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Abstract. Helicobacter pylori colonizes the human stomach 
by infecting gastric epithelial cells. It is the primary cause of 
peptic ulcer disease and gastric cancer (GC). Cytotoxin‑associ-
ated gene A (CagA) is a virulence factor produced by H. pylori. 
Strains positive for the CagA protein are associated with 
more severe gastric diseases. The 3' region of the cagA gene 
exhibits heterogeneity with respect to tyrosine phosphoryla-
tion motifs (EPIYA) and CagA multimerization motifs (CM). 
CagA proteins are categorized as either Western or Eastern 
based on EPIYA sequences. CM motifs are also identified as 
Western and Eastern based on CM sequences identified in 
Western and East Asian countries. It has been suggested that 
CagA proteins possessing an Eastern CM type are associated 
with less severe gastric disorders. In the present study, the 
effects of two CagA peptides with different CM motifs on cell 
function were compared: CagA with a Western and Eastern 
CM motif (CagA‑WE), and CagA with two Western CM 
motifs (CagA‑WW). CagA sequences were fused with green 
fluorescent protein (GFP) to form GFP‑CagA fusion proteins. 
GFP‑CagA and GFP control constructs were transfected 
into human gastric adenocarcinoma cells (AGS). GFP‑CagA 
expression was verified by immunoblotting and immunofluo-
rescence. The results demonstrated that, following 18 h, the 
CagA‑WE‑transfected cells were less adherent compared with 
the CagA‑WW transfected cells. CagA has also been reported 
to cause cell elongation in AGS cells. In the current study, cell 
elongation was more frequent in the CagA‑WW‑transfected 
cells compared with the CagA‑WE transfected cells (8.34 vs. 
3.97% cells, respectively). The CagA peptides did not affect 
proliferation or apoptosis rates. These results suggest that 
different CM motif types may affect CagA virulence.

Introduction

Helicobacter pylori infection of the gastric mucosa results in 
gastritis in the majority of infected individuals (1). This infec-
tion is a major cause of peptic ulcer disease (PUD) and an 
important causative factor for gastric cancer (GC) (1). GC is the 
second most common cause of cancer‑associated mortalities 
and is one of the most prevalent malignancies worldwide (2). 
H. pylori‑induced progression towards PUD or GC is likely to 
depend upon a combination of several factors, including the 
bacterial genotype, host susceptibility, immune response and 
environmental factors.

Cytotoxin‑associated gene A (CagA) is a 120‑145‑kDa 
protein produced by H. pylori and is the product of the cagA 
gene (3,4). The cagA gene is not present in all H. pylori strains 
and the majority of studies report an increased risk of PUD 
and GC with CagA‑positive H. pylori strains (5,6). In patients 
infected with CagA‑positive H. pylori strains, the CagA cyto-
toxin is injected into the epithelial cells of the stomach. The 
C‑terminal region of CagA varies among H. pylori strains and 
is the target region for tyrosine phosphorylation by host cell 
kinases (7). Four tyrosine phosphorylation motifs (EPIYA) are 
located within this region and have been characterized with 
respect to the amino acid sequences flanking these sites (7,8). 
These four sites, termed EPIYA‑A, ‑B, ‑C and ‑D, vary in 
number and organization in different H. pylori strains (7,8). 
Based on the arrangement of the EPIYA motifs, there are 
two types of CagA designated Western CagA and East 
Asian CagA (8). The Western type CagA has EPIYA‑A and 
EPIYA‑B sites followed by 1 to 3 EPIYA‑C sites, while the 
East Asian CagA has EPIYA‑A and EPIYA‑B sites, but lacks 
EPIYA‑C (8). The third domain of the East Asian CagA is 
EPIYA‑D (8). Regarding clinical significance, the East Asian 
CagA is considered to be more virulent than the Western type. 
For the Western CagA, an increased number of EPIYA‑C 
motifs is associated with greater pathogenicity (8).

Within the variable region of the cagA gene is another 
motif called the CagA multimerization (CM) region (9). This 
is a 16‑amino acid sequence, which is responsible for dimer-
ization of CagA (9). Similar to the EPIYA patterns, Western 
and Eastern CM sequences have been identified (10). However, 
unlike CagA EPIYA motifs, the frequency and arrangement 
of Western and Eastern CM motifs and their association with 
clinical outcomes has not been well studied. In Western CagA 
proteins, a CM motif is often located prior to and following 
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the EPIYA‑C motif. A previous study examined H. pylori 
infection in a minority patient population in New York City 
and observed that this population had a higher infection rate 
than the general population (11). Furthermore, this popula-
tion is reportedly infected with more virulent CagA‑positive 
H. pylori strains that are associated with an increased risk of 
precancerous changes in the gastric mucosa (12).

A subsequent study examined cagA genes from H. pylori 
strains infecting the same patient population from New York 
City (13). It was reported that all CagA proteins were of the 
Western type with respect to EPIYA motifs and the majority 
of the EPIYA motifs were arranged in an ABC pattern (13) 
However, a greater degree of heterogeneity in the samples with 
respect to the CM motifs surrounding the EPIYA‑C phos-
phorylation motif was observed (13). Notably, analysis of the 
CM types and arrangements in these samples suggests that the 
presence of one or two Western CM motifs (designated WW or 
W‑) in the absence of an Eastern CM motif is associated with 
more severe gastric disorders like PUD and GC (13). Consistent 
with these results, H. pylori strains expressing Western CagA 
proteins with the Western/Western CM motif pattern have 
been associated with a greater mean length of cell elongation 
and a greater affinity for SHP‑2 when compared with CagA 
proteins with the Western/Eastern pattern (10). This suggests 
that in Western CagA proteins, which contain the ABC EPIYA 
pattern, an Eastern CM motif may decrease CagA multimer-
ization and virulence. Therefore, in H. pylori‑infected patients 
that are cagA‑positive, the pattern and types of CM motifs may 
be clinically significant.

Although the CM regions may affect the magnitude of the 
pathophysiological activities of CagA, the effect of particular 
CM sequences and arrangements on cell function has not 
yet been studied. The present study focused specifically 
on the effects of CagA proteins with Western/Western and 
Western/Eastern CM patterns on gastric cell function using 
human gastric adenocarcinoma (AGS) cells, a human gastric 
tumor cell line. The results suggest that different CM motif 
types and arrangements may affect CagA virulence.

Materials and methods

Cloning and mutagenesis of the CagA C‑terminal region. 
The C‑terminal region of Western CagA proteins usually 
contain at least three EPIYA motifs (EPIYA‑A, EPIYA‑B 
and EPIYA‑C), in addition to two CM motifs flanking the 
EPIYA‑C motif (7‑9). The CagA C‑terminal region obtained 
from a H. pylori‑infected subject from a previous study (13) 
was cloned and contained the terminal 386 amino acids of 
the CagA protein (based on CagA sequence CBV36576). 
This CagA C‑terminal fragment was amplified by polymerase 
chain reaction and cloned into the pAcGFP1‑C3 vector (Clon-
tech Laboratories, Inc., Mountainview, CA, USA) downstream 
to and in frame with green fluorescent protein (GFP). The 
primers used were as follows: CagA‑DF, GGA​TTG​AGC​TCA​
TGG​GAA​CAG​GCG​ATT​TCA​GTG​GGG​TAG and CagA‑DR, 
CCG​AGG​TAC​CTT​AAG​ATT​TTT​GGA​AAC​CAC​CTT​TTG​
TA (14). The CagA‑DF and CagA‑DR primers contained SacI 
and KpnI restriction sites (italicized above), respectively.

The portion of the cloned peptide containing the EPIYA 
and CM motifs is presented in Fig. 1A and contains three 

EPIYA phosphorylation motifs (A, B and C), in addition 
to Western and Eastern CM motifs flanking the EPIYA‑C 
region. The amino acid sequence of the underlined portion of 
the Eastern CM motif (Fig. 1A) was mutated from RRS to 
KKH, and subsequently resembled a Western CM motif based 
on CM motifs observed in strains from Eastern or Western 
countries (10). The sequence integrity of each construct was 
verified by DNA sequencing. The result was two GFP‑CagA 
constructs that were identical except for the CM motifs flanking 
the EPIYA‑C region (Fig. 1B). One construct, GFP‑CagA‑WE, 
contained a Western/Eastern CM motif arrangement, while 
the other, GFP‑CagA‑WW, contained a Western/Western 
arrangement.

Cell culture and transfection. AGS cells were obtained from 
the American Type Culture Collection (Manassas, VA, USA) 
and cultured in F12K media with 10% fetal bovine serum 
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA), 
1X penstrep and 2 mM glutamine. Cells were grown on T‑25 
flasks, 6‑well plates or Nunc chamber slides and transfected 
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) according to manufacturer's protocol. 
The DNA to Lipofectamine ratio was 1:2.5 and transfection 
efficiency was >75%. Cell viability was measured using the 
Trypan blue (TB) exclusion assay. Briefly, equal amounts of 
cell suspension were mixed with 0.4% TB in PBS. The cells 
were examined under a microscope and the percentage of 
TB‑positive cells was determined.

Immunoblotting of subcellular fractions. AGS cells were 
transfected with plasmids containing the GFP‑CagA 
constructs, GFP without CagA or no plasmid. After 18‑20 h, 
the cells were washed with PBS and harvested by scraping 
into ice‑cold PBS and centrifuged at 1,500 x g for 5 min at 
room temperature. In certain experiments, detached cells in 
the media were collected by centrifugation at 1,500 x g for 
5 min at room temperature and washed with PBS. Cell pellets 
were resuspended in lysing solution [20  mM Tris‑HCL 
(pH 7.2), 150  mM NaCl, 1% TX‑100, 1  mM NaF, 2  mM 
Na3VO4 and 1X Halt protease inhibitor cocktail (Thermo 
Fisher Scientific, Inc.)]. Protein assays were performed 
using the Coomassie Protein assay reagent (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol, and 
immunoblotting was performed as previously described (15). 
Primary antibodies included anti‑GFP (#PA1980A; Thermo 
Fisher Scientific, Inc.), anti‑Caspase‑3 (#9662; Cell Signaling 
Technology, Inc., Danvers, MA, USA) and Ki‑67 (#RB9043; 
Thermo Fisher Scientific, Inc.) and were diluted at 1:1,000.

Immunocytochemistry. Cells were grown on Nunc chamber 
slides and transfected as aforementioned. Following 18 h, the 
cells were fixed with 4% paraformaldehyde for 10 min and 
washed in PBS. GFP‑CagA proteins were visualized by immu-
nofluorescence. For Ki‑67 staining, the cells were incubated 
with PBS containing 3% bovine serum albumin (BSA), 1% goat 
serum (Thermo Fisher Scientific, Inc.) and 0.2% Triton X‑100 
(PBS‑BSA/GS) for 1 h followed by incubation with anti‑Ki‑67 
(1:1,000) overnight at 4˚C. The slides were incubated with 
Alexa Fluor‑568‑conjugated goat anti‑rabbit immunoglobulin 
G secondary antibodies, washed and mounted with DAPI 
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containing mounting media. Fluorescent signals were visual-
ized using an SP2 confocal microscope (Leica Microsystems, 
Inc., Buffalo Grove, IL, USA) or an AX10 microscope (Zeiss 
AG, Oberkochen, Germany). Images were obtained, merged 
and assembled using Adobe Photoshop software v7.0 (Adobe 
Systems, Inc., San Jose, CA, USA). To measure apoptosis in 
transfected cells, the In Situ Cell Death Detection kit (Roche, 
Indianapolis, IN, USA) was used according to the manufac-
turer's protocol.

Cell elongation assays. CagA has been reported to induce 
cell elongation or the ‘hummingbird phenotype’ in epithe-
lial cells (16,17). Hummingbird cells are defined as having 
needle‑like cellular protrusions >5 µm in length. To determine 
whether or not the CM motif type and arrangement affected 
AGS cell morphology, the percent of transfected cells exhib-
iting this phenotype was determined. At least 200 cells were 
counted per transfectant in each experiment. The average 
length of the cell protrusions of at least 50 cells per transfec-
tant was measured using Spot Advanced software v4.6 (SPOT 
Imaging Solutions; Diagnostic Instruments, Inc., Sterling 
Heights, MI, USA) on images of captured with an AX10 
microscope (Zeiss AG).

Statistical analysis. Data presented in the figures are repre-
sentative of at least three different experiments. The data are 
presented as the mean ± standard error of the mean. Compari-
sons between groups were evaluated by Student's t‑test, and 
P<0.05 were considered to indicate a statistically significant 
difference.

Results and Discussion

CagA constructs and expression in AGS cells. In the present 
study, the effects of two CagA C‑terminal peptides with two 
different CM patterns on epithelial function and morphology 
were examined. The only difference between the two CagA 
constructs used in the current study was the CM pattern. 
These constructs were cloned downstream and in frame with 
GFP as described in the Materials and methods section and 
are presented in Fig. 1A and B. The CagA C‑terminal frag-
ment containing two Western type CM regions is referred to 
as the CagA‑WW, while the fragment containing Western 
and Eastern CM motifs is referred to as the CagA‑WE. The 

vector containing GFP without a CagA fragment was used 
as a control. Previous studies have demonstrated that the 
C‑terminal CagA fragment exhibits CagA activity, including 
the induction of cell elongation and interleukin‑8 secretion in 
AGS cells (14,18). This fragment, which contains the terminal 
third of the CagA protein, was observed to induce greater cell 
elongation than the complete CagA protein (18).

AGS cells were transfected with plasmids coding for 
GFP, GFP‑CagA‑WE, GFP‑CagA‑WW or no plasmid. 
After 18 h, lysates were prepared and immunoblotted with 
an anti‑GFP antibody. As presented in Fig. 2A (lane 1), a 
27‑kD band was observed in lysates from cells transfected 
with the GFP plasmid, which corresponds with the molecular 
weight (MW) of GFP. In cells transfected with no plasmid, 
no new bands were observed (Fig. 2A, lane 4). By contrast, 
an ~70‑kD band was observed in lysates prepared from 
cells expressing either GFP‑CagA‑WW or GFP‑CagA‑WE 
(Fig. 2A, lanes 2 and 3, respectively). The 70‑kD band was 
observed just above a non‑specific band present in all four 
samples. Three additional low MW bands were observed in 
lysates prepared from cells expressing either GFP‑CagA‑WW 
or GFP‑CagA‑WE at ~55 kDa, 40 kDa and 35 kDa in lanes 
2 and 3 (Fig. 2A). These may represent cleaved fragments of 
the GFP‑CagA peptide. Fragmentation of GFP‑CagA was 
observed to varying degrees in cell lysates from different 
transfection experiments (Fig. 2B and C). The level of expres-
sion of GFP‑CagA‑WW and GFP‑CagA‑WE was similar in 
cells transfected with these plasmids.

Cleavage of CagA following infection of epithelial cells 
with H.  pylori has been observed previously and it was 
suggested that CagA cleavage may be involved with host 
signal transduction and virulence  (19,20). Notably, CagA 
cleavage is not observed in bacterial cells, and occurs only 
following translocation into the host cell (20). It is unlikely 
that cleavage of the GFP‑CagA protein occurred as a result 
of cell manipulation as lysates were prepared in buffers 
containing protease and phosphatase inhibitors and cold 
reagents, and, as aforementioned, the GFP remained intact. 
Whether or not CagA requires fragmentation to function 
remains to be determined.

In the current study, attempts were made to use a commer-
cially prepared CagA‑specific antibody to immunoblot lysates 
prepared from GFP‑CagA expressing cells. However, this 
antibody did not recognize the GFP‑CagA proteins. This was 

Figure 1. CagA C‑terminal regions used in the present study. (A) A CagA peptide fragment containing the C‑terminal 386 amino acids was cloned from a 
Helicobacter pylori strain expressing the W Type CagA. The portion of the peptide that contains the EPIYA phosphorylation motifs and the CM regions are 
presented. The EPIYA motifs and CM regions are in bold. This peptide, termed as CagA‑WE, contains two 16 amino acid CM motifs that flank the third EPIYA 
motif of the original sequence. CagA‑WE contains a W and E CM region, respectively. CagA‑WW was obtained by mutating the three underlined amino acids 
from RRS to KKH in the second CM motif of CagA‑WE (underlined). (B) Schematic of the constructs used in the present study. The CagA C‑terminal peptides 
were cloned downstream and in frame with GFP in the pAcGFP1‑C3 vector. The EPIYA and CM motifs are presented. CagA, cytotoxin‑associated gene A; 
W, Western; EPIYA, tyrosine phosphorylation motifs; CM, CagA multimerization; E, Eastern; GFP, green fluorescent protein.
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most likely due to the fact that the C‑terminal is the most vari-
able region in the CagA protein and may not be recognized 
by commercially prepared antibodies. Lack of antigenicity 
in cells expressing the CagA C‑terminal fragment has been 
observed previously (14). Nevertheless, the sequences of each 
GFP‑CagA construct were analyzed and it was determined 
that the CagA sequences were in frame with the GFP sequence 
in the plasmid. Furthermore, the size of the high MW band 
recognized by the GFP antibody was consistent with the calcu-
lated MW of the GFP‑CagA constructs, which was ~69 kD.

CagA expression affects AGS cell adhesion. In the present 
study, an apparent increase in detached cells in AGS cells 
expressing either GFP‑CagA‑WE or GFP‑CagA‑WW for 18 h 
or longer was observed. To quantitate the effect of CagA on 

cell adhesion, the cells were transfected and grown for 6, 18 
or 30 h. The protein levels of adherent and detached cells were 
determined and expressed as percent cellular protein in media. 
The detached cells were washed in PBS to rid the sample of 
secreted proteins or proteins derived from the FBS added to 
the media. The values were normalized to the protein level 
in detached cells transfected with the GFP plasmid. At 6 h 
post‑transfection, a lower level of cellular protein in the media 
was observed with cells expressing either GFP‑CagA‑WE or 
GFP‑CagA‑WW compared with cells expressing GFP alone 
(Fig. 3). This suggests that CagA‑transfected cells were more 
adherent at this early time point. At 18 h post‑transfection, 
a higher level of protein in the media was observed with 
cells expressing either GFP‑CagA‑WE or GFP‑CagA‑WW 
compared with cells expressing GFP alone (Fig. 3). Further-
more, at this time point the amount of cellular protein in 
the media was higher in GFP‑CagA‑WE expressing cells 
compared with GFP‑CagA‑WW expressing cells (Fig. 3). At 
36 h post‑transfection, protein levels in the media were almost 
two‑fold higher in cells expressing either GFP‑CagA‑WE or 
GFP‑CagA‑WW compared with cells expressing GFP alone 
(Fig. 3). The viability of the detached cells was >85% in all 
cases indicating that these are not cells that died and detached 
from the culture surface. These results suggest that different 
CM motif patterns affect the rate at which the cells attach to 
the surface and that each form of CagA inhibits cell attach-
ment at time points beyond 18 h.

Other researchers have also observed decreased cell 
adhesion in cells transfected with CagA or infected with 
CagA+ H. pylori strains (21). This is not remarkable since it 
has been demonstrated that H. pylori infection with CagA+ 
strains perturbs various cell junction types, including tight 
junctions  (22,23), focal adhesion complexes  (24,25) and 
gap junctions (26). The results of the current study indicate 
that overexpression of CagA eventually inhibits cell attach-
ment and that the effect of CagA on cell attachment is 
time‑dependent. Additionally, CagA‑WE appears to inhibit 
cell attachment sooner (18  h post‑transfection). Further 
studies are required to determine how the different CagA 
CM regions affect specific cell junction types and how this 
relates to gastric pathology.

Figure 2. Immunoblotting of GFP‑CagA proteins in transfected AGS cells. (A) AGS cells were transfected with plasmids containing (Lane 1) GFP alone, 
(Lane 2) GFP‑CagA‑WE, (Lane 3) GFP‑CagA‑WW or (Lane 4) no plasmid. Lysates were prepared and immunoblotted as described. The asterisk indicates a 
non‑specific protein that was present in all samples. Long arrow indicates full length GFP‑CagA peptide and short arrows indicate GFP‑CagA peptide frag-
ments. (B and C) Immunoblots of lysates prepared from (Lane 1) GFP‑CagA‑WE or (Lane 2) GFP‑CagA‑WW expressing AGS cells from other experiments. 
Molecular weight markers are on the right. CagA, cytotoxin‑associated gene A; GFP, green fluorescent protein; AGS, human gastric adenocarcinoma cells; 
W, Western; E, Eastern.

Figure 3. Effect of CagA constructs on AGS cell adherence. AGS cells were 
grown on chamber slides and transfected with plasmids containing GFP 
alone, GFP‑CagA‑WE or GFP‑CagA‑WW. After 6, 18 or 30 h, cellular 
protein levels in adherent and detached cells were determined as described. 
The percent of total cellular protein in the media (detached cells) was deter-
mined. Data were normalized to percent of total cellular protein in the media 
in GFP‑expressing cells and plotted. Error bars represent standard error of 
the mean. *Significantly less than GFP alone (P<0.05); **significantly greater 
than WW (P<0.05); and ***significantly greater than GFP alone (P<0.05). 
CagA, cytotoxin‑associated gene A; AGS, human gastric adenocarcinoma 
cells; GFP, green fluorescent protein; W, Western; E, Eastern.
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Effect of GFP‑CagA on cell elongation. Cell elongation or the 
‘hummingbird’ phenotype is a well‑accepted in vitro measure 
of CagA virulence and is associated with the ability of CagA 
to interact with SHP‑2  (17,19). To examine the effects of 
the different CM motifs on cell elongation, AGS cells were 
transfected with GFP, GFP‑CagA‑WE or GFP‑CagA‑WW 
containing plasmids. Following 18 h, the cells were fixed 
and mounted. When examined at higher power by confocal 

microscopy, the appearance of needle‑like cytoplasmic 
projections was more apparent in GFP‑CagA expressing cells 
(Fig. 4A). In GFP‑expressing cells, the staining pattern was 
cytoplasmic. By contrast, the staining appeared to be cyto-
plasmic and nuclear in cells expressing GFP‑CagA‑WE or 
GFP‑CagA‑WW. Note that the staining intensity of the green 
fluorescence appeared to be similar in cells transfected with 
the GFP, CagA‑WE and CagA‑WW plasmids.

Figure 5. Effect of CagA constructs on AGS cell proliferation and apoptosis. (A) Ki‑67 staining. AGS cells were grown on chamber slides and transfected with 
plasmids containing GFP alone, GFP‑CagA‑WE or GFP‑CagA‑WW. The cells were stained for Ki‑67, a marker of cell proliferation. Ki‑67‑positive cells were 
counted and the percentage was determined. (B) Immunoblotting of Caspase‑3. AGS cells were transfected with GFP, GFP‑CagA‑WE or GFP‑CagA‑WW 
containing plasmids. Cell lysates were prepared at 6, 18 and 36 h. Lysates were immunoblotted for Caspase‑3 as described in Materials and methods. CagA, 
cytotoxin‑associated gene A; AGS, human gastric adenocarcinoma cells; W, Western; E, Eastern.

Figure 4. GFP and GFP‑CagA expression and localization in AGS cells. (A) Confocal microscopy. AGS cells were grown on chamber slides, transfected and 
prepared as described. GFP immunofluorescence was observed by confocal microscopy. Note the diffuse fluorescence staining pattern in all micrographs 
(scale bar, 20 µM). (B) Number of elongated cells in sample of transfected AGS cells. Elongated cells were counted in random fields in groups of cells 
transfected with GFP, GFP‑CagA‑WE or GFP‑CagA‑WW. The percent of elongated cells was determined. (C) Protrusion length in transfected AGS cells. 
The average length of the cell protrusions of at least 50 cells in GFP‑CagA‑WE or GFP‑CagA‑WW transfected cells was measured as described. Error bars 
represent the standard error of the mean. *Significantly greater than WE (P<0.05). GFP, green fluorescent protein; CagA, cytotoxin‑associated gene A; AGS, 
human gastric adenocarcinoma cells; W, Western; E, Eastern.
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 The percentage of elongated cells in transfected AGS cells 
was determined. A higher percentage of elongated cells was 
observed with either GFP‑CagA construct compared with 
cells expressing GFP alone (Fig. 4B). Notably, the highest 
percentage of elongated cells was observed in cells expressing 
GFP‑CagA‑WW (Fig. 4B). However, the average length of 
the cell protrusions was not different in GFP‑CagA‑WE or 
GFP‑CagA‑WW expressing cells (Fig. 4C).

Taken together, these results suggest that the WW CM 
motif pattern is more virulent than the WE pattern, which 
is consistent with the observations of a previous study (10). 
However, in this previous study, various CagA proteins were 
used that differed in EPIYA motifs and other portions of the 
CagA sequence, whereas the results of the present study may 
be attributed solely to variations in the CM region as this was 
the only variable region in the CagA constructs. Therefore, to 
the best of our knowledge, the current study has demonstrated 
for the first time that the CM pattern affects the ability of 
CagA to induce cell elongation.

Effect of GFP‑CagA on cell proliferation and apoptosis. The 
effect of CagA protein expression on cell proliferation in AGS 
cells was measured using Ki‑67 antibodies as an indicator of 
cell proliferation. The level of labeling with Ki‑67 was ~90% 
and did not vary in GFP, GFP‑CagA‑WE or GFP‑CagA‑WW 
expressing AGS cells (Fig.  5A). Few apoptotic cells were 
detected using the TUNEL assay and due to the extremely 
low level of apoptotic activity, accurate apoptotic measure-
ments could not be obtained (data not shown). Nevertheless, 
the level of apoptosis as measured by the TUNEL assay did 
not appear different in GFP‑CagA‑WE or GFP‑CagA‑WW 
expressing cells. Apoptotic activity was also examined in 
transfected AGS cells by immunoblotting with the caspase‑3 
antibody. The cleaved or active form of caspase‑3 (17 kDa) was 
not present in transfected cells at 6 or 18 h post‑transfection 
(Fig. 5B). By contrast, the caspase‑3 fragment was visible 36 h 
post‑transfection in GFP, GFP‑CagA‑WE or GFP‑CagA‑WW 
expressing cells (Fig. 5B). However, the levels of the cleaved 
caspase‑3 fragment were not different in cells transfected with 
the GFP‑ or CagA‑containing plasmids indicating that expres-
sion of the CagA peptide does not affect apoptotic rates under 
these conditions.

Depending on the type of assay, H. pylori infection has 
been associated with increased or decreased prolifera-
tion (27‑29). The CagA constructs utilized in the present study 
did not affect the rate of proliferation or apoptosis in AGS cells 
regardless of the CM pattern. It is possible that these effects 
require long‑term expression of the CagA protein, which 
would be observed in chronically infected tissue, or that other 
H. pylori proteins are required to affect proliferation and/or 
apoptosis.

In conclusion, to the best of our knowledge, the current 
study demonstrated for the first time that heterogeneity in 
the CM motif patterns of the CagA virulence factor affects 
cell adhesion and morphology. Further studies are required to 
elucidate the mechanisms underlying these effects. Further-
more, as there is a significant degree of heterogeneity in CM 
motifs from different H. pylori strains, closer investigation 
into how these differences affect CagA virulence and clinical 
outcomes is warranted.
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