat anti-rabbit IgG (cat. no. sc-2004;
dilution, 1:6,000; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA) and peroxidase (HRP)-conjugated goat anti-mouse 1gG
(cat.no. sc-2005; dilution, 1:10,000; Santa Cruz Biotechnology,
Inc.) secondary antibodies for 2 h at room temperature. The
secondary antibody was detected using Pierce™ ECL Western
Blotting Substrate (Thermo Fisher Scientific, Inc.).

Cytotoxicity assay. The cytotoxicity of CIK cells against lung
cancer cell lines was analyzed using flow cytometry. CIK cells
were used for cytotoxicity assays following 21 days of culture.
Target A549 or QG56 cells were incubated with 0.1 yuM
calcein acetoxymethyl ester (Sigma-Aldrich; Merck KGaA,
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Figure 2. Expression of killer cell lectin like receptor K1 ligands in representative lung cancer tissue samples. All normal and lung cancer tissue samples are
from lung cancer patients, but due to the surgical operation, not all lung cancer tissue was pare-carcinoma tissue samples. Therefore, 5 healthy and 24 lung
cancer tissue samples were detected. (A) Western blot analysis of MICA in normal tis sue and lung cancer tissue. (B) Relative protein expression levels of
MICA. "P<0.05 vs. normal tissue (Student's t-test). MICA, MHC class I polypeptide-related sequence; NC, normal control.

Darmstadt, Germany) at 37°C for 15 min in the dark prior to
washing twice in ice-cold DMEM supplemented with 10%
FBS. A total of 5,000 cells/well were re-suspended in DMEM
containing 10% FBS and seeded into 96-well plates. CIK cells
were added in at distinct effect or: Target (E:T) ratios of 1,
5 and 10, in a final volume of 200 ul. The cells were incubated
in the dark for 10 h at 37°C prior to washing with PBS, then
cells were resuspended in 100 pl of 1X binding buffer (10 mM
HEPES/NaOH, 140 mM NaCl, 2.5 mM CacCl,, pH 7.4), and
mixed with 10 gl of 7-amino-actinomycin D (Molecular
Probes; Thermo Fisher Scientific, Inc.). Cells were analyzed
using flow cytometry following 15 min of incubation at room
temperature in the dark. The cytotoxic activity of CIK against
the target cells was expressed as a percentage of specific
lysis as calculated using the following formula: % specific
lysis=(CT-TE/CT) x100, where CT is the percentage of viable
target cells in the absence of CIK cells and TE is the percentage
of viable fluorescent target cells incubated with CIK cells.
In blocking experiments, the CIK cells were incubated with
10 pg/ml anti-NKG2D antibodies (cat. no. ab203353; Abcam,
Cambridge, MA, USA) at 37°C for 30 min prior to being added
to the wells containing target cells.

Flow cytometry. The expression of NKG2D ligands in
lung cancer cell lines was examined using flow cytometry

(BD FACSCanto™ II; BD Biosciences, Franklin Lakes, NJ,
USA) following staining with monoclonal antibodies against
MICA/B (cat. no. 53-5788; dilution, 1:200; eBioscience, Inc.,
San Diego, CA, USA) and ULBP1, ULBP3 and ULBP2 (all
R&D Systems, Inc., Minneapolis, MN, USA) at 37°C for 1 h.
The data was analyzed using Flow Jo software (version 7.6;
Tree Star, Inc., Ashland, OR, USA).

Statistical analysis. All statistical analyses data were presented
as the mean + standard deviation. Student's t-tests were used
to compare the differences between two groups. P<0.05 was
considered to indicate a statistically significant difference.
Statistical analyses were performed using Prism software
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

Expression of NKG2D ligands and ULBP2 on lung cancer
tissue samples. In the present study, the expression of MICA and
ULBP2, which are both ligands of NKG2D was determined in
lung cancer tissue samples. The results suggest that lung cancer
tissue express higher levels of MICA mRNA (P=0.003; n=24)
and ULBP2 (P=0.00; n=24) compared with healthy tissue (n=>5;
Fig. 1). The expression of MICA protein in cancer tissue was
also increased compared with healthy tissue (P=0.034; Fig. 2).
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Figure 3. Expression of NKG2D ligands and human leukocyte antigen class I molecules on QG56 and A549 lung cancer cell lines. Cells were incubated with
antibodies against MICA/B and ULBP1, ULBP3 and ULBP2. The data was then analyzed using Flow Jo software. NKG2D, killer cell lectin like receptor K1;
MICA, MHC class I polypeptide-related sequence A; ULBP, UL16 binding protein.
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Figure 4. mRNA expression of NKG2D ligands, MICA and ULBP2 in lung
cancer QG56 and A549 cell lines. Data are presented as the mean + standard
deviation. “P<0.01 for QG56 vs. A549 cell line (Student's t-tests). NKG2D,
killer cell lectin like receptor K1; MICA, MHC class I polypeptide-related
sequence A; ULBP2, ULI16 binding protein 2.

Expression of NKG2D ligands in lung cancer cell lines.
NKG2D ligands expressed in tumor cells have previously
been demonstrated to activate the anti-tumor activity of
lymphocytes, with the cytotoxicity being correlated with the
ratio between NKG2D ligands and (human leukocyte antigen)
HLA class I molecules (11). The expression of NKG2D ligands
MHC Class I molecules and ULBP son lung cancer cell lines
A549 and QGS56 was examined in the present study. The results
suggested that both cell lines expressed MICA, but the A549
cells expressed a higher level of MICA compared with QG56
cells (P=0.01; n=3; Figs. 3 and 4). However, the expression of
ULBP2 between A549 and QG56 was the same (P=0.8; n=3;
Figs. 3 and 4).

NKG2D is involved in the CIK-mediated lysis of lung cancer
cells. To investigate whether the NKG2D-NKG2D ligand
interaction is involved in CIK cell-mediated recognition and
cytolysis of lung cancer cells, the cytotoxic effect of CIK cells
on the NKG2D ligand-expressing lung cancer A549 cell line
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Figure 5. Involvement of NKG2D in CIK-mediated lung cancer cell lysis.
The cytotoxicity effects were measured in A549 cells treated with CIK cells
with and without anti-NKG2D antibody pretreatment. The percentage of
cytotoxicity increased as the E:T ratio increased. The cytotoxic activity of
CIK against the target cells was expressed as a percentage of specific lysis as
calculated using the following formula: % specific lysis=(CT-TE/CT) x 100,
where CT is the percentage of viable target cells in the absence of CIK cells
and TE is the percentage of viable fluorescent target cells incubated with
CIK cells. Data are presented as the mean + standard deviation. "P<0.05 for
E:T ratio of 10 vs. E:T ratio of 1 (Student's t-test). CIK, cytokine-induced
killer; NKG2D, killer cell lectin like receptor K1; E:T, effector: target ratio.

was investigated. The CIK cells caused cytolysis of A549 cells
with 60+8.6% specific killing, which decreased (30+3.2%)
following pretreatment of CIK cells with anti-NKG2D anti-
body (P=0.014; Fig. 5). This result suggests that the specific
killing of lung cancer cells by CIK cells is partially mediated
by NKG2D-NKG2D ligand interactions.

Discussion

The NKG2D-NKG2D ligand signaling pathway serves an
important role in anti-tumor immunity, with NKG2D as the
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main activating receptor of NK cells that induces anti-tumor
effects (15,21). NKG2D ligands are expressed on the surface
of tumor cells. NKG2D has been revealed to trigger natural
immune cell-mediated cytotoxicity against a variety of
tumor cells (22,23), but NKG2D-mediated cytotoxicity
requires NKG2D ligands expressed on target cells and the expres-
sion of NKG2D receptors on the surface of immune cells (11).

CIK cells are heterogeneous cells: NKG2D is expressed
on the surface of all NK cells and certain T cells (24). CIK
cells expressing the NKG2D receptor may be important in
targeting and eliminating malignant cells. Previous data
supports the notion that NKG2D ligands affect the outcomes
of immune cells (11). The present study demonstrated that
NKG2D ligands were expressed on the surface of lung cancer
cell lines. Furthermore, that lung cancer tissue samples from
patients expressed higher level of NKG2D ligands MICA and
UBP2, which may serve an essential role in the recognition
of lung cancer cells by immune cells. CIK cells demonstrated
cytotoxicity against A549 cells in vitro, which was partially
blocked by anti-NKG2D antibodies.

In conclusion, the present study has demonstrated that
NKG2D ligands are expressed in lung cancer tissue samples
and cell lines. The results presented suggest that the interac-
tion between NKG2D-NKG2D ligand underlies the killing of
lung cancer cells by CIK cells.
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