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Abstract: Gastric cancer is one of the most common causes of digestive tract tumor. Despite of recent advances 
in surgical techniques and development of adjuvant therapy, the underlying mechanisms of gastric cancer remain 
poorly understood and relevant insight into novel treatment strategies using gene target remains incomplete. Re-
cently, several studies report that epithelial to mesenchymal transition (EMT) is a crucial process for the invasion 
and metastasis of epithelial tumors; however, the molecular mechanisms underlying this transition are unknown. 
As a cis-Golgi matrix protein, GM130 plays an important role in cell cycle progression and transport of protein in the 
secretory pathway. In this study, we found that GM130 expression has a positive correlation with the pathological 
differentiation and tumor node metastasis (TNM) stage of gastric cancer. High GM130 expression levels also predict 
shorter overall survival of gastric cancer patients. RNA interference-mediated knockdown of GM130 expression 
increased epithelial marker (E-cadherin) and decreased mesenchymal marker (N-cadherin and vimentin) expres-
sion in gastric cancer cells, suppressing cell invasion, and tumor formation. Furthermore, we found that GM130 
upregulated expression of the key EMT regulator Snail (SNAI1), which mediated EMT activation and cell invasion by 
GM130. Taken together, our study indicates GM130 may be a promising therapeutic biomarker for gastric cancer.
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Introduction

Gastric cancer is the most common type of 
tumor in humans. Despite of recent advances 
in surgical techniques and development of che-
motherapy/radiotherapy, the mortality of gas-
tric cancer remains high and 5-year survival 
rate lower than 30% [1, 2]. A recently elucidat-
ed secretory pathway is attracting considerable 
interest as a promising anticancer target. To 
provide insight that will enable the develop-
ment of new therapeutic strategies, it is crucial 
to elucidate the molecular mechanisms that 
promote the migration and invasion properties 
of gastric cancer. Recent studies have shown 
that a morphologic conversion, known as epi-
thelial-to-mesenchymal transition (EMT), is 
associated with the acquisition of malignant 
characteristics in gastric cancer cells [3, 4].

GM130, a cis-Golgi Matrix Protein, is a periph-
eral membrane protein strongly anchored to 
the Golgi member which is isolated from the 

detergent and salt resistant Golgi matrix. 
Besides maintain of the Golgi structure and 
stacking of Golgi cisternae, it also is involved in 
the regulation of ER-to-Golgi transport and gly-
cosylation, cell cycle progression, and the phys-
iology of multicellular organisms. However, 
emerging evidence has indicated that GM130 
has unexpected roles in the control of higher 
order cell functions such as cell division, polar-
ization and directed cell migration and various 
disease. It has been reported that GM130 is 
overexpressed in cervical cancer cell lines [5, 
6], lung cancer cell lines, and prostate cancer 
cell lines. Knockdown of GM130 inhibits the lat-
eral fusion of Golgi stacks and disturbs the uni-
form distribution of Golgi enzymes affecting 
proper glycosylation of membrane and secre-
tary proteins and also issues in delay of ER-to-
Golgi transport or a partial inhibition. In addi-
tion, suppression of cells proliferation, invasion, 
angiogenesis and increase of autophagy have 
been reported in A549 cells which lack GM130 
[7, 8].
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A number of possible reasons may explain why 
this novel role for GM130 and in the poor prog-
nosis of oncogenic gastric cancer has not been 
previously described. In this study, we report 
that the expression of GM130 was significantly 
up regulated in gastric cancer tissues com-
pared with their noncancerous counterparts as 
shown by immunohistochemical staining and 
RT-PCR. In addition, siRNA-mediated knock-
down GM130 expression inhibited cell prolifer-
ation and decreased cancer cell migration and 
invasion in vitro. We show that GM130 decreas-
es the expression of the epithelial markers 
E-cadherin but increases the expression of 
mesenchymal markers fibronectin and N-cad- 
herin. The results indicate GM130 induces EMT 
and cell invasion in gastric cancer cells by pro-
moting Snail expression in gastric cancer.

Materials and methods

Cell lines and tissue samples 

Three human gastric cancer cell line MKN-45, 
SGC-7901 and MKN-28 were purchased from 
the cell bank of Chinese Academy of Sciences 
(Shanghai, China). All the cell lines were main-
tained in RPMI-1640 supplemented with 10% 
FBS and 1% antibiotics. A total of 84 paraffin-
embedded gastric cancer samples of which 42 
were with paired adjacent tissues were ob- 
tained through the Bayannaoer City Hospital, 
Inner Mongolia. All gastric cancer patients who 
had not received any pre-operative chemother-
apy, radiotherapy or immunotherapy were diag-
nosed by at least two experience pathologists 
independently. This study was approved by the 
Ethics Committee of The Bayannaoer City 
Hospital, Inner Mongolia.

Immunohistochemistry 

All tissue sections (4 µm) were routinely 
dewaxed, rehydrated, and then was subjected 
to heat with citrate buffer in a microwave oven 
for antigen retrieval. Endogenous peroxidase 
activity was blocked for 15 min in 3% hydrogen 
peroxide in deionized water. The slides were 
then added blocking normal goat serum and 
followed by incubation at 4°C overnight with 
GM130 rabbit polyclonal antibody (1:100). 
Sections were incubated with biotinylated sec-
ond antibody and the streptavidin-biotin peroxi-
dase complex (ZSGB-BIO, Beijing, China). In 
addition, tissue sections were stained with di- 
aminobenzidine (ZSGB-BIO). Ultimately, all the 

treated sections were lightly counterstained 
with hematoxylin, dehydrated and mounted. 
Expression of GM130 was evaluated as the 
percentage of positive cells in a specimen, and 
by staining intensity as described previously 
[9]. The percentage of positive cells was evalu-
ated quantitatively and scored as (0 = 0%, 1 = 
1-25%, 2 = 26-50%, 3 = 51-75%, 4 = 76-100%) 
and the intensity was graded as follows (0 = 
none, 1 = weak, 2 = moderate, 3 = strong). The 
final result of GM130 expression was the prod-
uct of scores of percentage of positively stained 
cells and the staining intensity (negative, 0-1; 
weakly positive, 1-2; moderately positive, 2-3; 
strongly positive, ≥ 3).

Quantitative real-time PCR 

Total RNA was extracted from cultured cells 
using EZNA Total RNA Kit (OMEGA Bio-tek, 
USA), and cDNA was generated using Prime- 
Script RT reagent Kit with gDNA Eraser (TaKaRa, 
Otsu, Japan). Quantitative real-time PCR was 
performed using the SYBR Premix ExTaq II 
(TLiRNaseH Plus) (TaKaRa, Otsu, Japan) with a 
CFX96 Real-Time PCR Detection System (Bio-
Rad, Hercules, CA, USA).

Western blot analysis 

After measuring the protein concentration of 
the lysates using the BCA method (Beyotime, 
China), equal amounts (35 µg) of protein were 
separated by SDS-PAGE, blotted onto PVDF 
membranes (Millipore, Billerica, MA). The mem-
branes were blocked with TBST containing 5% 
skim milk for 1 hour at room temperature, incu-
bated with the corresponding primary antibod-
ies overnight at 4°C and then with secondary 
antibodies conjugated to horseradish peroxide 
for 2 h at room temperature. The protein was 
visualized using enhanced chemiluminescence 
(GE Healthcare Biosciences).

SiRNA transfection 

MKN-45 cell line was transfected with three 
kinds of siRNAs targeting GM130 (GenePharma, 
Shanghai, China). The sequences of the siRNAs 
used to suppress GM130 expression was: 
sense, 5’-CUGGACUCCAGCUAUGUAATT-3’, and 
antisense, 5’-UUACAUA GCUGGAGUCCAGTT-3’. 
The scrambled siRNA as negative control was: 
sense, 5’-UUCU CCGAACGUGUCACGUTT-3’, and 
antisense, 5’-ACGUGACACGUUCGGAGAATT-3’. 
Cell transfection was carried out using Lipo- 
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fectamine 2000 (Invitrogen) according to man-
ufacturer’s instructions.

Cell migration and invasion assays 

For transwell migration assays, 2×104 cells 
were seeded in the top chamber with the non-
coated membranes (24 well insert, 8.0-mm, BD 
Bioscience). Cells were seeded in a serum-free 
medium and then migrated toward complete 
growth medium. For the invasion assay, cells 
were serum-starved overnight and 2×104 cells 
were seeded in a Matrigel-coated chamber and 
cultured for 48 h. The invaded or migrated cells 
were fixed with 70% methanol and stained 

0.5% crystal violet. Cells invaded or migrated 
the lower surface of filters were counted in five 
randomly selected fields. All experiments were 
carried out in triplicate.

Luciferase reporter assay

The previously reported promoter region for 
Snail (-1, 558/+92) was amplified and cloned 
into the pGL4 vector (Promega) [10]. 293T cells 
were transfected with the pGL4-Snail/promoter 
together with pQCXIP-GFP-GM130 and pRTK-
Luc to normalize transfection efficiency. Forty-
eight hours later, the activities of firefly lucifer-
ase and Renilla luciferase were measured 

Figure 1. Expression of GM130 in human gastric cancer patient specimens and cell lines. (A) Expression of GM130 
in normal gastric tissue and different stage gastric cancer (400×). (B) Over-expression of GM130 at mRNA level 
in gastric cancer tissues. Expression of GM130 in normal and gastric cancer tissue was analyzed by qRT-PCR (C) 
Kaplan-Meier plots of GM130 expression in 20 cases of gastric cancer patients. Overall survival rate was performed 
by log-rank test. P < 0.05 indicate significant differences between two groups. (D, E) Expression of GM130 in breast 
cancer cell lines (P < 0.001).
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using the Dual Luciferase Reporter Assay 
System (Promega). Luciferase activity was 
measured in triplicate, and 3 independent 
experiments were carried out. To measure lucif-
erase activity in the absence of GM130 expres-
sion, MKN-45 cells were transfected with con-
trol or GM130 siRNA together with pRTK-Luc 
and pGL4-Snail/promoter. Seventy-two hours 
later, luciferase activities were measured.

Statistical analysis 

Statistical analysis for cell invasion, colony for-
mation, and tumor formation in mice was con-
ducted using the Student t test. P < 0.05 was 
considered statistically significant. The associ-
ation between GM130 expression and tumor 
stage was determined by test.

Results

Upregulation of GM130 expression in human 
gastric cancer 

To determine the clinicopathological signifi-
cance of GM130, GM130 expression was eval-
uated by immunohistochemistry in 84 pairs of 
human gastric and adjacent non-cancerous 
counterparts. We found that strong expression 
of was observed in some cancer tissues, and 
the expression was correlated with tumor stage 
(Figure 1A). Increased GM130 expression was 
also found to correlate with shorter overall sur-
vival (P < 0.001) of patients (Figure 1B). Of the 

84 samples, we observed that GM130 expres-
sion was more frequently in carcinomas (88.1%) 
than adjacent non-cancerous tissues cells 
(52.4%). To explore the role of GM130 in human 
gastric cancer progression, we first evaluated 
GM130 expression levels in various gastric 
cancer cell lines. Interestingly, we found that 
GM130 expression was related with the malig-
nant characteristics of gastric cancer cells. 
MKN-45 was more invasive than other gastric 
cancer cell lines and was able to grow under 
anchorage-independent conditions. These fin- 
dings show that GM130 is overexpressed in pri-
mary human gastric cancer and metastatic 
gastric cancer cells.

Downregulation of GM130 reduces migration 
and invasion of MKN-45 cells 

To determine the effect of GM130 on cell migra-
tion and invasion. Migration was assessed 
using a short-term transwell assay (Figure 2A 
and 2B). And then, we assessed cell invasive-
ness, we used Matrigel-coated Boyden cham-
bers. GM130 knockdown reduced cell migra-
tion and invasion of MKN-45 cells (Figure 2C 
and 2D).

GM130 regulates EMT in gastric cancer cells

Epithelial-to-mesenchymal transition is associ-
ated with malignant properties, such as inva-
sion and anchorage-independent growth. We 
hypothesized that the upregulation of GM130 

Figure 2. Depletion of GM130 reduces migration and invasion of MKN-45 cells. A, C. Cells were transfected with 
siRNA and then subjected to the in vitro migration and invasion assay 72 hours later. Representative images of in-
vading cells are shown. B, D. The graph indicates the average number of migrated and invaded cells per field. Three 
independent experiments were carried out, and the data are shown as the mean with SD (P < 0.05).
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may promote EMT in gastric cancer cells. High 
metastatic gastric cancer cell line (MKN-45) 
demonstrated elevated GM130 expression, 
were spindle shaped and exhibited reduced cell 
contact. GM130 knockdown resulted in a dra-
matic shift from spindle shaped to a cobble-
stone-like morphology. To test this hypothesis, 
the expression levels of epithelial and mesen-
chymal markers were examined. By western 
blot and immunofluorescence, we found that 
depletion GM130 expression caused a increase 
in epithelial marker (E-cadherin), but an de- 
crease in mesenchymal markers (N-cadherin 
and vimentin) in MKN-45 cells (Figure 3A). 
These results indicate that GM130 has an 
important role in EMT regulation in gastric can-
cer cells.

GM130 directly regulates Snail expression 

Aberrant expression of EMT transcription fac-
tors contributes to the appearance of an inva-
sive phenotype by suppressing E-cadherin and 

decreased promoter activity 60% to 80%  
compared with that of luciferase siRNA  
(Figure 4D). These results demonstrate that 
GM130 induces the transcription of the Snail 
gene.

Discussion

Gastric cancer is a very common disease world-
wide and the second most frequent cause of 
cancer death. During gastric cancer carcino-
genesis, genomic damage accumulate, affect-
ing cellular functions such as self-sufficiency in 
growth signals, escaping antigrowth signals, 
apoptosis resistance, Sustained replicative 
potential, angiogenesis induction, and invasive 
or metastatic potential [13-15]. In addition, a 
cag pathogenicity island methylator phenotype 
(CIMP) has been a third pattern of genomic 
instability [16-18]. However, the exact mecha-
nism which implicated in carcinogenesis and 
progression has not been fully elucidated.

Figure 3. GM130 induces EMT of gastric cancer cells. A. Phase contrast 
microscopic images show that GM130 knockdown (GM130 siRNA) induced 
epithelial cell morphology in MKN-45 cell lines. B. GM130 depletion upregu-
lated E-cadherin expression and downregulated N-cadherin and vimentin 
expression in MKN-45 cells.

inducing EMT in a wide variety 
of human cancers [11, 12]. 
We aimed to identify transcrip-
tion factors whose expression 
is regulated by GM130. RNA 
was extracted from MKN-45 
with GM130 siRNA, and the 
mRNA and protein expression 
of EMT-related transcription 
factors were examined by qRT-
PCR and immunoblot. Among 
the transcription factors ex- 
amined, Snail expression was 
decreased by the knockdown 
of GM130 in MKN-45 cells 
(Figure 4A and 4B).

We next conducted luciferase 
assays to determine whether 
Snail promoter activity was  
regulated by GM130 expres-
sion. 293T cells were tran-
siently cotransfected with full-
length GM130, and a reporter 
construct in which the human 
Snail promoter region was 
cloned upstream of firefly 
luciferase (pGL4-Snail/pro-
moter). Exogenous expression 
of GM130 increased Snail pro-
moter activity approximately 
6-fold (Figure 4C). In addition, 
the transfection of GM130 
siRNA into MKN-45 cells 
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Recently, novel pathway involving the ER, Golgi 
apparatus, and lysosomes are being recog-
nized as potential targets for therapeutic inter-
ventions. GM130 plays an important role in the 
maintenance of Golgi structure and transport 
of proteins and lipids in the secretary pathway. 
Recent reports support the view that the down-
regulation of GM130 inhibits the protein trans-
portation between ER and Golgi and induces 
autophagy. While, autophagy contributes to 
tumor suppression and defects of autophagy 
are associated with tumorgenesis [18-20]. In 
this study, we first examined the expression of 
GM130 in human gastric cancer tissues and 
cell lines to explore the molecular mechanisms 
of gastric cancer tumorgenesis, and then to 
reveal new predictive markers. Our results 
showed that GM130 protein was primarily 
expressed in the cytoplasm of gastric cancer 
cells and GM130 expression was evidently 
increased in gastric cancer specimens com-
pared with adjacent normal tissues. Furth- 
ermore, also immunohistochemistry results 

demonstrated that the overexpression of 
GM130 was associated with differentiation 
grade and TNM stage in gastric cancer. Recent 
evidence supports aerosol delivery of GTP-
SPE/shGM130 can suppress tumor progres-
sion to lung adenocarcinoma. In addition, in 
support of a role for GM130 in tumor progres-
sion, knockdown of GM130 in a Caco-2 cells 
lead to a loss of E-cadherin expression, a phe-
notype that is often considered to be linked to 
tumor progression and a loss of epithelial iden-
tity and is in line with the notion that loss of 
polarity is a typical phenomenon in epithelial-
mesenchymal transition [5, 6, 21, 22]. We also 
observed that GM130 expression, at both the 
mRNA and protein levels, in the human gastric 
cancer lines MKN-28, SGC-7901, MKN-45. Our 
results are consistent with GM130 might be 
involved in tumorgenesis and the progression 
of cancer.

To further explore the effects of GM130 on pro-
liferation, invasion and migration in carcinoma 

Figure 4. Snail expression is regulated by GM130. A. Seventy-two hours after transfection with siRNA, total RNA was 
extracted to examine changes in the mRNA expression levels of the indicated genes. B. The expression of Snail in 
siRNA-transfected cells was examined by immunoblot. C. 293T cells were cotransfected with the GM130 expression 
vector together with the pGL4-Snail/promoter and pRK-Luc expression vectors. Three independent experiments 
were carried out (P < 0.001). D. MKN-45 cells were transfected with GM130 siRNAs together with the pGL4-Snail/
promoter and pRK-Luc vectors. After 72 hours, luciferase activity was measured. Three independent experiments 
were carried out, and the relative luciferase activity is indicated (P < 0.001).
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cell lines. We transfected the GM130 sequence-
specific siRNA with Lipofectamine 2000 into 
the MKN-45 cells, which had high invasive and 
metastatic potential and expressed high levels 
of GM130 proteins. We found that the cell pro-
liferation and growth of GM130-siRNA cells 
was markedly inhibited and the levels of inva-
sion and migration capacity was significantly 
lower in comparison with the cells in the nega-
tive control group, indicating that downregula-
tion of GM130 in MKN-45 gastric cancer lines 
suppressed proliferation and inhibited migra-
tion and invasion. In addition, we also found 
that downregulation of GM130 decreased the 
protein level of MMPs. It has been shown that 
small interfering RNA against GOLGA2/GM130 
results in inhibition of cell proliferation, angio-
genesis and invasion in A549 cells.

Recent studies reported that EMT-associated 
transcription factors confer cancer cells with 
malignant characteristics, such as invasion, 
metastasis, and resistance to chemotherapy. 
Interestingly, silencing GM130 can induce 
E-cadherin downregulation in Caco-2 cells. The 
loss of E-cadherin expression not only disrupts 
cell- cell adhesion but also activates multiple 
pathways that induce cellular migration, inva-
sion, and metastasis. Divergent findings have 
been made concerning the role of GM130 in 
cancer, which seems to depend on the type of 
cancer investigated. For instance, in lung can-
cer, the downregulation of GM130 induces 
autophagy and suppresses angiogenesis, inva-
sion. GM130 expression is elevated in lung 
cancer but downregulated in colorectal and 
breast cancer [6, 21, 22]. Future experiments 
are necessary to clarify the proposed mecha-
nism to the effect of GM130 on tumor cells. 
These studies are currently under way. And 
then, this is the first report show that variation 
in GM130 level participate in tumorigenesis 
and the progression of gastric cancer, as well 
as we have identified GM130 as a novel regula-
tor of EMT and cell invasion. In addition, the 
induction of Snail expression was shown to be 
critical for the GM130-mediated promotion of 
EMT and cell invasion. Thus, GM130 is a critical 
regulator of cancer progression and may be an 
important target for human gastric cancer 
treatment.
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