1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Oncogene. Author manuscript; available in PMC 2020 September 24.

-, HHS Public Access
«

Published in final edited form as:
Oncogene. 2016 May 19; 35(20): 2584-2591. doi:10.1038/onc.2015.324.

Copy number variations of HLA-I and activation of NKp30
pathway determine the sensitivity of gastric cancer cells to the
cytotoxicity of natural killer cells

R Xingl9, L Li29 L Chen?9, Z Gao?9, H Wang?, W Lil, J Cuil, G Tian?, Q Liang3, J Yu3, JJ
Sung3, G Luo*®, H Gao®, X Xu?, H Yang?, J Wang?, X Zhang?, JM Wang’, J Huang’, Y Yu8, J
Wang?, Y Lu?

1Laboratory of Molecular Oncology, Key Laboratory of Carcinogenesis and Translational
Research (Ministry of Education), Peking University Cancer Hospital and Institute, Beijing, China

2Beijing Genomics Institute at Shenzhen, Shenzhen, China

SInstitute of Digestive Disease and Department of Medicine and Therapeutics, State Key
Laboratory of Digestive Disease, Li Ka Shing Institute of Health Sciences, Shenzhen Research
Institute, The Chinese University of Hong Kong, Hong Kong, China

“Department of Genetics and Genome Sciences, Case Western Reserve University School of
Medicine, Cleveland, OH, USA

5Beijing University of Chinese Medicine, Beijing, China
6Shanghai Engineering Center for Molecular Medicine, Shanghai, China

“Laboratory of Molecular Immunoregulation, Cancer and Inflammation Program, Center for
Cancer Research, National Cancer Institute at Frederick, Frederick, MD, USA

8Department of Surgery, Ruijin Hospital and Shanghai Institute of Digestive Surgery, Shanghai
Jiao Tong University, School of Medicine, Shanghai, China

9These authors contributed equally to this work.

Abstract

Nude mice are important /n vivo model for characterization of cell malignancy behavior; however,
many cancer cells fail to form tumors in it. Understanding this defective mechanism may provide
novel insights into tumorigenesis and how tumor cells escape innate immunity. Whole-genome
sequencing was conducted on two gastric cancer (GC) cells, BGC823 and AGS, which do and do
not form tumors in nude mice, to identify their genomic differences relevant to natural killer (NK)
cells. We found that the tumorigenic capacity of human GC cell lines was dependent on the
recruitment and activation of NK cells in xenograft tumors. We used whole-genome sequence
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(WGS) on GC cell lines to identify potential genes controlling susceptibility to NK-mediated
killing. The tumorigenic cell line BGC823 expressed high levels of HLA-I because of copy gain
and was resistant to NK cell killing. In contrast, another cell line AGS expressing low levels of
HLA-I with activated NKp30/MAPK/IL-12 (interleukin-12) or IL-2 (interleukin-2) pathway was
susceptible to NK lysis. Treatment of tumor bearing mice with systemic administration of IL-12 in
combination with intratumor injection of anti-HLA-I antibody significantly increased NK cell
recruitment into xenograft tumors, which became sensitive to NK killing, resulting in reduced
tumor progression. In human GC specimens, decreased HLA-1 expression and increased NK cells
surrounding tumor cells were correlated with decreased metastasis potential and better prognosis
of patients. Our results provide a mechanistic basis for GC cells to escape NK lysis and a
promising prospect of NK immunotherapy for GC cells.

INTRODUCTION

Nude mice are common Jin vivo models for investigating human cancer cell lines with regard
to functions such as cell growth, metastasis and the expressed genes involved. Many human
cancer cell lines are able to form tumors in this murine model because nude mice, absent
thymus, result in a defective adaptive immune system. However, portions of cancer cell lines
are not able to form tumors; we hypothesize that this effect might result from the innate
immune system in nude mice. The innate immune system, including NK cells, is the first
line of defense against infection and tumors by mediating immediate immune responses.

NK cells constitute the first line of host defense against tumors and NK immunotherapy has
been used in the clinic.1~> Metastasis and recurrence are the primary causes of mortality and
key challenges for gastric cancer (GC) therapy. Compared with other organs, stomach has a
very rich network of lymph vessels and draining lymph nodes. Patients with advanced GC
suffer from distant metastasis mainly through the lymph system. As immune cells in lymph
nodes, their effective responses may decrease the potential of GC metastasis. However,
many tumor cells evade NK cell killing with poorly known mechanisms. It has been reported
that a high level of HLA by tumor cells mask their recognition by NK cells by interacting
with inhibitory receptors expressed by NK cells.5 However, the mechanism that regulates the
expression of HLA by tumor cells is not clear. Effects have been made to improve the effect
of NK immunotherapy using allogeneic NK cells or silencing inhibitory receptors expressed
by NK cells with the potential to induce autoimmune diseases.”'® Therefore, remodeling of
tumor cells may maximize the efficiency of immune therapy and minimize the undesirable
side effect.

Malignant transformation of the cells is associated with many genetic and epigenetic
changes in the cells. Increased copy number variations (CNVs) have been shown to promote
the tumorigenicity of transformed cells.?10 In individual lung cancer patients, CNVs were
more consistent and reproducible than point mutations in the malignant cells.}1 We therefore
conducted whole-genome sequence (WGS) to compare the differences in GC cell lines
linked to their susceptibility to NK cell lysis. We found that the tumorigenecity of human
GC cell lines in nude mice was dependent on the sensitivity to cytotoxicity of NK cells. We
further attempt to clarify the mechanisms of human GC cell escape from NK
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immunoresponse in nude mice and observed an increased HLA-1 copy number in human GC
cells in association with resistance to NK cell killing. Reduction of HLA-I levels and
activation of NKp30/MAPK/IL-12 (IL-2) pathway in xenograft tumors markedly inhibited
tumor progression with enhanced NK cell recruitment into the tumor. Our study thus
demonstrates the possibility to remodel GC cells to improve the efficiency of NK immune
therapy.

Different sensitivity of BGC823 and AGS cells to NK cell cytotoxicity Following the
injection of 0.25 x 10% and 1 x 108 of BGC823 cells, tumors formed in nude mice after 11
and 3 days, respectively. However, injection of another GC cell line AGS did not result in
the formation tumors in nude mice (Supplementary Figure S1 and Supplementary Table S1).

We then measured the lytic potential of NK cells, extracted from nude mice, to BGC823 and
AGS cells. NK cells did not lyse BGC823 cells but lysed AGS cells as they were dependent
on the number of NK cells (Figure 1A).

To confirm that the cytotoxicity of NK cells was the cause of the failure of AGS cells to
form tumors in nude mice, we coated AGS cells with Matrigel to avoid contact with NK
cells and found a significantly reduced sensitivity to NK cell lysis (Figure 1B). When AGS
cells coated with Matrigel were injected into nude mice, tumors were formed in 80% of the
mice (Figure 1C). Both BGC823 and AGS cells formed tumors in 100% NOD-SCID
(nonobese diabetic/severe-combined immunodeficiency) mice that lacked adaptive immunity
and NK cells (Figures 1D-a and E-a). The growth ability of AGS cells was relatively lower
compared with BGC823 cells (Figures 1D-b and E-b). The hematoxylin—eosin (HE)
staining showed that the morphology feature of the xenograft tumor from those two cell
lines was different from each other (Figures 1D—c and E—c). These results demonstrate the
fact that the cytotoxicity of NK cells prevented AGS cells from forming tumors in nude
mice.

CNVs of HLA based on WGS profiling of BGC823 and AGS cells

To compare the differences in GC cell lines linked to their susceptibility to NK cell lysis, we
performed WGS on BGC823 and AGS cells with 42.70- and 41.49-fold haploid coverage
and analyzed CNVs. Both cell lines gained at 1q, 12q, 13p, 14p, 15p, 20q and 21p but lost at
18q. However, two cell lines were different from each other in some regions, such as HLA-/
located 6p21.32 region (Figure 2a and Supplementary Table S2).

As HLA was related to tumor cell sensitivity to NK cells, the copy number of classic HLA-/,
including HLA-A, -Band -C, was analyzed in GC cell lines. HLA-/was amplified in
BGC823 cells. However, in AGS cells, HLA-C had a 1-kb deletion in exon 8, whereas copy
numbers of HLA-A and -B were unchanged (Figure 2b). The results were validated by
quantitative PCR (qPCR) (Figure 2c) and HLA-I protein was increased in BGC823 cells as
compared with AGS cells (Figure 2d).
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High expression levels of classic HLA-I in BGC823 cells allowed for evasion from NK cell

cytotoxicity

We blocked HLA-A, -B and -C proteins expressed by tumor cells with mix-specific
antibodies. In this condition, NK cell still did not lyse BGC823 cells. However, NK cells
lysed BGC823 cells when interleukin-12 (IL-12), which can activate NK cells, and HLA-I
antibodies were present in the culture media (Figure 2e). For AGS cells, there was no
difference in sensitivity to NK lysis between the control and treatment groups. These data
indicated that AGS cell could activate NK cells, and this activation is necessary for the
cytotoxicity of NK cells.

The expression of proteins encoded by CNVs with NK cell cytotoxicity-related genes

To identify the mechanism that AGS cells activate NK cells, other CNVs in NK cell
cytotoxicity-related genes were analyzed by Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway, and M/CA, NKp30 (also known as NCR3), VAV2and MAPK3 were
identified (Figure 3a). The expression levels of MICA protein and its secreted form, which
acted as HLA-I, were higher in BGC823 cells compared with AGS cells (Figure 3b). The
expression of NKp30 was detected in AGS but not in BGC823 cells. NKp30 downstream
genes VAVZand MAPK3 were also expressed at higher levels in AGS cells compared with
BGC823 cells (Figure 3b).

These results show that classic HLA-1 and MICA, which inhibit NK cell recognition, were
overexpressed in tumorigenic BGCB823 cells. In contrast, the levels of NKp30 and its
downstream molecular were absent in BGC823 cells.

Active NKp30/VAV2/MAPK3/IL-12 pathway promotes the cytotoxicity of NK cells to AGS

cells

We identified that both NKp30 and its ligand Bag6 are expressed by AGS cells but not by
BGC823 cells (Figure 3c). The activation status of MAPK pathway, the downstream
signaling of NKp30, was then examined. We found that the expression of pERK was
significantly higher in AGS cells compared with that in BGC823 cells (Figure 3c).
Consistent with this observation, IL-12 was also overexpressed in AGS cells, which was
decreased when NKp30 was depleted by short hairpin RNA interference (Figure 3d).

It appears that ‘“NKp30/VAV2/MAPKS3/IL-12" pathway exists in GC cells and may regulate
the activation of NK cells, as cytotoxicity assay showed that NK cells lysed less AGS cells
when NKp30 or IL-12 was inhibited (Figure 3e). Thus, AGS cells are able to express 1L-12
by the activation of NKp30/VAV2/MAPKS3 pathway, which increases the cytotoxicity of NK
cells by activating NK cells.

Combination of classic HLA-I and NKp30/MAPK3/IL-12 predicts progression and
metastatic potential in GC cells and specimens

To detect the effect of HLA-1 and NKp30/MAPKS3/IL-12 on predicting progression and
metastatic potential in GC, we first examined CNVs of classic HLA-/in five additional GC
cell lines with different tumorigenic capacities in nude mice. The GC cell lines MGC803,
SGC7901 and MKN45 exhibited high tumorigenicity, whereas N87 and KATOIII cell lines
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exhibited lower tumorigenicity. As shown in Figure 4a, HLA-A, -Band -C (or a sum as
HLA-/) were amplified in cell lines with higher tumorigenicity as compared with low
tumorigenicity cell lines. Consistent with CNVs, higher protein expression of HLA-1 was
seen in cell lines with higher tumorigenicity. On the contrary, higher protein expression of
Bag6, NKp30, pERK and IL-12/1L-2 appeared in cell lines having low tumorigenicities
(Figure 4b).

We further conducted immunohistochemical analysis of 100 human GC specimens to assess
the clinical relevance of HLA-I to tumor progression. We found that HLA-I was more highly
expressed in tumor tissues compared with adjacent normal tissues (Figure 5a and Table 1).
Further, in tumor specimen, low expression of classic HLA-I was associated with non-
metastatic tumors (including lymph node and distant metastasis) (Figure 5b and Table 2).
Because CNVs of HLA-I are consistent with their protein expression level, we examined the
link of CNVs of classic HLA-/to GC metastasis in patients. We found that HLA-A, -Band -
C (or a sum as HLA-/) were lost in tumor tissues without metastasis, in contrast to
amplification in tumor tissues with metastasis (Figure 5c).

Analysis of patients’ survival showed that lowly expressed classic HLA-I was an
independent factor to predict better prognosis (Figure 5d, upper and Supplementary Table
S3). We examined the levels of NK cell infiltration and HLA expression in tumor cells. We
found that accumulation of NK cells and lower level expression of classic HLA-I in tumors
was strongly associated with non-metastatic tumors (Figure 5b and Table 2). Combining
these two signatures together in GC specimens is an independent factor to predict better
prognostic factors (Figure 5d lower and Supplementary Table S4).

Targeting HLA-I enhances the effect of NK immunotherapy

The above observations suggest that targeting classic HLA-I may enhance the effect of NK
therapy on GC cells. We treated the tumor bearing mice with IL-12 and treated xenograft
GC tumor with antibodies against HLA-1 to mimic NK immunotherapy. There was a marked
inhibition of tumor growth in tumor bearing mice treated systemically with 1L-12 and
antibodies against HLA-1 in xenograft GC tumor (Figure 5e). HE staining showed NK cells
(inner) surrounding tumor cells in tumor bearing mice treated systemically with 1L-12 and
antibodies against HLA-I in xenograft GC tumor (Figure 5f upper), and the number of
infiltration was shown in Figure 5f (lower). These results indicate that a combination of
IL-12 with antibody against HLA-I enhance the effect of NK cell-mediated GC
immunotherapy.

DISCUSSION

In this study, the mechanism that tumor cells escape the lysis of NK cells was studied by
WGS on two GC cell lines with different tumorigenicity. In cancer cell sensitivity to the NK
cells, two factors are necessary for the lysis of NK cells: one is the low expression of HLA-I
in tumor cells, which results from CNV, and the other is activation of NKp30/VAV2/
MAPKS3/IL-12 (IL-2) pathway in tumors cells to activate NK cells (Figure 6).
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HLA-A, -Band -Care located in 6p21.32, which are significantly amplified in BGC823 but
absent in AGS cells. In many cancers, gains in 6p21 were associated with advanced disease
and poorer patient prognosis.12 Therefore, HLA-I genes, expressed by tumor cell, may have
a role on this process, through regulating the tolerance to NK cells lysis.

Not all the target cells with low level of HLA-I are lysed by NK cells; it suggests that there
is another active pathway for NK cells. A number of studies have reported that the functions
of NK cells are regulated through KIR (killer Ig-like receptor) and activating receptors.1314
KIR interacts with HLA-I; activating receptors is the NCRs (natural cytotoxicity receptors),
which includes NKp30, NKp44 and NKp46.1° Stimulation of NKp30 on NK cells leads to
interferon-y production through the downstream VAV2/MAPK pathways.1® Stimulation of
NKp30 on dendritic cells leads to IL-12 production to stimulate NK cells. Although all these
previous studies reported that NKp30 was only expressed in immune cells, our results
revealed that this gene is also expressed in GC cell lines of the epithelial cell origin, such as
AGS and KATOIII. Other researchers also detected NKp30 mRNA in MCF7 breast cancer
cells, which lack tumorigenicity in nude mice.1”:18 Our present study identified NKp30/
VAV2/MAPK3/IL-12 (IL-2) as a novel pathway in GC cells to activate NK cells.

In conclusion, we used WGS to identify copy gains of HLA-I to predict the progression of
GC by regulating the tolerance of tumor cells to NK lysis. Our novel findings of NKp30/
VAV2/MAPK3/IL-12 (IL-2) pathway in carcinoma cells indicate that tumor cells possess the
potential to activate NK cells. More importantly, once the barrier established by HLA-I were
dismantled, the effect of the immunotherapy will be improved.

MATERIALS AND METHODS

Cell lines and transfection

BGC823 cells were obtained from Peking University Cancer Hospital/Institute (Beijing,
China), AGS cells were purchased from American Type Culture Collection (Manassas, VA,
USA) and mycoplasma contamination was tested as negative. BGC823 and AGS cells were
cultured in Dulbecco’s modified Eagle’s medium (Gibco-BRL, Grand Island, NY, USA)
with 5% or 10% fetal bovine serum, 100 U/ml penicillin and 100 pg/ml streptomycin
(Macgene, Beijing, China). Cells were maintained at 37 °C/5% CO,. The sequences of the
human NKp30-specific small interfering RNA were, 5’-
GGUGGUGGAGAAAGAACAUTT-3'; scrambled short hairpin was transfected into cells
as a control.

Tumorigenicity assays

Cells coated with/without Matrigel (BD, San Jose, CA, USA) were subcutaneously injected
into the armpit of five nude (BALB/c, 4 weeks old, female) or five NOD-SCID (4 weeks old,
female) mice. 1gG or mixtures of antibody against HLA-A, -B and -C were injected around
the tumor every 3 days. IL-12 was injected from tail vein. Animals were randomized and the
experimenter was aware that the animals were divided into two groups but was blinded to
the outcome of each group. Animal experiments were performed in accordance with the
National Institutes of Health Guide for the Care and Use of Laboratory Animals with
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protocols approved by the Animal Care and Use Committee at Peking University Cancer
Hospital/Institute.

Whole-genome sequence

Paired-ends WGS data were generated. Burrows-Wheeler Aligner was used to align reads to
the reference genome (National Center for Biotechnology Information Build 37). CNVs
were predicted by ReadDepth,® with chromosome 4 having two copies in both cells lines,
as determined by chromosome karyotyping and sequencing depth distribution. The ratio of
each segment was normalized to chromosome 4. CNVs were identified as gain and loss
when the logy ratio was >0.45 and < — 0.45.

Quantitative PCR

DNA was isolated and quantitation of HLA-I was conducted with an ABI PRISM 7300
System (Applied Biosystems, Foster City, CA, USA). CNV of HLA-/was calculated and
transformed using the AACt formula and normalized to L/NE-1. The gPCR primer sequence
is listed in Supplementary Table S5. Each experiment was repeated three times.

Western immunoblotting

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis and western blots were
performed using standard protocols. Antibody binding was detected using smartchemi image
analysis system (Sagecreation, Beijing, China). We used antibodies against HLA-A (1913-
1; Epitomics, Burlingame, CA, USA), HLA-B (2389-1; Epitomics), HLA-C (5472-1;
Epitomics), MICA (T3305; Epitomics), VAV2 (B1241; Anbo, San Francisco, CA, USA),
MAPKS3 (C11133; Anbo), NKp30 (BS3888; Bioworld, St Louis Park, MN, USA), and
PERK (Tyr204) (sc-7383; Santa Cruz Biotechnology, Santa Cruz, CA, USA), Bag6 (6763-1;
Epitomics) and actin (A5441; Sigma, St Louis, MO, USA). Each experiment was repeated
three times.

NK cell cytotoxicity assays

NK cells were extracted from the spleens of 4-week-old nude mice and purified using a
MagCellect Mouse NK Cell Isolation Kit (Magm210; R&D, Minneapolis, MN, USA). NK
cell cytotoxicity was analyzed according to the protocol (G1780; Promega, Madison, WI,
USA). Each experiment was repeated three times.

Immunofluorescence assays

This experiment was constructed as described previously.20 In brief, the tissue was blocked
by 1% bovine serum albumin overnight at 4 °C. Antibody against CD57 (IR647; Dako,
Carpinteria, CA, USA) was incubated for 2 h. After washing with phosphate-buffered saline,
cells were incubated with fluorescein isothiocyanate-conjugated secondary antibody for 1 h,
and then washed in phosphate-buffered saline. Antibody against CD16 (3170; Epitomics)
was incubated for 2 h. After washing with phosphate-buffered saline, cells were incubated
with tetramethylrhodamine-conjugated secondary antibody for 1 h, and then washed in
phosphate-buffered saline. DAPI (4’,6-diamidino-2-phenylindole) was stained for 5 min.
The fluorescent image was acquired using a confocal laser-scanning microscope (LSM510;
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Zeiss, Toronto, ON, Canada) and analyzed with the LSM5 Image Browser program (Carl
Zeiss Micro-Imaging, Toronto, ON, Canada).

Immunohistochemistry

Tissue microarrays were obtained from the Beijing Cancer Hospital/Institute and Shanghai
Outdo Biotech Co. (Shanghai, China). The sample size was dependent on the positive rate of
HLA-I in our preliminary experiment and then calculated by using the PASS software
(NCSS, East Kaysville, UT, USA). Our study was conducted in accordance with the
Declaration of Helsinki, and was approved by the Institutional Ethical Standards Committee
with informed consent from patients. The pathologist who was blinded for the purpose of
this study read the microarray and gave the report.

Statistical analysis

The £test or one-way analysis of variance was used to determine significant differences
between groups. Two-way analysis of variance was used to determine significant differences
between different treatments. Using the SPSS 13.0 software (SPSS Inc., Chicago, IL, USA),
the significance of immunohistochemistry images was evaluated with the X2 test. Survival
was analyzed using the Kaplan—Meier method. Cox proportional hazard regression model
was also used. P< 0.05 was considered to be significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cytotoxicity of NK cells towards BGC823 and AGS cells. (A) NK cell cytotoxicity assays
for BGC823 and AGS cells treated with different numbers of NK cells. Data are meanss.d.
(B) Cytotoxicity assays of AGS cells coated with or without Matrigel. Data are means +s.d.
(C) Tumors of AGS cells coated with Matrigel in nude mice (upper) and tumor growth
curves (lower). (D and E) Tumorigenicity of BGC823 (D) and AGS cells (E) in NOD-SCID
mice. (a) The photograph of tumors. (b) Tumor growth curves. (c) HE staining of xenograft
tumor tissues.
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Characterization of HLA-/genes in BGC823 and AGS cells based on whole-genome
sequencing data. (a) CNV of BGC823 (left) and AGS cells (right). From the outer to the
inner ring: coordinate of chromosome, CNVs and regional depth. (b) Upper, CNV of
BGC823 and AGS cells. Gains are indicated by red and losses in blue (see also
Supplementary Table S2); middle, CNV of chromosome 6; lower, CNV of HLA-/in
BGC823 and AGS cells. (c) gPCR assays of HLA-/in BGC823 and AGS cells. Data are
meanszs.d. (d) Western blot analysis of HLA-1 in BGC823 and AGS cells. () NK cell
cytotoxicity assays of BGC823 and AGS cells treated with IL-12 and a mixture of specific
antibodies against HLA-1 or IgG.
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Figure 3.
Characterization of NK cell cytotoxicity-related genes in BGC823 and AGS cells. (a) The

signaling pathway of NK cell-mediated cytotoxicity. (b) Western blot analysis of NK cell
cytotoxicity-related proteins in BGC823 and AGS cells. (c) Western blot analysis of pERK,
Bag6 and IL-12 in BGC823 and AGS cells. (d) Western blot analysis of NKp30 and IL-12
when NKp30 was knocked down in AGS cells. (e) Cytotoxicity assay monitoring for NK
cell lysis of AGS cells when NKp30 was knocked down (left) or when IL-12 was blocked by
a specific antibody (right).
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Expression patterns of HLA-I and the NKp30/VAV2/MAPK3/IL-12 pathway in GC cell
lines. (&) gPCR detected relative CNV of HLA-A, Band Cin GC cell lines. The value of
HLA-/is the sum value of HLA-A, -Band -C. Owing to the copy number of HLA-A, -B
was not changed in AGS cells, the relative copy number of HLA-A, -B was compared with
AGS cells; for HLA-C, as it was lost in AGS cells, the relative copy number of HLA-Cwas
compared with BGC823 cells. (b) Western blot analysis of NK cell cytotoxicity-related
proteins in GC cell lines with high and low tumorigenic capacities.
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Figure 5.
Expression patterns of HLA-I in GC-matched tissues. (a) Immunohistochemistry of HLA-I

in GC-matched tissues. (b) Immunohistochemistry of HLA-I and NK cells in GC tissues
with or without metastasis. (c) gPCR detected relative CNV of HLA-A, -Band -Cin GC-
matched tissues from patients with or without metastasis. CNVs in tumors was normalized
by matched adjacent normal tissues. The value of HLA-/is the sum value of HLA-A, -Band
-C. (d, upper) Survival analysis of HLA-1. P-value, hazard ratio (HR) and 95% confidence
interval (CI) were obtained from the multivariate analysis (Supplementary Table S3).
(Lower) Survival analysis of HLA-I combined with NK cells. ~-value, HR and 95% CI were
obtained from the multivariate analysis (Supplementary Table S4). (e, upper) Nude mice of
subcutaneous injection with BGC823 treated with IL-12 and antibody against HLA-I (right)
or IgG (left). (Lower) Tumor growth curves. (f, upper left) HE staining of xenograft tumor
tissues from mock group. Inner, the enlargement of tumor cells; upper right, HE staining of
xenograft tumor tissues from treated group. Inner, the enlargement of NK cells around the
tumor cells; (f, lower), the number of NK cells around the tumor cells in mock and treated
groups.
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Figure 6.
Schematic representation of the proposed mechanism of NK cell lysis for cancer cells. Two

human GC cell lines, AGS and BGC823, were used in this study. As left shown, AGS cells
did not express HLA-C due to the loss of DNA copy, and NK cells were activated because of
active NKp30/VAV2/MAPK3/IL-12 pathway in AGS cells. As right shown, BGC823 cells
highly expressed HLA-I, an inhibitor of NK cell recognition, due to gene amplification, and
NK cells were not activated because of lacking NKp30 in BGC823 cells.
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Table 1.
Expression of HLA-I protein detected in GC tissues by IHC analysis
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Histology HLA-| expression Total cases  P-value

Negative Positive

Normal 62 (62.0%) 38 (38.0%) 100 0.001
Tumor 38 (38.0%) 62 (62.0%) 100

Abbreviations: GC, gastric cancer; IHC, immunohistochemistry.
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Table 2.

Relationship between metastasis and molecular signature in GC patients
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Signature Metastasis Total cases  P-value

HLA-I expressions

Positive 9 (14.5%) 53 (85.5%) 62 0.005
Negative 15 (39.5%) 23 (60.5%) 38
Low expression of HLA-I and accumulation of NK cell
Yes 14 (50.0%) 14 (50.0%) 28 <0.001
No 10 (13.9%) 62 (86.1%) 72

Abbreviations: GC, gastric cancer; NK, natural killer.
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