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Background: Being an important N-glycosylation enzyme in eukaryotic cells, Golgi α-

mannosidaseⅡ (GMⅡ) has been suggested to function as a target for cancer treatment based on

the inhibitory effect on cancer growth and metastasis by the swainsonine, an inhibitor of GMⅡ.

This study aims to investigate GMⅡ expression and its prognostic value in primary gastric cancer.

Methods: The GMⅡ expression was examined by using the quantitative PCR and Western

blotting in 37 paired gastric cancer and noncancerous tissues. We analyzed the relationship

between its expression and the clinicopathological parameters by immunohistochemistry in

185 paraffin-embedded gastric cancer tissue specimens. Furthermore, we detected the GMⅡ

expression in cultured gastric cancer cell lines and the normal gastric cell line and observed

the changes of proliferative and invasive capacities of gastric cell lines after GMⅡ scilen-

cing and overexpressing in vitro.

Results: The GMⅡ mRNA (P<0.0001) and protein (P<0.01) expression of 37 tumor tissues

were increased compared with those of the matched adjacent normal tissues. Human gastric

cancer cell lines also showed higher GMⅡ expression (P<0.001) compared with normal

gastric cell lines. The immunohistochemical analysis revealed that GMⅡ was an indepen-

dent predictor of the overall survival of patients. In addition, GMⅡ overexpression in the

normal gastric cell line GES-1 significantly promoted the cell proliferation and invasion,

while GMⅡ knockdown in gastric cancer cell line BGC-823 significantly inhibited the cell

proliferation and invasion.

Conclusion: GMⅡ may become an indicator for monitoring the prognosis of primary

gastric cancer and it may provide a new direction for precise treatment.

Keywords: Golgi а-mannosidaseⅡ, primary gastric cancer, prognosis, proliferation,

invasion

Introduction
Primary gastric cancer is a malignant tumor with poor prognosis. According to

global cancer statistics in 2018, the incidence and mortality of gastric cancer ranked

the fifth and the third, respectively, in the global tumor ranking.1,2 Therefore, it is

particularly important to further explore the molecular mechanism of gastric cancer

occurrence and progression and to accurately identify more valuable prognostic

markers and therapeutic targets, so as to effectively improve the diagnosis, treat-

ment and prognosis of this disease.

Tumor cells generally undergo activation, rapid division and proliferation,

adherence to other cell types and cellular substrates, invasion of tissues and often

accompanied by altered glycosylation. Thus, changes in glycosylation are recog-

nized as one of the characteristics of cancer cells.3–6 Glycosylation is a process
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involving the synergy of endogenous combinations of

hundreds of specific glycosyltransferases and glycosidases

that catalyze the adjunction of saccharide conformations to

different locations of extended glycans in a stepwise

manner.7 Thus, the altered expression of enzymes partici-

pated in the glycosylation can result in the changes of

glycosylation.

There are two types of glycosylation in glycoproteins:

N-glycosylation andO-glycosylation.Golgiα -mannosidaseⅡ

(GMⅡ), a typeⅡ transmembrane protein of golgi apparatus,

125 kDa in size, plays an important role in N-glycosylation in

eukaryotic cells.8 In preliminary clinical trials, some research-

ers found that the swainsonine (SW) can reduce tumor growth

and metastasis in cancer patients,9 and they speculated that the

effect of SW on the tumor progress maybe resulting from the

inhibition of GMⅡ which is related to the N-glycan structure

of tumor cell surface.10 Furthermore, it was also demonstrated

that many types of cancers such as colorectal carcinoma,mel-

anoma and breast carcinoma showed the reduced growth rate

in the tumor-bearing mice when GMⅡ was inhibited by

SW.11–13 Thus, GMII is considered to be a target for inhibiting

the development of cancer cells.14–16

As far as we know, reports on the prognostic value of

GM II in primary gastric cancer have not been found. In

the experiments, we analyzed the expression of GMII in

gastric cancer and adjacent normal tissues by real-time

quantitative reverse transcription (qRT-PCR), Western

blotting and immunohistochemistry (IHC). Meanwhile,

our study is the first to try to explore the correlation

between GMII expression and clinicopathological features

and to evaluate its prognostic value in the survival of

gastric cancer patients after operation. In addition, the

proliferation and invasion of GMII-knockdown gastric

cancer cells and GMII-overexpressing normal gastric

mucosal cells, respectively, were examined to evaluate

the functional role of GMII in primary gastric cancer.

Materials and methods
Human tissue samples
Thirty-seven pairs of cancerous and adjacent noncancerous

stomach tissue (more than 5 cm away from cancer tissue)

were collected in the First Affiliated Hospital of

Chongqing Medical University. Another 185 paraffin-

embedded primary gastric cancer samples were collected

from the Department of Pathology, the First Affiliated

Hospital of Chongqing Medical University. There were

no preoperative radiotherapy or chemotherapy for these

patients. The histological type and grade of gastric cancers

were judged by two pathological doctors according to the

WHO standard. Postoperative follow-up was performed

every 3 months in the first 2 years and every 6 months

after 2 years. The period of follow-up is 6–93 months and

the median is 46.5 months. The study was conducted in

accordance with the Declaration of Helsinki and the pro-

tocol was approved by Ethics Committee of Chongqing

Medical University (Chongqing, China) and written

informed consent was obtained from each patient involved

in the study.

Cell culture
Gastric cancer cell lines SGC-7901, MKN-28, BGC-823

and immortalized gastric mucosal epithelial cell line GES-

1 purchased by the Procell Life Science &Technology

(Procell, China) were cultured in RPMI-1640 medium

(Hyclon, USA) with 10% FBS, 100 units/mL penicillin

and 100 μg/mL streptomycin at 37°C, a humidified 5%

CO2 atmosphere.

Real-time quantitative reverse

transcription PCR analysis
Total RNA was obtained from cells and tissues by TRIzol

(Invitrogen, USA). The reverse transcription reaction was

performed at 37°C for 15 mins and then at 85°C for 5 s.

Quantifcation of GMⅡ and β-actin was examined with the

SYBR® PrimeScript™ RT-PCR Kit (Takara, Japan). The pri-

mers we used were as followes: GMⅡ:(F) 5ʹ-

CTTCTCAGGGGACCTGCTCT-3ʹ,(R) 5ʹ-TCAGCATGGT-

CTCTGCATTG-3ʹ;β-actin: (F) 5ʹ-CCTGGCACCCAGCAC-
AAT-3ʹ;(R) 5ʹ-GGGCCGGACTCGTCATAC-3ʹ. All experi-
mental steps and procedures were followed by the manufac-

turer’s instructions and were repeated three times separately.

Immunohistochemistry analysis
IHC staining was performed by using UltraSensitiveTMS-P

(KIT-9710,MXB Boitechnologist), all steps including depar-

affinization, hydration, antigen retrieval, serum blocking,

primary antibody incubation and secondary antibody incuba-

tion were in accordance with the manufacturer’s protocol.

The anti-GMⅡ primary antibody (Santa Cruz, USA) was at

a dilution 1:400 and incubated the sections at 4°C overnight.

It was stained with 3,3ʹ-diaminobenzidine tetrahydrochloride

and hematoxylin.

GMⅡ expression was assessed by staining intensity

and staining percentage. The staining percentage was

Zhu et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:124380

http://www.dovepress.com
http://www.dovepress.com


scored as 0 (0–9%), 1 (10–25%), 2 (26–50%) or 3

(51–100%). The staining intensity was determined as 0

(negative), 1 (weak), 2 (moderate) or 3 (strong) under

microscopy. The final score was obtained by multiplying

the two scores and ranked from 0 to 9. “-”,“+”,“++” and

“+++” were corresponding to scores 0, 1–3, 4–6 and 7–9.

According to GMⅡ expression levels, there were two

groups of gastric cancer: low GMⅡexpression group

(“-” and “+”) and high GMⅡ expression group (“++”

and “+++”). The IHC staining score was performed by

two double-blinded independent observers who were una-

ware of all the clinical parameters.

Western blotting analysis
Total protein was collected from cells and tissues by RIPA

lysis buffer (Beyotime, China) and dissociated by PAGE

and then transferred onto PVDF membranes (Millipore,

USA). The band was blocked with 5% skim milk for 60

mins, then followed by incubating with anti-GMII primary

antibody (1:800, Santa Cruz, USA) and anti-β-actin pri-

mary antibody (1:1000, Beijing Biosynthesis, China) sepa-

rately for 4°C overnight, and next incubated with the

secondary antibody (1:1000, Santa Cruz, USA) for 2 hrs

at homeothermy. The protein bands were exposed by

enhanced chemiluminescence. The data was analyzed by

Quantity One software.

RNA interference and cell transfection
Short hairpin oligoes (shRNAs) targeting GMⅡ were synthe-

sized by GenePharma Company (Shanghai, China), as follows

(GMⅡ-shRNA-1: 5-CACCGCGTTTGCTAGCTGAGAAT

AATTCAAGAGATTATTCTCAGCTAGCAAACGCTTTT-

TTG-3ʹ; GMⅡ-shRNA-2:5ʹ-CACCGCAGACTGTCTGTT

TGCTTCATTCAAGAGATGAAGCAAACAGACAGTCT-

GCTTTTTTG-3ʹ; GMⅡ-shRNA-3:5ʹ-CACCGCTGGGCTA

TTGATCCCTTTGTTCAAGAGACAAAGGGATCAATA-

GCCCAGCTTTTTTG-3ʹ; GMⅡ-shRNA-NC:5ʹ-CACCGTT

CTCCGAACGTGTCACGTCAAGAGATTACGTGACAC-

GTTCGGAGAATTTTTTG-3ʹ). The annealed double-

stranded oligonucleotides were ligated into the pGPU6/GFP/

Neo vectors and the constructswere transfected transiently into

BGC-823 applying Lipofectamine 2000 (Invitrogen, USA)

according to the protocol. A eukaryotic overexpression plas-

mid vector pReceiver-M03 with the full-length of human

GMⅡ cDNA was obtained from the GeneCopoeia Inc.

(Maryland,USA).Negative controlwasmade of empty vector.

The overexpression plasmid and empty vector were trans-

fected transiently into GES-1 cells 48 hrs later, and GMⅡ

protein expression was detected by Western blotting to screen

the best silencing construct for further experiments.

Cell counting kit-8 (CCK-8) assay
Cells (100 µL, 4×103 cells per well) were added in 96-well

plates and cultured in cell incubator overnight. Subsequently,

10 µL of CCK-8 reagent (Dojindo, Japan) per well was

added, and the plate was placed in the cell incubator for

another 2 hrs. The optical density was measured at 450 nm.

The assay was set up at various times (0 hr, 24 hrs, 48 hrs,

72 hrs) to detect the cell growth curve.

Cell cycle detection
Each experimental group was subjected to trypsin digestion in

the logarithmic growth phase, and then made into a 1×106/ml

cell suspension, which was washed twice with PBS and fixed

with 70% pre-cooled ethanol at 4°C for 24 hrs. Finally, the

cells were sent to detect the distribution of cell cycle and the

proliferation index (PI) is calculated by flow cytometry.

PI = (S + G2/M)/(G0/G1+ S + G2/M) ×100%.

Invasion assay
Matrigel (50 µL/well, at a 1:8 dilutions in serum-free RPMI

1640) was placed into transwell polycarbonate chambers

(8-µm pore size; Corning). Transfected cells were trypsi-

nized and washed 3 times with RPMI 1640, followed by

resuspension in serum-free medium. RPMI 1640, 600 µL,

with 10% FBS was pre-added to the bottom chambers, and

the cell suspensions (200 µL,1×104/well) were added into

the top chambers and then cultured for 24 hrs. The upper

chamber cells were scraped off, followed by fixing down

chamber cells with methanol and staining them with crystal

violet (0.1%). Cell counting was performed in 5 randomly

selected regions using an optical microscope. Experiments

repeated 3 times separately and the average was calculated.

Statistical analysis
Student’s t-test was used for the comparison between two

groups. The relationship between GMⅡ expression and

various clinicopathological parameters was analyzed by χ2

test. Survival curves were determined by the Kaplan–Meier

method and compared by the log-rank test. To analyze the

effects of GMII expression and clinicopathological variables

on survival, univariate and multivariate analyses, both were

performed by using the Cox proportional hazards regression

model. We used GraphPad Prism 6.0 and SPSS 19.0 for data

analysis. P<0.05 was considered statistically significant.
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Results
GMⅡ mRNA expression analyzed by

real-time quantitative RT-PCR
To compare the mRNA expression of GMII in gastric

cancer tissues and normal gastric mucosa, we performed

RT-PCR experiments and found that GMII mRNA was

detected in both tissues. However, the expression level of

GMII mRNA in gastric cancer tissues was quite more than

that in normal one (P<0.0001, Figure 1).

GMⅡ protein expression analyzed by

Western blotting analysis
Matching with qRT-PCR results, Western blot results also

showed that protein expression of GMII was much higher

in 37 gastric tumor tissues than that in matched noncan-

cerous tissues (P=0.014, Figure 2A and B). Similarly, the

expression of GMII protein was significantly increased in

the gastric cancer cell lines SGC-7901, MKN-28, espe-

cially BGC-823, in comparison with the normal gastric

cell line GES-1 (Figure 2C and D).

Immunohistochemical analysis of GMⅡ

expression and its relevance with the

clinicopathological parameters
Similarly, we found that almost all of the cases (n=185)

showed the positive staining of GMⅡ which was localized

to the cytoplasm, especially in cancerous tissues, signifi-

cantly higher expression of GMⅡ was observed compared

with the normal gastric mucosal tissues. Overall, 97 of 185

(53.30%) cancerous tissues showed the high GMⅡ

expression, whereas only 68 of 185 (36.76%) noncancer-

ous tissues showed the high GMⅡ expression (Figure 3).

It is a significant difference between them (P=0.0016).

Table 1 summarizes the correlation between GMII expres-

sion and various clinicopathological features. The results

indicated that high expression of GMII was significantly

correlated to tumor infiltration depth (P<0.0001) and dis-

tant metastasis (P=0.0002), rather than age, sex, tumor

size, differentiation and local lymph node metastasis.

GMⅡ expression and clinical outcome
The clinical data analyses show the 5-year overall survival of

patients with high GMⅡ expression (31.96%) was signifi-

cantly reduced than that of patients with low GMⅡ expres-

sion (54.55%) (P<0.0001, log-rank test, Figure 4). Univariate

Cox regression analyses showed that depth of tumor infiltra-

tion, local lymph node metastasis, distant metastasis, tumor

differentiation and GMⅡ expression were significantly inter-

related with overall survival (Table 2). In addition, the multi-

variate Cox regression analysis suggested that tumor

infiltration (P=0.0005), distant metastasis (P<0.0001) and

GMⅡ expression (P<0.0001) may be independent forecast

indicators of the overall survival of patients with gastric

adenocarcinoma (Table 2).

Knockdown and overexpression of GMⅡ

on cell lines
We silenced the GMⅡ expression in BGC-823 cell line

with shRNA vectors targeting for GMⅡ gene and trans-

fected the GMⅡ overexpressing vector into GES-1 cells,

respectively. Successful transfections showed the green

fluorescence under a fluorescence microscope (Figure 5A).

The GMⅡ expression was detected by Western blotting in

transfected cells. We selected the best silencing vector

based on Western blot results and obtained stable trans-

fected cells (Figure 5B and D).

Effect of knockdown and overexpression of

GMⅡ on cell proliferation and cell cycle
We carried out the CCK-8 assay to detect the effect of knock-

down and overexpression of GMⅡ on cell proliferation. It is

observed that the GES-1 cell proliferation after GMⅡ over-

expressing was evidently increased than that of GES-1 con-

trol cells, while BGC-823 cell proliferation after GMⅡ

silencing evidently decreased than that of BGC-823 control

cells (Figure 6A and B). The difference between them was
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Figure 1 Expression of GMⅡ mRNA in gastric cancer tissues and the normal

gastric mucosa tissues. The relative mRNA expression of GMⅡ was significantly

increased in gastric cancer tissues compared with the matched adjacent nontumor-

ous tissues. ****P<0.0001.
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significant (P<0.05). Furthermore, we took flow cytometry to

identify the role of GMⅡ on the cell cycle. Compared with

the empty vector group, GMII silencing significantly raised

the propagation of cells in the G1 phase and reduced the

propagation of cells in the S phase, while the overexpression

of GMII was just the opposite (Figure 6C and D).

Effect of knockdown and overexpression

of GMⅡ on invasion
To assess the function of GMII in cell invasion, we exam-

ined the invasive ability of GMII-silenced BGC-823 cells

and GMII-overexpressed GES-1 cells. It is found out that

the average number of migrated GMII-silenced BGC-823

was 82.43±3.22, which was much lower than that of

negative vector transfection (158.9±5.13) and blank con-

trol (166±7.38). The average number of migrated GMII-

overexpressed GES-1 was 138.9±5.51, which was much

higher than that of empty vector transfection (91.12±1.12)

and blank control (96.55±1.03). The difference between

them was significant (P<0.05) (Figure 7A and B).

Discussion
As we all know, the enzymatic process which produces

glycosidic linkages of saccharides to other saccharides, lipids

or proteins is called glycosylation.6,17 We have learned in

previous studies that changes in protein glycosylation pat-

terns, such as neoexpression, underexpression or overexpres-

sion of glycans, have been observed in a variety of tumors,

and these changes have been considered as a hallmark of

cancer.18,19 Glycosylation modifications often cause uncon-

trolled proliferation and invasion behavior of cancer cells by

changes in expression, metabolism, functions, properties,

stability and/or cellular localization of glycoproteins.14,20,21
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Figure 2 GMⅡ protein expression analyzed by Western blotting analysis. (A) Representative result of GMⅡ protein expression (CA, gastric cancer tissues; N, matched

noncancerous gastric mucosa). (B) Relative GMⅡ protein expression levels in gastric cancer tissues and noncancerous tissues (GMⅡ/actin, n=37, P=0.014). (C) The GMⅡ

protein level in gastric cancer cell lines and normal gastric cell line GES-1. (D）Analysis of GMⅡ protein expression levels in gastric cancer cell lines and normal gastric cell

line. ** P<0.01, *** P<0.001.

Figure 3 GMⅡ protein expression in gastric cancer surgical specimens shown by

immunohistochemistry. Weak GMⅡ staining was observed in noncancerous gastric

mucosa. Strong GMⅡ staining in gastric cancer.
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As themost highly studied form of protein glycosylation in

eukaryotic organisms, N-glycosylation is proved to play

a crucial role during tumor progression in more and more

evidence, and they participate in several cellular mechanisms,

such as metabolism, signaling, growth, cell–cell adhesion,

cell–matrix interaction, invasionand metastasis.22,23 Studies

have shown that N-glycosylation can be induced by oligosac-

charide precursors linked by the synthesis of dolichol lipids

and then the pruning of glycan precursors in the endoplasmic

reticulum and Golgi determines the correct folding and secre-

tion of glycoproteins.24,25 Three glucose residues and one

mannose are removed by glucosidase and endoplasmic reticu-

lum mannosidase, respectively, followed by transferring the

glycoprotein into the Golgi, and the N-glycan contains eight

mannose residues called high mannose glycans. Usually, there

are few high mannose glycans reaching the cell surface, since

most mannose residues are cut by Golgi mannosidase, which

is a prerequisite for the formation of complex or hybrid

glycans.

GMⅡ plays a central role in theGolgi processing pathway,

and it is highly specific for the single GlcNAc attached to the

Man α1,3-Man arm of the substrate GlcNAcMan5GlcNAc2-

Asn-X in a β1,2 locations and clips twomannose residues from

Table 1 Correlation between GMⅡ expression and clinicopathological parameters of 185 gastric cancer cases

Clinicopathological parameters na GMⅡ expression P-value

High Low

ALL 185 97 88

Age (years) 0.2064

<55 67 40（59.70%） 27（40.30%）

≥55 118 57（48.31%） 61（51.69%）

Gender 0.1572

Male 102 51（50.00%） 51（50.00%）

Female 83 46（55.42%） 37（44.58%）

Tumor size 0.1689

<3 cm 94 55（58.51%） 39（41.49%）

≥3 cm 91 42（43.30%） 49（55.68%）

Tumor differentiation 0.0874

Well and moderately 116 63（54.31%） 53（45.69%）

Poorly 69 34（49.28%） 35（50.72%）

Tumor infiltration 0.0002*

T1+T2 68 22（32.35%） 46（67.65%）

T3+T4 117 75（64.10%） 42（35.90%）

Local lymph node metastasis 0.2170

Negative 98 56（57.14%） 42（42.86%）

Positive 87 41（47.13%） 46（52.87%）

Distant metastasis <0.0001*

M0 152 70（46.05%） 82（53.95%）

M1 33 27（81.82%) 6（18.18%）

Notes: aNumbers of cases in each group. *Statistically significant (P<0.05).
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Figure 4 Kaplan–Meier survival curves of gastric cancer patients (n=185) after

gastrectomy. The survival rate of patients in the group of high GMⅡ expression

was significantly lower than that of patients in the group of low GMⅡ expression

(log-rank test, p<0.0001).
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the branched GlcNAcMan5GlcNAc2 mannose to form the

core GlcNAcMan3GlcNAc2 glycosyl structure, an essential

precursor for the further addition of N-acetyl-glucosamine

units. On the basis of the preliminary experimental data, it

could be clearly showed that the α-mannosidase inhibitor

swainsonine (SW) has a growth and metastasis suppressor

function in many types of cancers including gastric

cancer.9,26 And because of the higher efficacy of inhibition of

GMⅡ than any other types of α-mannosidase by SW, the

researchers speculated that the GMⅡ makes an important

role in cancer progression.

However, nowadays, no reports about the prognostic

significance of GMⅡ in gastric adenocarcinoma existed.

In the study, we found that GMⅡ expression in gastric

cancer tissues was obviously increased than that in the

corresponding noncancerous tissue and it is related to the

depth of tumor infiltration, distant metastasis and reversely

correlated with the overall survival rate of patients after

resection. Therefore, our data prompted that GMⅡ should

have the prognostic values in the gastric carcinoma

patients.

GMII trims the mannose residue and contributes to

the formation of the core GlcNAcMan3GlcNAc2 glyco-

syl structure, which is a necessary basis for the further

adjunction of N-acetyl-glucosamine, and so we took it for

granted that the high expression of GMII leads to abnor-

mal N-glycan formation of the glycoproteins. Recently,

a study reported that swainsonine can decrease the synth-

esis of β1,6-branched N-glycans by inhibiting GMII,

which means that GMII should participate in the

β1,6-branched N-glycan formation.27 In the last years,

some studies have pointed that alterations of

β1,6-branched of N-glycans were related to proliferation

potential, tissue invasion and metastasis, which were

Table 2 Univariate and multivariate analyses of overall survival of gastric cancer patients

Variables na Univariate analyses Multivariate analyses

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.3390

<55 67 1.000

≥55 118 1.175 0.844–1.637

Gender 0.1076

Male 102 1.000

Female 83 0.768 0.557–1.059

Tumor size 0.3152

<3 cm 94 1.000

≥3 cm 91 1.176 0.857–1.613

Tumor differentiation 0.0385* 0.2930

Well and moderately 116 1.000 1.000

Poorly 69 1.406 1.018–1.941 1.197 0.856–1.672

Tumor infiltration <0.0001* 0.0005*

T1+T2 68 1.000 1.000

T3+T4 117 3.028 2.098–4.371 2.009 1.356–2.977

Local lymph node metastasis 0.0394* 0.6293

Negative 98 1.000 1.000

Positive 87 1.399 1.016–1.927 1.085 0.778–1.513

Distant metastasis <0.0001* <0.0001*

M0 152 1.000 1.000

M1 33 8.606 5.443–13.608 5.366 3.361–8.567

GMⅡ expression <0.0001* <0.0001*

Low 88 1.000 1.000

High 97 4.803 3.300–6.989 3.183 2.132–4.752

Notes: aNumbers of cases in each group. *Statistically significant (P<0.05).

Dovepress Zhu et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
4385

http://www.dovepress.com
http://www.dovepress.com


recognized as hallmarks of cancer progression.28 For

example, the E-cadherin modification increased by

β1,6-branched N-glycans can induce E-cadherin-

mediated cell–cell adhesion instability,29 the

β1,6-branched chain on the N-glycan of the tumor α5β1
integrin β1 subunit can down-regulate the formation of

focal contact, thereby increasing tumor motility and inva-

siveness through ECM,30 and the abnormal glycosylation

of tissue inhibitor of metalloproteinase-1 (TIMP-1) with

increased β1,6 branching structure can increase the

malignant behavior of tumors and promote tumor pro-

gression, and the aberrant glycosylation of TIMP-1 with

increased β1,6 branching structure can promote the

malignant behavior and accelerates the tumor

progression.31 Since GMⅡ is a crucial factor for

β1,6-branched of N-glycans, it should take part in the

β1,6-branched of N-glycans-associated tumor malignant

behavior, and if its expression in the tumor is down-

regulated, maybe prevent the tumor progression. So,

GMⅡ may be a therapeutic target in tumors.

For further exploring the function of GMⅡ in gastric

carcinoma, we silenced its expression in cell lines BGC-

823 which shows the high expression of GMⅡ, and by

detecting the changes of proliferation and invasion capa-

cities of the tumor cells, it is discovered that the cell

proliferation and invasion decreased significantly. At the

same time, we up-regulated the GMⅡ expression in

GES-1 which shows the relatively low expression of

GMⅡ, and we found that after the up-regulation of

GMⅡ expression in GES-1, its proliferation and invasion

capacities increased significantly.

Conclusion
Our study shows that high GMII expression may promote

the growth and invasion of gastric cancer cells. When

GMII is down-regulated, its growth and invasion are sig-

nificantly inhibited. However, the specific molecular

mechanism of GMII regulation of gastric cancer is still

unclear, and so further research is still needed. We believe

1.5

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

R
el

at
iv

e 
pr

ot
ei

n 
ex

pr
es

si
on

NS

***

***

**
*

NS

1.0

0.5

0.0

BGC-823

A D

B

C

E

GM II overexpressionGM II knockdown

Ctrl

GM II

Actin

Knockdown

(132kDa)

(34kDa)

GM II

Actin

(132kDa)

(43kDa)

Blank

GM II-s
hRNA-NC

GM II-s
hRNA-1

GM II-s
hRNA-2

GM II-s
hRNA-3

GES-1

4

3

2

1

0

Blan
k

Blan
k

Empty
 ve

cto
r

Ove
rex

pre
ss

ion

Blank

Empty vector

Overexpression

GM II-
sh

RNA-N
C

GM II-
sh

RNA-1

GM II-
sh

RNA-2

GM II-
sh

RNA-3

Figure 5 Knockdown and overexpression of GMⅡ on cell lines. (A) BGC-823 cell line and GES-1 cell line observed under fluorescence microscope after transfected

successfully (200×). (B and C) GMⅡ protein expression in BGC-823 cell line transfected with GMⅡ-shRNA vectors and GES-1 cell line transfected with GMⅡ

overexpressing vector were detected by Western blotting. (D and E) Analysis of the GMⅡ expression in cell lines after GMⅡ knockdown and GMⅡ overexpression.

*P<0.05, **P<0.01, ***P<0.001.

Zhu et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:124386

http://www.dovepress.com
http://www.dovepress.com


1.5

A B

C D

1.0

0.8

***

***

***

***

*** ***
***

****

*

***
***

0.6

0.4

0.2

80

60

40

20

0

G
1 S G
2

BGC-823

B
G

C
-8

23

GES-1

G
E

S
-1

Blank

GM II -shRNA-2
Empty vector

Blank

Overexpression
Empty vector

Blank

Knockdown
Empty vector

Blank KnockdownEmpty vector

Blank

Overexpression
Empty vector

Blank OverexpressionEmpty vector

1.0

C
el

l v
ia

bi
lit

y 
(%

)

C
el

l v
ia

bi
lit

y 
(%

)
P

er
ce

nt
ag

e 
of

 c
el

l (
%

)

80

60

40

20

0

G
1 S G
2

P
er

ce
nt

ag
e 

of
 c

el
l (

%
)

0.5

0.0

0
80

0
20

0
60

0
40

0

0
80

0
20

0
60

0
40

0

50
0

40
0

30
0

20
0

10
0

0

0 20 40 60 80 100 120
Chennels (FL2-A)

0 20 40 60 80 100 120
Chennels (FL2-A)

0 20 40 60 80 100
Chennels (FL2-A)

60
0

50
0

40
0

30
0

20
0

10
0

0
60

0

N
um

be
r

N
um

be
r

N
um

be
r

0
80

0
20

0
60

0
40

0

0
12

00
30

0
90

0
60

0

0 20 40 60 80 100 120

Chennels (FL2-A)

0 20 40 60 80 100 120

Chennels (FL2-A)

0 20 40 60 80 100 120

Chennels (FL2-A)

N
um

be
r

N
um

be
r

N
um

be
r

Time (h)

0h 24
h

48
h

72
h

Time (h)

0h 24
h

48
h

72
h

Figure 6 Effect of knockdown and overexpression of GMⅡ on proliferation and cell cycle. (A) GMⅡ knockdown inhibits proliferation in BGC-823 as determined by CCK-

8. (B) GMⅡ overexpression promotes proliferation in GES-1 as determined by CCK-8. (C and D) Flow cytometry analysis of the cell cycle with GMⅡ knockdown and the

cell cycle with GMⅡ overexpression. *P<0.05, **P<0.01, ***P<0.001.

200

A B
NS

***

**

NS

In
va

si
ve

 c
el

l n
um

be
r p

er
 fi

el
d

In
va

si
ve

 c
el

l n
um

be
r p

er
 fi

el
d

150

100

50

0

200

150

100

50

0

Blank Knockdown

Overexpression

Empty vector Blan
k

Kno
ck

do
wn

Empty
 ve

cto
r

Blan
k

Ove
rex

pre
ss

ion

Empty
 ve

cto
r

Blank Empty vector

B
G

C
-8

23
G

E
S

-1

Figure 7 Effect of knockdown and overexpression of GMⅡ on invasion. (A) Representative images of cell invasion across the membrane with GMⅡ knockdown and GMⅡ

overexpression. (B) The histograms show the average number of invasive cells per field calculated from 5 representative fields. Statistical analyses of cell invasion. Mean±SD

is shown (n=3). **P<0.01, ***P<0.001.

Dovepress Zhu et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
4387

http://www.dovepress.com
http://www.dovepress.com


that a better understanding of the role of GMII in malig-

nant tumors may provide us with a new direction in the

treatment of gastric adenocarcinoma. GMII might serve as

a valuable prognostic marker and potential target for gene

therapy in the treatment of primary gastric cancer.
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