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ABSTRACT

cagPAI is an important pathogenic marker contributing to disease severity caused by H. pylori infection, encoding 
proteins for type four secretion systems (T4SS) and the pro-inflammatory cytokines (IL-8) induction in infected host. 
The heterogeneity of cagPAI genes results in different clinical outcomes in H. pylori infection. The aim of this study 
was to investigate the functional diversity of cagPAI genes in clinical H. pylori strains isolated from patients with 
gastroduodenal diseases. Among the isolates investigated, 6 out of 27 (22.2%) harbor intact cagPAI, 3 strains (11.1%) 
have complete absence of cagPAI, and 18 strains (66.7%) contain a partially deleted island. IL-8 concentration is 
observed significantly higher among cagPAI-positive isolates (P = 0.045). Of note, IL-8 secretion in the gastric cells 
infected with H. pylori strains isolated from Malay patients was significantly higher than the gastric cells infected 
with the strains from non-Malay patients (P = 0.046). The secretion of IL-8 appears in similarly high among intact and 
partially deleted cagPAI isolates. East Asian cagA isolates induce a notably higher level of IL-8 than that of Western 
cagA. Inflammatory activities are observed and IL-8 concentration in the milder stage was found in significantly higher 
quantities than in the severe stage (P = 0.027). The ‘hummingbird’ phenotype was observed to cause severe effects in 
infected cells with cagPAI-intact H. pylori. The genetic variability of cagPAI isolates from multi-ethnicity patients 
may have unique implications for disease outcomes with respect to proinflammatory secretion.
Keywords: CagA; cagPAI; Helicobacter pylori; ‘hummingbird’ phenotype; interleukin-8

ABSTRAK

cagPAI merupakan penanda patogen yang penting dalam mempengaruhi keterukan penyakit akibat jangkitan 
Helicobacter pylori, yang mana ia mengekod sistem perembesan jenis empat (T4SS) serta rembesan pro-radang sitokin 
(IL-8) dalam hos.  Perbezaan dalam hasil klinikal kerana jangkitan H. pylori adalah akibat daripada kepelbagaian gen 
cagPAI.  Tujuan penyelidikan ini adalah untuk mengkaji variasi kefungsian gen cagPAI bagi strain klinikal H. pylori 
daripada pesakit gastrousus.  Keutuhan cagPAI yang lengkap dikesan terhadap 6 daripada 27 strain (22%) kajian, 
manakala 3 strain (11.1%) tidak mempunyai cagPAI dan 18 strain (66.7%) mengandungi cagPAI separa lengkap. 
Kepekatan IL-8 adalah lebih tinggi setelah dijangkiti pencilan positif-cagPAI (P = 0.045). Tambahan lagi rembesan 
IL-8 akibat jangkitan isolat H. pylori daripada pesakit Melayu adalah secara signifikannya lebih tinggi berbanding 
infeksi terhadap sel gastrik dalam kalangan pesakit bukan Melayu (P = 0.046). Rembesan IL-8 pencilan yang utuh 
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cagPAI dengan cagPAI tidak lengkap adalah pada aras yang tinggi. Kepekatan IL-8 akibat jangkitan isolat cagA 
Timur Asia dilihat lebih tinggi berbanding isolat cagA Barat.  Pemerhatian terhadap aktiviti keradangan mendapati 
kepekatan IL-8 pada peringkat yang lebih ringan adalah nyata sekali lebih banyak berbanding peringkat yang teruk (P 
= 0.027). Jangkitan H. pylori yang utuh cagPAI dilihat menyebabkan fenotip ‘hummingbird’ yang lebih teruk terhadap 
sel. Kepelbagaian genetik isolat cagPAI daripada pesakit berbilang etnik berkemungkinan memberi implikasi unik 
berkenaan dengan rembesan proinflamasi terhadap hasil penyakit. 
Kata kunci: CagA; cagPAI; fenotip ‘hummingbird’; Helicobacter pylori; interleukin-8

INTRODUCTION

Helicobacter pylori is a pathogen known to infect the 
human stomach and causing gastrointestinal diseases 
ranging from gastritis to gastric cancer (Hatakeyama 
2009; Peeks Jr. & Crabtree 2006). The prevalence of H. 
pylori varies depending on the geographical and socio-
economic region. H. pylori prevalence was reported to 
be higher in developing countries (85% - 95%) compared 
with developed countries (30% - 50%) (Burucoa & Axon 
2017; Hunt et al. 2011). According to Goh (2018), the 
prevalence of H. pylori infections in Malaysia varied 
for different ethnicities: Malays (25.9%), Chinese 
(48.5%), and Indians (61.8%). H. pylori strains which 
harbor virulence factors, including vacA, babA, iceA, 
and cagA are associated with higher disease severity 
in infected patients than strains without such virulence 
factors. One of the important virulent determinants to 
influence clinical outcomes is the cytotoxin-associated 
gene pathogenicity island (cagPAI). The cagPAI is a 
chromosomal region with a size estimation of 40 kbp, 
containing ~ 30 genes (Terry et al. 2005) which are 
responsible for the translocation of oncoprotein CagA 
into gastric epithelial cells via a type four secretion 
system (T4SS) (Tegtmeyer, Wessler & Backert 2011) and 
interleukin-8 (IL-8) induction (Cover, Lacy & Ohi 2020).

A few studies have shown cagPAI diversity across 
different geographical populations (Olbermann et al. 
2010; Yakoob et al. 2009) and showed that patients 
infected with H. pylori harboring intact cagPAI are at 
a higher risk for contracting severe gastric diseases, 
including gastric cancer. H. pylori strains harboring 
intact cagPAI induce more severe inflammation in gastric 
mucosa and are usually regarded as more pathogenic than 
strains with partial or complete cagPAI deletion (Nilsson 
et al. 2003; Patra et al. 2011; Rizzato et al. 2020). 

One of the crucial outcomes in H. pylori infection 
is the production of proinflammatory cytokines, namely 
IL-8 (Allison et al. 2009; Yamaoka 2010). Production 

of proinflammatory cytokines, particularly IL-8, is 
usually the hallmark of H. pylori infection. The secretion 
of IL-8 is often involved with the NF-κB signalling 
pathway, which is crucial to epithelial cell integrity and 
possible metastasis. Reports from previous studies have 
shown that in the presence of cagPAI-positive strains, 
infected gastric epithelial cells produced high levels of 
proinflammatory cytokines including IL-8 (Guillemin et 
al. 2002; Mueller et al. 2004). The level of IL-8 induced 
by H. pylori strains may have a correlation with cagPAI 
region diversity, hence playing crucial role with respect 
to the extent of gastric mucosal damage and disease 
outcomes. 

CagA is divided into Western and East Asian types, 
depending on the amino acid sequences at the C-terminal 
known as EPIYA motifs. A few studies have reported 
severe clinical outcomes due to infection with H. pylori 
harboring Western-type CagA with higher number of 
EPIYA-C repeats (Argent et al. 2004; Khaledi et al. 2020). 
In contrast to Western-type CagA, East Asian CagA 
contains only a single EPIYA-D at the end of the motif, 
yet it impacts the degree of severity in infected gastric 
tissues (Xia et al. 2009). A few studies (Argent et al. 2004; 
Keikha & Karbalaei 2021) have primarily suggested that 
the presence of multiple repeats of EPIYA-C in Western-
type CagA is associated with worse severe sequelae than 
the presence of single EPIYA-C repeat. Unlike Western-
type CagA, distinguishing clinical manifestations in 
patients infected with H. pylori harboring East Asian 
type EPIYA is complicated since it contains only a single 
EPIYA-D, and most cases change from simple gastritis to 
gastric cancer (Xia et al. 2009). It has also been suggested 
by Crew and Neugut (2006) that East Asian CagA might 
have a higher potential to cause worse severity in gastric 
diseases, including gastric cancer than Western-type 
CagA. CagA is also important for the secretion of IL-8 
through the phosphorylation of CagA protein, although 
the mechanism of IL-8 secretion can also occur through 
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the non-phosphorylation mechanism of CagA (Brandt et 
al. 2005; Wang et al. 2023). Consequently, the presence 
of the cagA gene has been associated with higher grades 
of inflammation, which may lead to the development of 
the most severe gastrointestinal diseases. According to a 
couple of studies by Censini et al. (1996) and Markovska 
et al. (2018), the cagA gene is closely related to intact 
cagPAI, yet the existence of the cagA gene does not 
guarantee the intactness of cagPAI. 

The ‘hummingbird’ effect or phenotype is 
characterized by the elongation and scattering of 
gastric epithelial cells upon infection with H. pylori. 
This phenomenon occurs when phosphorylated EPIYA 
motifs interact with cells’ SH2-containing phosphatase 
(SHP2), resulting in focal adhesion kinase (FAK) 
inactivation (Suzuki et al. 2005; Takahashi-Kanemitsu, 
Knight & Hatakeyama 2020; Tsutsumi et al. 2003), and 
hence leading towards the elongation and scattering of 
infected cells. The quantity and type of CagA EPIYA 
motifs play important roles in impacting the degree of 
morphological change in infected gastric cells (Alfizah 
& Ramelah 2012; Chang et al. 2016). 

The variation of cagPAI, as well as its association 
with clinical outcomes that are responsible for IL-8 
induction, has not been extensively studied with respect 
to the multi-ethnic population in Malaysia. The aim of 
this study was to evaluate the functional capabilities 
of cagPAI genes involved in IL-8 induction and 
‘hummingbird’ phenotype formation among Malaysian 
H. pylori isolates.

MATERIALS AND METHODS

CULTIVATION OF H. pylori ON CULTURE MEDIA

H. pylori isolates from frozen stock were cultivated onto 
Columbia blood agar supplemented with sheep blood 
(7%) under microaerophilic conditions at 37 °C for 3 - 5 
days. Culture of H. pylori was confirmed by morphology 
observation and biochemical tests. Successfully grown 
strains were used for genomic DNA extraction (Hanafiah 
et al. 2020), IL-8 assay, and ‘hummingbird’ phenotype 
examination.

cagPAI GENE AND cagA EPIYA MOTIF 
CHARACTERIZATION

The detection of cagPAI genes in H. pylori strains was 
conducted using polymerase chain reaction (PCR) using 
primers listed and protocol as described in study by 
Hanafiah et al. (2020). Prior to individual cagPAI gene 

detection, the presence of cagPAI was determined by 
existence of flanking genes (Olbermann et al. 2010). 
cagPAI-positive strains underwent subsequent PCRs 
to further identify all cagPAI genes with primers as 
described in previous research (Olbermann et al. 2010; 
Ta et al. 2012). Upon confirmation, the products were run 
on agarose gel and visualized with gel documentation. 
All materials and instruments used were mentioned in 
the previous study (Hanafiah et al. 2020). 

Molecular amplification of cagA EPIYA motifs and 
categorization were conducted using selected primer 
sets as previously published article (Jones et al. 2009), 
presented in Table A.1. Determination of the number of 
nucleotide sequences that encoded the EPIYA motifs as 
well as the types of motifs were carried out using the 
forward primer cag2 (Rudi et al. 1998) and the reverse 
primers cagA-P1C, cagA-P2CG, cagA-P2TA, cagA-
P3E (Azuma et al. 2002) and cagA-pD(R) (Jones et al. 
2009). Each PCR reaction mixture contained mastermix 
(Lucigen, Wisconsin, USA), 10 µml of each primer, 10 
ng/µL of extracted DNA and RNAse free water. Each 
mixture was incubated at 95 °C for 3 min, followed by 30 
cycles at 95 °C for 30 s, 57 °C for 60 s, and 72 °C for 30 
s and a final extension at 72 °C for 5 min (Argent, Zhang 
& Atherton 2005). PCR products were electrophoresed on 
a 1.5% (wt/vol) agarose gel.

According to previous studies (Argent, Zhang & 
Atherton 2005; Jones et al. 2009), EPIYA-A motif is 
identified by amplification of primers cag2 with cagA-
P1C, whereas amplification of primers cag2 with a 
1:1 mixture of cagA-P2TA and cagA-P2CG represents 
EPIYA-B motif. Amplification with primers cag2 and 
cagA-P3E identifies as either EPIYA-C or EPIYA-D 
motif, hence additional cag2 with cagA-pD(R) primers 
to confirm the presence of EPIYA-D motif.  Identification 
of EPIYA-A, -B and -C motifs combination signifies H. 
pylori strain containing Western CagA, whereas East-
Asian CagA contains a combination of EPIYA-A, -B 
and -D motifs. CagA without the existence of either 
EPIYA-C or -D were characterized as undefined CagA. 
The identifications were further confirmed by gene 
sequencing, in which the DNA sequences were analysed 
and blasted against NCBI database. Instruments used were 
similar to study by Hanafiah et al. (2020).

GASTROADENOCARCINOMA CELL CULTURE

Human gastric adenocarcinoma cell line (AGS) (RRID: 
CVCL_0139) was grown in RPMI 1640 media (Sigma 
Aldrich, Massachusetts, USA) supplemented with FBS 
(10%) (Gibco, New York, USA) and antibiotics (Gibco, 
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New York, USA). Incubation was conducted at 37 °C 
with 5% CO2 until the culture reached confluence of 
90%. Cultivation was carried out in T-25 flask prior 
to experimentation. Cell viability was measured and 
standardized prior to experimentation.

H. pylori INFECTION OF AGS CELLS

AGS cells were grown until 90% confluence was 
achieved. The cell culture was washed twice with pre-
warmed PBS and detached from the flask using pre-
warmed TrypLE Express (Gibco, New York, USA). The 
enzymatic reaction was deactivated by introducing 
pre-warmed media into the mixture. Concentration of 
viable AGS cells was calculated using hemocytometer.  

The cell suspension then transferred to 6-well 
plate at starting cell concentration of 6.0 × 105/mL in 
each well, and was cultured in media under incubation 
conditions until 90% confluence was achieved. Twenty-
four hours prior to bacterial infection, the media were 
replenished without FBS or antibiotics. H. pylori cells 
at logarithmic phase were suspended in serum- and 
antibiotic-free media and used for AGS cell infection at 
multiplicity of infection (MOI) of 100 for 24 h at 37 °C.

IL-8 DETECTION AND QUANTIFICATION

One mL of media suspension from the flask was 
centrifuged at 1000 rpm, for 20 min at 4 °C. The 
supernatant was then transferred into new sterile tube and 
kept at -80 °C until analysis. Detection and quantification 
of IL-8 concentration for each lysate was conducted using 
enzyme-linked immunosorbent assay (ELISA) kit (Fine 
Test, Beijing, China) according to the manufacturer’s 
protocol. Each sample was run in triplicates and AGS 
cells without infection served as negative control.

‘HUMMINGBIRD’ PHENOTYPE OBSERVATION

Morphological changes of AGS cells infected with H. 
pylori strains were observed after 24 h of infection. 
Elongation of cells was identified and calculated as 
percentage, wherein number of elongated AGS cells 
upon total number of AGS cells was measured against 
100 percent, and numbers were observed under inverted 
microscopy at magnification of 400×. Comparison was 
made between non-infected and infected AGS cells 
of H. pylori with different cagPAI statuses. Each 
experiment was conducted in duplicate.

HISTOPATHOLOGICAL EXAMINATION

The biopsies were fixed in formalin and paraffin-
embedded, and sections were cut and stained with 
hematoxylin-eosin. The sections were also stained with 
Warthin-Starry for superior H. pylori visualization, when 
necessary. All gastric biopsies were scored based on the 
updated Sydney System (0, none; 1, mild; 2, moderate; 
3, marked) (Dixon et al. 1996).

STATISTICAL ANALYSIS

Statistical analysis was carried out using SPSS software 
version 23 (SPSS Inc, Illinois, USA). Differences in IL-8 
concentration between samples were analyzed using 
Student’s t-test. Data were reported as mean ± standard 
error measurement (SEM). Chi-square test or Fischer’s 
exact test was used to analyze data comparing cagPAI 
intactness, CagA types, patient’s ethnicity and disease 
severity. One-way ANOVA was performed to analyse 
association of IL-8 secretion with the cagPAI gene’s 
existence, CagA categories and histopathological 
examination. Kruskal-Wallis test with multiple pairwise 
comparisons via Mann-Whitney U test were used to 
analyse the association of ‘hummingbird’ phenotype 
induction with cagPAI integrity status, CagA types and 
histopathological examination. P value less than 0.05 
were considered statistically significant.

RESULTS AND DISCUSSION

H. pylori SAMPLES AND cagPAI GENOTYPING

A total of 27 H. pylori strains were used in this study. 
The strains were isolated from patients with different 
ethnicity: Indians (n = 12, 44.4%), Chinese (n =10, 37%), 
Malays (n = 4, 14.8%) and other ethnicities (n = 1, 3.8%). 
Most of the patients were diagnosed with gastritis (n = 
13, 48.1%), chronic gastritis (n = 12, 44.4%), and peptic 
ulcers (n = 2, 7.4%). 

Regarding cagPAI integrity, six isolates (22.2%) 
were found to harbor intact cagPAI, three (11.1%) of 
the H. pylori isolates had a complete absence of cagPAI, 
while the remaining 18 isolates (66.7%) contained a 
partially deleted island. Most gene deletion occurred in 
the strains were cag2 (n = 15, 55.6%) and cag14 (n = 15, 
55.6%), followed by deletion in cag16 (n = 9, 33.3%). 
Identification of individual cagPAI genes were illustrated 
previously (Hanafiah et al. 2020) via gel electrophoresis, 
presented in Figure A.1 (Appendices). The cagPAI-
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positive isolates were further characterized based on 
CagA EPIYA motifs. Eight of these strains (29.6%) were 
identified as Western type, ten strains (37%) were of East 
Asian type, and six (22.2%) were of undefined type due 
to the lack of a third EPIYA motif for classification. 
Among the undefined strains, five presented with the AB 
motif and only one strain had the ABB EPIYA motif. A 
representative result of EPIYA motifs PCR amplification 
is shown in Figure A.2 (Appendices). A description on 
the CagA types among isolates with different cagPAI 
statuses is shown in Table 1.

IL-8 QUANTIFICATION UPON H. pylori INFECTION TO AGS 
CELLS

IL-8 concentration measurement was conducted upon 
H. pylori strain infections in AGS cells. The standard 
curve using IL-8 standard dilutions was determined based 
on the manufacturer’s instructions. The amount of IL-8 
induced upon infection in this study ranged from 160.60 
pg/mL to 656.60 pg/mL. The positive control used for 

the experiment is the supernatant of infected AGS cells 
by standard H. pylori strain (ATCC 43526), whereas 
the negative control is the supernatant of uninfected or 
unstimulated AGS cells. The measurement of negative 
control in average is 24.71 pg/mL.

Figure 1 shows the mean IL-8 concentration secreted 
upon infection with H. pylori isolates with different 
cagPAI integrity statuses. The mean concentration of IL-8 
secreted due to infection with strains of intact cagPAI 
was 432.00 (± 81.43) pg/mL whereas for infection with 
partially deleted cagPAI was 434.91 (± 34.36) pg/mL, 
and mean IL-8 production by negative-cagPAI strains 
was 239.20 (± 32.27) pg/mL. Analysis upon infection 
of cagPAI-positive H. pylori in AGS cells showed that 
they appeared to be producing a significantly higher 
concentration of IL-8 compared to those from infection 
with cagPAI-negative isolates (P = 0.045). Range 
differences in IL-8 concentrations secreted between 
the infection of intact or partially deleted cagPAI were 
minimal, in with the latter secreting a slightly higher 
concentration.
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FIGURE 1. IL-8 concentration secreted by AGS cells infected with H. pylori strains with 
different cagPAI statuses. IL-8 concentration was measured using ELISA kit. Mean IL-8 

concentration comparison of H. pylori with different cagPAI integrity status groups; cagPAI-
positive group consisted of both complete and partially deleted cagPAI.  The mean ± SEM 
of triplicate results are presented. A Student’s t-test was performed for statistical evaluation 

between cagPAI-positive and -negative strains upon IL-8 secretion. * There was a significant 
difference in IL-8 production between infection with cagPAI-positive and -negative H. pylori

TABLE 1. Detection of CagA EPIYA type in H. pylori isolates of various cagPAI integrity statuses

cagPAI status
CagA type, n (%)

Western East Asian Undefined Negative

Complete 2 (25) 1 (10) 3 (50) -

Partially deleted 6 (75) 9 (90) 3 (50) -

Negative - - - 3 (100)
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The concentrations of IL-8 were also measured 
and analysed according to existence of the cagPAI’s 
individual genes upon infection against AGS cells, with 
the observations displayed in Table A.2 (Appendices). The 
levels of IL-8 were significantly higher with the existence 
of cag1/cagζ, cag5/cagβ, cag6/cagZ, cag8/cagX, and 
cag21/cagG (P = 0.045). Furthermore, infection caused 
by strains with positive cag17/cagN, cag18/cagL, and 
cag22/cagF has resulted to an elevation of IL-8 compared 
to strains that lack of the genes (P = 0.029). Interestingly, 
H. pylori isolates which were harboring cag7/cagY and 
cag19/cagI exhibited an increased secretion of IL-8 upon 
infection, with their significance values at P = 0.025 and 
P = 0.009, respectively. Despite no significant differences 
were observed, cagPAI genes that were prone towards 
deletions including cag2/cagε, cag14/cagQ and cag16/
cagM showed lack of impact towards IL-8 secretion 
upon AGS cells.

The differences in IL-8 concentrations produced by 
AGS cells upon infection of H. pylori strains that varied 
with cagA are illustrated in Figure 2. Infection with 
East Asian cagA induced a higher IL-8 concentration 

compared with the Western cagA, while cagA that 
lacked a third EPIYA exhibited a lower secretion of IL-8 
among infected cells. In addition, there was no statistical 
correlation (P = 0.131) between cagPAI status or cagA 
type and disease severity with regard to IL-8 secretion.

An evaluation of IL-8 concentrations induced 
upon infection with H. pylori isolated from patients of 
different ethnicities was conducted, and this analysis is 
shown in Table 2. There was a significant difference in the 
IL-8 concentration induced by H. pylori isolated from 
Malay patients compared with that non-Malay patients (P 
= 0.046). IL-8 was secreted in greater quantities among 
patients with acute infections (446.8 pg/mL) compared 
with those with chronic infections (392.62 pg/mL) or 
peptic ulcers (312.50 pg/mL), although there was no 
statistical correlation observed (P = 0.480). The majority 
of gastritis cases (84.6%, n = 11) were infected with H. 
pylori strains harboring incomplete cagPAI, whereas 
almost half (41.7%, n = 5) of the chronic gastritis patients 
were infected by intact cagPAI, and the peptic ulcer cases 
were infected by partially deleted strains.

FIGURE 2. Quantification of IL-8 concentration induced by AGS cells infected with H. pylori of 
variouses cagA classifications. Characteristics of cagA were based on the third EPIYA motif detected; 
results are presented as mean ± SEM of triplicate. A one-way ANOVA was performed to compare the 
impact of cagA variations on IL-8 secretion. No statistical differences were observed between IL-8 

concentration and cagA types (P = 0.131)
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TABLE 2. Differences in cagPAI integrity statuses and IL-8 concentrations upon infection with H. pylori strains from different 
patients’ ethnicities. A Student’s t-test was carried out to compare IL-8 concentrations among the Malay and non-Malay infected 
patients. * There was a significant difference in IL-8 concentrations induced by H. pylori strains from the Malay and non-Malay 

patients (P = 0.046)

Ethnicity, n (%)
cagPAI status IL-8 mean concentration 

(pg/mL) ± SEComplete Partially deleted Negative

Malay 2 (50) 2 (50) 0 558.83 ± 47.06*

Non-Malay 4 (17) 16 (70) 3 (13) 387.07 ± 32.69
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The association between IL-8 induction to 
mononuclear infiltration and neutrophil activity through 
the histopathological scores of patients’ gastric mucosa 
was analysed, and the results are displayed in Table 3. 
Similar trends of lower IL-8 secretion were seen with 
higher or severe scorings in both histopathological 
examinations, whereas higher IL-8 amounts were detected 
with lower scorings. Based on the data, gastric mucosa 
with a mild score for mononuclear infiltration showed 
elevated concentrations of IL-8 compared with those with 
a severe score (P = 0.027). Further, gastric mucosa with 
a mild score for mononuclear cell infiltration showed 
elevated IL-8 concentrations compared with those 
with a higher/severe score (P = 0.027). No significant 
relationship was observed between the histological scores 
and disease severity.

‘HUMMINGBIRD’ PHENOTYPE FORMATION
Morphological changes upon H. pylori infection in 
AGS cells were analyzed through the observation of 
the hummingbird phenotype. An illustration of cagPAI 
diversity and the elongation of the infected AGS cells 
is shown in Figure 3. The infection of strains harboring 
cagPAI appeared to cause more hummingbird formation 
among infected AGS cells compared with cagPAI-
negative strains (P = 0.005). Interestingly, H. pylori 
strains which contained intact cagPAI yielded more 
severe effects compared with strains with partially deleted 
cagPAI (P = 0.014) as shown in Figure 4. cagPAI-positive 
strains with many gene deletions were observed to 
have the lowest percentage of cell elongation.

TABLE 3. Distribution of H. pylori cagPAI integrity according to histopathological scoring of infected gastric mucosa, as well 
as IL-8 secretion and ‘hummingbird’ phenotype formation. A one-way ANOVA was executed to analyze differences in IL-8 
concentrations between scorings in histopathological evaluations. The scoring was done according to the updated Sydney 
System (Dixon et al. 1996), in which the higher the score the worse the inflammation in response to infection. *Statistical 
difference was observed in IL-8 secretion between mild and severe scorings of mononuclear cell infiltration (P = 0.027). 

**Statistical difference was observed in ‘hummingbird’ phenotype between mild and severe scorings of mononuclear infiltration

Histopathological 
examination

Score cagPAI, n (%) IL-8 mean concentra-
tion (pg/mL) ± SE

‘hummingbird’ 
phenotype (%) ± 

SEIntact Partial Absent

Mononuclear cell 
infiltration

0 0 1 (5.6) 0 459.9 ± 0 13.0 ± 0

1 2 (33.3) 3 (16.7) 0 543.26 ± 50.64 * 27.9 ± 6.8 **

2 3 (50) 11 (61.1) 3 (100) 392.89 ± 40.3 19.1 ± 3.1

3 1 (16.7) 3 (16.7) 0 320.73 ± 62.6 35.3 ± 2.8

Total score Mean ± SE 1.83 ± 0.31 1.89 ± 0.18 2.0 ± 0

Neutrophil activity 0 1 (16.7) 2 (11.1) 1 (33.3) 491.63 ± 114.7 21.6 ± 9.1

1 3 (50) 12 (66.7) 1 (33.3) 415.33 ± 43.15 22.0 ± 2.9

2 1 (16.7) 4 (22.2) 1 (33.3) 368.43 ± 59.16 23.3 ± 6.8

3 1 (16.7) 0 0 347.4 ± 0 40.5 ± 0

Total score Mean ± SE 1.33 ± 0.42 1.11 ± 0.14 1.0 ± 0.58   
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FIGURE 3. Microscopic images of ‘hummingbird’ phenotype of AGS cells upon H. pylori 
infection. The images are presented at 200x magnification except image D. (a) Uninfected AGS 
cells. (b) ‘Hummingbird’ formation in AGS cells after infection with cagPAI-positive H. pylori 

strains. (c) No ‘hummingbird’ effect on AGS morphology upon infection with cagPAI-negative H. 
pylori. (d) ‘hummingbird’ phenotype in AGS cells at 400x magnification. A Mann-Whitney U test 
was conducted for statistical analysis. A significant difference in ‘hummingbird’ formations was 

observed between cagPAI-positive and -negative H. pylori strains (P = 0.005)

Figure 4. Percentage of ‘hummingbird’ phenotype observed in AGS cells upon cagPAI-positive 
H. pylori infection with different integrity status. Mean ‘hummingbird’ effect comparison between 

H. pylori with complete and partially deleted cagPAI. A Mann-Whitney U test was performed 
to compare ‘hummingbird’ phenotype between complete- and incomplete-cagPAI infection. 
*Infection by complete cagPAI H. pylori induced significantly greater ‘hummingbird’ effect 

compared to partially deleted cagPAI (P = 0.014)
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Evaluations of ‘hummingbird’ phenotype according 
to H. pylori isolate’s individual cagPAI genes were 
carried out as well, with the comparisons displayed 
in Table A.2 (Appendices). The existence of cag16/
cagM and cag24/cagD had shown impact towards the 
‘hummingbird’ formation in infected AGS cells with 
their significant values of P = 0.025 and P = 0.014, 
respectively. There were no significant differences 
observed on the existence of other cagPAI genes upon 
formation of ‘hummingbird’ effect.

With regard to CagA, there was no significant 
difference in ‘hummingbird’ formation between strains 
with EPIYA motifs of Western and East Asian types (P 
= 0.894). The correlation between the ‘hummingbird’ 
effect and the histopathological scores is displayed in 
Table 3. The histopathological scores of mononuclear 
infiltrations displayed a significant impact on cell 
elongation with severe scoring (p = 0.030), but no 
statistical difference upon other analyses. In addition, 
no significant relationship was observed between the 
‘hummingbird effect’ and disease severity (P = 0.181).

The cagPAI is an important virulent factor that 
contributes to the severity outcomes of infected patients. 
The integrity of cagPAI implies the existence of genes 
in the pathogenicity island wherein intact cagPAI 
indicates the existence of all cag genes, while incomplete 
or rearranged cagPAI indicates the deletion of at least 
one cag gene and a cagPAI-negative signifies the absence 
of cagPAI entirely.

The integrity of cagPAI has been associated 
with an increased risk of developing gastric cancer 
(Khatoon et al. 2017; Waskito et al. 2018). Malaysia 
is a multi-cultural country that consists of three major 
ethnicities, namely Malays, Malaysian Indians and 
Malaysian Chinese. H. pylori infection differs among 
major ethnicities in Malaysia; the inf ection is the 
highest in Malaysian Indians and followed by Malaysian 
Chinese, while the lowest infection rates are among the 
Malays. Although H. pylori infection is the highest in 
Malaysian Indians, the incidence of gastric cancer is 
low in this population, and this phenomenon has been 
described as the ‘Indian enigma’ (Goh et al. 2007). The 
presence of cagPAI in H. pylori has been associated with 
a more severe degree of stomach disease than H. pylori 
with an absence of cagPAI (Markovska et al. 2018). 
In our previous study, we demonstrated the significant 
differences in composition of cagPAI genes among H. 
pylori isolates from different ethnicities in Malaysia 
as well as the contribution of cagPAI intactness to the 

severity of gastric diseases (Hanafiah et al. 2020). We 
extended our previous study to determine the impact 
of cagPAI intactness in H. pylori isolates from multi-
ethnic populations in Malaysia on IL-8 secretion and 
‘hummingbird’ phenotype formation in AGS cells. 
There is lack of studies conducted in Malaysia on the 
functional properties of H. pylori cagPAI despite the 
disproportionate incidence of gastric cancer among the 
three major ethnicities in the country.

The intactness and rearrangement of cagPAI 
genes depend on the geographical region from which 
H. pylori is isolated. Most cagPAI-positive H. pylori 
strains in this study possessed a rearranged or partially 
deleted cagPAI, which contrasted with most studies that 
have emphasized the conservation of intact cagPAI. The 
majority of the strains in our study showed partially 
deleted cagPAI genotype (61.9%), a similar to those of 
previous studies (Ahmadzadeh et al. 2015; Alfizah et al. 
2013; Hanafiah et al. 2020). As explained in a previous 
study (Hanafiah et al. 2020), the lack of intactness in the 
cagPAI within these strains was due to different gene 
detection method having been used in the other study 
(Fazeli et al. 2017). As in other studies, cagPAI might 
not be conserved as deletions within islands can occur, 
and socio-demographic and geographical factors also 
play essential roles in the variation of cagPAI diversity 
in H. pylori (Olbermann et al. 2010; Ta et al. 2012). 
In Malaysia’s neighbouring island country, Indonesia, 
complete cagPAI was observed in 55.8% of H. pylori 
isolates (Waskito et al. 2018), while in Vietnam 94% 
of H. pylori isolates harbored complete cagPAI (Phuc 
et al. 2021). As in this study, H. pylori isolates from 
the study conducted in Indonesia (Waskito et al. 2018) 
were collected from different ethnicities, while the study 
conducted in Vietnam by Phuc et al. (2021), H. pylori 
isolates were collected from only one ethnicity. Thus, 
ethnicity plays an essential role in determining the 
heterogeneity of cagPAI in H. pylori isolates.

The possibility of IL-8 induction caused by H. 
pylori strain infection is attributed to the genomic 
variability that cagPAI possesses. Several studies 
have reported a correlation between cagPAI integrity 
and IL-8 production, wherein intact cagPAI induced 
higher secretion while partially deleted island caused a 
reduction in IL-8 secretion (Nguyen et al. 2010; Nilsson 
et al. 2003; Schmidt et al. 2010). In the present study, 
concentrations of IL-8 were observed to be higher among 
cagPAI-positive strains than among cagPAI-negative 
strains. However, there was no significant difference in 
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IL-8 induction with the infection of H. pylori between 
complete and incomplete/rearranged cagPAI. As in a 
report by Salih et al. (2014), the level of IL-8 was similarly 
high in both intact and partially deleted cagPAI infections. 
In this study, most of the partially deleted cagPAI 
strains were harboring East Asian cagA, suggesting that 
East Asian cagA might contribute to an elevated IL-8 
level in infected cells. This observation could indicate 
that deletions within cagPAI in the strains may not have 
a severe impact on the epithelial cell response towards 
infection. In addition, there is also the possibility of other 
factors influencing bacterial virulence. Aside from CagA 
translocation into gastric epithelial cells, the production 
of IL-8 by H. pylori-infected gastric epithelial cells can 
also occur through the translocation of peptidoglycan into 
the gastric cells (Lamb & Chen 2010) and the expression 
of outer inflammatory protein A (OipA) that mediates 
CagA translocation into the cells (Horridge et al. 2017). 
In addition, the heterogeneity of the T4SS components 
of cagPAI is also pertinent to the stimulation of IL-8 in 
gastric epithelial cells (Choi et al. 2021). Further studies 
examining these matters should be conducted.

cagA is an important virulence marker within 
cagPAI that is attributed to disease pathogenesis. The 
EPIYA-repeat region of CagA in Western H. pylori isolates 
is an arrangement of EPIYA-A, EPIYA-B, and EPIYA-C 
segments (A–B–C-type CagA), whereas CagA from 
East Asian H. pylori isolates also possesses EPIYA-A and 
EPIYA-B segments as well as having a distinct EPIYA-D 
segment instead of EPIYA-C. Upon the translocation of 
the effector protein into the host cell, phosphorylation 
occurs in the CagA EPIYA motifs, which leads to the 
induction of proinflammatory cytokines, including IL-8 
(Brandt et al. 2005; Wang et al. 2023). Previous studies 
have found that infection with H. pylori strains containing 
EPIYA-D induced a higher level of IL-8 compared with 
Western-type strains (Argent et al. 2008; Hatakeyama 
2004), hence leading to severe gastric inflammation 
and disease (Higashi et al. 2002). H. pylori harboring 
East Asian EPIYA motifs are mostly isolated to areas 
with a high incidence of gastric cancer, such as China 
(Xue et al. 2021). Despite no significant difference 
being observed, the results of this study demonstrated 
the possible severity of East Asian-type strains since the 
IL-8 concentration in these strains was higher than that 
of Western cagA. This result supports the importance of 
EPIYA motif types in impacting disease severity.

Interestingly, one of the peptic ulcer cases infected 
by H. pylori with East Asian CagA presented with a 
higher level of IL-8 than the undefined CagA (EPIYA 

AB) of the same disease. Compared with EPIYA A and 
EPIYA B, EPIYA C and EPIYA D have a greater impact 
on tyrosine phosphorylation, thus inducing higher IL-8 
secretion in infected gastric mucosal cells (Higashi et al. 
2002; Schneider et al. 2009). Although we ascertained 
the importance of EPIYA in IL-8 induction, other factors 
might also play a significant role in pathogenesis of H. 
pylori infection.

The translocation of oncogenic CagA protein into 
gastric epithelial cells results in the phosphorylation of 
CagA with intracellular signaling proteins, disturbing 
the cellular signaling process and eventually leading 
to epithelial-mesenchymal transition-like cells with 
increased migration and invasiveness (Baj et al. 2020). 
This phenomenon is known as the ‘hummingbird’ 
phenotype. H. pylori expresses ‘needle-like’ T4SS 
machinery to translocate CagA into the cells (Cover, 
Lacy & Ohi 2020). We observed that the percentage of 
‘hummingbird’ phenotype formations in cells infected 
with H. pylori possessing intact cagPAI was significantly 
higher than that in cells infected with H. pylori 
harboring the partial deletion of cagPAI. Our results 
indicate that cagPAI with complete genes are essential 
to inducing more dramatic cell scattering than that of 
cagPAI with gene deletion. Consistent with previous 
findings by Sukri et al. (2022), no significant difference 
was observed in ‘hummingbird’ phenotype formation 
between Western and East Asian H. pylori strains.

Histopathological examinations showed prominent 
neutrophilic and mononuclear cell infiltration to 
infected gastric mucosa. The activation and migration 
of neutrophils from blood vessels towards the sites 
of infections during the innate response (Koller et al. 
2009), eventually led to mononuclear immune cell 
activity. Previous studies have shown that neutrophilic 
infiltration in gastric mucosa is attributed to H. pylori 
infection, and the severity of mucosal damage is related to 
the degree or scoring of neutrophil activity (Blaser 1992; 
Wallace 1991). The observed data in this study showed 
that the lower activity or infiltration of neutrophils 
induced elevated IL-8 concentration despite no significant 
differences between high and low scoring activity. 
By contrast, the level of IL-8 was significantly higher 
with mild scoring for mononuclear infiltration, which 
contributed to chronic gastritis in the infected patients. 
Most strains that contributed to higher amounts of IL-8 
harbored partially deleted cagPAI, and the severity of the 
disease was only associated at the level of inflammation. 
As mentioned by Hanafiah et al. (2020), the lack of genes 
in cagPAI might influence the impact of pathogenesis in 
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H. pylori infection, in turn leading to lesser damage to the 
gastric mucosa, which is also reflected on IL-8 induction. 
Further investigation is highly encouraged to understand 
the complexity of H. pylori pathogenicity.

Although several studies have explored IL-8 
induction by epithelium upon infection of cagPAI-
intact H. pylori, our data focus on impact of cagPAI 
diversity from multi-ethnic populations upon IL-8 
secretion and ‘hummingbird’ phenotype in AGS cell line. 
Furthermore, we examined the complete genes of cagPAI 
in this study (total of 27 genes), instead of only several 
cagPAI genes in other studies (Alfizah et al. 2013; Hamat 
et al. 2013; Schmidt et al. 2010). Moreover, there is a lack 
of information regarding cagPAI integrity of Malaysian 
H. pylori and its association towards in vitro studies. 
Hence, this study has shown novelty in its findings despite 
the method is rather conventional. Limitation of this study 
is the small sample size due to difficulties in growing H. 
pylori strains plus restricted time and resources.

CONCLUSIONS

This study documented the variability of cagPAI genes 
in H. pylori strains isolated from multi-ethnic patients. 
Interestingly, it was the non-Malay patients that has 
the highest frequency for harboring intact cagPAI. The 
integrity of cagPAI was acknowledged as an important 
factor influencing the virulence impact of H. pylori 
harboring an island. IL-8 secretion induced by H. pylori 
with various levels of cagPAI content appeared to vary 
in different isolates. Deletion among genes appeared 
to have a lesser impact on IL-8 production in infected 
cells, which was reflected by the disease outcomes of 
patients.  Future study directions include the assessment 
of heterogeneity in the T4SS of H. pylori and a proteomics 
study of cagPAI expression.
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APPENDICES

FIGURE A.1. Gel electrophoresis of cagPAI genes in H. pylori representative strain. Identification of individual 
genes were conducted and reported previously by Hanafiah et al. (2020). H. pylori strain ATCC 43526 was 

used as positive control. Lane M: molecular weight marker 100 bp; Lane 1; cag1; Lane 2; cag2; Lane 3; cag3/
cagδ ; Lane 4: cag4/cagγ; Lane 5: cag5/cagβ; Lane 6: cag6/cagZ; Lane 7: cag7/cagY; Lane 8: cag8/cagX; 

Lane 9: cag9/cagV; Lane 10: cag10/cagW; Lane 11: cag11/cagU; Lane 12: cag12/cagT; Lane 13: cag13/cagS; 
Lane 14: cag14/cagQ; Lane 15: cag15/cagP; Lane 16: cag16/cagM; Lane 17: cag17/cagN; Lane 18: cag18/
cagL; Lane 19: cag19/cagI; Lane 20: cag20/cagH; Lane 21: cag21/cagG; Lane 22: cag22/cagF; Lane 23: 

cag23/cagE; Lane 24: cag24/cagD; Lane 25: cag25/cagC; Lane 26: cagα

FIGURE A.2. PCR amplification of cagA EPIYA motifs in H. pylori strain. Lane M: molecular weight marker 
100 bp; Lane 1: EPIYA-A; Lane 2: EPIYA-B; Lane 3: EPIYA-C; Lane 4: EPIYA-D
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TABLE A.1. Details of primer sequences used for amplification of H. pylori cagA EPIYA motifs

EPIYA 
motif

Forward 
primer Sequence (5’ – 3’) Reference Reverse 

primer Sequence (5’ – 3’) Reference

EPIYA-A

cag2 GGAACCCTAGTCGGTAATG Rudi et al. 
(1998)

cagA-P1C GTCCTGCTTTCTTTTTATTAACTTKAGC

Azuma et al. 
(2002)

EPIYA-B cagA-P2TA TTTAGCAACTTGAGTATAAATGGG

cagA-P2CG TTTAGCAACTTGAGCGTAAATGGG

EPIYA-C cagA-P3E ATCAATTGTAGCGTAAATGGG

EPIYA-D cagA-pD(R) TTGATTTGCCTCATCAAAATC Jones et al. 
(2009)

TABLE A.2. Mean concentration of IL-8 and ‘hummingbird’ phenotype according to existence of individual cagPAI genes (Part 1)

cagPAI gene Gene’s existence IL-8 concentration [(ρg/mL) ± SD]  ‘Hummingbird’ effect (% ± SD)
cag1 (cagζ) Positive (n = 24) 434.2 ± 156.1 a 25.8 ± 11.3

Negative (n = 3) 239.2 ± 55.9 0
cag2 (cagε) Positive (n = 12) 445 ± 166.4 29.4 ± 10.2 

Negative (n = 15) 386.5 ± 156 17.7 ± 13.7
cag3 (cagΔ) Positive (n = 23) 433.9 ± 159.6 26.8 ± 10.3

Negative (n = 4) 289.8 ± 110.9 0.5 ± 1
cag4 (cagγ) Positive (n = 22) 424.3 ± 156.4 26.3 ± 10.3

Negative (n = 5) 360.6 ± 185.3 7.8 ± 16.3
cag5 (cagβ) Positive  (n = 24) 434.2 ± 156.1 b 25.8 ± 11.3

Negative (n = 3) 239.2 ± 55.9 0
cagα Positive (n = 21) 433.5 ± 167.1 26.3 ± 10.4

Negative (n = 6) 338.9 ± 116.1 11.1 ± 16.9
cag6 (cagZ) Positive (n = 24) 434.2 ± 156.1 c 25.8 ± 11.3

Negative (n = 3) 239.2 ± 55.9 0
cag7 (cagY) Positive (n = 22) 443.6 ± 156.1 d 26.8 ± 10.5

Negative (n = 5) 275.6 ± 101.1 5.6 ± 11.4
cag8 (cagX) Positive (n = 24) 434.2 ± 156.1 e 25.8 ± 11.3

Negative (n = 3) 239.2 ± 55.9 0
cag9 (cagW) Positive (n = 23) 433.9 ± 159.6 26.8 ± 10.3

Negative (n = 4) 289.8 ± 110.9 0.5 ± 1
cag10 (cagV) Positive (n = 23) 433.9 ± 159.6 26.8 ± 10.3

Negative (n = 4) 289.8 ± 110.9 0.5 ± 1
cag11 (cagU) Positive (n = 21) 422.3 ± 161.1 27 ± 11.2

Negative (n = 6) 378.1 ± 167 8.3 ± 10.5
cag12 (cagT) Positive (n = 23) 433.9 ± 159.6 26.8 ± 10.3

Negative (n = 4) 289.8 ± 110.9 0.5 ± 1
cag13 (cagS) Positive (n = 22) 435 ± 163.2 26.8 ± 10.5

Negative (n = 5) 313.8 ± 110.1 5.6 ± 11.4
a b c dThere is a significant difference upon IL-8 concentration according to the existence of cag1/cagζ, cag5/cagβ, cag6/cagZ dan cag8/cagX (P = 0.045)
dThere is a significant impact towards IL-8 induction according to the existence of cag7/cagY (P = 0.025)
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TABLE A.2. Mean concentration of IL-8 and ‘hummingbird’ phenotype according to existence of individual cagPAI genes (Part 2)

cagPAI gene Gene’s existence IL-8 concentration [(ρg/mL) ± SD]  ‘Hummingbird’ effect (% ± SD)

cag14 (cagQ) Positive (n = 12) 451.9 ± 180.6 32.5 ± 6.5 
Negative (n = 15) 381 ± 140.3 15.2 ± 12.6

cag15 (cagP) Positive (n = 22) 437.1 ± 153 26.3 ± 11.4
Negative (n = 5) 304.2 ± 161.3 7.9 ± 11.7

cag16 (cagM) Positive (n = 18) 439.6 ± 163.8 28.9 ± 10.2 I

Negative (n = 9) 353.3 ± 146.6 10.9 ± 11.1
cag17 (cagN) Positive (n = 22) 443.6 ± 156.2 f 26.8 ± 10.5

Negative (n = 5) 275.8 ± 101 5.7 ± 11.6
cag18 (cagL) Positive  (n = 22) 443.6 ± 156.2 g 26.8 ± 10.5

Negative (n = 5) 275.8 ± 101 5.7 ± 11.6
cag19 (cagI) Positive (n = 21) 454.3 ± 151.6 h 26.8 ± 10.8

Negative (n = 6) 266.4 ± 93.2 9.1 ± 13.3
cag20 (cagH) Positive (n = 24) 432.9 ± 163.2 26.6 ± 10.5

Negative (n = 3) 323.1 ± 121.6 6.4 ± 13.2
cag21 (cagG) Positive (n = 24) 434.2 ± 156.1 i 25.8 ± 11.3

Negative (n = 3) 239.2 ± 55.9 0
cag22 (cagF) Positive (n = 22) 443.6 ± 156.2 j 26.8 ± 10.5

Negative (n = 5) 275.8 ± 101 5.7 ± 11.6
cag23 (cagE) Positive (n = 21) 436.9 ± 156.8 27.5 ± 10.3

Negative (n = 6) 327.1 ± 154.7 6.9 ± 10.8
cag24 (cagD) Positive (n = 19) 425 ± 168.3 28.5 ± 10.7 II

Negative (n = 8) 383 ± 146 9.6 ± 9.5
cag25 (cagC) Positive (n = 20) 444.5 ± 164 27.5 ± 10.6

Negative (n = 7) 321.3 ± 114.2 9.6 ± 12.2
f g jThere is a significant difference upon IL-8 concentration according to the existence of cag17/cagN, cag18/cagL and cag22/cagF (P = 0.029)
hThere is a significant difference upon IL-8 concentration according to the existence of cag19/cagI (P = 0.009)
 iThere is a significant difference upon IL-8 concentration according to the existence of cag21/cagG (P = 0.045)
IThere is a significant difference in ‘hummingbird’ formation according to existence of cag16/cagM (P = 0.025)
IIThere is a significant difference in ‘hummingbird’ formation according to existence of cag24/cagD (P = 0.014)


