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PENGENOTIPAN PROFIL NUKLEOTIDA POLIMORFISME TUNGGAL DI
KALANGAN PESAKIT MELAYU DENGAN DAN TANPA JANGKITAN

Helicobacter Pylori DI KELANTAN

ABSTRAK
Perbezaan terhadap jangkitan Helicobacter pylori (H. pylori) dikalangan tiga etnik
utama di Malaysia telah dikenal pasti sejak pertama kali ianya dilaporkan pada tahun
1986 oleh Persatuan Patalogi Malaysia. Negeri Kelantan, yang terletak di timur laut
semenanjung Malaysia adalah unik dengan 90% daripada keseluruhan penduduknya
terdiri daripada etnik Melayu. Kadar kelaziman H. pylori yang secara luar biasanya
rendah telah dilaporkan di negeri ini dengan peratusan hanya sebanyak 4-5%. Faktor
penyebab tepat bagi kadar kelaziman rendah terhadap jangkitan H. pylori ini tidak
diketahui. Faktor-faktor persekitaraan dan faktor-faktor genetik atau gabungan
kedua-duanya mungkin dapat menjelaskan keadaan ini. Kajian untuk menentukan
variasi genetik yang memainkan peranan penting dalam melindungi orang Melayu
terhadap jangkitan H. pylori telah dijalankan dengan menggunakan nukleotida
polimorfisme tunggal (SNP). Sejumlah 23 kes (H. pylori positif) dan 37 kawalan
(H. pylori negatif) telah digenotip dalam kajian kes-kawalan. Analisis data telah
dilaksanakan dengan Affymetrix Genotyping Console (GTC), perisisan SVS Golden
Helix Bioinformatics, perisian DAVID Bioinformatics, program FAMHAP dan
F-SNP. Bagi menentukan variasi genetik yang menjadi penyebab dalam perubahan
fenotip yang dimanifestasikan semasa infeksi H. pylori, analisis genotip-fenotip telah
dilaksanakan. Kami telah menemui kaitan yang signifikan antara SNP rs678264,
rs10505799, rs9315542 masing-masing dengan metaplasia usus, dysplasia,

metaplasia usus serta dysplasia dan gastritis atropik. Disamping itu, kami juga telah

23



menemui SNP rs10502974 yang terletak di dalam gen DCC sebagai variasi genetik
penyebab risisko jangkitan H. pylori di kalangan orang Melayu Kelantan. Akhir
sekali, kami mencadangkan bahawa rs29886, rs3750370, rs3768591, rs3176670 dan
rs3176673 sebagai variasi genetik yang berpotensi untuk melindungi orang Melayu
Kelantan terhadap jangkitan H. pylori. Sebagai kesimpulan, dengan menggunakn
pendekatan genom, kajian ini telah berjaya mengenal pasti variasi-variasi genetik
yang boleh dikaitkan dengan jangkitan H. pylori di kalangan populasi Melayu

Kelantan.
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SINGLE NUCLEOTIDE POLYMORPHISMS (SNPs) GENOTYPIC
PROFILING OF MALAY PATIENTS WITH AND WITHOUT

Helicobacter pylori INFECTION IN KELANTAN

ABSTRACT

Since first reported in 1986 in Malaysia by the Malaysian Pathology Society,
differences in the Helicobacter pylori (H. pylori) prevalence among the three major
ethnics has been much characterized. The state of Kelantan, situated at the north-
eastern region of Peninsular Malaysia is unique with Malays comprising 90% of its
population. There is an exceptionally low prevalence rate of H. pylori reported from
this region, in the range of 4-5%. The exact reasons for the low prevalence rate of
H. pylori infection are unknown. Environmental factors, genetic factors or a
combination of both are possible explanation. The current study sets out to determine
which of the genetic variant in the form of Single Nucleotide Polymorphisms (SNPs)
using the genome wide association, may play a role in protecting the Malays against
H. pylori infection. A total of 23 cases (H. pylori positive) and 37 controls (H. pylori
negative) were genotyped in this case-control study. High-throughput downstream
analysis was conducted using the Affymetrix Genotyping Console (GTC), SVS
Golden Helix Bioinformatics Software, DAVID Bioinformatics software, FAMHAP
programme and F-SNP tool. Phenotype-Genotype analysis was done in resolving the
causative genetic variants causing phenotypic alterations that are manifested during
H. pylori infection. We found a significant association between SNPs rs678264,
rs10505799 and rs9315542 and intestinal metaplasia, dysplasia, and intestinal

metaplasia with atrophic gastritis respectively. In addition we also found that the
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SNPs rs10502974 located within the DCC gene was associated with an increased risk
of H. pylori infection among Malays in Kelantan. Finally, our study also suggested
that the SNPs rs29886, rs3750370, rs3768591, rs3176670 and rs3176673 as potential
genetic variants which may protect the Malays against H. pylori infection. Hence,
this study concludes the determination of candidate genetic variants associated with
H. pylori infection in Malays in Kelantan for the first time using the genome wide

association approach.
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CHAPTER 1

INTRODUCTION

Approximately half of the world’s population is infected with Helicobacter pylori
(H. pylori), a gram negative microaerophilic bacterium found in the human gastric
epithelium (Volk and Parsonnet 2009). Prevalence of H. pylori varies differently
across different geographical regions with higher prevalence seen mainly in Asia.
The infection tends to be lifelong unless treated. The great importance of H.
pylori lies in its disease association with peptic ulcers, atrophic gastritis, and gastric

adenocarcinoma (Goh, 2009).

H. pylori was first reported in Malaysia in 1986 by the Malaysian Pathology Society
and subsequently the existence of differences in the infection rate between the three
major ethnic groups in Malaysia; Malay, Chinese and Indian patients was highlighted
- a low prevalence amongst Malays and a significantly higher prevalence among the

Chinese and Indians (Goh, 2009).

In 2001, Goh and Parasakhti proposed the “racial cohort” theory to explain the
differences in H. pylori infection rate among the three different races in Malaysia.
The authors reported that even though there was a low level of intermarriages
between races in Malaysia, H. pylori remained confined to a particular racial group.
The Malays who were believed to have a low reservoir of infection to begin with,

continue to have a low prevalence of infection.
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The high prevalence of H. pylori infection amongst the Chinese and Indians in
Malaysia reflected the high prevalence in Southern China and Southern India
respectively from where these races had originally come from (Goh and Parasakthi,

2001).

Table 1.1 summarises a study conducted by Sasidharan et al. (2008) at Hospital
Seberang Jaya, Penang, Northern Peninsular Malaysia. This table further supports the
findings by Goh (2007) and Gurjeet,K. & Naing,N.N. (2003) that H. pylori infection

rate is low among the Malays (Goh, 2007).
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Table 1.1: Helicobacter pylori infection rate in relation to ethnic groups
(Sasidharan et al.)

Ethnicity Total H. pylori present H. pylori absent
n(%) n (%)

Malay 276 16(5.8) 260(94.2)

Chinese 229 44(19.2) 185(80.8)

Indians 166 36(21.3) 130(78.3)
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Kelantan situated in the north-eastern region of Peninsular Malaysia is unique with
90% of its population consisting of Malays. It was reported that Malays from this
region had an exceptionally low seroprevalence rate of H. pylori in the range of 4-5%
(Uyub et al., 1994). Goh and Parasakhti (2000) also reported that the Malays in
Kelantan had been reported to have a low H. pylori infection rate compared to the

other two ethnic groups mentioned.

Seroepidemiological studies and endoscopic surveys from the north-eastern region of
peninsular Malaysia reported an unexpectedly low prevalence rate of about 5% in the
general population (Uyub et al., 1994) whereas a 26-60% overall prevalence rate

was reported in Malaysia (Goh and Parasakthi, 2001).

The prevalence of H. pylori infection can vary greatly across different geographical
areas and this variation was observed most evidently in Malaysia. The speculation to
what extent; of different ethnicity portraying different socio-economic and socio-
cultural practices are correlated with H. pylori infection has always been questioned

(Sasidharan et al., 2008).

A low socioeconomic status associated with high density living and inferior hygienic
condition has been reported by Uyub et al. (1994) to play a major role in the

transmission of H. pylori.

The population from the north-eastern region of peninsular Malaysia is poorer and
more rural compared to the west coast (Gurjeet,K. and Naing,N.N, 2003).Therefore

if as reported, urbanization and overcrowding is suppose to contribute to the
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transmission and perpetuation of H. pylori infection, a uniform infection rate among
the various ethnic groups should be observed. However this was not depicted in the
observed racial differences. The Chinese and Indians reported a higher infection rate

compared to the Malays.

The exact reasons for the low prevalence rate of H. pylori infection are unknown.
Environmental factors, genetic factors or a combination of both can possibly explain
this observation. Current study sets out to determine which of the genetic variants in
the form of Single Nucleotide Polymorphisms (SNPs) using the genome wide

association may play a role in protecting the Malays against H. pylori.

Strategy for eliciting the genetic influence on disease relies on examining a large
numbers of SNPs in affected individuals and controls, and this is only possible due to

recently devised high throughput technologies (Xiao et al., 2007) .

SNPs are sites in the genome where individuals differ in DNA sequence by a single
base pair. There are around 10 million common SNPs that constitute 90% of the
variation in the current human population (The International HapMap Consortium)
(2003). Although most SNPs have no characterized role in cell functions, selected
SNPs associated with altered proteins or phenotypic traits have been found (Xiao et

al., 2007).
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The sensitivity and high-throughput nature of hybridization-based DNA microarray
technology provide an ideal platform for such applications by interrogating up to
hundreds of thousands of single nucleotide polymorphisms (SNPs) in a single assay

(Xiao et al., 2007).
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1.1 OBJECTIVES

The causes for the exceptionally low prevalence of infection rate among the Malay
Kelantanese have always been a mystery among researchers. The availability of
recent high-throughput screening methods such as microarray have led to
tremendous improvements in genome wide screenings in identifying possible
mechanism of infection and protective genes that causes the low H. pylori infection
rate. Because of microarray’s ability to screen the whole genome, Affymetrix xbal
50k SNP Genotyping was employed in this study to investigate the influence of

genetic factors in H. pylori infection among the Malay Kelantanese.

The specific objectives of this study were as below:

I. To determine the SNP profiles between patients infected with Helicobacter

pylori and non-infected Malay Kelantanese controls

i. To determine the genotype and phenotype association between the SNP
profiles of patients infected with Helicobacter pylori and harbouring

intestinal metaplasia, dysplasia and atrophic gastritis

iii. To determine the SNPs that predispose the Malay Kelantanese to Helicobacter

pylori infection

iv. To determine the SNPs that confers “protection” against Helicobacter pylori

infection among Malay Kelantanese
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CHAPTER 2

LITERATURE REVIEW

2.1 Helicobacter pylori

In 1979, the relationship between Helicobacter pylori (H. pylori) (Figure 2.1),
gastritis and ulceration was first discovered by Robin Warren and the organism was
subsequently cultured by Barry Marshall in 1982. Since then H. pylori has been the
subject of intense investigations and have provoked the interests of bacteriologists,
gastroenterologists, infectious disease specialists, cancer biologists, epidemiologists,

pathologists, and pharmaceutical scientists.

H. pylori is a helix-shaped Gram-negative bacterium and is microaerophilic, thus

requiring oxygen at a low concentration. H. pylori is capable of forming biofilms
which aid its conversion from a spiral shape to a possibly viable but nonculturable
coccoid form, which favors its survival (Stark et al., 1999). The coccoid form is

important for adherence to gastric epithelial cells in-vitro (Liu et al., 2006).

H. pylori is highly motile by means of one or more polar sheathed flagella, each
containing a terminal bulb. Its shape and motility permits the microbe to manoeuvre

easily through the gastric mucous layer (Segal et al., 1996).
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Figure 2.1: Coloured scanning electron micrograph of H. pylori on surface of gastric
cell (Logan and Walker, 2001)
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2.2 Pathophysiology of Helicobacter pylori Infection.

To colonize the stomach, H. pylori must survive the acidic pH of the lumen and
burrows into the mucus layers to reach its niche, which is close to the stomach's
epithelial cell layer. H. pylori has flagella which aids its movement through the

stomach lumen and into the mucous lining of the stomach.

The bacterium is usually found deep in the mucous layer, which is then continuously
secreted by the mucous cells to the luminal side. H. pylori detects the changes in pH
gradient by chemotaxis mechanism and thus swims away from the acidic contents of
the lumen towards the more neutral pH environment of the epithelial cell surface

(Ottemann and Lowenthal, 2002).

H. pylori is also found on the inner surface of the stomach epithelial cells and

occasionally inside the epithelial cells (Schreiber et al., 2004). It produces adhesions
which binds to the membrane-associated lipids and carbohydrates and helps its

adherence to the epithelial cells (Petersen and Krogfelt, 2003).

H. pylori produces large amounts of urease, which breaks down urea in the stomach

to carbon dioxide and ammonia. Ammonia is converted into ammonium ion which is

then broken down into hydrogen and hydroxyl ions.
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Hydroxyl ion reacts with carbon dioxide and produces bicarbonate which neutralizes
gastric acid (llver et al., 1998). Thus, the primary mechanism for H. pylori survival
in the acidic stomach is completely dependent on urease, for if not then it will

eventually die.

The colonization of stomach by H. pylori often results in inflammation of the
stomach lining (Figure 2.2). The degree and severity of inflammation is likely to
underlie H. pylori related diseases. Duodenal and stomach ulcers are consequences of
inflammation allowing the acid and pepsin in the stomach lumen to overwhelm the
mechanisms that protect the stomach and the duodenal mucosa from these caustic

substances (Shiotani and Graham, 2002).

The type of ulcers that develop during infection depends on the location of chronic
gastritis, which occurs at the site of H. pylori colonization. The acidity within the
stomach lumen affects the colonization pattern of H. pylori and therefore ultimately

determines whether a duodenal or gastric ulcer will form (Dixon, 2000).
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Helicobacter pylori
— the bacterium causing peptic ulcer disease

Bleeding uicer

Figure 2.2: Colonization and infection of Helicobacter pylori
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In individuals producing large amounts of acid, H. pylori colonizes the antrum of the

stomach to avoid the acid-secreting parietal cells located in the corpus of the stomach
(Kusters et al., 2006). The inflammatory response to the bacteria induces G cells in
the antrum to secrete the hormone gastrin, which travels through the bloodstream to

the corpus.

Gastrin stimulates the parietal cells in the corpus to secrete even more acid into the
stomach lumen and the increased gastrin levels causes the number of parietal cells to
increase, further escalating the amount of acid secreted (Blaser and Atherton, 2004).

The increased acid load damages the duodenum resulting in ulceration.

In contrast, gastric ulcers are often associated with normal or reduced gastric acid
production, suggesting that the mechanisms that protect the gastric mucosa are
defective (Schubert and Peura, 2008). In these patients H. pylori can also colonize
the corpus of the stomach, where the acid-secreting parietal cells are located
(Suerbaum and Michetti, 2002). However chronic inflammations induced by the
bacteria further reduces the production of acid and atrophy of the stomach lining,
which may lead to gastric ulcer and increases the risk for stomach cancer (Suerbaum

and Michetti, 2002).
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2.3 Epidemiology of Helicobacter pylori Infection

To date, it is not possible to predict the outcome of H. pylori infection in a colonized
untreated individual to identify human populations at risk for significant pathology
(Bjorkholm et al., 2001). The outcome of infection may depend on the interplay

between host, micro-organism and environmental factors (Bjorkholm et al., 2001).

Although H. pylori infection is ubiquitous and infects both females and males
(Goh et al., 1996), most of the H. pylori related diseases are associated with the male
gender (de Martel and Parsonnet, 2006). A meta-analysis of a population based study
by de Martel and Parsonnet (2006), confirmed that male predominance of H. pylori
infection in adults was a global and homogeneous phenomenon and was consistent

across population from various countries.

Men are on average 16% more often infected with H. pylori than women and this
finding may partially explain the male predominance of H. pylori related adult

diseases, including duodenal ulcer and gastric adenocarcinoma.

The prevalence of H. pylori infection within and between countries was reported to
be significantly different (Goh et al., 1996). In general, H. pylori infection has been
reported to be lower in developed countries than in developing countries. This
difference had been attributed to the rate of acquisition of H. pylori during childhood

period (Mitchell et al., 1996).
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Epidemiological data from developed and developing countries supports this finding,
given the prevalence of H. pylori infection among children under 10 years in
developed countries being approximately 0 % to 5% lower compared to 13% to 60%
in developing countries (Graham et al., 1991). It has been proposed that individuals
are infected during childhood and the prevalence decreases with age, particularly in
developed countries, due to advanced improvement in medical care, sanitation and/or

living condition (Banatvala et al., 1993).
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2.4 Infection and Transmission of Helicobacter pylori

Once H.pylori is established within the gastric mucosa, the bacterium persists for life
and a number of studies have proposed that acquisition of H. pylori occurred via a
common environmental source. In particular, animals and water have been

implicated as potential sources of infection.

According to Das and Paul (2007), H.pylori infection was transmitted mainly
through fecal-oral route in developing countries and gastro-oral route in developed
countries. The finding of increased H. pylori prevalence in institutionalized subjects
supported this view and suggested that close personal contact is important for the

spread of H. pylori (Berkowicz and Lee, 1987).

Transmission of “close-contact infection” was dependent on the degree of mixing
between susceptible and infected individuals, and on the degree of crowding and age
distribution among those susceptible to infection and those infected

(Das and Paul, 2007).

The initial phase of H. pylori infection is subclinical which starts with ingestion,
organism’s penetration through the mucous layer and followed by multiplication in
close proximity to the surface epithelial cells. The epithelium then responds to
infection by mucin depletion, cellular exfoliation and compensatory regenerative
changes.
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Vector transmission is also suggested as a mode of infection, and this was
biologically plausible because the midgut of housefly has a favourable pH of 3.1 and

this has provided an etiological niche for H. pylori infection (Das and Paul, 2007).
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2.5 Bacterial Virulence and Pathogenic Mechanism.

Racial difference in H. pylori seroprevalence was observed in Singapore with Indians
having a higher prevalence of H. pylori antibodies followed by the Chinese. The
increased risk of infection among the Indians and the Chinese maybe due to different

sociocultural practices peculiar to each race (Gurjeet,K. and Naing,N.N. 2003).

Communal eating habits which allow close personal contact and the inherent genetic
predisposition that plays a role in host bacteria interaction may be a strong plausible
explanation as to the wide difference in infection rates among the races (Gurjeet,K.

and Naing,N.N. 2003).

Besides environmental and genetic factors, the pathogenicity of certain virulent H.
pylori strains also plays a role in predisposing certain individuals to infection by the
bacterium. The bacterial determinant (pathogenicity) of H. pylori infection is
influenced by the presence of cytotoxin associated gene A (cagA gene) and

vaculating cytotoxin gene (vacA gene) (Mattar and Laudanna, 2000).

The cagA gene product is not itself virulent but is part of a 40kb cluster genes known
as cag Pathogenicity Island (cagPAl) that contributes to its pathogenicity. The
pathogenicity island consists of about 30 genes, and some of these genes are of
particular importance. CagA (Figure 2.3) was inserted into the epithelial cell by the

Cag pathogenicity island structure (Marshall, 2001).
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Figure 2.3: Genome of Helicobacter pylori (Marshall, 2001)
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The CagA pathogenicity island is a secretion system that injects the CagA toxin into
the epithelial cells. The CagA toxin is phosphorylated by the host cell kinases, c-Src
and Lyn. CagA which is located inside the cell, acts like a growth factor and also
plays an important role in cytoskeleton arrangements. Meanwhile, the pseudopodia
on the epithelial cells increase the attachment of H. pylori to the cell

(Marshall, 2001).

On the other end of the CagA island is an interesting component called the CagE, an
adenosine triphosphatase (ATPase) that powers the Cag pathogenicity secretion
system. CagE also triggers the release of interleukin-8 from the epithelial cells

(Marshall, 2001).

A number of studies in western countries have confirmed that infection with cagA
positive strains was associated with more severe gastritis and a higher prevalence of

peptic ulcer and gastric cancer (Umit et al., 2009).

The vacA gene is another important virulence factor of H. pylori present in all of H.
pylori strains. This gene comprises two variable parts, which are the vacA signal
sequence (s) and the mid region (m) sequence. The mosaic combination of (s) and
(m) region allelic types determines the production of the cytotoxin and is associated

with pathogenicity of the bacteria.

Genotypic alteration of H. pylori was thought to be responsible for the various
clinical manifestations both in asymptomatic and symptomatic gastric cancer and

MALT Lymphoma (Umit et al., 2009).
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The variations in clinical consequences are also reported to be due to factors such as
duration of infection, inflammatory response of the patient and also virulence of H.
pylori strain (Ogura et al., 2007). Infection with less virulent strains is associated
with milder symptoms whilst more virulent strains are associated with severe gastric
inflammation, peptic ulcer, gastric carcinoma and MALT Lymphoma

(Umit et al 2008).
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2.6 Diagnosing Helicobacter pylori.

A report by Professor Dr Francis Megraud in the European Pharmacotherapy (2003)
stated that there are several methods widely used in diagnosing H. pylori infection.
The methods are basically divided into two groups: invasive tests for which an
endoscopy must be performed and non-invasive tests which do not necessitate an
endoscopy. An exception is the stool antigen test which is a direct but non-invasive

test.

Biopsies are usually taken from the antrum or body of stomach during endoscopy of
which tissues are subjected to a number of methods to detect H. pylori. The methods
include examination using endoscopy via histology, culture, or urease test methods.
These biopsy-based methods for detecting H. pylori were liable to sampling errors
because