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Overexpression of ZDHHC14 promotes migration
and invasion of scirrhous type gastric cancer
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Abstract. Scirrhous type gastric cancer is highly aggres-
sive and has a poorer prognosis than many other types of
gastric carcinoma, due to its characteristic rapid cancer cell
infiltration and proliferation, extensive stromal fibrosis, and
frequent peritoneal dissemination. The aim of the present
study was to identify novel prognostic markers or therapeutic
targets for scirrhous type gastric cancer. We reviewed a
list of genes with upregulated expression in scirrhous type
gastric cancer and compared their expression with that in
normal stomach from our previous Escherichia coli (E. coli)
ampicillin secretion-trap (CAST) analysis. We focused on
the ZDHHC14 gene, which encodes zinc finger, DHHC-type
containing 14 protein. qRT-PCR analysis of ZDHHCI14 in 41
gastric cancer cases revealed that compared to mRNA levels
in normal non-neoplastic gastric mucosa, ZDHHC14 mRNA
was overexpressed in 27% of gastric cancer tissue samples.
The overexpression of ZDHHC14 was significantly associated
with depth of tumor invasion, undifferentiated histology and
scirrhous pattern. The invasiveness of ZDHHC14-knockdown
HSC-44PE and 44As3 gastric cancer cells was decreased in
comparison with that of the negative control siRNA-trans-
fected cells, together with downregulation of MMP-17 mRNA.
Integrins a5 and 1 were also downregulated in ZDHHC14-
knockdown 44As3 cells. Forced expression of ZDHHC14
activated gastric cancer cell migration and invasion in vitro.
These results indicate that ZDHHCI14 is involved in tumor
progression in patients with scirrhous type gastric cancer.
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Introduction

Gastric cancer (GC) remains one of the leading causes of
cancer-related mortality worldwide, although therapeutic
outcomes for early GC have recently improved (1). Generally,
GC can be classified into two histological types: differentiated
type and undifferentiated type, according to the Japanese clas-
sification of gastric carcinoma (2). Among the undifferentiated
type GCs, lesions in scirrhous carcinomas of the stomach
display rigid thickening of the gastric wall, leading to a leather
bottle-like appearance. Histopathologically, scirrhous cancer
cells do not form glands but cause diffuse infiltration. Due to
these pathological features, early clinical diagnosis of scir-
rhous GC remains difficult (3) and it has a poorer prognosis
than other types of GC. This reflects the rapid proliferation of
these cancer cells, accompanied by progressive invasion and
a high frequency of metastasis to the peritoneum (4), all of
which distinguish it from differentiated types of GC (5). In
fact, there is currently no reliable therapeutic target for this
type of GC, thus the need for elucidation remains.

Comprehensive gene expression analysis is a powerful
tool in the identification of potential therapeutic targets for
GC and to better understand the development of GC at the
molecular level. We previously performed several large-scale
gene expression studies using array-based hybridization (6)
and serial analysis of gene expression (SAGE) (7,8) enabling
identification of several genes including regenerating islet-
derived family, member 4 (REG4, which encodes REGIV)
(9); olfactomedin 4 (OLFM4) (10); palate, lung and nasal
epithelium carcinoma-associated protein (PLUNC) (11);
and GJB6 (encoding connexin 30) (12). Our recent study of
Escherichia coli (E. coli) ampicillin secretion trap (CAST)
analysis on two scirrhous type GC tissues identified several
candidate cancer-specific genes. Among them, transmem-
brane 9 superfamily member 3 (TM9SF3) expression was
associated with tumor progression and was involved in the
cancer cell invasion process. Moreover, TM9SF3-positive
status in GC significantly correlated with depth of invasion
and tumor stage, demonstrated by immunohistochemical
analysis (unpublished data).
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We analyzed and verified several candidate genes from
previous CAST libraries. Among these genes, in the present
study, we focused on the zinc finger DHHC domain-containing
protein 14 (ZDHHCI14) gene expression, due to its frequent
overexpression in GC tissue in comparison to expression
in corresponding non-neoplastic mucosa, and we analyzed
expression levels by qRT-PCR. ZDHHC14 has been reported
to be one of the genes overexpressed in acute biphenotypic
leukemia through chromosomal translocation (13). However,
to our knowledge, the detailed function and expression profiles
of the ZDHHC14 gene in the majority of human cancers has
not yet been elucidated.

This is the first study of ZDHHC14 expression in human
GC; we examined the relationship between ZDHHC14 expres-
sion and clinicopathologic characteristics, including tumor
stage, TNM grading and histological type. Here, we also
clarified the biological significance of ZDHHC14 mRNA
expression, via qRT-PCR analysis of surgically resected GC
tissues. Furthermore, using an siRNA knockdown system and
forced expression vector, the biological role of ZDHHC14 gene
in cancer cell adhesion, migration and invasion was examined
in GC cell lines.

Materials and methods

Tissue samples. In total, 164 primary tumor samples were
collected from patients diagnosed with GC. For quantita-
tive reverse transcription-PCR (RT-PCR) analysis, 41 GC
samples and corresponding non-neoplastic mucosa samples
were obtained during surgery at the Hiroshima University
Hospital, Japan. Informed consent was obtained from all
study subjects. The remaining 123 GC samples used for
mRNA analysis were obtained from patients who under-
went surgery at the Gastroenterological Center, Yokohama
City University Medical Center, and at the Department
of Surgery, Yokohama City University, Japan, from
January 2002 to July 2007. Informed consent was obtained
from each participant, and ethics approval was granted by
the committee of Yokohama City University Medical Center.
Noncancerous samples were purchased from Clontech
(Palo Alto, CA, USA). The 164 cases were histologically
classified as differentiated type (papillary adenocarcinoma or
tubular adenocarcinoma) and undifferentiated type (poorly
differentiated adenocarcinoma, signet ring cell carcinoma
or mucinous adenocarcinoma), according to the Japanese
Classification of Gastric Carcinomas (2). Tumor staging
was assessed according to the International Union Against
Cancer TNM classification of malignant tumors.

Quantitative RT-PCR and western blot analysis. Quantitative
RT-PCR was performed with an ABI Prism 7900 Sequence
Detection System (Applied Biosystems, Foster City, CA, USA)
as previously described (14). We calculated the ratio of target
gene mRNA expression levels between GC tissue (T) and
corresponding non-neoplastic mucosa (N). T/N ratios >2-fold
were considered to represent overexpression. -actin (ACTB
gene) was used as housekeeping internal control. Western blot
analysis was performed as previously described (15). Rabbit
polyclonal anti-ZDHHC14 (83260; Abcam) antibody was used
for western blotting.

OO et al: ROLE OF ZDHHC14 IN GASTRIC CANCER

RNA interference (RNAi). For knockdown of endogenous
ZDHHC14, RNAi was performed. siRNA oligonucleotides for
ZDHHCI14 and a negative control were purchased from
Invitrogen (Carlsbad, CA, USA). Three independent oligonu-
cleotides were used for ZDHC14 siRNA as follows: ZDHHC14
siRNAI1 sequence, 5'-CAAGCCTGATCGACAGAAGAGG
GTA-3'; ZDHHC14 siRNA2 sequence, 5'-GACCAGTGCATT
CAGAGCACCAAAT-3"' and ZDHHCI14 siRNA3 sequence,
5'-AAGATGAGCACATGGGCCACCAGTT-3" Transfection
was performed using Lipofectamine RNAIMAX Reagent
(Invitrogen) according to the manufacturer's protocol. Briefly,
100 pmol siRNA and 12 ul Lipofectamine RNAIMAX were
mixed in 1 ml RPMI medium (10 nmol/I final siRNA concen-
tration). After a 20-min incubation, the mixture was added to
the cells and these were plated on dishes for each assay. In all
experiments, the cells analyzed were incubated for 48 h after
transfection.

Cell lines and in vitro invasion assays. Three cell lines
derived from human GC were used. The TMK-1 cell line
was established in our laboratory from a poorly differenti-
ated adenocarcinoma (16). HSC-44PE and 44As3 cell lines
were established by one of the authors (K.Y., National Cancer
Center Hospital East) (3,17). All cell lines were maintained
in RPMI-1640 (Nissui Pharmaceutical Co, Ltd, Tokyo,
Japan) containing 10% fetal bovine serum (Biowhittaker,
Walkersville, MD, USA) in a humidified atmosphere of 5%
CO, and 95% air at 37°C. The HSC-44PE cells were seeded at
a density of 2,000 cells/well in 96-well plates. Cell growth was
monitored at day 0, 1,2 and 4 for the MTT assay, as mentioned
elsewhere (18). Modified Boyden chamber assays were carried
out to examine invasiveness. Cells were suspended at 200,000
cells/well in RPMI-1640 medium plus 1% serum then plated
into the upper chamber of a Matrigel-coated Transwell insert
(8 pm pore diameter; Chemicon, Temecula, CA,USA). Medium
containing 10% serum was added in the bottom chamber using
24-well plate format. On day 1 and 2, non-invading cells in the
upper chamber were removed by clean cotton swab and the
cells attached on the lower surface of the insert were stained
with Cell Stain (Chemicon). The invading cells were counted
by light microscope on day 1 and 2.

Cell migration and adhesion assay. To evaluate cell motility,
a wound-healing assay was performed. Negative control and
siRNA treated or overexpressing cells were seeded after cell
number adjustment performed via automated cell counter
(TC10; Bio-Rad). Cells grown to subconfluence were scraped
with the sharp edge of the pipette tip, creating a cell-free
area. Cells migrating into the scraped area were observed
and images were captured every 6 h (19) after mounting cells
on fibronectin- and collagen-coated glass slides. The cell
adhesion assay was performed by PBS wash at timepoints of
5, 15 and 30 min, and 1, 2 and 3 h post-seeding, in order to
examine the remaining cells attached to the glass surface in
both control cells and RNAI treated or overexpressed cells.
Images were captured using an inverted microscope (Eclipse
TE300; Nikon, Japan).

Forced-expression vector construction and generation of
stable cell line. For constitutive expression of ZDHHC14 gene,
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¢DNA was PCR-amplified and subcloned into pcDNA™?3.1(+)
vector (V790-20; Invitrogen) in-frame with EcoRI and Xhol
restriction enzymes for directional cloning. PCR primers for
cDNA amplification were also designed to include EcoRI
and Xhol sequence. Both transient and stable transfections
were carried out with the FUGENEG6 Transfection Reagent
(Roche Diagnostics). The pcDNA™3.1(+) vector contains the
neomycin resistance gene for selection of stable cell lines.
Complete selection of vector construct containing ZDHHC14
or empty vector was performed using G418/neomycin
(Geneticin).

Statistical analysis. Correlations between clinicopathologic
parameters and ZDHHC14 expression were analyzed by
Chi-square test. A P-value of <0.05 was considered to indicate
a statistically significant difference. Statistical analyses were
performed using JMP software (version 9.0.2; SAS Institute,
Carey, NC, USA).

Results

Evaluation of ZDHHCI14 mRNA level in GC tissue and
corresponding non-neoplastic mucosa. Our previous CAST
analysis showed that ZDHHCI14 was expressed in the scir-
rhous type GC tissue CAST library but not in the normal
stomach tissue CAST library (unpublished data). To confirm
whether the ZDHHC14 gene is cancer-specific, quantitative
RT-PCR for ZDHHC14 was performed in 41 GC tissues and
their corresponding non-neoplastic gastric mucosa. A ratio of
target gene mRNA expression levels between GC tissue (T)
and corresponding non-neoplastic mucosa (N) (T/N ratios) of
>2-fold was considered to represent overexpression. ZDHHC14
mRNA was overexpressed in 11/41 GC cases (26.8%) (Fig. 1A).

Relationship between high ZDHHC14 expression and clini-
copathologic parameters. To analyze the relationship between
clinicopathologic parameters and ZDHHC14 expression in GC,
we performed qRT-PCR analysis of 123 surgically resected
GC tissues (Table I). ZDHHC14 expression was overexpressed
in 62/123 (50%) of GCs. ZDHHCI14 highly-expressed GC
cases showed a significant correlation with the depth of inva-
sion (P=0.0275), and undifferentiated histological subtype
(P=0.0169). There was a tendency towards an association
between later pathological stage and high ZDHHC14 expres-
sion (data not shown). Grouping scirrhous type GC cases and
non-scirrhous type GC cases separately revealed a strong
correlation between scirrhous type GC and high expression of
ZDHHC14 (P=0.0247). There was no significant association
between ZDHHCI14 expression and other parameters (age,
gender, nodal or stage).

Effect of ZDHHC 14 downregulation on cell adhesion, motility
and invasive activity. To analyze the biological significance
of ZDHHCI14 protein in GC, we performed siRNA knock-
down on this gene, using scirrhous type GC cell lines. Gene
silencing in HSC-44PE and 44As3 scirrhous type GC cell
lines was confirmed by western blot analysis (Fig. 1B). Very
similar western blot results were obtained from both cell lines;
therefore Fig. 1C (measuring GC invasiveness) displays results
obtained using the 44As3 cell line.
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Table I. Relationship between high ZDHHC14 expression and
clinicopathologic parameters in 123 GC cases, evaluated by
qRT-PCR.

ZDHHC14
expression (%)
High Low
(n=62) (n=61) P-value
Age (years)
<65 (n=35) 13 (37) 22 NS
>65 (n=88) 49 (56) 39
Gender
Male (n=87) 42 (48) 45 NS
Female (n=36) 20 (56) 16
T grade
T1/T2 (n=39) 14 (36) 25 0.0275
T3/T4 (n=84) 48 (57) 36
N grade
NO (n=50) 23 (46) 27 NS
N1/N2/N3 (n=73) 39 (53) 34
Stage
Stage I/II (n=65) 28 (43) 37 NS
Stage III/IV (n=58) 34 (59) 24
Histology
Differentiated (n=64) 28 (44) 36 0.0169
Undifferentiated (n=59) 34 (58) 25
Type
Scirrhous (n=19) 14 (74) 5 0.0247
Non-scirrhous (n=104) 48 (46) 56

P-values were calculated by Chi-square test. Histology was deter-
mined according to the Japanese Classification of Gastric Carcinomas.
NS, not significant.

To determine the possible role of ZDHHCI14 in the
invasiveness of GC cells, a Transwell invasion assay was
performed in the 44As3 GC cell line. Invasion ability was
significantly abrogated in ZDHHCI14 knockdown GC cells
compared to negative control siRNA-transfected GC cells
(Fig. 1C). We also investigated the possible proliferative effect
of ZDHHCI14. We performed an MTT assay 2 days after
negative control siRNA and ZDHHCI14-siRNA transfection
in 44As3 cells; there was no significant difference in prolif-
eration rate between control and knockdown cells (data not
shown). Furthermore, we observed that the knockdown cells
were abnormally loosely attached to the 96-well plate, leading
to our closer analysis of the effect of ZDHHC14 on cancer
cell adhesion and migration. We investigated cell adhesion
via an assay using fibronectin- and collagen-coated culture
slides. In the adhesion assay, ZDHHC14-knockdown cells
showed significantly impaired attachment to the culture glass
compared to negative control cells (Fig. 1D). This effect was
more significant on fibronectin-coated culture glass. Next, we
performed a cell migration assay, which showed significantly
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Figure 1. Quantitative RT-PCR analysis of ZDHHC14 and effects of ZDHHC14 RNAi knockdown on HSC-44PE and 44As3 cells. (A) T/N ratio of ZDHHC14
mRNA level between GC tissue (T) and corresponding non-neoplastic mucosa (N) in 41 gastric cancer (GC) cases. (B) Western blot analysis of ZDHHC14
in HSC-44PE and 44As3 GC cells transfected with ZDHHC14 siRNA and negative control siRNA. (C) Effect of ZDHHC14 knockdown on cell invasion in
44As3 GC cells. The cells transfected with ZDHHC14 siRNA or negative control siRNA were incubated in Boyden chambers. After 1 and 2 days, invading
cells were counted. (D) ZDHHC14-siRNA transfected 44As3 cells incubated on fibronectin-coated culture glass slides displayed fewer adherent cells than
siRNA negative control-transfected cells. Bar graph shows the numbers of attached cells. (E) Effect of ZDHHC14-siRNA knockdown on cell migration of
44As3 cells. By wound healing assay, migration activity was evaluated by wound contraction percentage and closure time at 6 h after scratching. Bar graph
shows the distance between wound edges. Bars and error bars show mean and SD, respectively, of three different experiments.

impaired motility in ZDHHC14-knockdown cells compared  Alteration of gene expression as a result of ZDHHCI14 knock-
to negative control cells. Following cell scraping, cells were = down. Based on these results, we analyzed the alteration of
examined from O to 12 h at intervals, until confluent (Fig. 1E).  gene expression in cancer invasion-associated genes and those
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Figure 2. Quantitative RT-PCR analyses of invasion-related proteins and cell adhesion-related proteins. (A) mRNA levels of MMP subunits in 44As3 scirrhous
gastric cancer cell line. (B) MMP17 (MT4-MMP) showed downregulation of mRNA in ZDHHC14 siRNA-transfected cells in comparison to negative control
cells. (C) mRNA expression of integrin a5 and 31 subunits was reduced following ZDHHC14 RNAi treatment. (D) Western blot analysis of 44As3 cells,
confirming changes in integrin a5 and B1 protein expression in siRNA-treated cells.

related with cell attachment after ZDHHC14-siRNA treatment.
In semi-quantitative RT-PCR analysis, MT4-MMP (MMP-17)
showed the highest expression among all other MMPs after
normalization (Fig. 2A). Significant downregulation of
MMP-17 expression was observed in ZDHHC14-siRNA trans-
fected 44As3 cells, compared with negative control (mock)
transfection (Fig. 2B). We also analyzed the expression of
several subunits of integrin a and B by qRT-PCR (Fig. 2C) and
by western blot analysis (Fig. 2D); these analyses both showed
a downregulation of integrin a5 and integrin 1 expression
post-ZDHHC14-siRNA treatment.

Forced expression of ZDHHCI14 promotes GC cell migration
and invasion. TMK-1 cells were selected for forced-expression
experiments from our screening of 8 different GC cell lines,
due to their low ZDHHCI14 protein expression (data not
shown). The TMK-1 GC cell line was stably transfected
with pcDNA3.1-ZDHHCI14. For the transfection experi-
ments, clones were selected in G418 antibiotic and examined
for ZDHHC14 expression by western blotting (Fig. 3A).

TMK-1 cells demonstrating stable expression were desig-
nated as TMK-1-ZDHHC14-1, TMK-1-ZDHHC14-2 and
TMK-1-ZDHHC14-3. Endogenous and exogenous levels of
ZDHHC 4 protein werealsoinvestigated by westernblotting with
anti-ZDHHC14 antibody to demonstrate the relative overexpres-
sion of ZDHHC14. As shown in Fig. 3A, TMK-1-ZDHHC14-1,
TMK-1-ZDHHC14-2 and TMK-1-ZDHHC14-3 expressed
ZDHHC14 protein at significantly higher levels than TMK-1
cells transfected with empty vector (TMK-1-pcDNA3.1).
Next, Boyden chamber invasion assays were performed.
ZDHHC14-transfected TMK-1 cells were more invasive than
cells transfected with control vector (Fig. 3B). To determine
the effect of ZDHHC14 overexpression on cell adhesion and
migration in vitro, we performed cell adhesion and migration
assays. In the adhesion assay, ZDHHCI14-overexpressed cells
showed significant attachment to culture glass slides compared
to empty vector-transfected cells (Fig. 3C). In the cell migration
assay, ZDHHC14-overexpressed cells migrated significantly
more rapidly compared to empty vector-transfected control
cells after cell scraping (Fig. 3D).
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Figure 3. Effects of ZDHHC14 overexpression in TMK-1 cells. (A) Western blot analysis of ZDHHCI14 in TMK-1 cell line stably transfected with pcDNA3.1-
ZDHHCI14 or pcDNA3.1. (B) Effect of ZDHHC14 overexpression on cell invasion. TMK-1 cells transfected with pcDNA3.1-ZDHHC14 or pcDNA3.1 were
incubated in Boyden chambers. After 1 and 2 days, invading cells were counted. (C) pcDNA3.1-ZDHHC14 stably transfected TMK-1 cells displayed more
adherent cells on fibronectin-coated culture glass slide than empty vector control cells. (D) Effect of ZDHHCI14 overexpression on cell migration of TMK-1
cells. By wound healing assay, migration activity was evaluated by wound contraction percentage and closure time at 6 h after scratching. The bar graph shows
the distance between wound edges. Bars and error bars show mean and SD, respectively, of three different experiments.

Discussion

In the present study, we focused on the novel target gene
ZDHHC14 among genes specifically upregulated in our previ-
ously reported scirrhous type GC CAST library, derived from
surgically resected GC tissue samples (unpublished data). Our
rationale for the in-depth analysis of ZDHHCI14 was 2-fold:
firstly, quantitative RT-PCR analysis revealed that ZDHHC14
was more frequently overexpressed in GC tissue than in
non-neoplastic gastric mucosa. Secondly, the biological role

of ZDHHC14 in the majority of human cancers has not been
elucidated. We showed that ZDHHC14 expression was associ-
ated with undifferentiated type GC, scirrhous type GC variant
and greater depth of invasion by qRT-PCR analysis on 123
human GC cases. Forced expression of ZDHHC14 in GC
cell lines promoted cancer cell migration and cell attachment
in vitro, and also stimulated cancer cell invasion. Furthermore,
knockdown of ZDHHCI14 by RNAI inhibited integrin a5 and
1 expression and exerted effects opposite to those observed in
the stably-overexpressing GC cell line. Taken together, these
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results suggest that ZDHHC14 constitutes a potential thera-
peutic target in GC.

ZDHHC14 encodes zinc finger DHHC domain-containing
protein 14, also known as DHHCI14 protein or NEWI1CP.
DHHC proteins are evolutionarily conserved genes that can be
found in multiple eukaryotes (20). There are 23 human DHHC
proteins (DHHC1-DHHC24) encoded by 23 human ZDHHC
genes, named ZDHHCI1-ZDHHC24 (ZDHHCI10 is omitted)
(21,22). Besides the DHHC domain, these proteins also
contain four or more transmembrane domains. Although the
role of DHHC14 remains to be characterized in mammals, its
Drosophila homolog has recently been confirmed as DHHC
palmitoyltransferase, which is involved in the regulation of
Fat signaling (23). Protein palmitoylation is a classical and
reversible lipid modification that has been shown to regulate
protein stability and intracellular localization, in addition to
protein-protein and protein-lipid interactions (24,25). To our
knowledge, ZDHHCI14 was the first palmitoyltransferase
discovered to be upregulated in hematological cancer, through
the chromosomal translocation in patients with acute bipheno-
typic leukemia. This suggests the potential regulatory role of
ZDHHC14 in cellular differentiation of leukemogenesis (13).
However, the biological function and role of ZDHHCI14 gene
in solid tumors is poorly understood.

Cell migration plays an important role in cancer cell
invasion and is generally presumed to be regulated by cell
adhesion molecules. For example, integrins bind extracellular
matrix (ECM) and link the ECM to intracellular signaling
pathways; the turnover of integrin focal contacts may promote
cell migration (26,27). It has previously been reported that
integrin subunits are the substrates of palmitoylation enzymes
(28). Increasing evidence indicates that during progres-
sion from tumor growth to metastasis, specific integrin
signals enable cancer cells to detach from neighboring cells,
re-orientate their polarity during migration, and survive and
proliferate in foreign microenvironments (29). In the present
study, ZDHHCI14 transient knockdown revealed alteration
in both mRNA and protein expression of integrin a5 and
B1 subunits. Integrin a5p1 regulates the function of integrin
avp3 on endothelial cells during their migration in vitro or
angiogenesis in vivo (30). However, the mechanism by which
ZDHHCI14 transcriptionally downregulates these integrin
subunits remains unclear. On the other hand, ZDHHCI14
knockdown affects MMP-17 expression. Reports that the stem
region of MMP-17 contains two cysteine residues of unknown
function suggest that these sites might play an important role
in regulation of protease function since cysteine residues
are known sites for a variety of post-translational modifica-
tions including palmitoylation, disulfide bond formation and
prenylation (31). ZDHHCI14 may therefore have a critical role
in cell migration, although the precise molecular mechanism
needs to be clarified. The data in the present study verified
that ZDHHCI14 is associated with cancer progression and inva-
sion of cancer cells by mediating cell adhesion and migration
activity. Results of our clinicopathologic parameter analyses
in surgically resected GC tissues are consistent with the cell
adhesion and migration data.

Collectively, ZDHHCI4 is a promising therapeutic target
for management of stomach cancer, particularly scirrhous type
GC. Identification of the substrates associated with ZDHHC14

409

via use of strategies such as siRNA knockdown and overex-
pression in stable GC cell lines will provide further insights
into GC pathobiology and open new therapeutic avenues for
more effective treatment of GC. Subsequent studies examining
the specific substrates of the ZDHHC14 and other novel candi-
date genes may further elucidate the molecular mechanisms of
the genes contributing to GC and its progression.
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