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Abstract: Aberrant glycosylation affects the malignant progression of cancers. Here, we report that N-acetyl-
galactosaminyltransferase 2 (GALNT2), an enzyme that initiates the mucin type-O glycosylation, suppresses ma-
lignant phenotypes in gastric adenocarcinoma (GCA) cells by modifying epidermal growth factor receptor (EGFR)
activity. GALNT2 was knocked down using siRNA in AGS and MKN28 cells. The expression of phosphorylated EGFR
(PEGFR), phosphorylated Akt (pAkt) and Tn antigen were detected by western blotting. Proliferation, migration and
invasion of cells with/without GLANT2-knockdown were assessed. Expression of pEGFR in the resected gastric
cancer tissue was analyzed by Immunohistochemical staining, and was correlated with clinicopathological factors.
The results showed that GALNT2 knockdown enhanced phosphorylation of EGFR and decreased expression of the
Tn antigen on EGFR. Inhibiting EGFR activity with Gefitinib decreased the migration/invasion abilities and reversed
the increase pAkt caused by GALNT2 knockdown in GCA cells. The addition of MK2206 (Akt inhibitor) mitigated
the migration and invasion abilities of the GALNT2-knockdown cells. Patients with increased expressions of pEGFR
in their cancer tissues were associated more metastasis, advanced stage and recurrence after surgical resection.
Our results indicate that GALNT2 suppresses the malignant potential of GCA cells through the EGFR-Akt signaling
pathway. The significance of O-glycosylation in receptor tyrosine kinases activities and GCA progression deserve
further studies.
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Introduction

Gastric cancer (GC) is the fourth most common
cancer and the third leading cause of cancer-
related deaths worldwide, with an estimat-
ed 951,600 new gastric cancer cases and
723,100 deaths occurred in 2012 [1]. The
prognosis in gastric cancer remains poor, owing
in part to frequent lymphatic metastasis when
diagnosed [2]. The 5-year recurrence-free sur-
vival for lymph node-positive GC is only 53%
[3, 4]. Researches exploring the mechanis-
ms underlying gastric cancer progression are
pertinent.

Glycosylation is the most common post-transla-
tional modification of proteins, in which a car-
bohydrate is attached to a protein, lipid, or oth-

er organic compound [5]. There are two major
types of glycosylation: N-linked and O-linked
glycosylation. The most common type of O-gly-
cosylation is mucin-type O-glycosylation, which
is initiated by the transfer of N-acetylgala-
ctosamine from the sugar donor to the hydroxyl
residue on serine or threonine. The first glyco-
sylation process is enzymatically catalyzed by a
large family of polypeptide N-acetylgalactosami-
nyltransferases (GALNTSs). There are at least 20
known GALNT members in humans, namely
GALNT1 to 20 [6]. Glycans have been found
to participate in numerous fundamental biologi-
cal processes, including inflammation, immune
surveillance, cell-cell adhesion, cell-matrix in-
teraction, inter- and intracellular signaling, and
cellular metabolism [7]. Aberrant glycosylation
occurring in tumorigenesis and malignant pro-
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gression is a new focus of researches in cancer
biology. The glycosylation abnormalities occur
often owing to under-/overexpression of glycos-
yltransferases or mis-localization of glycosyl-
transferases [8].

Abnormal expression of GALNTs has been as-
sociated with cancer progression. For instance,
GALNT6 was upregulated in breast cancer and
might contribute to mammary carcinogenesis
through aberrant glycosylation and stabiliza-
tion of MUC1 [9]. GALNT14 was overexpressed
in colorectal carcinoma and pancreatic cancer,
and was associated with altered sensitivity to
TRAIL-induced apoptosis through modulation of
the O-glycosylation of death receptors on these
tumor cells [10]. Our previous study showed
that low GALNT2 expression in gastric cancers
correlated with increased tumor depth, lymph
node metastasis, advanced TNM stage and
shorter disease-free survival of patients [11].
Besides, the downregulation of GALNT2 enhan-
ces the progression of gastric cancers through
increasing MET (Hepatocyte growth factor re-
ceptor) phosphorylation [11]. Epidermal growth
factor receptor (EGFR) as well as MET are mem-
bers of the receptor tyrosine kinases (RTKs),
which are promising targets for cancer treat-
ment. Deng et al. showed that RTK/RAS genom-
ic amplifications, including FGFR2, EGFR, Her2,
and MET, occurred in approximately 37% of
gastric cancer patients [12]. Since the RTK
array in our previous study also showed that
GALNT2 knockdown increased phosphorylation
of EGFR in AGS cells [11], we would like to
explore whether dysregulation of GALNT2
contributes to the malignant progression of ga-
stric cancer by modifying another RTK mem-
ber-EGFR.

The epidermal growth factor receptor is a 170
kDa transmembrane receptor tyrosine kinase
in the ErbB family. The EGFR is activated by its
specific ligand binding that promotes receptor
dimer formation. EGFR dimerization leads to
the phosphorylation and activation of the ki-
nase domain, which stimulates diverse down-
stream signaling pathways [13, 14]. These
downstream signal transductions involve prin-
cipally the MAPK and PI3K-AKT pathways that
may modulate cell migration, invasion and pro-
liferation [14]. Therefore, dysregulated EGFR
activity is one of the driving forces for malig-
nant progression.
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Dysregulation of EGFR has been observed in a
variety of cancers, including breast cancer [15,
16], colorectal cancer [17] and lung cancer
[18], etc. Studies also showed that increased
EGFR expression was detected in 14-44% in
gastric cancers [19-22]. Besides, EGFR expres-
sion was correlated with poor clinical outcome
in gastric cancer [19]. However, the correlation
between EGFR expression and clinicopathologi-
cal characteristics was controversial. Increased
EGFR expression has been shown correlated
with advanced TNM stage, lymph node metas-
tasis, vascular invasion and shorter progres-
sion-free-survival (PFS) in GC patients [19-23].
On the other hand, Fuse et al. found that there
was no correlation between EGFR expression
and overall survival rate [24]. Aside from study-
ing the correlation of EGFR expression and can-
cer progression, some studies investigated the
significance of phosphorylated-EGFR (pEGFR)
expression in cancers. As a receptor tyrosine
kinase, EGFR becomes phosphorylated when it
is activated. The prognostic significance of
pPEGFR has been reported in cancers including
breast cancer [25] and non-small cell lung can-
cer [18, 26]. The reports about the prognostic
impact of pEGFR in gastric cancer remain
limited.

This study aims to investigate whether GALNT2
could modify the malignant behaviors of gastric
cancer cells by affecting the glycosylation and
activation of EGFR. In addition, the clinicopath-
ological correlation of pEGFR expression in gas-
tric cancer progression was investigated.

Materials and methods
Cell line

Human gastric cancer cell lines AGS and
MKN28 were maintained in RPMI medium with
10% fetal bovine serum, 2% sodium bicarbon-
ate, 2 mM L-Glutamine, and 1% penicillin, 1%
streptomycin, and 1% amphotericin at 37°C
with 5% CO, in a 95% humidified atmosphere.

Western blot analysis

Total cell lysates from cultured AGS cells or
MKN28 were used. Protein concentration was
determined using Bio-Rad protein assay (Bio-
Rad). Equal amounts (30 ug) of extracted pro-
tein were resolved on SDS-PAGE by electropho-
resis, transferred and blocked with 5% BSA in
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TBST (50 mM Tris, 150 mM NacCl, 0.05% Tween
20, pH 7.5). The polyvinylidine difluoride mem-
brane was incubated with primary antibody
overnight at 4°C, followed by horseradish per-
oxidase conjugated secondary antibody (mou-
se 1gG, 1:1000, GeneTex; Rabbit 1gG, 1:1000,
Genetex) for 1 hour. The primary antibodies
used were GALNT2 (1:1000, Sigma), EGFR
(1:2000, Cell signaling technology), phospho-
EGFR (P-Tyr1068) (1:1000, Cell signaling tech-
nology), Akt (1:1000, abcam), phospho-Akt (1:
1000, abcam), ERK (1:1000, Cell signaling te-
chnology), phospho-ERK (1:1000, abcam) and
GAPDH (1:1000, Novus Biologicals). Immuno-
reactive proteins were developed with Luminata
Crescendo Western HRP Substrate (Millipore).
Protein signals were quantified by GelPro soft-
ware and normalized to GAPDH expression.

Immunohistochemistry

For immunohistochemical staining, the 5-um
sections of the Paraffin-embedded tissue blo-
cks were probed with GALNT2 polyclonal anti-
body (1:200, Sigma) and phospho-EGF Rece-
ptor (P-Tyr1068) (mouse mAb, 1:250, Cell sig-
naling technology) diluted with 5% BSA/TBS
overnight at 4°C. Signals were detected employ-
ing UltraVision Quanto Detection System HRP
(Thermo) and visualized by DAB quanto (Ther-
mo). All sections were counterstained with
hematoxylin. The GALNT2 or pEGFR staining
was quantified by one pathologist using a semi-
quantitative immunoreactivity scoring (IRS) sys-
tem. The intensities of immunostaining (I) were
graded as O (no staining), 1 (weak staining), 2
(moderate staining), and 3 (strong staining).
The percentage of immuno-reactive cells (P)
was graded as 0 (none), 1 (< 10%), 2 (11-50%),
3 (51-80%), and 4 (> 80%). Multiplication of |
and P resulted in an IRS ranging from O to 12
for each tumor. Scoring was performed for four
random distinct fields per slide, and then 4
scores were averaged. We used a grouping
algorithm (raw scores, negative [IRS 0-4] vs
positive [IRS 5-12]) to test the correlation
between pEGFR expression and clinicopatho-
logic features in gastric carcinoma patients.

Real-time reverse transcription PCR (RT-PCR)

Total RNA was isolated from gastric cancer tis-
sues using Trizol reagent (Invitrogen, Life Te-
chnologies). Reverse transcription was per-
formed using 2 ug of total RNA and the High
Capacity cDNA Reverse Transcription Kits (Ap-
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plied bio-system) according to the manufactur-
er’s protocol. The cDNA was subjected to real-
time PCR using quantitative PCR System Mx-
3000P (Stratagene). Primers for GALNT2 were
5-AAGGAGAAGTCGGTGAAGCA-3 and 5-TTGAG-
CGTGAACTTCCACTG-3. Primers for GAPDH we-
re 5-ACAGTCAGCCGCATCTTCTT-3 and 5-GAC-
AAGCTTCCCGTTCTCAG-3. Relative quantity of
MRNA expression normalized to GAPDH was
analyzed with MxPro Software (Stratagene).

SiRNA knockdown of GALNT2 expression

In transient knockdown experiments, a SiR-
NA oligonucleotides against GALNT2 (5-siRNA-
1: CAGCAGGGAACUAACUGCCUCGACA-3 and si-
RNA-2: 5-UGUCGAGGCAGUUAGUUCCCUGCUG)
and a non-targeting siRNA control were synthe-
sized by Invitrogen. The AGS or MKN28 cells
(1.2x10° cells) were transfected with siRNA-2
(5-UGUCGAGGCAGUUAGUUCCCUGCUG) using
Lipofectamine RNAIMAX Reagent (Invitrogen)
with the final concentration of 10 nM for 24
hours. The procedure is briefly described as
below. Serum-free RPMI-1640 (500 ul) contain-
ing siRNA was mixed with 500 pl serum-free
RPMI-1640 containing 10 pl Lipofectamine
RNAIMAX Reagent. The resultant mixture was
kept at room temperature for 20 min, and then
was added into the culture plates. The plates
were incubated at 37°C for 24 hours.

MTT assay

The cell viability was assessed by measuring
the ability of cells to reduce 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromi-
de (MTT) to the dark blue formazan product.
According to the manufacturer’s instructions
(Cayman Chemical, Ann Arbor, MI), AGS or
MKN28 cells were seeded at a density of 2x103
cells per well and incubated with MTT for 3
hours at 37°C. Absorbance was read at 570
nm. Results are expressed as the percentage
of absorbance compared with that of the con-
trol cells. For assessing the effect of gefitinib
(ApexBio Technology), cells were incubated
with 10% FBS containing DMSO (0.1%, Sigma)
or gefitinib (1 uM). The effect of MK2206
(AdooQ BioScience) was assessed by adding
DMSO (0.1%, Sigma) or MK2206 (1 uM) to the
wells.

Transwell migration assay

Cell migration was assessed using BD Falcon™
Cell Culture Inserts (8.0-um pore size; BD
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Figure 1. GALNT2 modifies the activity and O-glycosylation of EGFR. GALNT2 modulated EGF-induced phosphoryla-
tion of EGFR. Control and GALNT2-knockdown AGS (A) or MKN28 (B) cells were treated with/without EGF (50 ng/
ml), and lysates were analyzed by Western blotting. The expression of pEGFR was quantified and normalized to
GAPDH. Knockdown of GALNT2 decreased VVA binding to EGFR in AGS (C) or MKN28 (D) cells. The lysates were
incubated with VVA-conjugated agarose beads. Proteins pulled down by VVA were analyzed by immunoblotting with
anti-EGFR antibody. The expression of VVA-bound EGFR was quantified and normalized to total EGFR. The results
are represented as mean * S.D. from three independent experiments. *P < 0.05.

Bioscience, Bedford, MA) in 24-well culture
plates. The lower chamber was filled with RPMI
containing 10% FBS (PAA laboratory). The
siGLANT2-transfected cells (3x10%) were resu-
spended in serum-free RPMI containing EGF
(50 ng/ml, Sigma) and then added to the upper
chamber. After 24 hours, the cells that migrat-
ed to the lower surface of the filter were stained
with 0.5% (wt/vol) crystal violet (Sigma) and
counted under a phase contrast microscope.
Four random fields were examined and ana-
lyzed at 100x magnification. In selected
groups, the transfected cells were treated with
gefitinib (1 uM) or MK2206 (1 pM) in the upper
chamber.

Matrigel invasion assay

Cell invasion were assessed by using BD
Falcon™ Cell Culture Inserts (8.0-um pore size;
BD Bioscience, Bedford, MA) in 24-well culture
plates. The upper surface of the insert was
coated with Matrigel™ Basement Membrane
Matrix (BD Biosciences, San Jose, CA, USA)
diluted with serum-free RPMI (1:4) at 37°C
overnight the day before experiment. The cells
and agents tested were the same as in the
migration assay.
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Lectin pull down assay

Vicia Villosa Lectin (VVA) agarose beads (Vector
Laboratories) were used to detect the Tn anti-
gen on glycoproteins, as reported. The cell
lysates (0.5 mg) were incubated with 30 ul VVA-
conjugated agarose beads at 4°C for 16 hours.
The lectin/glycoprotein complexes were collect-
ed by centrifugation (10,000 rpm, 1 min). Gly-
coproteins were released from the complexes
after boiled in 5 yl of 5x sample buffer for 5
minutes. The precipitated proteins were sub-
jected to Western blotting to detect the amount
of EGFR. The EGFR in total lysates was served
as the internal control.

Statistical analyses

Statistical analyses were performed using
Prism6. In vitro tumor cell viability migration
and invasion data were analyzed by one way
analysis of variance (ANOVA). The disease-free
survival data by Kaplan-Meier log rank tests.
Student t test was used for other experiments.
Data are presented as means + SD. P < 0.05 or
less was considered to be statistically signifi-
cant, and all experiments were performed in
triplicate to verify reproducibility.

Am J Cancer Res 2018;8(9):1739-1751
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Figure 2. Effects of EGFR inhibitor (Gefitinib) on malignant phenotypes in GALNT2-knockdown AGS cells. Cell viability was analyzed by MTT assay in AGS cells or
MKN28 cells. The results were graphed after standardization by siC group treated with DMSO (Day 1) to 1.0. There were no significant differences of cell viability
between siGALNT2 and siC group treated with either DMSO or gefitinib. GALNT2-knockdown increased the number of migrated (B, E)/invaded (C, F) cells compared
with that of siC group, but the addition of Gefitinib (1 uM) mitigated these changes. The number of migrated/invaded cells was calculated at 4 random fields per
experiment (x100) and expressed as fold change of siC without gefitinib treatment. Results are represented as mean + S.D. from three independent experiments.
*P < 0.05. (A-C, AGS cells; D-F, MKN28 cells).
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Figure 3. Effects of EGFR inhibitor on Akt and ERK1/2 phosphorylation. Enhanced phosphorylation of Akt mediated
by GALNT2 knockdown was reversed by EGFR inhibitor. Control and GALNT2-knockdown AGS cells (A, B) or MKN28
cells (C, D) were treated with/without Gefitinib (1 uM) followed by stimulation of EGF (50 ng/ml) for 10 minutes,
and lysates were analyzed by Western blotting. Expression of pAkt significantly increased in the siGALNT2 group
compared to the siC group, and this effect was reduced by the addition of Gefitinib. There were no significant differ-
ences in the expressions of total ERK, total Akt and pERK between siC and siGALNT2 treated with/without Gefitinib.
Expression levels of pAkt and pERK were quantified and normalized to GAPDH. Results are represented as mean +

S.D. from three independent experiments. *P < 0.05.

Results

Knockdown of GALNTZ2 increased epidermal
growth factor receptor (EGFR) phosphorylation
and decreased EGFR O-glycosylation

To investigate the effect of GALNT2-knockdown
on EGFR phosphorylation, AGS cells and
MKN28 cells were transfected with sSiGALNT2
or non-targeting siRNA control (SiC) for 24
hours. The transfected cells were starved for 6
hours and then stimulated by EGF for 10 min-
utes. Efficiency of GALNT2 knockdown was
confirmed by western blot analysis (Figure S1).
When compared with that in the siC group,
the increased expressions of pEGFR in the
SiGALNT2 cells were significant, either without
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EGF treatment (P =0.014 in AGS cells, P < 0.01
in MKN28 cells) or with EGF treatment (P =
0.018 in AGS cell, P = 0.013 in MKN28 cells)
(Figure 1A and 1B).

To verify whether GALNT2 could modify the
0-glycosylation of EGFR, a VVA lectin pull-down
assay was performed to detect the expression
of Tn antigen (GalNAc-O-Ser/Thr) on EGFR in
siC and siGALNT2 group. The expression of
VVA-bound EGFR was quantified and normal-
ized to total EGFR. As shown in the Figure 1C,
1D, knockdown of GALNT2 reduced VVA bind-
ing to EGFR (P < 0.01 in AGS cells, P=0.048 in
MKN28 cells), which indicated that knockdown
of GALNT2 modified the O-glycosylation of
EGFR.

Am J Cancer Res 2018;8(9):1739-1751
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Figure 4. Effects of Akt inhibitor on malignant phenotypes in GALNT2-knockdown cells. Cell viability was analyzed by
MTT assay (A-C, AGS cells; D-F, MKN28 cells). The results were graphed after standardization by siC group treated
with DMSO (Day 1) to 1.0. There were no differences in cell viabilities between siGALNT2 and siC group in MKN28
cells. However, cell viability was significantly lower in groups treated with MK2206 than groups treated with DMSO
in AGS cells at day 4 of the culture. GALNT2-knockdown increased the number of migrated/invaded cells compared
with that of siC group, but the addition of MK2206 (1 uM) mitigated these changes. Results are represented as
mean + S.D. from three independent experiments. *P < 0.05; *P < 0.05, siG2+DMSO compared to siG2+MK2206;

#P < 0.05, siC+DMSO compared to siC+MK2206.

Knockdown of GALNT2 enhanced the malig-
nant phenotypes of gastric cancer through
increasing EGFR phosphorylation in vitro

To investigate whether GALNT2-knockdown
enhances the malignant phenotypes of GC th-
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rough the activation of EGFR, siC and siGA-
LNT2-transfected cells were treated with Ge-
fitinib (EGFR inhibitor, 1 uM) or DMSO (0.1%). As
shown in Figure 2A, there were no differences
in cell viability between siC and siGALNT2
group, either treated with DMSO or Gefitinib.

Am J Cancer Res 2018;8(9):1739-1751
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The number of migrated cells of siGALNT2-
transfected group was 2.8 fold higher than that
of siC group, the addition of Gefitinib markedly
suppressed the migration of siGALNT2-trans-
fected cells (Figure 2B). Similarly, the enhan-
ced invasion observed in siGALNT2-transfected
cells was suppressed when the cells were treat-
ed with Gefitinib (Figure 2C). Similar findings
were noted in MKN28 cells (Figure 2D-F).
Besides, when treated with Geftinib, the mig-
rated AGS cells were 0.76+£0.25 for siC and
0.91+0.29 for si GALNT2 (P = 0.805). The
invaded AGS cells under Geftinib treatment
was 0.58+0.13 for siC and 1.25+0.55 for siGA-
LNT2, P = 0.225). When treated with Geftinib,
the migrated MKN cells were 0.47+£0.09 in siC
group and 0.79+0.12 in si GALNT2 group (P =
0.630). The invaded MKN cells under Geftinib
treatment was 0.71+0.02 for siC and 0.80+
0.03 for siGALNT2 (P = 0.716). It seemed that
EGFR inhibition fully rescued siGALNT2-induced
migration and invasion in AGS/MKN cells.
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80 38.7% and 76.7% respectively. (P = 0.

013).

Knockdown of GALNT2 enhanced the malig-
nant phenotypes of gastric cancer through
increasing EGFR-Akt pathway in vitro

The activation of EGFR induces the subsequent
transduction of EGFR-ERK and EGFR-Akt sig-
naling, which are important for cellular prolifer-
ation, differentiation and migration. The effect
of EGFR phosphorylation on the Akt and ERK
signaling in gastric cancer cells was shown in
Figure 3. Knockdown of GALNT2 was associat-
ed with the increased expression of pAkt. The
addition of Gefitinib (EGFR inhibitor) significant-
ly mitigated the increase of pAkt in GALNT2-
knockdown cells. The result suggested the
signaling link between GALNT2, EGFR and Akt.
On the other hands, the expressions of total or
phosphorylated ERK were not changed signifi-
cantly between SiC and GALNT2-knockdown
cells. Though Gefitinib treatment decreased
the expressions of pERK in siC and GALNT2-
knockdown cells, but the differences were not
significant between groups.

Am J Cancer Res 2018;8(9):1739-1751
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Table 1. Clinicopathological correlation of pEGFR expression in

gastric cancers

pEGFR

abilities of the siGALNT2 cells
(B and C for AGS cells, E and F
for MKN28 cells). Besides, the
migrated AGS cells treated with

Positive (n = 38) Negative (n = 40) p value MK2206 were 0.06+0.08 for
Age, mean (range) 70.5 (38-88) 71.2 (43-89) 0.7836 siC and 0.98+0.57 for SiGA-
Differentiation 0.8908 LNT2 (P = 0.548). The invaded
Well-differentiation 10 (26%) 10 (25%) AGS cells treated with MK2206
Mod-differentiation 22 (58%) 25 (62%) was 0.58+0.13 for siC and
Poor-differentiation 6 (16%) 5 (13%) 1.30+0.55 for siGALNT2, P =
Size 0.3798 0.901). The migrated MKN cells
<5cm 21 (55%) 26 (65%) g%a;eg oZ;Vitfh M,éﬂode O"ge
.57+0. or siC an A5+
=5cm o 17(45%) 14 (35%) 0.03 for si GALNT2 (P = 0.073).
Lymphovascular invasion 0.3409 The invaded MKN cells treated
Absent 14 (37%) 19 (48%) with MK2206 was 0.51+0.04
Present 24 (63%) 21 (52%) for siC and 0.55+0.06 for siG-
Neural invasion 0.1699 ALNT2 (P = 0.067). It seemed
Absent 15 (39%) 22 (55%) that MK2206 fully rescued si-
Present 23 (61%) 18 (45%) GALNT2-induced migration and
Primary tumor 0.0916 invasion in AGS/MKN cells.
T1 9 (24%) 10 (25%) Clinicopathological correlation
T2 5 (13%) 14 (35%) of pEGFR expression in gastric
T3 12 (32%) 10 (25%) cancers
T4 12 (31%) 6 (15%)
Regional lymph node 0.4767 Our In-vitro experiments dem-
NO 13 (34%) 17 (43%) onstrated that GALNT2 knock-
down enhanced malignancy of
N1 4 (11%) 7 (18%) . .
gastric cancer via the modula-
N2 8 (21%) 8 (20%) tion of EGFR activities. To exam-
N3 13 (34%) 8 (20%) ine the correlation of pEGFR ex-
Distant metastasis 0.0104 pression with clinicopathologi-
MO 30 (79%) 39 (98%) cal characteristics, the expres-
M1 8 (21%) 1(2%) sion of pEGFR in gastric can-
Stage 0.0373 cers was evaluated by immuno-
| 11 (29%) 20 (50%) histochemical stgiping. The re-
| 8 (21%) 6 (15%) presentative staining was sho-
wn in Figure 5A. Of all 78 pa-
Ul 11 (29%) 13 (33%) tients, 38 (49%) had positive
v 8 (21%) 1(2%) pPEGFR staining (the pEGFR (+)
Recurrence 0.0409 group), while 40 (51%) had neg-
No 18 (64%) 31 (86%) ative pEGFR staining (the pE-
Yes 10 (36%) 5 (14%) GFR (-) group) in their cancer

tissues. Patients with pEGFR (+)
were associated with metasta-

To explore the effect of EGFR-Akt signaling on
malignant phenotypes in gastric cancers, the
SiC and siGALNT2 groups were treated with
either MK2206 (Akt inhibitor, 1 uM) or DMSO
(control). As shown in Figure 4, the addition of
MK2206 did not significantly alter the viabili-
ties of SiIGALNT2 cells when compared with that
of the DMSO treatment (A, D). In contrast to
DMSO treatment, the addition of MK2206 sig-
nificantly mitigated the migration and invasion
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sis, advanced stage and recurrence after surgi-
cal resection (P =0.011, P =0.037, P =0.041,
respectively). The expression of pEGFR was not
significantly correlated with age, cell differenti-
ation, size, lympho-vascular invasion (Table 1).
For the 64 patients with follow-up time longer
than 24 months, the 5-year progression-free
survival (PFS) in pEGFR (+) group was worse
than that of pEGFR (-) group. (38.7% vs 76.7%,
P =0.013) (Figure 5B).
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study, we found that down-
regulation of GALNT2 could
also contribute to cancer
progression by activating
EGFR, another important
RTK. Therefore, the present
and our previous study sh-
owed that GALNT2 downreg-
ulation could affect gastric
cancer phenotypes through
the activation of at least two

GALNT2 expression score

Figure 6. Correlations between GALNT2 and pEFGR expression in gastric can-
cer tissues. IHC staining of GALNT2 and pEGFR was done in paired gastric can-
cer tissues. The IHC scores for GALNT2 and pEGFR staining were correlated
using a linear regression model. The Pearson’s correlation coefficient between
the GALNT2 and pEGFR IHC scores was -0.46 (P < 0.005).

Paired IHC staining of GALNT2 and pEGFR was
performed in gastric cancer tissues, and IHC
scores for GALNT2 and pEGFR staining were
correlated using a linear regression model
(Figure 6). The Pearson’s correlation coefficient
between the GALNT2 and pEGFR IHC scores
was -0.46 (P < 0.005).

Discussion

In this study, we showed that knockdown of
GALNT2 in gastric cancer cells increased the
activation of EGFR. GALNT2 downregulation
promoted migration and invasion of gastric
cancer cells by increasing EGFR phosphoryla-
tion and downstream Akt activation. Clinically,
the patients with increased pEGFR expression
in their cancer tissues were associated with
more advanced disease and shorter progres-
sion-free survival after surgical treatment.

GalNAc-transferases (GALNTs) are a family of
crucial O-glycosyltransferases that initiate the
formation of mucin-type O-glycan. Abnormal
expression of glycosyltransferases alters the
expression of glycans, which plays a critical role
in cancer progression. In our previous studies,
GALNT2 was shown to be the most highly
expressed GALNTs in the stomach tissue, and
downregulation of GALNT2 in gastric cancers
was correlated with malignant progression
through the activation of hepatocyte growth
factor receptor (MET), one of the important
receptor tyrosine kinases (RTKs) [11]. In this
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RTKs, cMET and EGFR. Our
works implicate that target-
ing GALNT2 is an alternative
strategy to reduce the acti-
vation of multiple RTKs in
gastric cancers, which works
by reducing redundant and
compensatory RTK signals.

10 12

RTKs are important biological receptors with
ligand-binding activity and protein kinase activ-
ity. Among them, EGFR was the first reported
[27] and most well studied RTK, for its roles in
signal transduction and cancer progression.
The modulation of glycosylation of RTKs can
lead to conformational changes and significant-
ly alter their biological activities [28]. When
the glycosylation of EGFR was modulated, their
binding affinities to their ligand (EGF) would
be different [29]. Besides, blocking the N-gly-
cosylation of EGFR mitigated the cell surface
transport of EGFR, phosphorylation of EGFR,
and increased the senescence of RTK-driven
tumor growth [30]. The EGFR can be activated
in cancer cells by either ligand-depend or li-
gand-independent pathway [31]. One study
showed that the modification of O-glycosylation
of MET in hepatocellular carcinoma cells could
enhance its ligand-induced dimerization and
activation of MET [32]. In our experiment, the
knockdown of GALNT2 enhanced EGFR phos-
phorylation irrespective of EGF treatment.
This implied that the EGFR activation through
GALNT2 knockdown might be ligand-indepen-
dent.

In the present study, the GALNT2-EGFR activa-
tion pathway seems affecting the migratin/
invasion abilities more than the cell prolifera-
tion of gastric cancer cells. As shown, the
O-glycosylation influenced the cell migration by
modifying key proteins involved in endothelia-
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mesenchymal transition (EMT) [33]. Besides,
EGF could also induce aberrant N-glycosylation
and affect EMT [34]. Further studies of the
GALNT2-EGFR signaling on the EMT deserve
more investigations. Besides, when treated
with Geftinib, the enhanced migration or inva-
sion of gastric cancer cells by siGALNT2 treat-
ment was rescued when compared to that of
siC group. In our previous study, the MET inhibi-
tor PHA665752 also fully rescued the pheno-
types induced by GALNT2 knock-down. Multiple
oncogenic drivers often co-exist in cancers,
which necessitates multiple targeting in their
treatment. Knowing GALNT2 modulated both
the cMET and EGFR activities, it might be an
alternative to target GALNT2 directly for these
drives in cancer treatment.

In our previous study [11], GALNT2 knockdown
increased the viability of the gastric cancer cell
lines. In the present experiment, there were no
differences in cell viability between siC and
SiGALNT2 group, either treated with DMSO or
Gefitinib. The discrepancy on the viability was
due to the different dose of siRNA used. We
used 10 nM in the present study rather than
100 nM (in the previous experiment). The
smaller dose knock-downed the expression of
GALNT2 to a significant efficiency, though the
effect may not as powerful (as that large dose)
to affect the viability of cells.

In summary, our study showed that GALNT2
modifies the O-glycosylation of EGFR, and
affects the migration/invasion phenotypes of
gastric cancer cells through the activation of
EGFR-Akt signaling. Targeting GALNT2 to red-
fuce broad RTK activations seems to be an
alternative strategy for gastric cancer
treatment.
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Figure S1. Efficiency of GALNT2 knockdown. Transfection of siRNA targeting GALNT2 (5-UGUCGAGGCAGUUAGUU
CCCUGCUG) or control siRNA (siC) in AGS cells. The efficiency of GALNT2 knockdown was confirmed by Western
blotting (A), (B) and by RT-PCR (C). Results are represented as mean + S.D. from three independent experiments.
*P < 0.05.



