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Abstract

Background: Nature killer (NK) cells play an important role in anti-tumor immunotherapy. But it indicated that tumor cells
impacted possibly on NK cell normal functions through some molecules mechanisms in tumor microenvironment.

Materials and methods: Our study analyzed the change about NK cells surface markers (NK cells receptors) through
immunofluorescence, flow cytometry and real-time PCR, the killed function from mouse spleen NK cell and human high/low
lung cancer cell line by co-culture. Furthermore we certificated the above result on the lung cancer model of SCID mouse.

Results: We showed that the infiltration of NK cells in tumor periphery was related with lung cancer patients’ prognosis. And
the number of NK cell infiltrating in lung cancer tissue is closely related to the pathological types, size of the primary cancer,
smoking history and prognosis of the patients with lung cancer. The expression of NK cells inhibitor receptors increased
remarkably in tumor micro-environment, in opposite, the expression of NK cells activated receptors decrease magnificently.

Conclusions: The survival time of lung cancer patient was positively related to NK cell infiltration degree in lung cancer.
Thus, the down-regulation of NKG2D, Ly49l and the up-regulation of NKG2A may indicate immune tolerance mechanism
and facilitate metastasis in tumor environment. Our research will offer more theory for clinical strategy about tumor
immunotherapy.
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Introduction

Lung cancer is one of the most common malignant tumors in
the world, which has high morbidity and mortality and accounts
for about 25.4% of all tumors. It has been an upward trend of the
incidence rate in recent years [1-4]. The American Cancer
Society released data show that 222,520 cases of respiratory cancer
and 157,300 cases of death in 2010, which is in the first place of
morbidity and mortality of all malignant tumors [5]. A clinical
statistics of stage IV NSCLC in China showed that the 1-, 2-, 3-, 4-
and 5-year survival rate was 44%, 22%, 13%, 9% and 6%
respectively [6]. Currently, surgical resection is still the main
method to prolong the survival time of lung cancer, but the
invasion and metastasis of lung cancer is the biggest obstacle to
improve the efficacy of the prognosis of lung cancer. For in-depth
study of lung cancer malignant behavior and focus on compre-
hensive treatment of metastatic lung cancer, it is necessary to
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establish appropriate animal model to study lung cancer recur-
rence and metastasis and its comprehensive therapy.

Natural killer (NK) cell, also known as large granular
lymphocytes, is an independent and non-specific immune cell. It
has no MHC restriction to target cells recognition and destruction,
and it can directly kill tumor cells and virus-infected target cells
without antigen pre-sensitized [7,8]. It also can produce a large
number of immune-active cytokines to enhance or expand its anti-
tumor effect, which can be regarded as the first line of the host
defense system [9]. Several experimental evidences demonstrated
the important role of NK cells in the elimination of tumor cells.
Vivier et al report that a low NK cell cytotoxicity in peripheral
blood was correlated with an increased cancer risk [10].
Furthermore, NK cells infiltrating in the tumor tissue was
associated with good prognosis in colorectal [11], gastric [12],
and lung [13] cancers.
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Table 1. NK cells phenotype expressed in different pathological type of lung cancer.

NK cellular infiltration extent

Pathological type Total b4 P value
Gradel Grade2 Grade3

CD56 37(44.0%) 19(22.6%) 28(33.3%) 84(100.0%) 0.126 0.998

cD16 38(45.2%) 19(22.6%) 27(32.1%) 84(100.0%)

CD56CD16 38(45.2%) 20(23.8%) 26(31.0%) 84(100.0%)

doi:10.1371/journal.pone.0109976.t001

With the development of tumor formation, malignant tumor
cells and infiltrating immune cells interact and composed the
tumor micro-environment. Most of studies published showed that
a large number of immune cells infiltrating into tumor tissue
played an important role in improving tumor prognosis [14,15].
But as we all known, the prognosis of lung-associated malignancies
is very terrible, even though there are many immune cells in the
lung. We want to know if there is a differential composition of the
immune cell infiltrate in malignant and non-malignant lung tissue
areas, and even might potentially contribute to this effect.
Esendagli G et.al found that in non-small cell lung cancer
(NSCLC) patients, NK cells were not almost found in the
malignant tissue regions, non-malignant counterparts were selec-
tively populated by NK cells and those NK cells showed strong
cytotoxic activity ex vivo [16].

So the impact of NK cell receptor expression and function may
be different caused by the interaction between NK cells and tumor
in the tumor micro-environment. By exploring NK cells in the
body and/or lung cancer micro-environment, discuss its distribu-
tion, receptor expression, functional status with lung cancer
invasion, metastasis and prognosis, clarify the mechanism of NK
cells involved in lung cancer micro-environment from the cellular
and molecular levels.

Figure 1. Immune fluorescence detecting the phenotype of NK
cells in lung cancer tissues. The infiltrated NK cells in the lung
cancer tissue were mainly concentrated in the tumor stroma. NK cells
shows with CD56 single positive (green fluorescence), CD16 single
positive (red fluorescence) and CD56CD16 double positive (yellow
fluorescence) in the lung cancer stroma tissue.
doi:10.1371/journal.pone.0109976.9001
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Materials and Methods

Tumor Samples and Ethics Statement

This study was conducted according to the principles expressed
in the Declaration of Helsinki. All tumor samples used in this study
were obtained from Tianjin Lung Cancer Institute and depart-
ment of pathology in Tianjin Medical University General
Hospital. All patients provided written informed consent for the
collection of samples and subsequent analysis. And the study was
approved by the Institutional Ethics Committee of Tianjin
Medical University General Hospital.

Paraffins Specimen and Frozen tissue origin of Lung
cancer

Patients will be eligible for participation in the induction phase
of the study if they have: histologic or cytologic diagnosis of
NSCLC (including squamous carcinoma, adenocarcinoma and
large cell carcinoma); no prior systemic chemotherapy, radiother-
apy and biotherapy for lung cancer before surgery; no other
cancer history; and =80 years of age.

Paraffins Specimen samples were collected from 84 patients
diagnosed with lung cancer between Januarylst 2008 and January
31st 2011 (64 men and 20 women). The median age of patients
was 60.7%7.9 years (range 40 to 78 years). There are different
pathology types: 37 squamous carcinoma patients, 37 adenocar-
cinoma patients and 10 large cell carcinoma patients. At the time
of diagnosis, patients were assessed according to the AJCC/UICC
the sixth classification edition as follows: stage IIA-1 patients, stage
IIB- 4 patients, stage IIIA-58 patients, stage I1IB-12 patients, stage
IV-9 patients. The samples were applied from Tianjin Medical
University Pathology Department.

Frozen tissue samples were generated from 66 surgical samples

Figure 2. CD56'CD16" NK cell infiltration extent in different
pathological type of lung cancer. A. Lung squamous carcinoma; B.
Lung adenocarcinoma; C. Large cell lung cancer. The expression of NK
cells in squamous cell carcinoma was significantly higher than in
adenocarcinoma and large cell carcinoma.
doi:10.1371/journal.pone.0109976.9002
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Table 2. CD56"CD16*NK cells infiltration extent in different pathological type of lung cancer.

CD56'CD16'NK cellular infiltration extent

Pathological type Total b4 p value
Grade1 Grade2 Grade3

squamous cell carcinoma 9(24.3%) 12(32.4%) 16(43.2%) 37(100.0%) 11.800 0.019*

adenocarcinoma 23(62.2%) 6(16.2%) 8(21.6%) 37(100.0%)

Large cell cancer 5(50.0%) 1(10.0%) 4(40.0%) 10(100.0%)

Total 37(44%) 19(22.6%) 28(33.3%) 84(100.0%)

*p<<0.05, Difference have statistical significance.
doi:10.1371/journal.pone.0109976.t002

with lung cancer between Januarylst 2008 and Januarylst 2011.
There are including 52 men and 14 women. The median age of
patients was 60.5*%8.4 years (range 40 to 78 years). There were
including different pathology types: 28 squamous carcinoma
patients, 28 adenocarcinoma patients and 10 large cell carcinoma
patients. The patients were assessed according to the AJCC/
UICC the sixth classification edition as follows: stage IIA-1
patients, stage IIB-4 patients, stage IIIA-45 patients, stage II1IB-9
patients, stage IV-7 patients. The samples were applied from
Tianjin Lung Cancer Research Institute.

Immunofluorescence

Immunophenotypes analysis of CD56 and CD16 were done as
follow. In brief, the formalin-fixed, paraffin-embedded sections
(4 um) were warmed by ovenware for 45 min, then deparaffinized
in xylene and rehydrated in a graded series of ethanol solutions.
The sections were subsequently submerged in citric-sodium citrate

buffer solution (pH 7) and microwave at high fire for 5 min, low
fire for 15 min, and natural cooling to room temperature to
retrieve the antigenicity. Endogenous peroxidase was quenched
with 3% HyO, for 30 min. After washing with PBS, the sections
were incubated with 2% BSA for 2 hours in room temperature
and then incubated with CD56 and CD16 antibody (Santa Cruz,
diluted at 1:100) overnight at 4°C. The sections were incubated
with mouse anti-goat and goat anti-mouse fluorescence antibody
(Santa Cruz, diluted at 1:200) for 35 min and the DAPI for 5 min.
After washing with PBS fourth times, the sections were mounting
by glycerol (PH 9.0). The red fluorescence expressed CD56", the
green fluorescence expressed CDI16", the blue fluorescence
expressed cell nucleus. We can find the CD56" and/or CD16*
expressing in the NK cell. The SPOT image analysis software was
used in the analysis process. The percentage of CD56 and/or
CD16 positive cells was determined by counting per section. The
NK cell count of per view field was scored according to the
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Table 3. The clinical features of lung cancer patients and NK cell infiltration extent.
Clinical features Cases CD56'CD16"'NK cellular infiltration extent 22 p value
Gradel Grade2 Grade3

Sex
Male 64 29(45.3%) 16(25.0%) 19(29.7%) 1.843 0.398
Female 20 8(40.0%) 3(15.0%) 9(45.0%)

Age
=60 39 18(46.2%) 7(17.9%) 14(35.9%) 0.919 0.632
>60 45 19(42.2%) 12(26.7%) 14(31.1%)

Smoking history
no 27 13(48.1%) 1(3.7%) 13(48.1%) 9.066 0.011*
have 57 24(42.1%) 18(31.7%) 15(26.3%)

Primary tumor(T1-4)
T1-T2 38 23(60.5%) 7(18.4%) 8(21.1%) 7.958 0.019*
T3-T4 46 14(30.4%) 12(26.1%) 20(43.5%)

Regional lymph node (NO-3)
NO-N1 17 4(23.5%) 7(41.2%) 6(35.5%) 5.307 0.070
N2-N3 67 33(49.3%) 12(17.9%) 22(32.8%)

Metastasis (M0-1)
Mo 75 34(45.3%) 18(24.0%) 23(30.7%) 2.346 0.309
M1 9 3(33.3%) 1(11.1%) 5(55.6%)
Total 84 37(44%) 19(22.6%) 28(33.3%)

*p<0.05, Difference have statistical significance.

doi:10.1371/journal.pone.0109976.t003
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Figure 3. The survival time of different NK cell infiltration
extent in the lung cancer. The survival time of lung cancer patient
was positively related to NK cell infiltration degree in lung cancer. The
more infiltration of NK cells were existed, the longer the survival time of
patients did. The patients in level 3 group have the longest survival
time. Among three groups statistical significance are exit. (p =0.030)
doi:10.1371/journal.pone.0109976.9g003

following criteria: +, the NK cell counts of per view field<<10; ++,
the NK cell counts of per view field>10, <20; +++, the NK cell
counts of per view field>20. All fields in per section in three
independent experiments were calculated.

RNA extraction, cDNA synthesis, and DNA isolation

The total RNA was extracted with the Trizol reagent
(Invitrogen, Carlshbad, CA) according to the manufacturer’s
protocol. The total RNA was digested with R Nase-free D Nase-
I (Promega, Madison, USA) and used for cDNA synthesis with the
reverse transcriptase system (Takara Biotech, Dalian, China).

Quantitative real-time PCR

The cDNA synthesis was performed as described above. The
specific primer of RT experiment were as follow: NKI.1:5'-
TCTCTTGAATAAACACACAGCAT -3', NKG2A: 5'- CTGA-
GAAGGATTTTG -3', NKG2D: 5'- TTCTCACAGTTCCTCT
-3', LY49I: 5'- TTCTATTCTTGCTTTAG -3'. The primer
pairs and GAPDH primer pairs were used for Q-PCR with the
SYBR Premix Ex Taq RT-PCR Kit (TaKaRa, Dalian, China) in
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a ABI PRISM 7900 Real-time System (Bio-Rad) with the
following conditions: 95°C for 30 s, 40 amplification cycles
(95°C for 5 s and 60°C for 30 s) and a melting cycle from 60°C
to 95°C. The data was analyzed using the ABI PRISM 7900
Manager software. All reactions were performed with three
technical replicates.

Cell

The high and low metastasis large cell lung cancer cell lines
L9981-Luc and NL9980-Luc from Tianjin Lung Cancer Institute
[17,18] were maintained in RPMI 1640 medium (Hyclone,
America) containing 10% fetal bovine serum (FBS), 100 U/ml
penicillin and 100 pg/ml streptomycin (Hyclone, America) in a
fully humidified incubator (Nuaire, US Autoflow) at 37°C with 5%
COy. The cells were kept in an exponential growth phase during
experiments.

SCID model

SCID (severe combined immune deficiency) mice purchased
from Chinese academy of medical sciences animal institutions
were housed in pathogen-free animal facilities. Female mice used
were 5—7 wk of age at the experiment’s inception. Female SCID
mice (16 animals for each experimental group) were inoculated
subcutaneously into the right inguen with 2¥10° cells suspended in
150 ul of PBS. Nine animals in control group had no inoculation.
Tumor sizes were measured every 7 days and their fluorescence
intensity were measured with America’s true essence of living
imaging system (XENOGEN 1IVIS200). After 6 weeks of
observation, dissection was performed and explanted tumors,
lungs and spleen were removed for the further analysis. These
experiments were repeated at least twice to confirm the results.
The animal experimental protocols were approved by the
Committee for Ethics of Animal Experimentation and the
experiments were conducted in accordance with the Guidelines
for Animal Experiments in Tianjin Medical University Cancer
Research Center.

Lymphocyte collect and Flow Cytometry detect

The lungs and spleens were polished into pieces. Then the
lymphocytes collect were extracted with the Lymphocyte Separa-
tion Medium (Shenzhen, China) according to the manufacturer’s
protocol. Percentages of NK cells were evaluated and separated
with flow cytometry using monoclonal antibodies (MoAbs) anti-
CD3~ FITC/NKI.1* PE (BD Phamingen, San Di ego, CA).
During analysis, the CD3~/NK1.1* Population was determined.
To determine the surface expression of the NK cell ligands on NK
cells, the cells were then stained with the goat anti-mouse NK1.1-
FITC, CD3- Alexa Fluor 647, NKG2A-FITC, NKG2D-PE,
Ly49I-PE (BD Phamingen, San Di ego, CA) for 30 min at 37°C in

Table 4. NK cells infiltrating extent in the lung cancer and overall survival time.

Survival Time(months)

NK cell Chi-Square p value
<12 (m) 13~24(m) >25 (m) Overall

Level 1 10(27.0%) 21(56.8%) 6(16.2%) 37 7.017 0.030*

Level 2 4(21.1%) 9(47.4%) 6(31.6%) 19

Level 3 2(7.1%) 14(50.0%) 12(42.9%) 28

Overall 16(19.0%) 44(52.4%) 24(28.6%) 84

*p<<0.05, Difference have statistical significance.
doi:10.1371/journal.pone.0109976.t004
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the dark. The analysis was performed on the FACS Sort (Becton
Dickinson, Mountain View, CA) using Cell Quest software
(Becton Dickinson) and the cell surface expression was quantified
by the value of the mean fluorescence intensities obtained with the
specific mAbs.

Co-culture

Purified NK1.17/CD3™ NK cells (activated with 100U/ml IL-2
during 2 h) from mouse spleen were co-cultured with lung cancer
cell line 1.9981-Luc/NL9980-Luc as (A)0.25:1, (B)0.5:1, (G)1:1 and
(D)2:1 for 24, 48, 72 hours. After co-culture, the fluorescence
intensity of NK cells was measured with America’s true essence of
living imaging system.

Quantitative real-time PCR

RNA was isolated from explanted tumors via Trizol and
reverse-transcribed using special priming (Invitrogen). Quantita-
tive RT-PCR was performed on an ABI PRISM 7900 instrument,
using SYBR green assays. The specific primers are listed in the
following (T'able 1). The amplification was performed as follows.
After initial denaturation step at 95°C for 30 seconds, templates
were denatured at 95°C for 5 seconds, primers were annealed and
DNA extension was performed at 60°C for 30 seconds (each cycle
was repeated 40 times). The expression of target genes was
compensated using the expression of GAPDH and presented by
the expression ratio between untreated control cells and treated
cells.

Statistical analysis

Experiments were performed three times. The Data are
presented as mean values = SD. The statistical evaluation was
performed using one-way ANOVA tests or rank-sum test when
measurement data is Gaussian distribution with the SPSS
Software system, version 17.0. If the data is enumeration data,
Chi-square test was used. P values of less than 0.05 were
considered statistically significant. Overall survival rate was

CD56

p=0.046

i Ll
ADC sac LCcC
Histologic type
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compared by Kaplan-Meier survivorship curve, Log-rank rank-
sum test used among groups.

Results

NK cell localization and morphology characteristic in

lung cancer micro-environment

The infiltrated NK cells in the lung cancer tissue were mainly
concentrated in the tumor stroma, constituting the tumor micro-
environment (Fig.1). In NSCLC tissues, CD56" NK cells with 1, 2
and 3 degree of infiltration were 44.0%, 22.6%, 33.3%, CD16*
NK cells were 45.2%, 22.6%, 32.1%, and CD56"CD16* NK cells
were 45.2%, 23.8%, 31.0%, respectively. No significant difference
was observed ($>0.05) among NK cells with CD56 single positive,
CD16 single positive and CD56CD16 double positive in the lung
cancer tissue (Table 1).

NK cell infiltration and lung cancer patients clinical
pathology physiological feature

The 1, 2 and 3 degree with CD56"CD16" NK cell infiltration
were 24.3%, 32.4%, 43.2% in squamous cell carcinomas, and
62.2%, 16.2%, 21.6% in adenocarcinoma and 50.0%, 10.0%,
40.0% in large cell lung cancer, respectively. There was significant
difference of CD56"CD16" NK cell infiltration degree between
different pathological types of lung cancer (p=0.019) (Fig.2,
Table 2). The expression of NK cells in squamous cell carcinoma
was significantly higher than in adenocarcinoma and large cell
carcinoma. The 1, 2 and 3 degree with NK cell infiltration were
48.1%, 3.7%, 48.1% in lung cancer patients with no history of
smoking, were 42.1%, 31.7% and 26.3% in patients with smoking
history. Smoking history of lung cancer patient is related to NK
cell infiltration degree (p =0.011). The 1, 2 and 3 degree with NK
cell infiltration were 60.6%, 18.4%, 21.1% in the T1-T2 cancer,
and 42.1%, 31.7%, 43.5% in the T3-T4 cancer, respectively. A
significant difference of NK cell infiltration degree was found
between different size of the tumor (p =0.019) (Table 3).

5 CD16
4
| p=0.039 |
3 l |
<
=
o
E
A
7 ° .
J = =
ADC sac Lee

Histologic type

Figure 4. NK cells phenotype mRNA expression levels in different histologic type of lung cancer. NK cells receptors CD56 and CD16
phenotype mRNA in different histologic types of lung cancer have statistical significance.

doi:10.1371/journal.pone.0109976.g004
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Figure 5. Transplanted tumors-lung metastasis models of high (L9981)/low (NL9980) metastatic human large cell lung cancer cell
lines. A: Living fluorescence imaging detect mouse model (the left is the right inguen subcutaneously tumor for 1 week and the middle is for 6
weeks after injection, the right is the lung metastases tumors in six weeks after inoculation.), B: Growth curve of subcutaneously transplant tumor in
SCID mouse, C: lung metastases luminescence imaging of tumor-bearing mouse in vitro, D: The comparison of luminescence value between
transplanted tumor and lung metastases of high (L9981)/low (NL9980) metastatic human large cell lung cancer cell lines.
doi:10.1371/journal.pone.0109976.9g005
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Figure 6. NK1.1" CD3~ NK cell receptor expression in lung and
spleen of different groups. NK1.1°CD3~ NK cells in lungs of high-
metastatic group were significantly higher than that in spleen
(p=0.003). NK1.1"CD3™ NK cells in spleen of high-metastasis group
(0.10*.06) were significantly lower than that in low-metastasis group
(p=0.017) and control group (p=0.025).
doi:10.1371/journal.pone.0109976.g006

NK cell infiltration and lung cancer patients prognosis
The survival time of lung cancer patient was positively related to

NK cell infiltration degree in lung cancer. The more infiltration of

NK cells were existed, the longer the survival time of patients did

(p =0.030) (Fig.3, Table 4).

Real-time PCR confirm NK cell infiltration extent in lung
cancer

The differences of NK cell receptors CD56 and CD16 mRNA
expression between different pathological types of lung cancer was
detected and verified by Real-time PCR. We found that NK cells
phenotype mRNA in different histologic type of lung cancer have
statistical significance (Fig.4). This is in according with the result of
the histology.

Transplanted tumors-lung metastasis models established

Transplanted tumors-lung metastasis models were successful
established in SCID mouse with high (L9981)/low (NL9980)
metastatic human large cell lung cancer cell lines. The distant
metastasis of the xenograft tumor was detected by fluorescence
imaging in vitro (Fig.5A). Compared with low-metastatic group
(6.84x10°+3.26x10%), the lung metastases fluorescence value of
mice in the high-metastatic group (30.97x10°=14.3x10°% was
remarkably higher than that in low-metastatic group (p =0.035)
(Fig.5B, C, D).

NK cell phenotypic modulation in lung cancer micro-
environment

NKI1.1"CD3~ NK cells in lungs of high-metastatic group
(3.40£0.90) were significantly higher than that in spleen
(0.10+0.06) (p=0.003). NK1.I"CD3~ NK cells in spleen of
high-metastasis group (0.10%£0.06) were significantly lower than
that in low-metastasis group (1.66%0.82) and control group
(3.80%2.05) (p=0.017, p =0.025) (Fig.6).

NKG2D expression level of NK cells from spleen in high-
metastasis group (4.17£0.85) were remarkably lower than that in

PLOS ONE | www.plosone.org
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control group (7.80%2.67) (p=0.034) and low-metastasis group
(6.00%0.96) (p =0.040) (Fig.7B).

NKG2A expression level of NK cells from lung (5.13%£2.36) was
significantly higher than that from spleen (1.47%0.68) in high-
metastatic group (p =0.007) (Fig.7C). NKG2A expression level of
NK cells from lung in high-metastatic group (5.13%2.36) were
significantly higher than that in low-metastatic group (4.70%=1.96)
and control group (0.73%0.26) (p =0.000) (Fig.7A).

Ly49I expression level of NK cells from lung in high-metastatic
group (4.82%1.78) was remarkably up-regulated than that in
spleen (1.50%x0.10) (p=0.003) (Fig.7C). The Ly49I expression
level of NK cells from the lung (2.79%0.40) was significantly
higher than that from the spleen (1.13%+0.40) in control group
(p=0.033) (Fig.7E). Ly49I expression level of the NK cells from
the lung in high-metastatic group (4.82%1.78) and low-metastatic
group (6.11*2.23) was significantly higher than that in control
group (2.79%0.40) (p =0.000) (Fig.7A). Ly49I expression level of
NK cells from the spleen in low-metastatic group (3.40%1.00) was
remarkably higher than that in high-metastatic group (1.50%=0.10)
(p=10.010) and control group (1.13%0.40) (p = 0.004) (Iig.7B).

NK cell lethal effect in lung cancer micro-environment

NKI1.1'CD3~ NK cells activated by IL-2 in vitro have
significant cytotoxic activity to high/low metastatic lung cancer
large cells. A significant difference was observed between different
effector-target ratio (p =0.005, p=0.017). NK cells had higher
cytotoxic activity to NL9980 than that to L9981 in the same
effector-target ratio (p =0.035) (Table 5).

NK cell receptor mRNA expressing in subcutaneously

transplanted tumor of mouse

In the transplanted tumors of tumor-bearing group, NKG2D
expression level of NK cells in high-metastasis group was
significantly higher than that in low-metastasis group (p =0.018),
and the Ly49I expression level of NK cells in high-metastasis
group was also remarkably higher than low-metastasis group
(p=10.001). However, no significant difference of the NK1.1 and
NKG2A expression level of NK cells was existed between high and
low metastasis group ($>0.05) (Iig.8).

Discussion

This study revealed that NK cells infiltration and NK cells
receptor expression change in NSCLC tumor environment. From
our research, we found that the NK cells infiltrated mainly in the
tumor stroma, constituting the tumor micro-environment. These
observations are in agreement with previous observations demon-
strating that lung tumor micro-environment [16]. In addition, we
got the surprise that the number of NK cell infiltrating in lung
cancer tissue is closely related to the pathological types, size of the
primary cancer, smoking history and prognosis of the patients with
lung cancer.

Previous literature implied that some molecules expressing in
the tumor and some mediums released from tumor commonly led
to tumor escape mechanisms from NK cell immunological
surveillance [19,20]. There are high levels of non-classical MHC
I molecular HLA - E and HLA - G in the tumor cell surface. They
were NK cell activation CD94/receptor NKG2A and cell surface
immune globulin sample transcription molecular 2 (ILT2)
inhibitory ligand, which can restrain NK cell damage function
[21-23]. At the same time, tumor cells can secrete some tumor
suppressor factors inhibition of NK cell function, such as IL-10
[24] and TGF-B [25]. Surrounding the tumor infiltrating NK cell,
some special changes in some other human tumors had been
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Figure 7. NK cell phenotypic modulation in lung cancer micro-environment. A: NKG2A expression level of NK cells from lung in high-
metastatic L9981 group were significantly higher than that in low-metastatic NL9980 group and control group (p =0.000). Ly49I expression level from
the lung in L9981 group and NL9980 group was significantly higher than that in control group (p =0.000) B: NKG2D expression level of NK cells from
spleen in L9981 group (4.170.85) were remarkably lower than that in control group (p =0.034) and NL9980 group (p =0.040). Ly49l expression level
in NL9980 group was remarkably higher than that in L9981 group (p=0.010) and control group (p =0.004). C: NKG2A expression level of NK cells from
lung was significantly higher than that from spleen in high-metastatic L9981 group (p =0.007) and Ly49I expression level from lung was remarkably
up-regulated than that in spleen (p =0.003) D: No significant difference of all the receptors expression level of NK cells was existed in low metastasis
NL9980 group. E: The Ly49I expression level of NK cells from the lung was significantly higher than that from the spleen in control group (p =0.033).
doi:10.1371/journal.pone.0109976.9g007

Table 5. Detection of NK cell cytotoxicity by luminescence in vitro.
Group Time (h) Luminescence value(E+05) p value
0.25:1** 0.5:1%* e 2k Control
L9981 group 24 181£49.7 160+20.3 123£11.7 99+7.2 221+18.7 0.005* 0.035*
48 174£19.0 150+35.4 105£10.7 67+7.6 224+26.7
72 185+18.9 149+35.2 102+11.2 64+12.6 246+26.9
NL9980 group 24 131+46.7 122+19.0 113+54 1129 123+10.7 0.017*
48 124141 119*+11.4 113+84 18*£5.6 125159
72 132+14.0 123+10.7 102+8.9 14+58 142+17.0
*p<0.05, Difference have statistical significance.
**NK cell: lung cancer cell.
doi:10.1371/journal.pone.0109976.t005
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Figure 8. NK cell different receptors mRNA expressing in subcutaneously transplanted tumor of mouse. NKG2D expression level of NK
cells in high-metastasis L9981 group was significantly higher than that in low-metastasis NL9980 group (p =0.018), and the Ly49l expression level of
NK cells in L9981 group was also remarkably higher than NL9980 group (p =0.001). No significant difference of the NK1.1 and NKG2A expression level

of NK cells was existed between high and low metastasis group.
doi:10.1371/journal.pone.0109976.g008

researched. In kidney cancer, the NK cell within tumor only was
activated by IL-2 stimulation could have the target cell solution
function. And to the same patients there were significant
differences between the peripheral blood NK cell phenotype with
in tumor [26-28]. The NK cell surface receptor DNAM-1, 2B4,
CD16 expression reduced in ovarian cancer, which can result in
the NK cell activation function were badly damaged [29].

Our research result prompt that the activated receptor of NK
cells 1s down-regulated and inhibitory receptor of NK cells is up-
regulated in the transplanted tumor and the distant metastatic
lesions of human large cell lung cancer cell lines, which might be
the main reason leading to NK cell killing ability decreased.

NKG2D is a receptor for MHC class I chain-related A and B
molecules, which are frequently expressed by epithelial cancers.
Ligation of NKG2D induces anti-tumoral effector functions in
both NK and T cells. NKG2D recognition plays an important role
in tumor immune surveillance [30] and that NKG2D primarily
acts to trigger perforin-mediated apoptosis [31]. Our research
verified that NKG2D expression level of NK cells from spleen in
high-metastasis group were remarkably lower than that in control
group (p=0.034) and low-metastasis group (p=0.040). In the
transplanted tumors of tumor-bearing group, NKG2D mRNA
expression level of NK cells in high-metastasis group was
significantly higher than that in low-metastasis group (p =0.018).

PLOS ONE | www.plosone.org

NKG2A is an inhibitory NK receptor that has been reported to
form disulfide-linked heterodimers with invariant CD94. The
NKG2A ligand has been identified as HLA-E, a non-classical
MHC class-I b molecule that is widely distributed among various
tissues, exhibits relatively low surface expression, and has limited
polymorphism [32]. The inhibitory receptor CD94/NKG?2A plays
a major role in NK cell-mediated lysis of activated CD4"T cells
[33]. NKG2A expression level of NK cell from lung was
significantly higher than that from spleen in high-metastatic group
(p=0.007). NKG2A expression level of NK cells from lung in
high-metastatic group were significantly higher than that in low-
metastatic group and control group (p =0.000). Thus, the down-
regulation of NKG2D and the up-regulation of NKG2A may
indicate immune tolerance mechanism and facilitate metastasis in
tumor environment.

Interaction of MHC class I with the Ly49 receptors prevent the
activation of NK cells and thereby the lysis of the target cell. Thus,
NK cells utilize the Ly49 receptors to differentiate ‘self’ from
‘missing-self °. Loss of MHC class I molecules on target cells
relieves the NK cell of Ly49-mediated inhibition, thus allowing the
NK cells to mediate cytotoxicity [34]. The Ly49I expression level
of NK cells from the lung was significantly higher than that from
the spleen in control group (p = 0.033). Ly491 expression level of the
NK cells from the lung in high-metastatic group and low-metastatic
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group was significantly higher than that in control group (p = 0.000).
In the transplanted tumors of tumor-bearing group, the Ly49I
mRNA expression level of NK cells in high-metastasis group was
also remarkably higher than low-metastasis group (p =0.001).
Furthermore, a higher resistant to cytotoxic activity of NK cell
exist in the human high-metastatic large cell lung cancer cell line
L9981, which is much higher than that in the low-metastatic large
cell lung cancer cell line NL9980. In addition, it is possible that
other receptors of NK cells changed in tumor environment. In
melanoma, NK cells could significantly increase the expression of
CD86, and ligation of CD86 with CTLA4Ig significantly
increased the ability of NK cells to kill tumor cells [35]. In two
spontaneous metastasis models, the B16F10.9 melanoma (B16)
and the Lewis lung carcinoma (D122) in the NCRI1 knockout
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mouse, NKp46/NCRI1 is directly involved in the killing of B16
and D122 cells in vitro and plays an important role in controlling
B16 and D122 metastasis in vivo [36].

So, the variation of NK cell receptors might be useful in the
prediction of tumor cell invasion and metastasis capacity, and
further studies are needed to figure out the exact mechanism.
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