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Purpose: To investigate the effects of Helicobacter pylori (H. pylori)-CagA and the urease metabolite NH; on mucin expression in
AGS cells.

Materials and Methods: AGS cells were transfected with CagA and/or treated with different concentrations of NH,CL. Mucin
gene and protein expression was assessed by qPCR and immunofluorescence assays, respectively.

Results: CagA significantly upregulated MUC5AC, MUC2, and MUC5B expression in AGS cells, but did not affect E-cadherin and
MUCES6 expression. MUC5AC, MUCS6, and MUC2 expression in AGS cells increased with increasing NH; concentrations until
reaching a peak level at 15 mM. MUC5B mRNA expression in AGS cells (NHi concentration of 15 mM) was significantly higher
than that at 0, 5, and 10 mM NH:. No changes in E-cadherin expression in AGS cells treated with NH; were noted, except at 20
mM. The expression of MUC5AC, MUC2, and MUC6 mRNA in CagA-transfected AGS cells at an NH; concentration of 15 mM was
significantly higher than that at 0 mM, and decreased at higher concentrations. The expression of MUC5B mRNA increased with
increases in NH; concentration, and was significantly higher compared to that in untreated cells. No significant change in the ex-
pression of E-cadherin mRNA in CagA-transfected AGS cells was observed. Immunofluorescence assays confirmed the observed
changes.

Conclusion: H. pylori may affect the expression of MUC5AC, MUC2, MUC5B, and MUCG6 in AGS cells via CagA and/or NH;3, but

not E-cadherin.
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INTRODUCTION

Mucins are the major glycoprotein components of mucus and
play an important role in maintaining mucosal integrity." It has
been shown that changes in the expression of mucins might
contribute to cancer cell growth, immune recognition, and cel-
lular adhesion of gastric epithelial cells, which in turn might
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increase the risk of their malignant transformation®® and in-
fluence their invasive and metastatic capabilities. Helicobacter
pylori (H. pylori) infection is the major risk factor for gastric
cancer (GC), and H. pylori has been classified as a class I car-
cinogen by the World Health Organization.* It is able to bind
to specific mucins in the gastric mucosa,” and it has been re-
ported that it can elicit changes in the expression of mucins in
the stomach.**® In addition, H. pylori can modulate the expres-
sion of various mucin components via urease in order to facil-
itate its movement in viscous surroundings.” In view of the
significance of H. pylori for GC tumorigenesis,’ the identifica-
tion of virulence factors potentially involved in changes in the
expression of mucins is an important topic. It has been shown
previously that CagA is associated with the modification of in-
tracellular signal transduction pathways and the cellular phe-
notype transformation of gastric cells."*"" Indeed, the risk of GC
is significantly higher in individuals infected with H. pylori
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strains expressing the oncoprotein CagA."” A previous study"
showed that H. pylori may cause changes in mucin expression
through its virulence factors (CagA and urease). Urease mainly
produces ammonia by hydrolyzing urea, and plays a role in pre-
venting stomach acid from stabilizing H. pylori. Therefore, we
speculate that CagA and the urease metabolite ammonium
(NH?) may mediate the expression of mucin in AGS cells. How-
ever, the previous study did not exclude the effect of other
pathogenic factors of H. pylori on mucin in AGS cells. In this
study, after excluding the interference of other pathogenic
factors of H. pylori, we respectively investigated the effects of
CagA and urease metabolites on mucin expression in AGS
cells by transfecting CagA overexpression plasmid into AGS
cells or treating AGS cells (transfected CagA and untransfected)
with different concentrations of ammonium ions, and detected
changes in the expression of mucin in AGS cells in each group.

MATERIALS AND METHODS

This experimental study was divided into two parts: 1) First, the
human GC cell line AGS was transfected with a CagA expres-
sion vector, and the expression of mucins in these cells was
examined. In this part, control cells (CK), empty-plasmid trans-
fected cells (pCDNA3.1), and cells transfected with CagA ex-
pression vector (pCDNA3.1-CagA) were established. 2) In the
second part, different concentrations of ammonium chloride
were added to the AGS cell culture medium, and the expression
of mucins in AGS cells was detected.

Celllines and cell culture

The AGS gastric adenocarcinoma cell line was purchased from
the Shanghai Cell Bank (Shanghai, China). AGS cells were cul-
tured in Ham's F-12 medium (Library of the Shanghai Academy
of Biological Sciences, Shanghai, China) supplemented with
10% fetal calf serum, and were maintained at 37°C under a 5%
CO: atmosphere.

CagA transfection experiments

The vector used for the expression of CagA protein was the
pcDNA 3.1 plasmid obtained from Life Technologies (Carlsbad,
CA, USA). The CagA-coding insert was established by total
gene synthesis. For transfection of AGS cells, 4 pg of the CagA
plasmid and 6 pL of Lipofectamine® 2000 (Invitrogen, Carls-
bad, CA, USA) were added to 200 pL of F12 medium. After mix-
ing and incubation for 20 min, the mixture was added to AGS
cells that had reached 75% cell confluence.

Verification of CagA protein expression

Protein expression of the CagA transgene in AGS cells was veri-
fied by western blotting. In brief, total proteins were extracted
from nontransfected AGS cells, vector control-transfected AGS
cells, and AGS cells transfected with CagA-encoding plasmid.
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The CagA levels were assessed by electrophoresis on a poly-
acrylamide gel, followed by transfer to a polyvinylidene diflu-
oride (PVDF) membrane (Invitrogen). After washing three
times with Tris-buffered saline containing Tween 20 for 15 min,
the PVDF membrane was incubated with the secondary anti-
body (sc-25766; Invitrogen) for 1 h at room temperature, fol-
lowed by repeated washing and enhanced chemilumines-
cence detection (Beyotime Biotechnology, Shanghai, China),
according to the manufacturer’s specifications and routine pro-
cedures using a gel imaging analyzer (Chemidoc XRS+, Bio-
Rad, Hercules, CA, USA).

Table 1. Primer Sequences Used in gPCR Analysis of mMRNA Expression

Forward Reverse
5'-AGAAGGCTGGGGCTCATTTG-3" 5-AGGGGCCATCCACAGTCTTC-3'
5"-ACCACCTGCTATGACTAA-3'
5"-GGTCTGGGCGATGATGAA-3'
5"-GGCGTTGTGGGCATAGAA-3
5-GGCATCGCTCTTCTCAA-3'
5"-CCTGGCGTCAAATGTGGTA-3
5"-CGTTAGCCTCGTTCTCA-3'

GAPDH
CagA 5"-ATTCACAATAACGCTCTG-3'
MUC5AC  5'-ACGGGAAGCAATACACGG-3'
MUC56  5-CTGTGGTCACCCGTGTTGT
mucz  5-CTGTGGTCACCCGTGTTGT-3'
MUC6  5-CCTTCGGGTGCTTCTGC-3
E-cadherin 5-CCGCCATCGCTTACAC-3'

600+
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Fig. 1. CagA mRNA expression examined by qPCR in differently treated
AGS cells. CagA mRNA expression was not detected in the CK and
pCDNA3.1 cells, and was significantly expressed in pCDNA3.1-CagA
cells. pPCDNA3.1-CagA cells vs. pCDNA3.1 cells (p<0.001); pCDNA3.1-
CagA cells vs. CK cells (p<0.001). CK, control cells; pPCDNAS3.1, empty-
plasmid transfected cells; pCDNA3.1-CagA, cells transfected with CagA
expression vector.

pCDNA3.1-CagA

cK pCONA31  pCDNA3.1-CagA

Fig. 2. CagA protein expression examined by western blotting in AGS
cells. CagA protein was expressed in pPCDNA3.1-CagA cells but not in
CK and pCDNA3.1 cells. CK, control cells; pPCDNA3.1, empty-plasmid
transfected cells; pPCDNA3.1-CagA, cells transfected with CagA expres-
sion vector.
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Treatment of AGS cells and CagA- transfected AGS
cells with ammonium chloride

Different concentrations of ammonium chloride (5, 10, 15, and
20 mM) were added into the culture medium of nontransfected
or transfected AGS cells. The culture conditions were the same
as described above. After 24 h, expression of mucins in these
cells was detected.

gPCR analysis of mRNA expression

The Gene IDs for GAPDH, MUC5AC, MUC5B, MUC2, MUCS,
and E-cadherin were 2597, 4586, 727897, 4583, 4588, and 999,
respectively. The expected lengths of the GAPDH, MUC5AC,
MUC5B, MUC2, MUCS6, and E-cadherin PCR products were
258, 281, 293, 399, 242, and 298 bp, respectively. The primer se-
quences used in the qPCR analysis are listed in Table 1.
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For the qPCR amplification reaction, 10 pL of IQ SYBR Green
Supermix (Tiangen Biotech Co., Ltd., Beijing, China) was used
in conjunction with 1 pL of the forward primer (10 uM), 1 pL
of the reverse primer (10 pM), and 8 pL of water. The CFX con-
nect Real-Time PCR System (ver. 3.0: Bio-Rad) was used to
perform qPCR reaction as follows: 50.0°C for 3 min, 95.0°C for
15 min, 95.0°C for 10's, 59°C for 25 s, and 72°C for 25 s for 40 cy-
cles, followed by melting curve analysis, which was performed
from 70°C to 95°C at a 0.5°C increment for 0.05 s, followed by
plate reading.

Immunofluorescent analysis of mucin expression

Cells exposed to the described transfection and treatments
were grown for 24 h in 24-well plates under standard condi-
tions, washed three times with phosphate-buffered saline (PBS)
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Fig. 3. MUC5AC, MUC5B, MUC2, MUCS, and E-cadherin mRNA expression levels examined by qPCR. MUC5AC, MUC2, and MUC5B expression levels
in pCDNA3.1-CagA AGS cells were significantly higher than those in pCDNA3.1 and CK cells, respectively (*p<0.01; **p<0.001). MUC6 mRNA expres-
sion in pCDNA3.1-CagA cells was higher than that in pCDNA3.1 cells (p<0.001), and was similar to that in CK cells (p>0.05). E-cadherin expression in
pCDNA3.1-CagA cells did not differ significantly from that in CK cells (p>0.05) or pCDNA3.1 cells (p>0.05). CK, control cells; pCDNA3.1, empty-plasmid
transfected cells; pCDNA3.1-CagA, cells transfected with CagA expression vector.
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for 5 min, and fixed with a 4% paraformaldehyde solution for
20 min. Subsequently, the samples were washed with PBS
twice for 5 min and permeabilized using a 20-min incubation
with 0.1% Triton X-100 in PBS. After two further washes for 5
min with PBS, nonspecific immunoreactivity was blocked
with a 30-min incubation in 2% fetal bovine serum in 0.3 M
glycine at 37°C (plates were sealed). Next, the appropriate pri-
mary antibody for a specific mucin (1:50; Santa Cruz Biotech-
nology) was added, and samples were incubated overnight at
4°C. The next day, fluorescently labeled (Alexa Fluor® 555) sec-
ondary antibody (1:800; Invitrogen) was added, and the experi-
mental samples were incubated under humidified conditions
for 1 h at 37°C. For staining nuclei, 4,6-diamidino-2-phenylin-
dole was added, and samples were incubated for 30 min be-
fore being washed three times with PBS for 5 min each. Finally,
cells were mounted on glass slides and analyzed by fluores-
cence microscopy (IX73, Olympus, Tokyo, Japan) to assess the
subcellular distribution of mucins.

Statistical analysis

The results of qPCR analysis of CagA and mucin mRNA ex-
pression in AGS cells were calculated and analyzed using the
CEX Manager PCR analysis software from Bio-Rad. Following
densitometric analysis using Image] software (National Insti-
tutes of Health, Bethesda, MD, USA), CagA protein levels as
detected by western blotting were determined. Statistical analy-
ses were performed using SPSS 12.0 statistical software (SPSS
Inc., Chicago, IL, USA). The data were then analyzed using Stu-
dent’s t test or by the one-way analysis of variance test for se-
lected data pairs using the Tukey post hoc test. p-values less
than 0.05 were considered statistically significant.

RESULTS

Establishment of forced CagA expression in gastric
AGS cancer cells

To establish a model of GC epithelium, AGS cells were trans-
fected with a CagA-expressing plasmid, and the results of all
performed analyses were compared to those in AGS cells trans-
fected with an empty vector or not transfected. This strategy
successfully established heterologous CagA expression at the
RNA level. CagA expression levels in all experiments as de-
tected by qPCR are shown in Fig. 1. From these experiments,
we have observed that CagA mRNA expression in pCDNA3.1-
CagA cells was significantly higher than that in cells transfect-
ed with empty pCDNA3.1 vector or in untreated AGS cells (p<
0.01 and p<0.001, respectively). At the protein level, the induc-
tion of forced CagA expression was also successful. Fig. 2 shows
awestern blot of all experimental groups, revealing only CagA
expression in the CagA-transfected cells. Based on these re-
sults, we concluded that our experimental set-up allowed us to
assess the effect of forced CagA expression on mucin levels in
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AGS cells.

CagA expression changes the expression of functional
mucins
Next, AGS cells transfected with CagA were probed for MU-
C5AC, MUC5B, MUC2, MUCS6, and E-cadherin expression
using qPCR, and the results were compared to the appropri-
ate controls. As evident in the results presented in Fig. 3, het-
erologous CagA expression increased MUC5AC, MUC5B, and
MUC2 expression at the RNA level. MUC5AC (p<0.01), MUC5B
(p<0.001), and MUC2 (p<0.01) expression levels in pCDNA3.1-
CagA-transfected cells were significantly higher than those in
the pCDNA3.1 and CK cells. The mRNA expression of MUC6
in pCDNA3.1-CagA cells was higher than that in pCDNA3.1
cells (p<0.001). No significant differences in MUC6 and E-cad-
herin expression were observed between pCDNA3.1-CagA
and CK cells (p>0.05 for both).

As shown in Fig. 4, these results were further confirmed by
immunofluorescence assays, which demonstrated substantial
changes in the expression of mucins following transfection of

pCDNA3.1 pCDNAS3.1-CagA

Fig. 4. Expression of mucins as detected by immunofluorescence assays
(x200). The intensities of MUC5AC, MUC5B, and MUC2in pCDNA3.1-Ca-
gA cells were significantly higher than those in CK and pCDNA3.1 cells.
The intensity of MUC6in pCDNA3.1-CagA cells was significantly higher
than thatin the pPCDNA3.1 cells, but similar to that in CK cells. The intensity
of E-cadherin protein in pCDNA3.1-CagA cells was similar to that in pCD-
NA3.1and CK cells. CK, control cells; pCDNA3.1, empty-plasmid transfected
cells; pPCDNA3.1-CagA, cells transfected with CagA expression vector.
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Fig. 5. qPCR analysis of mRNA expression of mucins in AGS cells treated with different NH; concentrations. MUC5AC, MUC6, and MUC2 expression
increased with increases in NH; concentration, reaching peak expression at 15 mM, which was significantly higher than that in untreated cells
(*p<0.05, **p<0.01, ***p<0.001). The expression level of MUC5B mRNA in AGS cells at 15 mM of NH; was significantly higher than those at 0, 5, and 10
mM (*p<0.05). No significant change in the expression of E-cadherin mRNA was observed with NH; concentrations below 20 mM. CK, control cells.

AGS cells with the CagA expression-driving plasmid, as com-
pared to the relevant controls. We, therefore, concluded that
CagA is sufficient to provoke changes in the expression of mu-
cins in GC cells.

NH; induced changes in functional mucins

AGS cells cultured with different concentrations of NH; were
examined for MUC5AC, MUC5B, MUC2, MUCS6, and E-cad-
herin mRNA expression using qPCR. As evident from the re-
sults presented in Fig. 5, the mRNA expression of most mucins
(MUC5AC, MUC6, MUC?2) increased with increases in am-
monium ion concentrations, reaching peak levels at 15 mM
NH;, followed by decreased mRNA expression with any fur-

https://doi.org/10.3349/ym;.2018.59.5.633

ther increase in the ammonium ion concentration. The ex-
pression of MUC5B mRNA in AGS cells increased at an NH;
concentration of 15 mM, and then decreased. MUC5AC (p<
0.01), MUC6 (p<0.01), MUC2 (p<0.001), and MUC5B (p<0.05)
mRNA expression in ASG cells treated with the ammonium ion
concentration of 15 mM were significantly higher than these
levels in untreated cells. No significant change in the mRNA ex-
pression of E-cadherin was observed with an ammonium con-
centration below 20 mM.

As shown in Fig. 6, these results were further confirmed by
immunofluorescence assays, which demonstrated substantial
changes of mucin expression following treatment of AGS cells
cultured in the presence of different NH; concentrations.
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Fig. 6. Protein expression of different mucins in AGS cells exposed to 0, 5, 10, 15, and 20 mM NH,CI as detected by immunofluorescence assays

(<200). CK, control cells.

Effect of NH: on the expression of mucins in
CagA-transfected AGS cells

CagA-transfected AGS cells cultured with different concentra-
tions of NH; were examined for MUC5AC, MUC5B, MUC?2,
MUCS6, and E-cadherin mRNA expression using qPCR. The
expression of MUC5AC (p<0.01), MUC2 (p<0.05), and MUC6
(p<0.01) mRNA in CagA-transfected AGS cells at NH; concen-
tration of 15 mM were significantly higher than those at 0 mM.
The expression of MUC5B mRNA increased with increases in
NH; concentration, and was significantly higher than that in
untreated cells (5 mM vs. 0 mM, p<0.05; 10 mM vs. 0 mM,
p<0.01; 15 mM vs. 0 mM, p<0.01; 20 mM vs. 0 mM, p<0.01).
No significant change in the expression of E-cadherin mRNA
was observed under different NH; concentrations (Fig. 7).

As shown in Fig. 8, these results were further confirmed by
immunofluorescence assays, which demonstrated substantial
changes of mucin expression following the treatment of CagA-
transfected AGS cells cultured in the presence of different NH;
concentrations.
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DISCUSSION

H. pylori has been implicated as one of the major causative
agents of GC. Previous studies have indicated a potential link
between H. pylori, mucins and GC""*; however, the exact
mechanism by which H. pylori contributes to changes in the
expression patterns of mucins has not been clarified. It has
been reported previously that H. pylori infection is correlated
with a decrease in MUC5AC protein expression in GC tissue,?
and that it may further accelerate the GC progression by de-
creasing MUC5AC expression.® MUC5B is expressed de novo
in gastric mucosa only in gastric tumors," and infection with
H. pylori was correlated with increased MUC5B expression.'®
Moreovey, it has also been reported that MUCES is aberrantly
expressed in response to H. pylori infection,'” and that its ex-
pression is lower in GC, compared with normal gastric mucus
tissue.’ In GC, expression of MUC2 is increased>'** and may
be activated by proinflammatory cytokines expressed after H.
pylori infection, leading to its overexpression.*' E-cadherin
methylation is an early event in gastric carcinogenesis and is

https://doi.org/10.3349/ymj.2018.59.5.633
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Fig. 7. gPCR analysis of mRNA expression of mucins in CagA-transfected AGS cells treated with different NH: concentrations. The expression levels of
MUC5AC, MUC2, and MUC6mRNA in AGS cells transfected with CagA at 15 mM of NH; were significantly higher than those at 0 mM (*p<0.05, **p<0.01).
The expression level of MUC5B mRNA increased with the increase in NH; concentration, and was significantly higher than that in untreated cells
(*p<0.05, **p<0.01). No significant change in the expression of E-cadherin mRNA was observed under different NHs* concentrations. CK, control cells.

initiated by H. pylori infection.”

Collectively, these data demonstrate that the occurrence
and development of GC caused by H. pylori is often deter-
mined by its virulence factors.” In addition, it has been shown
that H. pylori infection causes alterations in the expression
patterns of mucins in gastric mucosa, and it is suspected that
these alterations are involved in H. pylori-induced gastric car-
cinogenesis.?**® However, little is known about whether H. py-
lori causes changes in the mucin expression patterns through
its virulence factors, CagA and urease. Previous reports*®
showed that alterations in mucin expression likely involve
bacterial CagA and urease, as evident from experiments in-
volving AGS GC cells infected with wild-type H. pylori strains
and the UreB-isogenic mutant. Still, the exact interaction be-

https://doi.org/10.3349/ym;.2018.59.5.633

tween H. pylori infection and mucin expression remained
only partly resolved. We, therefore, decided to examine which
of the two virulence factors, CagA or urease, influence the
gene expression of different mucins in AGS GC cells.

In our study, MUC5AC expression was significantly upregu-
lated upon the introduction of cellular CagA and/or in the am-
monium chloride environment, which is consistent with indi-
vidual literature reports,"” but contrary to other reports.>***
However, these two results may not be contradictory. Presum-
ably, injection of CagA into the gastric epithelial cytosol and
the release of urease to produce NH; present two obvious
countermeasures of H. pylori against gastric epithelial defen-
sive downregulation of the MUC5AC glycoprotein in response
to bacterial infection. Evidence that MUC5AC not only colo-
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Fig. 8. Protein expression of different mucins in CagA-transfected AGS cells exposed to 0, 5, 10, 15, and 20 mM NH,CI as detected by immunofluores-

cence assays (x200). CK, control cells.

calizes with H. pylori but also functions as an important H.
pylorireceptor tethering it to the gastric mucosa’ is overwhelm-
ing and not disputed. Thus, it is reasonable to speculate that
H. pylori creates a favorable environment by stimulating gas-
tric epithelial MUC5AC production, which facilitates bacterial
adherence. In this sense, injection of CagA into gastric epithe-
lial cells and the release of urease to produce NH;*® may stim-
ulate these cells to upregulate MUC5AC early in the infectious
process, causing a transient increase in MUC5AC that facili-
tates further colonization. A subsequent interaction between
the bacterium and the gastric cell provokes morphological
changes in the cell and host-cell epithelial barrier injury that

640

is associated with H. pylori infection.”

Previous studies indicated that human H. pylori infection in-
creased MUCS5B expression in the gastric mucosa,'®**which is
consistent with our results. However, these studies did not ex-
plain how H. pylori induces the upregulation of MUC5B ex-
pression. Our results demonstrated that the expression of
MUC5B was significantly upregulated in CagA-transfected
AGS cells, as well as in AGS cells (non-transfected or CagA-trans-
fected) exposed to ammonium salts. MUC5B is expressed
only during a brief period of fetal life in the human stomach,
and its expression is later detected only in GC."* Therefore,
MUCS5B expression may be one of the events in the initial pro-

https://doi.org/10.3349/ymj.2018.59.5.633
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cess of gastric carcinogenesis induced by H. pylori. Further-
more, in this process, CagA and ammonium ions are involved
in the upregulation of MUC5B expression. In addition, MUC5B
expression has previously been shown to be associated with
the coexpression of MUC5AC,"” which may also allow for in-
creased binding of H. pylori.*® Similarly, it can be speculated
that CagA and ammonium ions are also involved in the up-
regulation of MUC2 expression, since its expression is in-
creased in GC, compared to normal gastric mucosa,*'** and
altered MUC2 expression has been reported in H. pylori-infect-
ed intestinal metaplasia.* Previous studies have shown that
MUC2 up-regulation is associated with the H. pylori virulence
factors CagA and urease.” In addition MUC2 might be activat-
ed by proinflammatory cytokines expressed after H. pylori in-
fection, leading to its overexpression.'* However, CagA is just
one of the proinflammatory cytokines of H. pylori** and ammo-
nium jons are the final metabolite of urease function. There-
fore, our results support the previous conclusions and support
that CagA and ammonium ions might be factors inducing ac-
tivation of MUC2 expression in AGS cells.

Interestingly, we found no effect of CagA on MUCE6 expres-
sion, which is in contradiction with the upregulation or down-
regulation of MUC6 expression induced by H. pylori that has
been reported previously.”® However, when AGS cells (non-
transfected or CagA-transfected) were exposed to ammonium
salt in our study, the expression of MUC6 was significantly up-
regulated. Our results, therefore, support the conclusion that
H. pylori may induce the upregulation of MUC6 expression
through its urease metabolites, ammonium irons, rather than
CagA. Furthermore, increased MUC6 expression may help in-
hibit colonization, using MUC6 antibiotic properties.”

Downregulation of E-cadherin induced by H. pyloriis a key
step in the pathogenesis of GC. Indeed, few studies have shown
that the downregulation of E-cadherin induced by H. pyloriis
regulated by its virulence factor, CagA.**** However, our results
do not corroborate these previous reports. In fact, in our study,
AGS cells transfected with CagA or AGS cells (non-transfected
or CagA-transfected) exposed to ammonium salts did not show
any changes in E-cadherin expression. It is well known that H.
pylori plays an important role in the carcinogenesis of intesti-
nal type of GC. E-cadherin is closely related to the hereditary
diffuse GC, which is caused by a genetic mutation rather than
by H. pyloriinfection. In intestinal type GC cases, no significant
difference in E-cadherin expression between H. pylori nega-
tive and positive cases was observed.* Therefore, we speculate
that CagA might have no effect on E-cadherin expression in
AGS cells predominately exhibiting the intestinal phenotype.”

A limitation of this study is that we did not examine the in-
fluence of H. pylori VacA virulence factors or whether CagA and
ammonium ions have an effect on expression of mucins of
other GC cell lines. These issues will need be addressed in fu-
ture studies.

In conclusion, H. pylori may affect the expression of mucins

https://doi.org/10.3349/ym;.2018.59.5.633

YMJ

via CagA and/or urease ammonium ion. CagA was found to
upregulate MUC5AC, MUC2, and MUC5B expression, but to
have no effect on MUC6 and E-cadherin expression in AGS
cells. Ammonium ions increased MUC5AC, MUC2, MUC5B,
and MUCE6 expression and had no effect on E-cadherin ex-
pression in AGS cells.
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