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Kurzreferat:

Das proinflammatorische Interleukin(IL)-13 und sein korrespondierender Rezeptor
IL-1RN spielen eine entscheidende Rolle bei der mukosalen Inflammation im
Rahmen einer H. pylori Infektion. Das Ziel dieser Arbeit war es zu untersuchen, ob
spezifische Polymorphismen mit einem erhdhten Magenkarzinom(Ca)risiko und
seiner premalignen mukosalen Veranderungen (atrophische Gastritis) in Peru
einhergehen. Dafur wurde eine hospital-based Fall-Kontroll Studie mit 658
prospektiven Patienten durchgefuhrt, wovon 419 fur die statische Auswertung
eingeschlossen werden konnten.

In der Studien-Population zeigte sich, dass Individuen die das C Allele des IL-1B-
511 SNP tragen, ein erhohtes Risiko sowohl fur die chronisch-atrophische
Gastritis (P=0,001) als auch fur das Magen-Ca (P=0,002) besitzen. Im Vergleich
dazu stand der IL-1RN- Polymorphismus in keinem Zusammenhang mit einem
erhohten Risiko, weder flir das Magen-Ca noch der chronisch-atrophischen

Gastritis.

Schlusselworter: [IL-1B Polymorphismus], [H. pylori Infektion], [Gastritis],
[Magenkarzinom], [PERU]
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1 ZUSAMMENFASSUNG

EINLEITUNG: Das proinflammatorische Interleukin(IL)-1R und sein
korrespondierender Rezeptor IL-1RN spielen eine entscheidende Rolle bei der
mukosalen Inflammation im Rahmen einer H. pylori Infektion. Polymorphismen im
IL-1RN Gen und in der Promotor-Region von IL-1B-511 haben eine veranderte
IL-Produktion zur Folge und fuhren zu einer verminderten intragastralen
Saureproduktion. Das ZIEL der Studie war es zu untersuchen, ob spezifische
Polymorphismen mit einem erhdhten Magenkarzinom(Ca)risiko in Peru
einhergehen, da Peru i) eine hohe Pravalenz der H.- pylori- Infektion, ii) eine hohe
jahrliche Inzidenz von Magen-Ca & iii) einen gemischten genetischen Pool in der
Bevolkerung durch Immigration von Europaern, Asiaten, Nord-amerikanern &
Amerindern aufweist.

MEDOTHIK: Es wurde eine hospital-based Fall-Kontroll Studie mit 658 prospektiven
Patienten durchgefuhrt, wobei 419 Patienten in die statische Auswertung
eingeschlossen werden konnten. Patienten mit nicht-atrophischer Gastritis (NAG,
n= 158) dienten als Kontroll-Gruppe und wurden im Verhaltnis 2:1 zu Patienten mit
chronisch atrophischer Gastritis (ChAG, n=43) und im Verhaltnis 1:1 zu Individuen
mit Magenkarzinom (GC, n= 133) anhand von Alter, Geschlecht und ausgesetzten
Umweltfaktoren zugeordnet. Eine H. pylori Infektion wurde durch histologische
Untersuchung, PCR Technik und Kultivierung aus endoskopisch gewonnenen
Biopsien nachgewiesen. Mittels PCR und Restriktion Fragmentanalyse (RFLP)
wurden die Patienten erfolgreich fur den IL-1B-511 SNP und der various number
tandem repeat (VNTR) des IL-1RN genotypisiert.

ERGEBNISSE: Mit Hilfe konditional logistischer Regressionsanalyse zeigte sich in
der untersuchten Population, dass der homozygote Genotype des IL-1B-511 C
Alleles signifikant haufiger bei chronisch-atrophischer Gastritis (Odds Ratio [OR] =
11,2; 95 % Konfidenzintervall [CI] = 2.27-55.57) und Magen-Ca (OR = 4,15; 95 %
Cl = 1,33-12,93) auftrat als bei Patienten mit nicht-atrophischer Gastritis. Damit
verbunden war ein knapp 6-fach erhéhtes Risiko flr ein intestinales Magen-Ca im
Corpus Bereich (OR = 6,3; 95 % CIl 1,17-33,76) bei homozygoten C Allel Trager
des IL-1B-511 SNP im Vergleich zu Kontroll-Patienten mit homozygoten T Allel

Status. Im Vergleich dazu zeigte sich keine Assoziation zwischen dem IL-1RN-
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Polymorphismus und einem erhdhten Risiko, weder fur das Magen-Ca noch der
chronisch-atrophischen Gastritis.
SCHLUSSFOLGERUNG: Das C Allel des IL-1B-511 SNP ist mit einem erhohten Risiko

sowohl fur die chronisch-atrophische Gastritis als auch fur das Magen-Ca in Peru
verbunden. Wegen der hohen Pravalenz einer H. pylori Infektion kann der
IL-1B-511 SNP ein Indikator flir Patienten sein, die von einer umfangreichen
Eradikationstherapie und intensiver, endoskopischer Uberwachung von
Mukosaveranderungen im Magen profitieren wurden. In Studien mit Kaukasiern
wurde das T- Allel mit einem erhéhten Magen-Ca-Risiko in Verbindung gebracht.
Die vorliegenden Ergebnisse korrelieren mit Studien aus Asien, was auf eine
populationsabhangige Assoziation hindeutet. Damit wird die Wichtigkeit
vergleichender molekularbiologisch-epidemiologischer Studien deutlich, um

Risikofaktoren in einer Population zu identifizieren.

Schlusselworter: [IL-1B Polymorphismus], [H. pylori Infektion], [Gastritis],
[Magenkarzinom], [PERU]

2 SUMMARY

BACKGROUND AND AIMS: It has recently been suggested that interaction between

bacterial virulence factors and immune response of the host affect the outcome of
H. pylori infection and may be influenced by polymorphisms in both, bacterium and
host. Especially polymorphisms in IL-1B and IL-1RN genes were found to be
associated with higher risk for gastric cancer development due to increased IL-113
level in gastric mucosa in response to H. pylori infection. This thesis examines the
relationship between proinflammatory interleukin gene polymorphisms, risk of
chronic atrophic gastritis and gastric cancer in a developing country of South
America with a high prevalence of H. pylori.

METHODS: A hospital-based case-control study among 658 prospectively recruited
patients was conducted and 419 patients were included for further statistical

analysis. Patients with non-atrophic gastritis (NAG, n=158), served as controls and
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were matched 2:1 to patients with chronic atrophic gastritis, a premalignant lesion
(ChAG, n=43) and 1:1 to subjects with gastric cancer (GC, n=133). Several
biopsies were obtained endoscopically and H. pylori infection was determined by
histological examination, PCR and cultivation. Patients were successfully
genotyped for the IL-1B-511 SNP and the various number tandem repeats
(VNTR) of the IL-1RN by using PCR and RFLP technique.

RESULTS: Using conditional logistic regression analysis adjusted for H. pylori
infection, we demonstrated that homozygote C allele carriers of the IL-1B-511
SNP are associated with an increased risk for atrophic gastritis (odds ratio [OR],
11.2; 95 % confidence interval [Cl], 2.27-55.37) and gastric cancer (OR, 4.15;
95 % CI, 1.33-12.93) as compared with the homozygote T allele variant.
Stratification by location and subtype of gastric cancer in an unconditional logistic
regression analysis revealed a higher risk for intestinal type of gastric cancer (IT-
GC) in the corpus (OR, 6.3; 95 % ClI, 1.2-33.8) for homozygous C allele carriers of
the IL-1B-511 SNP. A higher risk was found for atrophic gastritis in the antrum
region for the homozygous variant of the IL-1B-511 C allele (OR, 12.7; 95 % ClI,
2.12-76.43). In comparison, the IL-1RN polymorphism was not associated with an
increased risk for either gastric cancer or chronic atrophic gastritis in Peru.
CONCLUSION: This study is the first to verify the C allele of the IL-1B-511 SNP as a
risk factor in a population from South-America. Similar to a population of China
and unlike studies conducted with Caucasians, the C allele of the IL-1B-511 SNP
appears to predispose individuals to ChAG and IT-GC. In view of a high H. pylori
prevalence and a high recurrence rate of treated infection in Peruvians, IL-1B-511
SNP might be an indicator for patients who could benefit from rigorous anti H.
pylori therapy and intensive monitoring of their gastric mucosal changes by
intermittent gastroscopies. The findings suggest that the SNP in IL-1B-511 is a
population-dependent risk factor and is involved in genetically predisposing for

chronic atrophic gastritis and intestinal type of gastric cancer in Peru.

Key words: [IL-1B polymorphisms], [H. pylori infection], [Gastric cancer],

[Gastritis], [PERU]
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3 ABBREVIATIONS

bp
cagA
ChAG
Cl

DNA
dNTP’s
DT-GC
EDTA
EthBr
Hp, H. pylori
HWE
IL-1B
IL-18
IL-1RN
IL-1ra
INEN
IT-GC
LOAYAZA
OR
NAG
PCR
PMNs
RFLP
ROS
RUT
SNP(s)
uv
vacA
WHO

Base pair

Cytotoxicity associated gene A

Chronic atrophic gastritis

Confidence interval

Desoxyribonucleic acid
Desoxynucleictriphosphates

Diffuse type of gastric cancer
Ethylendiamintetraacetate

Ethidium bromide

Helicobacter pylori

Hardy-Weinberg Equilibrium
Interleukin-1-beta gene
Interleukin-1-beta protein

Interleukin-1 receptor antagonist gene
Interleukin-1 receptor antagonist protein
Instituto Especializado de Enfermedades Neoplasicas
Intestinal-type gastric cancer

Hospital Arzobispo Loayaza

Odds ratio

Non- atrophic gastritis

Polymerase chain reaction
Polymorphonuclear neutrophils
Restriction fragment length polymorphism
Reactive oxygen species

Rapid urease test

Single Nucleotide Polymorphism(s)
Ultraviolet

Vacuolating cytotoxin-A

World Health Organization
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4 INTRODUCTION

4.1 GASTRIC CANCER

While substantial efforts have been made to diagnose and treat gastric cancer,
each year 870,000 new cases of stomach cancer are diagnosed worldwide, and it
accounts for over 650,000 deaths annually [1]. The incidence differs greatly
between Western countries and other parts of the world, and is highest in Japan,
South America, Eastern Europe, and parts of the Middle East. Parkin et al.
showed that 60 % of new gastric cancer cases occur in developing countries [2].

Worldwide, adenocarcinomas rank among the most frequent forms of
gastric cancer (85 %) with approximately 40 % at the pylorus, 40 % within the
corpus segment and 15 % at cardia. Due to asymptomatic or non-specific
symptoms in its early stages, gastric cancer has usually already metastasized by
the time symptoms occur, which is a reason for its poor prognosis. According to
Lauren’s classification, the histological distinction can be made between intestinal-
type gastric cancer (IT-GC) and diffuse-type gastric cancer (DT-GC).

Depending on glandular architecture and cellular pleomorphisms, the
intestinal-type gastric cancer is distinguished by 3 degrees of differentiation (good,
moderate and poor). A multi-step process involving a progressive cascade of
molecular and morphological changes has been proposed by Correa for the
development of intestinal gastric cancer [3]. In this regard, intestinal metaplasia
and atrophic gastritis are considered to be a background for intestinal-type
carcinomas supported by epidemiological surveys [4-6].

In contrast, diffuse-type gastric cancer has no known pre-malignant
precursor lesions as described for intestinal-type gastric cancer. Diffuse-type
adenocarcinoma resembles signet-ring cell carcinoma as it is classified by WHO
classification. Secreted mucus by tumor cells is delivered into the interstitium
where large pools of mucus/colloid are produced which appear optically as empty
spaces. Signet-ring cells emerge when the mucus remains inside the tumor cell.
Furthermore, it is a poorly differentiated type of cancer and tumor cells

metastasize by loss of adhesion to neighbouring cells.
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4.2 PERU

Peru is one of the poorest countries of South America, where gastric cancer is the
leading cause of death in both sexes [7]. Despite the fact that a decreased
incidence of gastric cancer has been observed in developed countries, it increased
to 24.3/100,000 in men and 17.6/100,000 in women in Peru between 1990 and
1997 [8].

Peru’s population is composed of native Americans (Amerindians),
Africans and Europeans, due to a migration from Siberia (13,000 years ago) as
well as colonization from Europe and Africa in the last few hundred years [9].
Approximately 45 % of Peru’s population consists of indigenous Amerindians and
most are found in the Southern Andes. Since the beginning of the twentieth
century, extensive internal migration has taken place and many Amerindians
migrated from the highlands to the coastal region. Thus, a large portion of
Amerindians can also be found in coastal cities, especially Lima. Mestizos are
people of mixed European and indigenous Amerindian ancestry; around 37 % of
Peruvians belong to this group. 3 % are from Africa and Asia and the remaining
percentage of Peru’s population is Criollo, a relatively unmixed European group

which descended from colonizing Spaniards (Figure 1).

Criollo
15%

African/Asian
3%

Amerindians
45%

Mestizos
37%

Figure 4.1: Population composition of Peru. Mestizos are people of mixed European
and indigenous Amerindian ancestry. Criollos are a relatively unmixed
European group which descended from colonizing Spaniards.
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42.1 LIvVA

Most residents of Lima, the capital town of Peru with almost 9 million inhabitants,
belong to the group of Mestizos, a mixture of European and Amerindian
background. Lima consists of more than 30 districts which differ greatly in
infrastructure, public water supply, energy access, sewage system and waste

disposal. Shantytowns, known locally as asentamiento humano, consist of informal

and unguided construction of huts with absence of public sanitation and electricity
(Figure 4.2.a).

(a) (b)

Figure 4.2: Informal, unguided house and hut construction in a shantytown district
“‘asentamiento humano” of Lima (a). Rural areas are located in outlying
districts of Lima and comparable with shantytowns with regards to living
circumstances (b).

Rural areas, located in outlying districts of Lima, are comparable with shantytowns
with regards to sanitary facilities and electricity (Figure 4.2.b). People of low
socioeconomic status live in these areas and have no prospect of better living
conditions due to limited funds. In contrast, residents with a higher annual income
are able to live in districts where water is supplied by the Lima municipal system,
waste is removed in a scheduled manner and house construction is comparable to

standards of western countries.
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Interestingly, the incidence of gastric cancer in Lima was found to be related
directly with low socioeconomic level [8;10]. This suggests involvement of
environmental factors in carcinogenesis. Even the WHO mentioned in the 2003
World Cancer Report that environmental factors are implicated in the cause of the

majority of human cancers [11].

4.2.2 H.PYLORIINFECTION

Since the rediscovery of H. pylori by Warren in 1979, infection with this bacterium
has been linked to several types of gastric cancer, including gastric
adenocarcinoma and gastric lymphoma. Over 50 % of the world population
harbours this bacterium but only a small proportion of infected individuals develop
gastric cancer. Uemura et al. showed in a study with 1,246 endoscopically
followed patients infected with H. pylori for an average of 7.8 years that only 3 %
of them developed gastric cancer [12].

H. pylori is a genetically diverse bacterium with different strains
subdivided by their expression of cagA and vacA. Individuals infected with cagA-
positive H. pylori strains showed an increased risk for the development of gastric
cancer [13]. However, in Peru around 85 % of the isolated H. pylori strains from
previous sequencing studies were positive for proteins vacA and cagA, and no
differences were found between patients with gastritis or gastric cancer [B.
Velapatifio and R. H. Gilman, unpublished data]. Thus, it is quite plausible that
other factors play an important role in Peruvians regarding the emergence and
progression of precursor lesions (i.e. chronic atrophic gastritis, intestinal
metaplasia, and dysplasia) that can lead to gastric cancer.

Nearly 90 % of adults in Peru undergoing upper-gastrointestinal
endoscopy for dyspeptic symptoms are found to be infected with this
bacterium [14;15]. In contrast, less than 25 % of young adults in North America
and Western European countries carry H. pylori [16;17]. The high risk of this
bacterial infection, relative to industrialized countries, is especially apparent in
childhood. About one-half of Peruvian children become infected with H. pylori
during their first years, and most others become infected within the following one
to two decades [18;19].
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Furthermore, H. pylori reinfection rate is very high in Peruvian adults after
successful treatment with an antibiotic eradication regime [20;21]. Since infection
of H. pylori starts in early ages and reinfection rate is high, this bacterium
colonizes stomach mucosa for a long period of time in Peruvians.

Response to H. pylori infection comprised of an inflammatory and an
immune component, characterized by cellular infiltration lead to chronic gastritis
more or less pronounced. In addition, it has been shown that H. pylori infection
increases MRNA level of IL-1B gene product and that gastric pH is more alkaline
than in uninfected patients [22;23]. Previously, it was shown that gastric epithelial
damage by H. pylori leads to a compensatory increase in mucosal proliferation in
the antrum and corpus and that eradication of bacterial infection decreased the
cell proliferation levels to normal after four weeks [24;25]. Cell proliferation
returned to its previously high level in patients, in whom eradication had failed.
Taken together, H. pylori and IL-13 can lead to increased cell proliferation. An
increased cell turnover itself might make the mucosa more vulnerable to
mutagenic effects and toxic products in the inflamed stomach.

Along with the bacterium, cytokines and chemokines play a part in
maintaining gastric mucosal inflammation and may have a significant impact in
histopathological changes of gastric mucosa which apparently represent a
continuum of changes from normal mucosa to carcinoma. Thus, inter-individual
differences of cytokine production, which might be genetically determined, can

play a decisive role in cancer susceptibility when H. pylori infection occurs.

4.3 POLYMORPHISMS IN THE IL-1 GENE

CLUSTER

Genotype polymorphism is one of the molecular mechanisms that could cause an
alteration in the expression and secretion of cytokines and could, therefore, play a
crucial role in mediating different outcomes of H. pylori infection. Polymorphism

can only affect a single nucleotide in a specific sequence and is therefore called as
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single nucleotide polymorphism (SNP). It can occur by base substitution, insertion
or deletion.

In addition, polymorphism can be related to a whole nucleotide sequence
(10-100 nucleotides) that varies in the number of repetition (2-40 repetitions) and
therefore entitled variable numbers of tandem repeat” (VNTR). Genetic variations
are referred to as polymorphism once the frequency accounts to more than 1 %
within a population.

SNPs make up to 90 % of all human genetic variations and can occur in
coding and non-coding regions of genes, owing to the accidental manner of
mutations. Due to the redundancy in the genetic code, SNPs within a coding
sequence will not necessarily change the primary sequence of a protein or its
function. Essentially, SNPs in non-coding regions can have consequences for
gene splicing, binding of transcription factors or regulation of transcription with an
alteration of the mRNA level. In this regard, a functional polymorphism denotes for
instance an increased IL-1B production. This have been reported for a single
nucleotide change at —511 positions [26] that is termed as IL-1B-511 SNP. The
location of -511 represents a position 511 base pairs upstream of the promoter-
starting site (Figure 4.3) and may manipulate a putative transcription factor binding

site.

IL-1 gene cluster
IL-1R1 IL-1A  IL1B IL-1RN

IL-1B-511 (C>T) SNP ‘

IL-1RN VNTR

Figure 4.3: SNPs in the IL-1 gene cluster.
Overview of the IL-1 gene cluster with the SNPs in the IL-1B promoter
region at position -511 and the variable number of tandem repeats (VNTR)
in intron 2 of the IL-1RN gene.
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IL-113 plays an important role in the regulation of inflammatory responses, since it
induces gene expression of other inflammatory cytokines. Beside the regulative
role of IL-1R in transcription, it also acts by inducing the proliferation of gastric
epithelial cells in culture [27] and inhibiting the secretion of gastric acid [28]. A
profound inhibition of the acid level raises the pH in the gastric mucosa and is
responsible for progressive atrophy in the stomach [29]. The crucial role of IL-13 to
gastric acid output in stomach and subsequent progression to gastric cancer has
been demonstrated with a transgenic mouse model. Overexpression of IL-113 in
gastric mucosa leads to lower gastric acid levels accompanied with severe
gastritis followed by mucosal changes and adenocarcinoma [30;31]. However, the
underlying mechanism of altered production of the proinflammatory IL-1(3 cytokine
by the IL-1B-511 SNP is not fully understood.

The effects of IL-13 are mediated by its corresponding receptor (IL-1R)
and subsequent activation of internal cell pathways. IL-1ra (gene, IL-1RN) shows
the same affinity to the IL-1 receptor but does not induce any intracellular
response. Thus, IL-1ra acts as a competitive inhibitor and subsequently modulates
the proinflammatory effects of IL-13 [32]. The IL-1RN gene contains a repetitive
element of 86 bp (VNTR) in intron 2 (Figure 4.3 and 4.4), and at least 5 alleles of
this polymorphism exist in human populations. A particular allele of this IL-1RN
VNTR polymorphism (i.e. IL-1RN *2 allele) has been associated with a more
severe clinical outcome in several diseases having an inflammatory component.
The IL1RN *2 allele (2 repetitions) is associated with increased IL-13 production
in vitro [33]. Subjects with this proinflammatory genotype and H. pylori infection
showed increased production of IL-18 which leads to increased gastric

inflammation, gastric atrophy and risk for developing gastric cancer [34].
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The VNTR of IL-1RN

INTRON 2

IL-1RN Gene

Repetitive elements of:

Allele 2 (2 repetitions)

>

Allele 4 (3 repetitions)

\ 4

Allele 1 _ (4 repetitions)

Allele 3 (5 repetitions)

\

Allele 5§ (6 repetitions)

—| Primer IL-1RN sense

Primer IL-1RN Antisense

Y

Figure 4.4: Overview of IL-1RN VNTR. The Intron 2 of the IL-1RN gene contains a
penta-allelic 86-bp tandem repeat (VNTR, variable number of tandem
repeats). Detection of genotype was carried out with PCR technique.

2.4 STUDIES

Since EI-Omar et al. have reported a strong association between the IL-1B-511
SNP and the risk of gastric cancer [26;35], several studies were conducted to shed
light on the impact of this single nucleotide exchange in different populations.
Consistent associations between gastric disease and allele polymorphisms have
been found for IL-1B-511*T (T allele) and/or IL-1RN*2 (*2 allele) carriers among
Caucasians [26;35-43] and also among Asians [44-47]. However, not all of the
subsequent studies were able to find an association between the distinct IL-1 gene
polymorphisms and gastric cancer. In particular, further studies from Asia [29;48-
57] failed to show an association compared to studies from Western
countries [58;59].

Interestingly, a study from China reported unequal associations between
IL-1B-511 alleles and gastric cancer risk even in the same population depending

on the cancer prevalence [45]. Thus, a significant association between the IL-1B-
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511 T allele and gastric cancer have been reported only for areas with a low
prevalence of gastric cancer. Thus, the T allele frequency differed between the two
healthy control groups and was highest for subjects from a high cancer prevalence
area (51 %) compared to controls from a low cancer prevalence area (34 %). The
same pattern could be observed when comparing reported T allele frequencies
from different studies for healthy subjects (Figure 4.5a) and gastritis patients
(Figure 4.6b). The T allele is more frequent (>46 %) in Asians and South
Americans where the prevalence of gastric cancer is high. Furthermore, only few
studies from these parts of the world reported a significant association between

the IL-1B-511 T allele and gastric cancer.

a) Frequency of the IL-1B-511 T allele in healthy subjects from
different studies

0 10 20 30 40 50 60
T allele frequency in %

b) Frequency of the IL-1B-511 T allele in gastritis patients from

different studies

0 10 20 30 40 50 60

T allele frequency in %

Figure 4.5: Frequency of the IL-1B-511 T allele in healthy subjects (a) and gastritis
patients (b) from different studies. The T allele showed the highest
frequency in Asia, where gastric cancer is very common and most reports
fail to show a significant association between IL-1B-511 SNP and gastric
cancer. (a) Studies from Europe/US [35;37;39;41;43;58] , South America
[60], and Asia [29;50-52;54;55;57;61] (b) Studies from Europe/US
[36;41;62] and Asia [46;48;51;63])
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a) Frequency of the IL-1RN*2 allele in healthy subjects from
different studies

20 30 40 50 60

*2 allele frequency in %

b) Frequency of the IL-1RN*2 allele in gastritis patients from
different studies

10 20 30 40 50 60

*2 allele frequency in %

Figure 4.6: Frequency of the IL-1RN *2 allele in healthy subjects (a) and gastritis
patients (b) from different studies. The *2 allele showed lowest frequency in
Asia, where gastric cancer is very common and most reports fail to show a
significant association between the IL-1RN VNTR and gastric cancer.
(a) Studies from Europe/US [33;35;37;39-41;43;64], South America [13;60],
and Asia [29;45;50;53-57;61] (b) Studies from Europe/US [36;41;59;62]
and Asia [46])

Frequency of the IL-1RN *2 allele in healthy and gastritis patients showed
comparable low rates of <10 % in studies from Asia (4.6 a and 4.6 b) where gastric
cancer prevalence is high. In contrast, the reported *2 allele frequencies from
Europe and US tend to have a frequency above 20 %.

Taken together, contradictory results from the literature regarding allele-
association studies and varying cancer prevalence in different parts of the world

underline the relevance of epidemiological polymorphism studies.
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S AIM OF THE STUDY

The aim of this study was to investigate whether or not alleles of the cytokine
IL-1B gene (site -511) and of the IL-1 receptor antagonist (IL-1RN) are associated
with an increased risk for chronic-atrophic gastritis or gastric cancer in the

Amerindian population of Peru.

In particular, this thesis specifically aimed to find out whether:
1. There is a marked difference in the frequency of the investigated alleles in
patients with gastric cancer compared with subjects having non-atrophic gastritis;

2. There is a difference between intestinal-type and diffuse-type gastric cancer

with regards to the association to the distinct alleles in the IL-1 gene cluster;

3. The alleles show an association with the development of chronic atrophic

gastritis, a known precursor lesion for intestinal-type gastric cancer;

4. Chronic-atrophic gastritis and gastric cancer arise predominantly at one site in

the stomach in association with a distinct allele of the IL-1 gene cluster.
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6 MATERIALS AND METHODS

6.1 MATERIALS

6.1.1 ASSAYS AND KITS

QlAamp DNA Mini kit

Gram stain kit

6.1.2 SUBSTANCES

Primer

Acetic acid

Agarose gel (UltraPure)
Aval restriction enzyme
Bacto agar

BHI agar and CNA agar
BSA

Cresol red

DNA ladder (100 bp)

EDTA

Ethanol 96 %

Ethidium bromide (1 mg/ml)
Gelatin

Glacial acetic acid

Glycerol

Haematoxylin and eosin solution
Hydroquinone

Nucleotide mix

Qiagen, Valencia, CA, USA

BD Biosciences, San Jose, CA, USA

Invitrogen, Carlsbad, CA,USA
Sigma, St. Louis, MO, USA
Invitrogen, Carlsbad, CA,USA
NEB-Labs, Beverly, MA, USA
BD & Co., Sparks, MD, USA
BD & Co., Sparks, MD, USA
Sigma, St. Louis, MO, USA
Sigma, St. Louis, MO, USA
Invitrogen, Carlsbad, CA,USA
Invitrogen, Carlsbad, CA,USA
Sigma, St. Louis, MO, USA
Fisher Scientific, NJ, USA
Centerchem, Norwalk, CT, USA
Sigma, St. Louis, MO, USA
Sigma, St. Louis, MO, USA
Sigma, St. Louis, MO, USA
Calbiochem, San Diego, CA, USA
Invitrogen, Carlsbad, CA,USA
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Proteinase K Sigma, St. Louis, MO, USA

Silver nitrate Res. Organics, Cleveland, OH, USA
Sodium acetate Calbiochem, San Diego, CA, USA
Taq DNA polymerase (recombinant) Invitrogen, Carlsbad, CA,USA

Tris base Sigma, St. Louis, MO, USA

Urea agar base BD & Co., Sparks, MD, USA

6.1.3 EQUIPMENT

BBL Campy Pouch BD & Co., Sparks, MD, USA
microaerophilic system

DC 120 camera with frame grabber Kodak, Rochester, NY, USA

Dell workstation Dell, Round Rock, TX, USA
Endoscope Fujinon EG450 HR Olympus, Lima, Peru

Laminar flow hood, (NUAIRETM) NUAIRE, Plymouth, MN. USA
Microcentrifuge VSMC-13 ProScientific, Oxford, CT, USA
Microwave (Sharp Carousel) Sharp, Romeoville, IL, USA
Petri dishes (100 x 55 mm) Fisher Scientific, Pittsburg, PA, USA
Seal-Rite 1.5 ml Eppendorf tube USAScientific, Ocala, FL, USA
Tissue grinder Bioworld, Dublin, OH, USA
UV illuminator Kodak, Rochester, NY, USA
Vortex (Vortex Genie 2) Bohemia, NY, USA

Water bath (Lab-Line 18020) MIDSCI, St. Louis, MO, USA

6.1.4 SOFTWARE

Kodak digital science 1D software Kodak, Rochester, NY, USA
SPLUS (Version 2000) Insightful Corporation, Seattle, WA, USA
SPSS for Windows (Version 11.5) SPSS Science, Chicago, IL, USA
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6.2 METHODS

6.2.1 SETTING AND PATIENTS

A hospital-based case-control study was conducted between January 2005 and
December 2006. All enrolled patients (over 18 years of age) had been i) newly
hospitalized in two municipal hospitals of Lima/Peru (South America) and
i) undergone endoscopy of the upper gastrointestinal tract (inclusion criteria).
Exclusion criteria were previous gastrectomy, concomitant major diseases, clinical
cancer history, cardia cancer, atypical gastric cancer, MALT lymphoma, uncertain
diagnosis or pregnancy.

Due to high rates of chronic H. pylori infection in Peru (in over 90 % of
adults in lower socioeconomic classes) gastric biopsies without gastritis, typical of
modern industrialized societies, are a rarity. Thus, patients with non-atrophic
gastritis were used as the reference control group. Controls  were  frequency-
matched to cases with respect to age (+ 10 year), gender and environmental risk
factors (housing material, water preparation, waste), showing significant
differences between controls and cases. For cases with incident non-cardia gastric
cancer (intestinal-type and diffuse-type), controls were matched 1:1; for cases with
chronic atrophic gastritis, controls were matched 2:1.

All participants gave written consent for participation in this research study
and were interviewed using a 130-item questionnaire that included personal
characteristics, environmental risk factors, personal and family medical history.
EDTA blood samples (4 ml) were obtained and stored at -20 °C for subsequent
DNA extraction.

The study was in accordance with guidelines of the Declaration of Helsinki
for Biomedical Research and was approved by the institutional ethics committees
of The Johns Hopkins School of Public Health (Baltimore, MD, USA), and
Associacion Benéfica PRISMA (Lima, Peru).
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6.2.2 ENDOSCOPIC ASSESSMENT

All endoscopic examinations were routinely performed under mild sedation using
an endoscope (Fujinon). For optimal assessment, specimens were taken as

follows and shown in Figure 6.7:

- From the antrum within 2 to 3 cm orally from the pylorus: Greater (A1)
and lesser (A2) curvature, respectively; n=2,

- From the corpus about 8 cm aborally from the cardia: Greater (C1)
and lesser (C2) curvature, respectively; n=2,

- One from the incisura angularis (IA) along with all visible lesions,

n=1+x

Figure 6.7: Schematic representation of the biopsies taken from each patient. One
biopsy was taken from each site in the stomach, namely greater curvature
of antrum (A1) and corpus (C1), lesser curvature of antrum (A2), corpus
(C2), and incisura angularis (IA).

At least 3 biopsies along with all additional biopsies from visible lesions were

subjected to histological preparation; one biopsy per patient was storage used for
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culture and PCR essays. All samples were coded for anonymity and stored before

processing for further investigation.

6.2.3 MOLECULAR BIOLOGICAL METHODS

6.2.3.1 DNAEXTRACTION

One biopsy from gastric antrum was mechanically ground using tissue grinder
(Bioworld) in a 1.5 ml Eppendorf tube and lysed by adding 100 ul ATL and 20 pl
proteinase K with subsequent incubation at 56 °C for 3 hours. The incubated
mixture was occasionally vortexed to disperse the sample. 200 yl AL buffer was
added and the sample was pulse-vortexed for 15 s and incubated at 70 °C for 10
minutes DNA was then precipitated by adding 200 pl of 96 % ethanol, pulse-
vortexed for 15 s and applied to a spin column, as provided in the manufacturer’s
kit. During centrifugation at 6,000 g for 1 min, DNA was bound by a silica
membrane of the spin column which separated genomic DNA from other extracts
of the tissue. DNA bound by the silica membrane of the spin column was washed
with 500 pl AW buffer and centrifuged at 6,000 g for 1 min. The wash step was
repeated and the spin column was centrifuged at 10,000 g for 3 min. Finally, the
DNA was eluted in a fresh 1.5 ml Eppendorf tube by centrifugation at 6,000 g for 1
min using pre-warmed 200 ul AE buffer. Extracted DNA was used to determine the
genotype of IL-1B-511, IL-1RN and for H. pylori detection. For long-term storage,
DNA was stored at -20 °C. When extracted DNA from biopsy yielded limited
amount, stored blood samples from patients were used for DNA extraction.

6.2.3.2 POLYMERASE CHAIN REACTION

Over the past 20 years, PCR has become a standard technique to enzymatically
amplify specific genome sequences. Three steps are required which are repeated
several times and carried out using a PCR cycler machine. Starting at 95 °C, the
double-stranded DNA denatures and primer can anneal in the second step, which
must be optimized for each primer. For amplification, the Taq polymerase starts on
the 3’ end of each primer and adds dNTP’s, reading the template from 5’ to 3’ at

72 °C. To perform several parallel reactions, a stock solution containing water,
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buffer, dNTP’s, primers and Tag-DNA polymerase was prepared in a single tube
and then aliquoted into individual tubes. 2 pl of DNA from each patient was added

and PCR, optimized for each primer (Table 6.1), were carried out on a PCR cycle.

Table 6.1. Primers for PCR

Primer a ¢ o

(PCR product) Tm Sequence 5‘- 3

IL-1B-511 50°C SP TGG CAT TGA TCT GGT TCATC

(305 bp) A°® GTTTAG GAATCTTTC CCACTT
IL-1RN 55°C S CTC AGC AAC ACT CCT AT

(3 products)* A TCCTGG TCT GCA GGT AA

UreB 67°C S CGTCCG GCAATAGCT GCC ATAGT
(436 bp) A  GTAGGT CCT GCT ACT GAAGCC TTA

2 Annealing temperature, ® Sense primer, ¢ Anti-sense primer
* 412 bp (four repeats: *1 allele), 240 bp (two repeats: *2 allele), 326 bp (three repeats:
*3 allele)

6.2.3.3 GEL ELECTROPHORESIS

Agarose is a polysaccharide that is obtained from seaweed and when dissolved
and heated in water, it melts as crosslinks are broken. Poured into a chamber and
cooled, the crosslinks reform and the gel is set in the shape of the gel chamber.
Thus, a matrix with defined pore size develops, dependent on the concentration of
agarose, and can be exposed to an electric field. DNA fragments are separated by
size due to DNA’s negative charge in solution. Thus, large DNA molecules will
migrate more slowly to the anode in the agarose gel in comparison to smaller
molecules when loaded on the cathode.

Separated fragments can be visualized by adding ethidium bromide
(EthBr) to agarose before gel casting. Due to the intercalating feature of EthBr, it
binds strongly to DNA that migrates through the agarose gel in the process of
electrophoresis. Under UV light, DNA-bound EthBr transmits energy which is
visible as orange light. Using a 100 bp DNA molecular weight marker, the

fragment size of the separated DNA can be determined.
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The PCR product for IL-1RN and the RFLP for IL-1B were directly separated with
2 % UltraPure Agarose Gel. The following solutions were prepared (Table 6.2) and

used for agarose gel preparation (Table 6.3):

Table 6.2. Preparation of 1 L Tris-acetate-EDTA (TAE) buffer (50X)

Reagents Amount
Tris base 242.0¢g
Acetic acid 57.1 ml
0.5 M EDTA 100.0 ml
ddH,0 upto1L

Table 6.3. Preparation of an agarose gel

Reagents Final concentration
TAE buffer (50X) 1X

Ethidium bromide 0.13 pg/ml

(w/v) Agarose 2%

Subsequently, bands were visualized under an UV illuminator. A digital image was
recorded with a charged couple device (CCD) camera and frame grabber using
Kodak digital science 1D software on a Dell workstation. A 100 bp DNA ladder

was used as a marker.
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6.2.3.4 THE RFLP FOR GENOTYPING THE |IL-1B-511 SNP

The restriction fragment length polymorphism (RFLP) technique utilizes the ability
of restriction enzymes to cut double-stranded DNA containing a recognition
sequence that is specific for each enzyme. The specific recognition sequence can
be lost or arise spontaneously if a single nucleotide is changed at a specific site in
the sequence. For this reason, RFLPs can be used for genotyping without

sequencing the gene of interest.
For genotyping the IL-1B-511 SNP, a 305 bp fragment was initially amplified from

2 pl (10-20 ng) of the template DNA with PCR. 25 pl of the reaction mixture was

prepared as follows (Table 6.5). Cresol red was used as loading dye (Table 6.4).

Table 6.4. Preparation of loading dye cresol red

Reagents Final concentration
Glycerol 50 %
Cresol red 0.01 mg/ml

Table 6.5. Reaction mixture for PCR

Final concentration

Reagents in 25 pyl sample volume
PCR buffer (10X) 1X

dNTP mix 0.25 mM

IL-1B-511 primer (sense) 0.5 uM

IL-1B-511 primer (antisense) 0.5 uM

MgCL, 1.5 mM

BSA 0.1 pg/ml

Cresol red 0.1 mg/ml

Taq DNA polymerase 0.06 U
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PCR was performed using the following cycling parameters (Table 6.6):

Table 6.6. PCR cycling parameters for IL-1B-511 primers

1x Denaturation 95 °C 5 min

30x Denaturation 95 °C 30s
Annealing 50 °C 30s
Elongation 72 °C 30s

1x Extenstion 72 °C 5 min

Afterwards, a RFLP was used to detect the absence or presence of the mutation

at the -511 site of the IL-1B gene. Restriction analysis was conducted by

incubating the prepared reaction mixture (Table 6.7) at 37 °C for 18 h.

Table 6.7. Reaction mixture for enzyme digestion

Reagents Volume
PCR product 16 ul

Aval enzyme (10,000U/ml) 1 ul
Enzyme buffer 2 ul
Water up to 20 ul

Figure 6.8 shows a representative RFLP of the different genotypes compared with

a 100-bp DNA ladder to identify the molecular size of the digestion product. Either

an intact (Aval un-cut) fragment of 305 bp (T allele) or two (Aval cut) fragments of

190 bp and 115 bp (C allele) were obtained using electrophoresis. The following
genotype notation was used: C/C (IL-1B-511 C homozygote), T/T (IL-1B-511 T
homozygote) and C/T (IL-1B-511 heterozygote).



materials and methods 32

305
190

- 1153

300 —

200 -

100 .
e T/T -G

Figure 6.8: Detection of genotypes for the IL-1B-511 SNP. DNA amplicons were
digested by the Aval restriction enzyme, separated by gel electrophoresis
and visualized under UV light. Three different patterns of IL-1B-511
genotypes were classified into C/C (homozygous C allele; lane 2), T/T
(homozygous T allele; lane 3), C/T (heterozygote; lane 4). DNA ladder (100
bp) was used to determine the fragment size of separated DNA (lane 1).

6.2.3.5 GENOTYPING ASSAY FOR THE VNTR IN THE IL-1RN GENE

The diagnostic variable number of tandem repeat (VNTR) marker for IL-1RN
alleles were genotyped by PCR with similar sample preparation and cycling
parameters as used for IL-1B-511 genotyping but optimized with 3 mM MgCl,, and
annealing temperatures (Tn,) of 55°C for IL-1RN primers. The IL-1RN alleles were
coded as follows: *1 allele (four repeats of the 86-bp region yields a 412-bp PCR
product), *2 allele (two repeats, 240 bp) and *3 allele (three repeats, 326 bp).

For statistical analysis, this polymorphism was treated as bi-allelic using a
short allele category with two repeats (*2 allele) and a long allele category (L
allele) with three or more repeats (*1 allele and *3 allele). Figure 6.9 shows the
pattern of the genotypes 1/1, 2/2, 1/2 and 3/2 compared with a 100-bp DNA
ladder.
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Figure 6.9: Agarose gel after electrophoresis shows different genotypes for the VNTR
in the IL-1RN gene. Separated DNA fragment sizes were classified into 1
(four repeats, 412 bp), 2 (two repeats, 240 bp), 3 (three repeats, 326 bp).
For statistical analysis three or four repeats were categorized as L allele
(homozygous L allele; lane 2) and 2 repeats as *2 allele (homozygous *2
allele; lane 2, heterozygote; lane 4+5). DNA ladder (100 bp) was used to
determine the fragment size of separated DNA (lane 1).

6.2.3.6 INTERNAL ASSAY CONTROL

The efficiency of each genotyping assay has a bearing on the determination of the
genotype itself. Thus, the absence of the restriction recognition site for Aval can
also be due to the mal-function of the restriction enzyme. For this reason it is
crucial to ensure that each run of an assay reveals the same results and is
working properly.

To validate the performance of each assay setting for the IL-1B-511 SNP
and IL-1RN VNTR, one fifth of samples from the preceding setting were
reanalyzed in the subsequent run. Furthermore, several samples were sequenced
for the polymorphism and for every assay all possible genotypes (C/C, C/T, T/T for
the IL-1B-511 SNP and *2/*2, *2/L, L/L for the IL-1RN VNTR) served as internal
positive controls. All results were completely concordant.



materials and methods 34

6.2.4 PATHOHISTOLOGY

One biopsy each from the antrum, corpus and incisura were fixed in 10 % neutrally
buffered formalin, embedded in paraffin, subsequently cut in 3-um thick sections
and followed by haematoxylin and eosin staining for routine pathohistological
investigation according to standard protocol. Each slide was interpreted by an
experienced but blinded senior pathologist without knowledge of the area of origin
of the microsection, clinical data or endoscopic characteristics. Grades of gastritis
were classified according to the updated Sydney Classification System [65]. These
included superficial gastritis, deep chronic gastritis, and chronic atrophic gastritis.
Diagnoses of superficial gastritis and deep gastritis were merged and termed as
non-atrophic gastritis (NAG).

Gastric carcinoma patients were subdivided according to Laurén’s
classification as carcinomas of the intestinal, diffuse or mixed (atypical) type. Each
subject was diagnosed based upon the most severe or pronounced finding

revealed in the pathohistological investigation of the gastric biopsy.

6.2.5 DIAGNOSIS OF H. PYLORI INFECTION

H. pylori infection was detected by culture, silver stain and PCR for ureB of gastric
biopsies. Biopsies were considered positive if any of these three tests was positive

and negative when all three tests were negative.

6.2.5.1 PCR SPECIFIC FOR H. PYLORI UREASE GENE

Extracted DNA from the antrum tissue sample was used to detect H. pylori with
PCR using primer specific for a 463-bp segment of the ureB (urease) gene (Table
6.1). The same mix of reagents was used as for genotype assay (Table 6.5) with

the following exceptions (Table 6.8):
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Table 6.8. Regents deviating from genotype assay reaction mixture for PCR

Final concentration

Reagents in 25 pyl sample volume
UreB primer (sense) 0.4 uM
UreB primer (antisense) 0.4 uM
MgCl, 2.5 mM
Taq DNA polymerase 0.02U

PCR was performed using the following cycling parameters (Table 6.9):

Table 6.9. PCR cycling parameters for UreB primer

1x Denaturation 95 °C 5 min

35x Denaturation 95 °C 60 s
Annealing 67 °C 60 s
Elongation 72 °C 60 s

1x Extenstion 72 °C 5 min

6.2.5.2 CULTURING OF H. PYLORI

One biopsy from the gastric corpus was homogenized and suspension was used
for H. pylori culture on petri plates containing brain heart infusion (BHI) agar and
CNA agar. Plates were incubated inverted under microaerophilic conditions (O, 5
%; CO2, 10 %; N2, 85 %) at 37°C and 100 % humidity for 4-7 days by use of BBL
Campy Pouch Microaerophilic system. When visible colonies appeared (Figure

6.10), they were identified for H. pylori by positive urease test and Gram's stain.
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Figure 6.10: H. pylori cultured on agar plate.

RAPID UREASE TEST (RUT)

Urease produced by H. pylori catalyzes the hydrolysis of urea to ammonia. This
activity of urease can be detected with urea agar base. The resulting ammonia
raises the pH of the medium which contains phenol red causing a color change
from yellow to red. The agar base was prepared as follows:

Urea agar base (1.5 g) and Bacto Agar (1.5 g) were suspended in 95 ml
distilled water and dissolved by boiling for 5 min. Agar mix was sterilized by
autoclaving, and 5 ml sterile 40 % urea solution was added when cooled to 50 °C.
Urea agar base enriched with 40 % urea was aliquoted in sterile 1.5 ml Eppendorf
tubes and was allowed to set in the slope position and was refrigerated at 2-8 °C
prior to use.

Colonies that had to be identified from agar plate were placed on urea

agar base and considered positive when color changed after 20 minutes.

GRAM’S STAIN

Bacterial cell wall is composed of peptidoglycans that can be penetrated by crystal
violet, a cationic dye, forming blue-black complexes with iodine in the protoplast
when flooded with iodine solution. Gram-negative bacteria have a thin

peptidoglycan wall and an additional layer consisting of lipopolysaccarides that is
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external to the peptidoglycan wall. Acetone makes the lipopolysaccharide wall
more permeable and crystal violet can be washed out, allowing subsequent uptake
of the basic fuchsin stain that gives Gram-negative bacteria (H. pylori) a red color.
Gram-positive remain blue-black due to the trapped iodine dye complexes in the
bacterial wall.

To test colonies, a smear sample was heat fixed on a glass slide and stained as

follows:
Steps Time
ddH,0 briefly
Crystal violet 10s
ddH,O briefly
Lugol‘s iodine 10s
ddH,0 briefly
Acetone 1-2s
Water briefly
0.25 % Basic fuchsin 15s

6.2.5.2 WARTHIN-STARRY SILVER STAINING

Warthin-Starry silver staining was additionally performed to Hematoxylin and Eosin
(HE) staining, using biopsies obtained from the antrum, corpus and incisura
angularis. 3 ym paraffin sections were deparaffinized, hydrated with deionized
water and then rinsed in Walpole’s buffer. Slides were covered with 1 % silver
nitrate and microwaved (600 watts) at a medium setting for 1.5 min and incubated
in this solution for 5 min. Afterwards, slides were rinsed in Walpole’s buffer (Table
6.10) and then flooded with freshly prepared developer solution (Table 6.11).
Warm water was used to rinse slides before dehydrating in two changes of 95 %
ethanol followed by two changes of absolute ethanol. Finally, slides were cleared
in xylene and mounted with permount. Each biopsy was scored negative or
positive for H. pylori and classified for the density of bacteria as low (1, <20 per

view field), moderate (2, <99) or extensive (3, more >99).
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Walpole’s buffer was used to solve silver nitrate, gelatine, and hydroquinone.

Table 6.10. Walpole’s buffer

Reagents Amount
5 M acetic acid 17.6 mi

5 M sodium acetate 2.4 ml

ddH>0 filled up to 500 ml

Table 6.11. Developer

Reagents Amount

2 % silver nitrate 1.5 ml
3 % hydroquinone 0.5 ml

Gelatine 7.5 ml

6.2.6 DATA COLLECTION AND STATISTICAL ANALYSIS

Data obtained from the questionnaire were entered initially into a Microsoft EXCEL
database using double data entry, to ensure accurate records. Databases were
merged and checked for congruence and exported to SPSS for statistical analysis.
Figure 6.11 shows an overview of procedures done for every case and control who
participated in this study. Descriptive statistical analysis was calculated, including
proportions, percentage, means, and standard deviations. A paired, two-sided t-
test was used to compare differences in continuous variables for paired data. To
calculate odds ratios (ORs) and 95 % confidence intervals (Cls) for IL-1B-511 and
IL-1RN genotypes, a conditional logistic regression model was applied, adjusted
for H. pylori infection. Stratification in an unconditional logistic regression analysis
was used to evaluate whether the association between the cytokine
polymorphisms and gastric cancer risk differed by histology type of gastric cancer
or location of diagnosis. The dependent variable in this study was the histological

diagnosis.
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Odds ratios (OR) were estimated under a co-dominant model (homozygote and
heterozygote genotypes that carry the variant allele versus homozygote wild type,
the designated reference group). All statistical analyses were performed with
SPSS software and SPLUS. Differences were considered statistically significant if
P<0.05. All reported confidence intervals (Cls) are 95 % and P values were

exclusively two-sided.

Cases/controls

Endoscopy Blood sample Questionnaire
H. pylori detection/
Diagnose independent
Culture Data entry Data entry

Merging and

UreaB PCR verification
Histology
SPSS Database
DNA Isolation
Genotyping
IL-1RN VNTR — PCR [N\
Validation
IL-1B-511 SNP — RFLP |~

Figure 6.11: Overview of methods and procedures in the study.

HARDY WEINBERG EQUILIBRIUM (HWE)

The Hardy-Weinberg law suggests no changes for allele and genotype
frequencies in a population and its successive generations. A deviation from the
HWE may indicate, for instance, a selection process or gene flow. Hardy-
Weinberg equilibrium of alleles at individual loci was assessed using an internet

based program available at http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl.




results 40

! RESULTS

7.1 STUDY POPULATION

Overall, 658 consecutive patients with gastritis or gastric cancer were enrolled in
this study. Of those, 419 patients diagnosed for non-atrophic gastritis (NAG),
chronic atrophic gastritis (ChAG) and gastric cancer (GC, intestinal and diffuse

type) were used for further analyses (Figure 7.12).

Patients admitted in 2 hospitals in Lima
(n=658)
-Gastroscopy
-Questionnaire

/
Patients subjected for further analysis Patients excluded
(n=419) (n=239)
-NAG -Cardia cancer
-ChAG -MALT
-GC -Atypical GC
9 g yp

Figure 7.12: Overview of study population and number of patients that were subjected to
further analysis, including diagnoses of non-atrophic gastritis (NAG),
chronic atrophic gastritis (ChAG) and gastric cancer (GC, but only diffuse
and intestinal type).

Patients were recruited in two municipal hospitals (i.e. Hospital Arzobispo
Loayaza; LOAYAZA and Instituto Especializado de Enfermedades Neoplasicas;
INEN) of Lima and no significant difference regarding age, sex, diagnoses and H.
pylori infection were revealed (Table 7.12). Therefore, patients from both hospitals
were merged for statistical analysis. All patients were Mestizos having a genetic

background from Amerindians and Europeans.
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Table 7.12. Comparison between the two municipal hospitals of Lima regarding age,
sex, H. pylori infection and diagnoses. All P values were above the
significant level of 0.05 indicating no significant differences for patients from
both hospitals.

HOSPITALS

Characteristics LOAYOZA INEN P value
Total number 263 156
Mean age years 62.59 60.34  0.14"

(SD) (14.86) (14.83)
Male/female ratio 0.88:1 0.77:1 0.544*
H. pylori infection 81.7 80.1 0.70*
Diagnoses, n(%)

NAG 126 (47.9) 65 (41.7) 0.27*

ChAG 34 (12.9) 15( 9.6)

IT-GC 63 (24.0) 48 (30.8)

DT-GC 40 (15.2) 28 (17.9)
SD Standard Deviation
T T-test

* Fisher’s Exact Test
* Pearson Chi Square

7.2 CASES AND CONTROLS

Superficial or deep gastritis were combined to non-atrophic gastritis (NAG) and
diagnosed for 191 patients that served as control group. Gastric cancer (only
intestinal and diffuse-type) was histologically confirmed in 179 patients that had a
mean age not significantly different to the control group (gastric cancer, 61.85
years; controls, 60.34 years). More women were diagnosed for cancer as well as
for non-atrophic gastritis and sex ratio revealed no significant difference between
these two diagnoses (P=0.3) (Table 7.13).

49 patients were diagnosed for chronic atrophic gastritis (ChAG) and their
mean age of 66.9 years significantly differed (P=0.004) from that of controls. In
addition, more males were found in the case group of ChAG than in controls but
the difference did not reach a significant level (P=0.054). The proportion of H.
pylori positive patients was highest in the non-atrophic gastritis group (88 %),
reflecting the high prevalence of this bacterial infection in Peru. The infection rate

of H. pylori was lower in patients diagnosed with chronic atrophic gastritis (79.6 %)
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and even diminished significantly (P=0.001) in the gastric cancer group (74.2 %)

when compared to non-atrophic gastritis patients.

Table 7.13. Characteristics of all cases and controls (n=419) that were subjected to
further analysis.

Controls Cases Cases
Characteristics (NAG) (ChAG) P (GC) P
Total number 191 49 179
Mean age years 60.34 66.90 61.85
(SD) (14.36) (13.45) 0.004" = (15.52) 0.33"
Male/female ratio 0.71:1 1.33:1  0.054* 0.88:1 0.30%
H. pylori infection 88 % 79.6 % 0.16* 74.2% 0.001*

Non-atrophic gastritis (NAG), chronic atrophic gastritis (ChAG), gastric gancer (GC)
SD Standard Deviation

* Fisher’s Exact Test

TT-test

Much of the epidemiological data from the questionnaire showed a significant
difference between cases and controls as revealed by unconditional logistic
regression adjusted for age, sex and H. pylori infection (Table 7.14). The
percentage of gastric cancer patients having no refrigerator (35.7 %) was more
than two-fold higher than in the control group (15.2 %). A higher percentage was
also found for chronic atrophic gastritis patients that stored food without cooling
(22.2 %), but the difference to controls did not reach a significant level.
Furthermore, a lower percentage of non-atrophic gastritis patients reported lacking
waste removal by garbage truck (10.6 %) as compared to patients with ChAG
(18.8 %) and GC (26.4 %). But the difference was only significant for gastric
cancer patients. In addition, more cases were found to live in rural areas or
shantytown and boiled water non-standard means as compared to controls. Again,
significant levels were reached only for gastric cancer cases. Education level and
materials used for house construction were also different and are displayed in
Table 7.14.
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Table 7.14. Living conditions of all cases and controls (n=419) that were significantly
different in an unconditional logistic regression model.

Controls Cases Cases
Characteristics (NAG) (ChAG) (GC)
n (%) n(%) P* n(%) P*
Education
middle school 87 (45.5) 21 (42.9) Ref. 77 (43.0) Ref.

college and above 36 (18.8) 5(10.2)0.26 14 ( 7.8) 0.012
low education level 68 (35.6) 23 (46.9) 0.65 88 (49.2) 0.076

Home location

Urban-Marginal 147 (83.1)37 (77.1) Ref. 105 (61.8) Ref.

Rural 22 (12.4) 9(18.8)0.17 43 (25.3)0.001

Shanty town 8( 4.5) 2(4.2)0.77 22(12.9)0.004
Material for house

Cement 165 (86.4)41 (85.4) Ref. 129 (73.3) Ref.

Corrugated plate/earth 26 (13.6) 7 (14.6) 0.63 |47 (26.7) 0.001
Custody of food

Refrigerator 156 (84.8)35 (77.8) Ref. 110 (64.3) Ref.

No refrigerator 28 (15.2)10 (22.2) 0.14 61 (35.7) 0.0001

Water preparation
Everytime cooked 129 (69.0)28 (62.2) Ref. |91 (53.5) Ref.
Not everytime cooked 58 (31.0)17 (37.8) 0.5 79 (46.5) 0.003
Waste removal
Garbage truck 168 (89.4)39 (81.3) Ref. 128 (73.6) Ref.
No garbage truck 20 (10.6) 9(18.8) 0.11 | 46 (26.4) 0.0001

Non-atrophic gastritis (NAG), chronic atrophic gastritis (ChAG), gastric gancer (GC)
*unconditional logistic regression model adjusted for age, sex and H. pylori infection

Since habit and living circumstances (environmental factors) were different for
cases and controls (albeit only significant for gastric cancer), controls were
frequency-matched to cases with respect to environmental factors, age (+ 10
year), and gender. A matching of 1:1 using adequate controls was feasible for 133
cases with incident non-cardia gastric cancer. Furthermore, appropriate controls
were available for 43 chronic atrophic gastritis cases to match 2:1 (control:cases).
Finally, from all non-atrophic gastritis patients, 158 were usable for matching and
no significant difference regarding environmental factors, age and sex were

observed between matched groups.
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A total of 334 patients (NAG, n=158; ChAG, n=43; GC, n=133) were subjected to
statistical analysis regarding polymorphisms of IL-1B-511 and IL-1RN. Genotype
frequencies in matched cases and controls did not deviate from the Hardy-
Weinberg equilibrium (Table 7.15).

Table 7.15. Hardy-Weinberg Equilibrium (HWE) for matched cases and controls.
HWET HWE*
NAG (Controls)’ ChAG (Cases)' |NAG (Controls)* |GC (Cases)*
Genotype 0bs.? (exp.)b P¢ obs. (exp) P |obs. (exp.) P obs. (exp.) P
IL-1B-511

C/C 3 ( 3.36) 7 (712 7 ( 6.54) 15 (15.91)
CIT 28 (27.28) 21 (20.76) 45 (45.91) 62 (60.18)
T 55 (55.36) 1.0 15 (15.12) 1.0 | 81 (80.54)0.8 |56 (56.91)0.85
IL-1RN

*2/*2 10 (12.66) 8 ( 8.15) 16 (18.80) 16 (19.94)
2L 46 (40.67) 21 (20.70) 68 (62.41) 71 (63.12)
L/L 30 (32.66)0.26 13 (13.15) 1.0 | 49 (51.80)0.36 |46 (49.94)0.2

TControls and cases are matched 2:1 for age, sex and environmental factors
¥Controls and cases are matched 1:1 for age, sex and environmental factors
fobserved

Pexpected

°Fisher’s Exact test

7.3 INCREASED RISK FOR CHRONIC ATROPHIC
GASTRITIS

For the IL-1B-511 SNP, 34.9 % of chronic atrophic gastritis patients (cases) and
64.0 % of patients with non-atrophic gastritis (controls) were homozygous carriers
of the T allele (Table 7.16). Homozygous carriers of the C allele were very rare in
controls at 3.5 %. In contrast to studies from Europe and North America, the T
allele of the IL-1B-511 SNP was more common in controls (80 %). Due to that
finding, the T allele served as the reference for the calculation of odds ratio (OR) in
a conditional logistic regression model adjusted for H. pylori infection.

The C allele (C/T and C/C genotypes) of the IL-1B-511 SNP was
associated with a significantly (P=0.001) higher risk for atrophic gastritis (OR, 5.60;
95 % CI, 2.02-15.51) when compared to non-atrophic gastritis patients (Table
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7.16). Homozygous carriers of the IL-1B-511 C allele (C/C genotype) even showed
a higher risk association (OR, 11.2; 95 % CI, 2.27-55.37) for this premalignant
lesion than patients heterozygous for this allele (OR, 4.8; 95 % CI, 1.65-13.83).

Table 7.16. Homozygous and heterozygous patients with the IL-1B-511 C allele
showed a significantly higher risk for chronic atrophic gastritis.

NAG (Controls) ChAG (Cases)
Genotype n (%) n (%) OR (95% CI)* |
IL-1B-511
C/IC 3( 3.5 7 (16.3) 11.2 (2.27-55.37) 0.003
CIT 28 (32.6) 21(48.8) 4.8 (1.65-13.83) 0.004
C carrier 31 (36.0) 28 (65.1) 5.6 (2.02-15.51) 0.001
TIT 55 (64.0) 15 (34.9) 1.0 (Reference)
IL-1RN
*2/*2 10 (11.6) 8(19.0) 1.6 (0.48-5.39) 043
*2/L 46 (53.5) 21(50.0) 1.0 (0.44-2.34) 0.98
*2 carrier 56 (65.1) 29 (69.0) 1.1 (0.50-2.48) 0.79
L/L 30 (34.9) 13 (31.0) 1.0 (Reference)

*conditional logistic regression model adjusted for H. pylori infection
controls and cases are matched 2:1 for age, sex and environmental factors

For the IL-1RN, 4 genotypes (1/1, 1/2, 2/2 and 2/3) were found in the study
population and alleles *1 and *3 (>2 repeats) were designated as L allele. In
chronic atrophic gastritis patients and controls, the L allele was more common
than the *2 allele (allele frequencies: L allele, 62 %; *2 allele, 38 %). The
heterozygous *2 allele (2/L) was found in 50.0 % of the cases and in 53.5 % of the
controls. The ratio of homozygous *2 allele carriers was found to be higher for
cases (19.0 %) than for controls (11.6). However, for the IL-1RN polymorphism, all
calculated P values were above the significant level of 0.05. There was no
significant increased risk for chronic atrophic gastritis patients homozygous or
heterozygous for the *2 allele as compared to patients who were homozygous for
the L allele (OR, 1.6; 95 % CI, 0.48-5.39 and OR, 1.1; 95 % CI, 0.50-2.48,
respectively) (Table 7.16).

It was also examined whether the frequency of the C allele has impact on the
location of the chronic atrophic gastritis i.e. in the antrum or body (Table 7.17). In

the antrum region there is a considerably higher risk for chronic atrophic gastritis in
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patients bearing the IL-1B-511 C allele (OR, 4.0; 95 % CI, 1.63-9.81) as compared

to the homozygous reference allele variant (genotype T/T). The highest risk for

chronic atrophic gastritis was found for the homozygous C allele carriers (OR,

12.7).

Table 7.17.

7.4

Location of diagnosis. For homozygous IL-1B-511 C allele carriers a 12-fold
higher risk of getting chronic atrophic gastritis was found, but this
association was restricted to the antrum.

Location of diagnose

Antrum Corpus
NAG® ChAG® NAG ChAG
IL-1B-511 genotype
C/C 2(3.3)° 6 (16.7) 1( 4.0) 1(14.3)
C/IT 21 (34.4) 19 (52.8) 7 (28.0) 2 (28.6)
C carrier 23 (37.7) 25 (69.4) 8 (32.0) 3 (42.9)
TIT 38 (62.3) 11 (30.6) 17 (68.0) 4 (57.1)
C carriervs. TIT
OR (95% Cl)* 4.0 (1.63-9.81) 1.5 (0.24-10.06)
P* 0.002 0.65
C/ICvs. TIT
OR (95% Cl)* 12.7 (2.12-76.43) 4.8 (0.07-360.6)
P* 0.005 0.47

*unconditional logistic regression model adjusted for and H. pylori infection
Controls

°Cases

°n (%)

INCREASED RISK FOR GASTRIC CANCER

Similar to chronic atrophic gastritis, association between the IL-1B-511 SNP and

gastric cancer was found showing that the homozygous C allele variant of the IL-

1B-511 SNP as well as the heterozygous allele variant were more frequent in
patients with gastric cancer (OR, 4.15; 95 % ClI, 1.33-12.93 and OR, 2.17; 95 %
Cl, 1.23-3.84, respectively) (Table 7.18).
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Table 7.18. Genotype distribution for NAG and GC. The risk for gastric cancer was
significantly increased for IL-1B-511 C carriers or for patients homozygous
for the C allele.

NAG (Controls) GC (Cases)
Genotype n (%) n (%) OR (95% CI)* P*
IL-1B-511
C/C 7( 5.3) 15 (11.3) 4.15 (1.33-12.93)0.014
CIT 45 (33.8) 62 (46.6) 2.17 (1.23-3.84) 0.007
C carrier 52 (39.1) 77 (57.9) 2.36 (1.36-4.11) 0.002
T/T 81 (60.9) 56 (42.1) 1.0 (Reference)
IL-1RN
*2/*2 16 (12.0) 16 (12.0) 0.86 (0.34-2.14) 0.75
*2/L 68 (51.1) 71 (53.4) 1.03 (0.59-1.80) 0.91
*2 carrier 84 (63.2) 87 (65.4) 0.99 (0.57-1.71) 0.99
L/L 49 (36.8) 46 (34.6) 1.0 (Reference)

*conditional logistic regression model adjusted for H. pylori infection
controls and cases are matched 1:1 for age, sex and environmental factors

Cases and controls had similar frequency of homozygous *2 allele carriers
(12.0 %), and no difference was observed between the two other genotype
variants (*2/L and L/L). A significant association between gastric cancer risk and
IL-1RN VNTR could not be reported in this study. For controls, the calculated
allele frequency for both polymorphisms was as follows: 78 % for the IL-1B-511 T
allele and 38 % for the IL-1RN *2 allele.

Further statistical analysis was conducted for the different histological
type of gastric cancer (diffuse and intestinal gastric cancer) and location (antrum
and corpus) to see whether there was a correlation with the distinct
polymorphisms in the IL-1 gene cluster.

Stratification by location and histological type of gastric cancer showed
that the C allele of the IL-1B-511 SNP was associated with a higher frequency of
intestinal (OR, 2.6; 95 % CI, 1.0-6.5) but not with diffuse-type of gastric cancer
(Table 5). The homozygous C allele variant showed a six-fold increased risk of
intestinal gastric cancer located in the corpus of the stomach compared to non-
atrophic gastritis controls (OR, 6.3; 95 % ClI, 1.2-33.8) (Table 7.19).
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Table 7.19. For homozygous IL-1B-511 C allele carriers a 6-fold higher risk of getting
intestinal-type gastric cancer was found, but this association was restricted
to the corpus region.

Location of diagnose

Antrum Corpus
NAG? IT-GC? DT-GC° NAG IT-GC DT-GC
IL-1B-511 genotype
C/C 5(53)" 2(4.0) 1(5.0) [2(53) 9(214) 3(14.3)
CIT 32(33.7) 25(50.0) 11(55.0) 13(34.2) 17 (40.5) 9 (42.9)
C carrier 37 (38.9) 27 (54.0) 12 (60.0) 15(39.5) 26 (61.9) 12 (57.1)
TIT 58 (61.1) 23 (46.0) 8 (40.0) 23 (60.5) 16 (38.1) 9 (42.9)
C carriervs. T/T
OR (95% CI)* 1.9 (0.9-3.8) 2.4 (0.9-6.3) 2.6 (1.0-6.5) 2.3(0.7-7.0)
P* 0.087 0.089 0.042 0.155
C/ICvs. TIT
OR (95% CI)* 1.0 (0.2-5.8) 1.3 (0.1-13.2) 6.3 (1.2-33.8)5.00 (0.7-37.3)
P* 0.97 0.82 0.032 0.116
*unconditional logistic regression model adjusted for H. pylori infection
Controls

®Cases (Intestinal-type gastric cancer)
“Cases (Diffuse-type gastric cancer)
9 (%)

Analysis for the IL-1RN polymorphisms did not show a pronounced increased risk
of having either intestinal-type or diffuse-type gastric cancer in patients
homozygous or heterozygous for the *2 allele as compared to patients who were

homozygous for the L allele.

7.5 H. PYLORI INFECTION

The risk of intestinal-type gastric cancer and chronic atrophic gastritis related to IL-
1B-511 genotypes was further examined with stratification by H. pylori infection.
Analysis revealed a higher risk for chronic atrophic gastritis only for infected
patients whereas patients homozygous for the C allele of the IL-1B-511 SNP had
the highest risk compared to patients carrying the heterozygous C allele variant
(OR, 10.17 and OR, 4.43, respectively) (Table 7.20).

Similar, only H. pylori infected patients with the IL-1B-511 C allele variant
were under a higher risk for intestinal-type gastric cancer as compared to infected
non-atrophic gastritis patients homozygous for the T allele. The highest risk for

intestinal-type gastric cancer was found among homozygous C allele carriers (OR,
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12.24), whereas patients heterozygous for the C allele of the IL-1B-511 SNP
showed a lower risk (OR, 3.34).

Table 7.20. H. pylori infection and the IL-1B-511 SNP. A significantly higher risk for
chronic atrophic gastritis or intestinal-type gastric cancer was observed for
patients infected with H. pylori and bearing the C allele of the IL-1B-511

SNP.
NAG? ChAGP
IL-1B-511 genotype
C/C 3 (3.9)° 5(15.2)
CIT 25 (32.9) 18 (54.5)
C carrier 28 (36.8) 23 (69.7)
T/T 48 (63.2) 10 (30.3)
C carriervs. T/T
OR (95% CI)* 5.08 (1.95-13.21)
P* 0.001
C/ITvs. TIT
OR (95% CI)* 4.43 (1.65-11.91)
P* 0.003
CICvs. TIT
OR (95% CI)* 10.17 (1.86-55.75)
P* 0.008

*unconditional logistic regression model adjusted for age and sex
®H. pylori infected controls

°H. pylori infected chronic atrophic gastritis cases

°H.pylori infected cases with intestinal-type gastric cancer

N (%)

Analysis for H. pylori negative patients did not reveal any increased risk for gastric
cancer or chronic atrophic gastritis.

In addition it was questioned whether a distinct allele of the investigated
polymorphisms is associated with higher risk for H. pylori infection. Analysis
revealed similar distribution of genotypes for both polymorphisms (IL-1B-511 and
IL-1RN VNTR) between H. pylori infected and non-infected controls (NAG).
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8 DISCUSSION

8.1 STUDY’S MAJOR FINDING

Given a high load of infection by virulent (cagA positive, vacA toxigenic) H. pylori
strains in Amerindian Peruvian populations [66], it seems likely that host genetic
factors affect the risk of emergence and progression of premalignant lesions
(chronic-atrophic gastritis) in H. pylori-infected Peruvians as in other populations.

In the Peruvian study population, a significant association was found
between the IL-1B-511 SNP and increased risk for chronic atrophic gastritis as
well as for gastric cancer. The heterozygous C allele variant of the IL-1B-511 SNP
was associated with a higher risk for chronic atrophic gastritis (OR, 4.79) and
gastric cancer (OR, 2.17) and highest risk for both pathologies was observed for
the homozygous C allele variant (ChAG, OR, 11.22 and GC, OR, 4.15).
Stratification by disease location revealed significant associations for ChAG in the
antrum region and for intestinal-type gastric cancer in the corpus.

The findings of the present study confirm and extend the previous
observation that SNPs as a host factor are involved in the susceptibility of
intestinal-type gastric cancer and its precancerous lesion, e.g. atrophic gastritis, in
H. pylori-infected patients. Furthermore, it suggests a different mechanism in the
carcinogenesis of diffuse-type gastric cancer. In addition, this study is the first to
verify the C allele of the IL-1B-511 SNP as a risk factor in a population from South-

America.
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8.2 STUDY DESIGN

A case-control study was used to compare exposure to genetic risk factors
(IL-1B-511 SNP, IL-1RN VNTR) between non-atrophic gastritis patients as
controls and individuals diagnosed with chronic atrophic gastritis or gastric cancer.
Since H. pylori prevalence is very high in Peru [67], histological findings of healthy
gastric mucosa are very rare and appropriate selection of controls was assumed
by non-atrophic gastritis patients. The use of uninfected healthy controls would
lead to an overestimation of the effect of genetic variants in the IL-13 gene cluster
due to the marked impact of H. pylori on gastric mucosal changes [68]. Cases of
gastric cancer or ChAG represented a subset of all patients admitted to the
affiliated hospitals and therefore controls were sampled from the same institution.

Recently it has been shown in a study from Peru, that H. pylori infection
rate is linked to water supply, level of hygiene and sanitation especially among
children [69] and also depends on socioeconomic status [8;10]. Assuming that
patients differed with regards to their socioeconomic level and environmental
factors, a 130-item questionnaire was achieved from every patient to test for
homogeneity in cases and controls. In the present study environmental factors
showed a significant association with gastric cancer risk. Especially the lack of
regular waste removal was more common for gastric cancer cases than for non-
atrophic gastritis patients. In addition, more cases had no refrigerator and did not
boil water in a standard fashion.

This suggests that the outcome of a H. pylori infection is modulated in part
by living circumstances and habits of the infected host. Therefore, cases and
controls were matched to yield the required homogeneity in the study population.
Homogenous genetic background between patients from both municipal hospitals

was assumed since all individuals were Mestizos.
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8.3 ALLELE FREQUENCIES

Comparison of the T allele frequency in healthy and non-atrophic gastritis patients
from different studies (Figure 2.1) showed that the T allele of the IL-1B-511 SNP is
more frequent in Asians and South Americans (45 % - 55 %). The present study
observed an even higher frequency of around 80 % in non-atrophic gastritis
patients. Due to that finding, the T allele served as a reference allele variant for
subsequent statistical analysis. To date, this is the highest reported frequency for
the IL-1B-511 T allele. RFLP technique was used for genotyping and the accuracy
of assay was controlled by reanalyzing one fifth of samples from the preceding
setting in the subsequent run. Furthermore, several samples were sequenced for
the SNP and for each run all genotype variants (C/C, C/T, T/T) were included as
positive controls. Since genotypes of all reanalyzed samples were concordant, a
proper working assay can be assumed.

The *2 allele of the IL-1RN VNTR showed higher frequency (38 %) in
comparison to reports from Asia but similar to the studies from Europe (22 % -
46 %). Taken together, the allele frequencies of the IL-1RN VNTR were
comparable to European populations whereas the IL-1B-511 SNP alleles showed
frequencies more similar to that of Asian populations. Reported allele frequencies
from the present study are interesting, since the study’s population consisted of
Mestizos, a mixed population of Amerindians and Europeans, whereas

Amerindians have ancestors from Central Asia.

8.4 POLYMORPHISMS IN THE IL-1B GENE
CLUSTER

It has recently been suggested that interaction between bacterial virulence factors
and immune response of the host affect the outcome of H. pylori infection and may
be influenced by polymorphisms in both bacterium and host [36;70]. Especially
polymorphisms in IL-1B and IL-1RN genes were found to be associated with a
higher risk for gastric cancer development due to increased IL-113 level in gastric

mucosa in response to H. pylori infection [36;71]. EI-Omar et al. described SNPs in
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the IL-1B gene at positions -511, -31, +3954 bp from the transcriptional start site
and showed significant associations to H. pylori-associated gastric cancer only for
the first two positions [26]. Since these two regions are in total linkage
disequilibrium, this thesis focused on the IL-1B-511 SNP.

8.4.1 HIGHER RISK FOR CHAG AND GC

The present study revealed a significant association between the IL-1B-511 C
allele gastric cancer and its premalignant lesion, chronic atrophic gastritis. This is
in line with studies from Japan and China that reported a similar association for the
C allele [44;48] and that the C/C genotype is more frequent in low acid
producers [63]. Inflammation in the stomach induced by H. pylori infection
correlates with high IL-113 level [72] which triggers immune response. Furthermore,
enhanced IL-10 level in gastric mucosa continuously increases the pH by inhibiting
gastric acid production in the stomach, paving the way for progressive mucosal
changes with a subsequent increased risk for gastric carcinogenesis.

Since chronic atrophic gastritis was associated with the IL-1B-511 C allele
in the present study, Peruvians bearing the C allele might have high mucosal IL-13
levels resulting in lower gastric acid output (hypochlorhydria). This has to be
confirmed in further studies by measuring gastric output and mRNA of IL-1R in
non-atrophic gastritis patients.

The heterozygous genotype (C/T) showed a significant association with
chronic atrophic gastritis as well as gastric cancer (OR, 4.79 and 2.17,
respectively). Homozygosity for the C allele of the IL-1B-511 SNP was even more
strongly associated with both pathologies, ChAG (OR, 11.2) and GC (OR, 4.15).
The increasing odds ratio from heterozygous to homozygous carriers of the C
allele suggests an additive effect of this polymorphism on the IL-103 level.

These findings differ from those of previous studies in which the opposite
allele (T allele) of the IL-1B-511 SNP was noted as a risk factor for chronic
atrophic gastritis and gastric cancer [26;29;36;37]. However, most of these studies
were conducted in Caucasian populations that showed a lower T allele frequency
(<38 %) than frequencies found for Asians (45-55 %). In the Peruvian population,
the T allele frequency was observed to be around 80 % which is more similar to

that of Asians. That may in part be due the Amerindians with origins in Central
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Asia, still reflecting the genetic background [9]. The even higher frequency of the T
allele in comparison to Asians might be due to selective pressure on genotypes of

Peruvian population.

8.4.2 LOCATION OF DIAGNOSIS AND GASTRIC CANCER
SUBTYPES

Given the fact that antrum and corpus region differ in their function and cell
composition, it was further investigated whether there is a marked difference in the
effect of the C allele on gastric cancer subtypes and location of histological
diagnosis. Indeed, a higher risk was found for intestinal-type gastric cancer in
corpus (OR 6.29) for patients bearing the homozygous IL-1B-511 C allele variant.
In addition, chronic-atrophic gastritis was more frequent in antral gastric biopsies
and only in this region was a higher risk for atrophy associated with the IL-1B-511
C allele (OR 12.72).

One explanation could be the low prevalence of atrophy detected in the
corpus, but, on the other hand, the H. pylori infection might start in the antrum or
be restricted to the antrum due to intact corpus mucosa characterized by normal
gastric acid output. The observed higher frequency of antrum atrophic gastritis has
also been reported by previous studies from Peru [67;73;74].

Specialized cells of the stomach mucosa control gastric acid stimulation
and secretion. While the hormone gastrin is released in the antrum region by G
cells, enterochromaffine-like cells (ECL) in the corpus region respond with cell
growth and the release of histamine [75;76]. Histamine from ECL cells together
with gastrin from G cells stimulates parietal cells in the corpus to secrete gastric
acid [77]. Deregulation can occur in this circuit if stomach is infected with H. pylori
whereas alteration of acid secretion also depends on affected cells. Mostly, the
inflammatory process starts in the antrum and affects inhibitory somatostatin cells,
leading to higher gastrin levels and increased acid secretion in the corpus. High
acid secretion hinders H. pylori colonization of the corpus and restricts the
inflammation to the antral region. This pattern is also seen in duodenal ulcers,
where a healthy corpus continues to secret gastric acid which is responsible for

the epithelial damage in the duodenum. If H. pylori gastritis affects the corpus
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region with its parietal cells, gastric secretion is decreased, which leads to higher
pH. These are excellent conditions for further colonization of H. pylori and
maintenance of the infection and can subsequently lead to atrophy in the corpus.

Once H. pylori gastritis affects the corpus region, inflammatory cytokines
(IL-13 and TNFa) can inhibit acid-secreting parietal cells, leading to a reduced
gastric acid secretion [28]. The C allele may lead to an even higher IL-1R level and
subsequent enhanced acid reduction.

Gastric mucosa attempts to adjust the decreased acid output by enhanced
gastrin secretion that stimulates parietal cells. Since the corpus is inflamed and
parietal cell function is decreased, acid output remains low, leading to pronounced
atrophy in the corpus. Sustained inflammation and high gastrin levels act as a
proliferative stimulus on epithelial cell [27] and, in combination with reactive
oxygen species (ROS), bacterial overgrowth, and nitrosamines, lead to an
increased risk of DNA damage, mutagenesis and progression to carcinogenesis.

This is confirmed by the present finding that patients with the C allele were
under significantly higher risk for intestinal-type gastric cancer only in the corpus.
The different impact of the IL-1B-511 SNP to the IL-13 level in antrum and corpus
in response to H. pylori infection has to be considered as an underlying
mechanism. This is supported by a previous study showing higher mucosal IL-113
levels in the gastric body than in the antrum region of patients with the IL-1B -511
SNP C allele [72].

In this regard, the atrophy in the antrum could be interpreted as a first step
in a multistage progression that can lead to H. pylori colonization of the corpus as
well, along with an increased risk of intestinal-type gastric cancer in patients
bearing the IL-1B-511 C allele.

8.4.3 THEIL-TIRN VNTR

The second investigated host gene, IL-1RN, encodes for the IL-1ra protein,
showing the same affinity as IL-113 to the corresponding receptor (IL-1R). Since IL-
1ra does not induce any intracellular response, it is acting in a competitive manner
with respect to IL-13 and thereby subsequently modulates the proinflammatory
effects of IL-113 [32].
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The *2 allele of the VNTR in the intron 2 has been linked to higher IL-11
production in vitro [33] and seems to be associated with atrophic gastritis [36] and
early-stage gastric cancer [78].

The present study has not revealed any significant association between
the IL-1RN VNTR and atrophic gastritis, similar to several studies from Asia. In
contrast, especially studies with Caucasian populations have reported a significant
association between the IL-1RN *2 allele and outcome of H. pylori infection (i.e.
chronic atrophic gastritis, gastric cancer). The difference between the present
findings and those from Europe might depend on the regulative role of IL-1ra to IL-
1B. IL-1ra and IL-1R might act hand in hand, so that increasing IL-1ra level would
provoke an enhanced IL-1R level to maintain a given IL-13/IL-1ra ratio. Virulence
factors of H. pylori along with the SNP at IL-1B-511 may cause such a high basal
IL-113 level and/or prolonged effects of IL-13 that diminish the importance of IL-1ra
variants as regulators of the IL-1R synthesis in the Peruvian population.
Furthermore, if the 3 different genotypes (*2/*2, *2/L, L/L) in Peruvians cause
same IL-1ra protein level, no alteration in the IL-113 level would succeed and might
also explain the lacking association.

Taken together, the above-mentioned findings suggest that this distinct
SNP and its association with a higher risk for ChAG and GC is population-specific

and depends on the allele frequency in the study population.

8.5 H. PYLORIINFECTION

H. pylori infected and non-infected controls (NAG) showed similar distribution of
genotypes for both polymorphisms (IL-1B-511 and IL-1RN VNTR). Thus, neither
the IL-1B SNP nor the IL-1RN VNTR were associated with a higher risk for H.
pylori infection, which itself is a risk factor for chronic atrophic gastritis and gastric
cancer [68]. This suggests that the observed association between the IL-1B SNP
and higher risk for both gastric diseases are caused by the impact of the C allele
rather than by increased susceptibility for H. pylori.

Blaser and Atherton [79] proposed a mathematical model that describes
the equilibrium between colonized bacterium and gastric mucosa of the host
whereas cross talk occurs by direct contact or soluble mediators. When activation

of the host’s immune response disturbs equilibrium, H. pylori infection may persist
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due to selective mechanism for the fittest bacterium or due to altered protein
secretion by the bacterium itself. Achieving a new equilibrium level maintains the
chronic bacterial infection without impairment of colonization conditions for H.
pylori in the gastric mucosa. This assumption is supported by epidemiological
studies from Peru where about one-half of Peruvian children become infected with
H. pylori during their first years, and most others become infected within the
following next one to two decades [18;19], suggesting a lifelong infection in this
population.

The proportion of H. pylori-positive patients was highest in the non-
atrophic gastritis group (88 %), reflecting the high prevalence of this bacterial
infection in Peruvian gastritis patients. These findings are in line with previous
reports from Peru claiming that nearly 90 % of adults undergoing upper-
gastrointestinal endoscopy due to dyspeptic symptoms were found to be infected
with this bacterium [14;15]. The lower rate of H. pylori infection was revealed for
the chronic atrophic gastritis patients (79.6 %) and for gastric cancer group
(74.2 %). Since atrophic gastritis or cancerous mucosa is unsuitable for H. pylori
colonization [23], it is possible that some H. pylori-negative cases had previously
been infected.

However, the observed decrease in H. pylori prevalence in ChAG and GC
underlines the fact that worsen mucosal conditions cause disbalance between a
host's gastric mucosa and bacteria. H. pylori itself and an atrophic mucosal
environment can lead to DNA damage in gastric epithelial cells [80], optimal

conditions for carcinogenic process.

8.6 CONCLUSION

To summarize, the following conclusion can be drawn based on previous and
present findings:

H. pylori infection in combination with a functional IL-1B variant can lead
to increased IL-1R secretion and subsequent decline of gastric acid secretion.
Restriction of the bacterial infection to the antrum region is associated with normal
gastric acid output but higher a risk for antral atrophic gastritis. Once H. pylori
infection encroaches upon the corpus region, inflammation subsequently leads to

higher risk for intestinal-type gastric cancer.
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This study is the first to establish the C allele of the IL-1B-511 SNP as a risk factor
for intestinal-type gastric cancer and its premalignant lesion gastric atrophy in a
largely Amerindian population. These findings are consistent with the progression
of histological changes from chronic atrophic gastritis to intestinal-type gastric
cancer. Furthermore, it suggests differences in processes leading to diffuse-type
gastric cancer.

In conjunction with previous studies, our results show the importance of
population-based SNP investigations regarding gastric cancer risk. Our findings
support the hypothesis that inter-individual, genetically determined differences of
cytokine production affect outcomes of H. pylori infection and gastric cancer risk.
In view of a high H. pylori prevalence and a high recurrence rate of treated
infection in Peruvians with low socioeconomic status [20], IL-1B-511 SNP might be
an indicator for patients who will benefit from rigorous anti H. pylori therapy and
intensive surveillance of gastric mucosal changes by means of intermittent

gastroscopies.



references 59

9

10.

11.

12.

REFERENCES

Ferlay J., Bray F., Parkin D. M., and Pisani P. (Eds). Cancer Incidence,
Mortality and Prevalence Worldwide (IARC Cancer Base No. 5).
Lyon, IARCPress (2001)

Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide incidence of 25
major cancers in 1990. Int J Cancer 80. 827-841 (1999)

Correa P. Human gastric carcinogenesis: a multistep and multifactorial
process--First American Cancer Society Award Lecture on Cancer
Epidemiology and Prevention. Cancer Res 52. 6735-6740 (1992)

Correa P, Cuello C, Duque E, Burbano LC, Garcia FT, Bolanos O, Brown
C, Haenszel W. Gastric cancer in Colombia. Ill. Natural history of
precursor lesions. J Natl Cancer Inst 57. 1027-1035 (1976)

Sipponen P, Kekki M, Haapakoski J, lhamaki T, Siurala M. Gastric cancer
risk in chronic atrophic gastritis: statistical calculations of cross-
sectional data. Int J Cancer 35. 173-177 (1985)

Ohata H, Kitauchi S, Yoshimura N, Mugitani K, Iwane M, Nakamura H,
Yoshikawa A, Yanaoka K, Arii K, Tamai H, Shimizu Y, Takeshita T,
Mohara O, Ichinose M. Progression of chronic atrophic gastritis
associated with Helicobacter pylori infection increases risk of gastric
cancer. Int J Cancer 109. 138-143 (2004)

Parkin DM, Pisani P, Ferlay J. Global cancer statistics. CA Cancer J Clin
49. 33-64, 1 (1999)

Pilco P, Payet E, Caceres E. Gastric cancer in Lima. Rev Gastroenterol
Peru 26. 377-385 (2006)

Bonatto SL and Salzano FM. A single and early migration for the peopling
of the Americas supported by mitochondrial DNA sequence data.
Proc Natl Acad Sci U S A 94. 1866-1871 (1997)

Ramirez RA, Chinga AE, Mendoza RD, Leey CJ, Segovia Castro MC,
Otoya C. Changes in the prevalence of H. pylori in Peru; during the
1985-2002 period in medium and upper socio-economic strata. Rev
Gastroenterol Peru 23. 92-98 (2003)

Stewart B. W. and Kleihues P. (Eds). World Cancer Report. IARCPress.
Lyon (2003)

Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi S,
Yamakido M, Taniyama K, Sasaki N, Schlemper RJ. Helicobacter
pylori Infection and the Development of Gastric Cancer. N Engl J
Med 345. 784-789 (2001)



references 60

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rocha GA, Guerra JB, Rocha AM, Saraiva IE, da Silva DA, de Oliveira CA,
Queiroz DM. IL1RN polymorphic gene and cagA-positive status
independently increase the risk of noncardia gastric carcinoma. Int J
Cancer 115. 678-683 (2005)

The Gastrointestinal Physiology Working Group of the Cayetano Heredia
and the Johns Hopkins University. Ecology of Helicobacter pylori in
Peru: infection rates in coastal, high altitude, and jungle
communities. Gut 33:604-605 (1992)

Ramirez-Ramos A, Gilman RH, Watanabe J, Recavarren AS, Spira W,
Miyagui J, Rodriguez UC, Ramirez-Ilcaza C. Helicobacter pylori
infection in long-term and short-term Japanese visitors to Peru.
Lancet 344. 1017-1019 (1994)

Loffeld RJ, Stobberingh E, van Spreeuwel JP, Flendrig JA, Arends JW. The
prevalence of anti-Helicobacter (Campylobacter) pylori antibodies in
patients and healthy blood donors. J Med Microbiol 32. 105-109
(1990)

Hardikar W, Davidson PM, Cameron DJ, Gilbert GL, Campbell PE, Smith
AL. Helicobacter pylori infection in children. J Gastroenterol Hepatol
6. 450-454 (1991)

Klein PD, Gilman RH, Leon-Barua R, Diaz F, Smith EO, Graham DY. The
epidemiology of Helicobacter pylori in Peruvian children between 6
and 30 months of age. Am J Gastroenterol 89. 2196-2200 (1994)

The Gastrointestinal Physiology Working Group. Helicobacter pylori and
gastritis in Peruvian patients: relationship to socioeconomic level,
age, and sex. Am J Gastroenterol 85:819-823 (1990)

Soto G, Bautista CT, Roth DE, Gilman RH, Velapatino B, Ogura M, Dailide
G, Razuri M, Meza R, Katz U, Monath TP, Berg DE, Taylor DN, and
The Gastrointestinal Physiology Working Group in Peru.
Helicobacter pylori Reinfection Is Common in Peruvian Adults after
Antibiotic Eradication Therapy. J Infect Dis 188. 1263-1279 (2003)

Ramirez-Ramos A, Gilman RH, Leon-Barua R, Recavarren-Arce S,
Watanabe J, Salazar G, Checkley W, McDonald J, Valdez Y,
Cordero L, Carrazco J. Rapid recurrence of Helicobacter pylori
infection in Peruvian patients after successful eradication. Clinical
infectious diseases: an official publication of the Infectious Diseases
Society of America 25. 1027-1031 (1997)

Yamaoka Y, Kita M, Kodama T, Sawai N, Kashima K, Imanishi J. Induction
of various cytokines and development of severe mucosal
inflammation by cagA gene positive Helicobacter pylori strains. Gut
41. 442-451 (1997)

Ruiz B, Correa P, Fontham ET, Ramakrishnan T. Antral atrophy,
Helicobacter pylori colonization, and gastric pH. Am J Clin Pathol
105. 96-101 (1996)



references 61

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lynch DA, Mapstone NP, Clarke AM, Jackson P, Dixon MF, Quirke P, Axon
AT. Cell proliferation in the gastric corpus in Helicobacter pylori
associated gastritis and after gastric resection. Gut 36. 351-353
(1995)

Lynch DA, Mapstone NP, Clarke AM, Sobala GM, Jackson P, Morrison L,
Dixon MF, Quirke P, Axon AT. Cell proliferation in Helicobacter pylori
associated gastritis and the effect of eradication therapy. Gut 36.
346-350 (1995)

El-Omar EM, Carrington M, Chow WH, McColl KEL, Bream JH, Young HA,
Herrera J, Lissowska J, Yuan CC, Rothman N, Lanyon G, Martin M,
Fraumeni JF, Rabkin CS. Interleukin-1 polymorphisms associated
with increased risk of gastric cancer. Nature 404. 398-402 (2000)

Beales ILP. Effect of Interlukin-1beta on proliferation of gastric epithelial
cells in culture. BMC Gastroenterology 2. 7-14 (2002)

Beales ILP and Calam J. Interleukin 1beta and tumour necrosis factor alpha
inhibit acid secretion in cultured rabbit parietal cells by multiple
pathways. Gut 42. 227-234 (1998)

Furuta T, El Omar EM, Xiao F, Shirai N, Takashima M, Sugimurra H.
Interleukin-13 polymorphisms increase risk of hypochlorhydria and
atrophic gastritis and reduce risk of duodenal ulcer recurrence in
Japan. Gastroenterology 123. 92-105 (2002)

Tu S, Cui G, Takaishi S, Bhagat G, Kurt-Jones E, Smirnova |, Betz K, Penz-
Oesterreicher M, Wang TC. Overexpression of IL-1R Induced Gastric
Inflammation and Carcinoma Through Dysfunction of Immunity and
Change of Gastric Microenvironment in Transgenic Mice.
Gastroenterology 132 (Suppl 2). A25-(2007)

Tu S, Cui G, Takaishi S, Tran AV, Frederick DM, Carlson JE, Kurt-Jones E,
Wang TC. Overexpression of Human Interleukin-1 beta in
Transgenic Mice Results in Spontaneous Gastric Inflammation and
Carcinogenesis. Gastroenterology 128 (Suppl 2). A421-(2005)

Arend WP, Malyak M, Guthridge CJ, Gabay C. INTERLEUKIN-1
RECEPTOR ANTAGONIST: Role in Biology. Annual Review of
Immunology 16. 27-55 (1998)

Santtila S, Savinainen K, Hurme M. Presence of the IL-1RA Allele 2
(IL1RN*2) is Associated with Enhanced IL-1beta Production In Vitro.
Scandinavian Journal of Immunology 47. 195-198 (1998)

El-Omar EM. The importance of interleukin 1beta in Helicobacter pylori
associated disease. Gut 48. 743-747 (2001)

El-Omar EM, Rabkin CS, Gammon MD, Vaughan TL, Risch HA,
Schoenberg JB, Stanford JL, Mayne ST, Goedert J, Blot WJ,
Fraumeni JF, Chow WH. Increased risk of noncardia gastric cancer



references 62

36.

37.

38.

39.

40.

41.

42.

43.

associated with proinflammatory cytokine gene polymorphisms.
Gastroenterology 124. 1193-1201 (2003)

Rad R, Prinz C, Neu B, Neuhofer M, Zeitner M, Voland P, Becker I, Schepp
W, Gerhard M. Synergistic effect of Helicobacter pylori virulence
factors and interleukin-1 polymorphisms for the development of
severe histological changes in the gastric mucosa. J Infect Dis 188.
272-281 (2003)

Machado JC, Pharoah P, Sousa S, Carvalho R, Oliveira C, Figueiredo C,
Amorim A, Seruca R, Caldas C, Carneiro F, Sobrinho-Simoes M.
Interleukin 1B and Interleukin 1RN Polymorphisms Are Associated
With Increased Risk of Gastric Carcinoma. Gastroenterology 121.
823-829 (2001)

Figueiredo C, Machado JC, Pharoah P, Seruca R, Sousa S, Carvalho R,
Capelinha AF, Quint W, Caldas C, van Doorn LJ, Carneiro F,
Sobrinho-Simoes M. Helicobacter pylori and Interleukin 1
Genotyping: An Opportunity to ldentify High-Risk Individuals for
Gastric Carcinoma. J Natl Cancer Inst 94. 1680-1687 (2002)

Ruzzo A, Graziano F, Pizzagalli F, Santini D, Battistelli V, Panunzi S,
Canestrari E, Catalano V, Humar B, Ficarelli R, Bearzi |, Cascinu S,
Naldi N, Testa E, Magnani M. Interleukin 1B gene (IL-1B) and
interleukin 1 receptor antagonist gene (IL-1RN) polymorphisms in
Helicobacter pylori-negative gastric cancer of intestinal and diffuse
histotype. Ann Oncol 16. 887-892 (2005)

Palli D, Saieva C, Luzzi |, Masala G, Topa S, Sera F, Gemma S, Zanna |,
D'Errico M, Zini E, Guidotti S, Valeri A, Fabbrucci P, Moretti R, Testai
E, del Giudice G, Ottini L, Matullo G, Dogliotti E, Gomez-Miguel MJ.
Interleukin-1 Gene Polymorphisms and Gastric Cancer Risk in a
High-Risk Italian Population. The American Journal of
Gastroenterology 100. 1941-1948 (2005)

Machado JC, Figueiredo C, Canedo P, Pharoah P, Carvalho R, Nabais S,
Castro Alves C, Campos ML, Van Doorn L-J, Caldas C, Seruca R,
Carneiro F, Sobrinho-Simoes M. A Proinflammatory Genetic Profile
Increases the Risk for Chronic Atrophic Gastritis and Gastric
Carcinoma. Gastroenterology 125. 364-371 (2003)

Starzynska T, Ferenc K, Wex T, Kahne T, Lubinski J, Lawniczak M, Marlicz
K, Malfertheiner P. The Association Between the Interleukin-1
Polymorphisms and Gastric Cancer Risk Depends on the Family
History of Gastric Carcinoma in the Study Population. The American
Journal of Gastroenterology 101. 248-254 (2006)

Garcia-Gonzalez MA, Lanas A, Savelkoul PH, Santolaria S, Benito R,
Crusius JB, Pena AS. Association of interleukin 1 gene family
polymorphisms with duodenal ulcer disease. Clin Exp Immunol 134.
525-531 (2003)



references 63

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Yang J, Hu Z, Xu Y, Shen J, Niu J, Hu X, Guo J, Wei Q, Wang X, Shen H.
Interleukin-1B gene promoter variants are associated with an
increased risk of gastric cancer in a Chinese population. Cancer Lett
215. 191-198 (2004)

Zeng ZR, Hu PJ, Hu S, Pang RP, Chen MH, Ng M, Sung JJY. Association
of interleukin 1B gene polymorphism and gastric cancers in high and
low prevalence regions in China. Gut 52. 1684-1689 (2003)

Chen A, Li CN, Hsu PI, Lai KH, Tseng HH, Hsu PN, Lo GH, Lo CC, Lin CK,
Hwang IR, Yamaoka Y, Chen HC. Risks of interleukin-1 genetic
polymorphisms and Helicobacter pylori infection in the development
of gastric cancer. Alimentary Pharmacology & Therapeutics 20. 203-
211 (2004)

He X, Jiang L, Fu B, Zhang X. Relationship between interleukin-1B and
interleukin-1 receptor antagonist gene polymorphisms and
susceptibility to gastric cancer. Zhonghua Yi Xue Za Zhi 82. 685-688
(2002)

Kato S, Onda M, Yamada S, Matsuda N, Tokunaga A, Matsukura N.
Association of the interleukin-113 genetic polymorphism and gastric
cancer risk in Japanese. Journal of Gastroenterology 36. 696-699
(2001)

Taguchi A, Ohmiya N, Shirai K, Mabuchi N, Itoh A, Hirooka Y, Niwa Y, Goto
H. Interleukin-8 Promoter Polymorphism Increases the Risk of
Atrophic Gastritis and Gastric Cancer in Japan. Cancer Epidemiol
Biomarkers Prev 14. 2487-2493 (2005)

Hu S, Song QB, Yu D, Ke YH, Hu PJ, Zeng ZR. Association of interleukin-1
gene polymorphism with gastric cancer in a high-risk area of China.
Di Yi Jun Yi Da Xue Xue Bao 24. 1171-1173 (2004)

Sugimoto M, Furuta T, Shirai N, Nakamura A, Xiao F, Kajimura M,
Sugimura H, Hishida A. Different effects of polymorphisms of tumor
necrosis factor-alpha and interleukin-1 beta on development of
peptic ulcer and gastric cancer. J Gastroenterol Hepatol 22. 51-59
(2007)

Yamada S, Matsuhisa T, Makonkawkeyoon L, Chaidatch S, Kato S,
Matsukura N. Helicobacter pylori infection in combination with the
serum pepsinogen I/l ratio and interleukin-1beta-511 polymorphisms
are independent risk factors for gastric cancer in Thais. J
Gastroenterol 41. 1169-1177 (2006)

Lu W, Pan K, Zhang L, Lin D, Miao X, You W. Genetic polymorphisms of
interleukin (IL)-1B, IL-1RN, IL-8, IL-10 and tumor necrosis factor
{alpha} and risk of gastric cancer in a Chinese population.
Carcinogenesis 26. 631-636 (2005)



references 64

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

Wu MS, Wu C-Y, Cehn C-J, Lin M-T, Shun C-T, Lin JT. Interleukin-10
genotypes associate with the risk of gastric carcinoma in Taiwanese
Chinese. International Journal of Cancer 104. 617-623 (2003)

Kim N, Cho SI, Yim JY, Kim JM, Lee DH, Park JH, Kim JS, Jung HC, Song
IS. The Effects of Genetic Polymorphisms of IL-1 and TNF-A on
Helicobacter pylori-Induced Gastroduodenal Diseases in Korea.
Helicobacter 11. 105-112 (2006)

Lee SG, Kim B, Choi W, Lee |, Choi J, Song K. Lack of association between
pro-inflammatory genotypes of the interleukin-1 (IL-1B -31 C/+ and
IL-1RN *2/*2) and gastric cancer/duodenal ulcer in Korean
population. Cytokine 21. 167-171 (2003)

Kang WK, Park WS, Chin HM, Park CH. The Role of Interleukin-13 Gene
Polymorphism in the Gastric Carcinogenesis. Korean J Gastroenterol
44.25-33 (2004)

Kamangar F, Abnet C, Hutchinson A, Newschaffer C, Helzlsouer K, Shugart
Y, Pietinen P, Dawsey S, Albanes D, Virtamo J, Taylor P.
Polymorphisms in Inflammation-related Genes and Risk of Gastric
Cancer (Finland). Cancer Causes and Control 17. 117-125 (2006)

Zambon CF, Basso D, Navaglia F, Germano G, Gallo N, Milazzo M, Greco
E, Fogar P, Mazza S, Di Mario F, Basso G, Rugge M, Plebani M.
Helicobacter pylori virulence genes and host IL-1RN and IL-1beta
genes interplay in favoring the development of peptic ulcer and
intestinal metaplasia. Cytokine 18. 242-251 (2002)

Alpizar-Alpizar W, Perez-Perez Gl, Une C, Cuenca P, Sierra R. Association
of interleukin-1B and interleukin-1RN polymorphisms with gastric
cancer in a high-risk population of Costa Rica. Clinical and
Experimental Medicine 5. 169-176 (2005)

Chang Y-W, Jang J-Y, Kim N-H, Lee JW, Lee HJ, Jung WW, Dong S-H,
Kim H-J, Kim B-H, Lee J-I, Chang R. Interleukin-1B (IL-1B)
polymorphisms and gastric mucosal levels of IL-13 cytokine in
Korean patients with gastric cancer. International Journal of Cancer
114. 465-471 (2005)

Zabaleta J, Camargo MC, Piazuelo MB, Fontham E, Schneider BG,
Sicinschi LA, Ferrante W, Balart L, Correa P, Ochoa AC. Association
of Interleukin-1beta Gene Polymorphisms with Precancerous Gastric
Lesions in African Americans and Caucasians. The American
Journal of Gastroenterology 101. 163-171 (2006)

Xuan J, Deguchi R, Watanabe S, Ozawa H, Urano T, Ogawa Y, Fukuda R,
Kijima H, Koga Y, Takagi A. Relationship between IL-1beta gene
polymorphism and gastric mucosal IL-1beta levels in patients with
Helicobacter pylori infection. J Gastroenterol 40. 796-801 (2005)

Garcia-Gonzalez MA, Lanas A, Santolaria S, Crusius JBA, Serrano MT,
Pena AS. The polymorphic IL-1B and IL-1RN genes in the



references 65

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

aetiopathogenesis of peptic ulcer. Clinical and Experimental
Immunology 125. 368-375 (2001)

Dixon MF, Genta RM, Yardley JH, Correa P. Classification and Grading of
Gastritis: The Updated Sydney System. The American Journal of
Surgery Pathology 20. 1161-1181 (1996)

Kersulyte D, Mukhopadhyay AK, Velapatino B, Su W, Pan Z, Garcia C,
Hernandez V, Valdez Y, Mistry RS, Gilman RH, Yuan Y, Gao H,
Alarcon T, Lopez-Brea M, Nair BG, Chowdhury A, Datta S, Shirai M,
Nakazawa T, Ally R, Segal |, Wong BCY, Lam SK, Olfat FO, Boren
T, Engstrand L, Torres O, Schneider R, Thomas JE, Czinn S, Berg
DE. Differences in Genotypes of Helicobacter pylori from Different
Human Populations. Journal of Bacteriology 182. 3210-3218 (2000)

Recavarren-Arce S, Leon-Barua R, Rodriguez C, Cok J, Berendson R,
Gilman RH. Helicobacter pylori-associated chronic gastritis in
Peruvian adolescents is very common and severe. J Clin
Gastroenterol 20. 335-337 (1995)

McColl KE, EI Omar E, Gillen D. Interactions between H. pylori infection,
gastric acid secretion and anti-secretory therapy. Br Med Bull 54.
121-138 (1998)

Klein PD, Graham DY, Gaillour A, Opekun AR, Smith EO. Water source as
risk factor for Helicobacter pylori infection in Peruvian children.
Lancet 337. 1503-1506 (1991)

Leung WK, Chan MCW, To KF, Man EPS, Ng EKW, Chu ESH, Lau JYW,
Lin Sr, Sung JJY. H. pylori Genotypes and Cytokine Gene
Polymorphisms Influence the Development of Gastric Intestinal
Metaplasia in a Chinese Population. The American Journal of
Gastroenterology 101. 714-720 (2006)

Rad R, Dossumbekova A, Neu B, Lang R, Bauer S, Saur D, Gerhard M,
Prinz C. Cytokine gene polymorphisms influence mucosal cytokine
expression, gastric inflammation, and host specific colonisation
during Helicobacter pylori infection. Gut 53. 1082-1089 (2004)

Takagi A, Deguchi R, Kobayashi K, Miwa T. Cytokine expressions and H.
pylori-associated gastric mucosal lesion. Keio J Med 51 Suppl 2. 51-
52 (2002)

Recavarren-Arce S, Ramirez-Ramos A, Gilman RH, Chinga-Alayo E,
Watanabe-Yamamoto J, Rodriguez-Ulloa C, Miyagui J, Passaro DJ,
Eza D. Severe gastritis in the Peruvian Andes. Histopathology 46.
374-379 (2005)

The Gastrointestinal Physiology Working Group. Rapid identification of
pyloric Campylobacter in Peruvians with gastritis. Dig Dis Sci
31:1089-1094 (1986)



references 66

75. Zanner R, Hapfelmeier G, Gratzl M, Prinz C. Intracellular signal

76.

77.

78.

79.

80.

transduction during gastrin-induced histamine secretion in rat gastric
ECL cells. Am J Physiol Cell Physiol 282. C374-C382 (2002)

Friis-Hansen L, Schjerling CK, de la Cour CD, Hakanson R, Rehfeld JF.
Characteristics of gastrin controlled ECL cell specific gene
expression. Regul Pept 140. 153-161 (2007)

Schepp W, Ruoff HJ, Dein HJ, Miederer S. Effects of glucagon and
histamine on human parietal cells. Agents and Actions 18. 214-218
(1986)

Glas J, Torok HP, Schneider A, Brunnler G, Kopp R, Albert ED, Stolte M,
Folwaczny C. Allele 2 of the Interleukin-1 Receptor Antagonist Gene
Is Associated With Early Gastric Cancer. J Clin Oncol 22. 4746-4752
(2004)

Blaser MJ and Atherton JC. Helicobacter pylori persistence: biology and
disease. J Clin Invest 113. 321-333 (2004)

Ladeira MSP, Rodrigues MAM, Salvadori DMF, Queiroz DMM, Freire-Maia
DV. DNA Damage in Patients Infected by Helicobacter pylori. Cancer
Epidemiol Biomarkers Prev 13. 631-637 (2004)



declaration 67

10 DECLARATION

Ich erklare, dass die der Medizinischen Fakultat der Otto-von-Guericke-Universitat

zur Promotion eingereichte Dissertation mit dem Titel

“The C allele of the IL-1B-511 SNP is associated with higher risk for Gastric
Cancer and its premalignant lesion:

A prospective case-control study in Peru®

selbststandig, ohne fremde Hilfe und ohne Benutzung anderer als der
angegebenen Quellen und Hilfsmittel von mir angefertigt wurde. Alle
Ausfuhrungen, die wortlich oder sinngemaf} idbernommen wurden, sind als solche
gekennzeichnet.

Bei der Abfassung der Dissertation sind Rechte Dritter nicht verletzt worden.
Diese Arbeit ist oder war nicht Gegenstand eines anderen Prifungs- oder
Promotionsverfahrens. Ich habe noch keinen Doktorgrad erlangt oder zu erlangen
versucht. Ich Ubertrage der Medizinischen Fakultat das Recht, weitere Kopien

meiner Dissertation herzustellen und zu vertreiben.

Magdeburg, den 23.04.2008



acknowledgements 68

11 ACKNOWLEDGEMENTS

First of all, | would like to gratefully acknowledge Prof. Robert Gilman for the opportunity
to work in his laboratory at the Universidad Peruana Cayetano Heredia. He provided my
research project, guided me during my stay in Lima and gave me support throughout. | am
glad that | was able to spend 6 months with such an advisor and colleagues who always
taught me innumerable lessons and insights on academic research. Prof. Gilman and
PRISMA were considerably responsible for the good conditions of this research project.

In addition, | would like to express sincere appreciation to Dr. Meyer.
Despite the distance, he gave me invaluable advice and was always available
when | needed him. He helped me substantially during the preparation of this
thesis. His editorial advice was essential to the completion of this dissertation.
Thank you for all your support!

My cordial thanks go to Prof. Dr. Lippert for critically reviewing the thesis and assistance
regarding all aspects.

My warmest regards to the research team of Prof. Robert Gilman, especially Billie
Velapatifio, Paula Maguina, Phabiola Herrera, Jaquiline Balqui, Livia Santivafiez,
Vilma Gutierre, Jonathan Sherman, Vivi Cancino, Mrs. Carmen, Vanessa Chung,
Daniel Velasquez and all other co-workers for their daily co-operation and the
pleasant atmosphere, as well as their help with all of the techniques which
were intrinsic to the completion of the project.

| also want to acknowledge Dr. Jaemi Cok for the results of the histological investigation,
which he completed alongside his daily work as a pathologist at the
Hospital Nacional Cayetano Heredia.

Thank you to Sijin Wen, Department of Biostatistics at the MD Anderson Cancer Center
Houston, USA for assistance with statistical analysis.

Special thanks to all my friends who have been very supportive during the entire period of
my study.

| would also like to take this opportunity to express my deepest gratitude and
warmest regards for my parents, my brother and my wife, Sanga. Their
constant patience, support and encouragement made it possible to bring
this thesis to an end. Thank you for always being there for me,

looking out for my best and backing me up.



curriculum vitae

69

12 CURRICULUM VITAE

Name:

First name:
Date of Birth:
Place of Birth:
Citizenship:

Marital status:

Gehmert
Sebastian

July 15th, 1976
Guben

German

Married

SCHOOL EDUCATION

1983-1996

1996

CIVILIAN SERVICE

1996-1997

APPRENTICESHIP

1997-2000

2000

Polytechnic School and Gymnasium; Guben

Abitur

Civilian Service in the Operating theatre
“‘Naemi-Wilke Stift”; Guben

Apprentice to a registered nurse
Humboldt University Teaching-Hospital, Berlin

State Examination in nursing; RN

ACADEMIC EDUCATION

2000-2007

10/2004-07/2005

10/2007

Human Medicine
Otto-von-Guericke University Magdeburg

Entrepreneurship “Offspring Group 2004”,
Faculty for Management Science, Prof. Raith
Otto-von-Guericke University Magdeburg

MD degree



curriculum vitae

70

Clinical rotation

10/2006-01/2007

01/2007-05/2007

05/2007-09/2007

Pathology
University of Texas, MD Anderson Cancer Center,
Houston, Texas, USA

Internal Medicine
Baylor College of Medicine, Michael E. DeBakey
Hospital,Houston, Texas, USA

Surgery
Texas Heart Institute, St. Luke's Episcopal Hospital,
Houston, Texas, USA

PROFESSIONAL AND RESEARCH EXPERIENCE

04/2008-to present Postdoctoral Fellow

04/2006-09/2007

10/2005-04/2006

10/2002-09/2005

Languages

University of Texas, MD Anderson Cancer Center
Department of Molecular Pathology, Houston, TX, USA

Research Assistant

University of Texas, MD Anderson Cancer Center
Department of Molecular Pathology, Houston, TX, USA

Prof. Dr. E. U. Alt,

“‘Role of adult mesenchymal stem cells and cancer stem cells
regarding their ability to antiapoptosis, neoangiogensis and
migration”

Research Assistant

Universidad Peruana Cayetano Heredia, Lima, Peru

Prof. Dr. Robert H. Gilman

“Association between Gastric Cancer and Polymorphisms of
IL-1B-511 and IL-1RN”

Research Assistant

University Hospital Magdeburg,

Department of Nuclear Medicine, Magdeburg, Germany

Prof. Dr. Otto

“‘Comparison of lodine marked Tracer for SPECT in
Diagnostics and Differential Diagnostics of Mb. Parkinson”

German, English,
Spanish, Russian (Basic knowledge)



curriculum vitae 71

PUBLICATIONS

1.

Sebastian Gehmert, Sanga Sadat, Yao-Hua Song, Eckhard Alt.

The anti-apoptotic effect of IGF-1 on human adipose tissue derived stem
cells is mediated via PI3-kinase dependent secreted frizzled related
protein 2 (Sfrp2) release. Biochem Biophys Res Commun. 2008;
371 (4):752-5

Eckhard Alt, Parwis Fotuhi, Mandy Scharlau, Kai Pinkernell, Nadine
Matthias, Sebastian Gehmert, Xiaowen Bai and Yao-Hua Song.
Intracoronary infusion of autologous adipose derived mononuclear cells
after myocardial infarction: efficacy and safety; Chest 2008; in press

Yao-Hua Song, Sebastian Gehmert, Sanga Sadat, Kai Pinkernell,
Xiaowen Bai, Nadine Matthias and Eckhard Alt.

VEGF is critical for spontaneous differentiation of stem cells into
cardiomyocytes; Biochem Biophys Res Commun. 2007; 354(4):999-1003

Sanga Sadat, Sebastian Gehmert, Yao-Hua Song, Xiaowen Bai,
Yasheng Yen, Sebastian Gaiser, Helmut Klein and Eckhard Alt.

The Cardioprotective Effect of Adipose Tissue Derived Stem Cells
(ASCs) is mediated by IGF-1 and VEGF; Biochem Biophys Res Commun.
2007; 363 (3) 674-679

Xiaowen Bai, Sanga Sadat, Sebastian Gehmert, Eckhard Alt and Yao-
Hua Song:

VEGEF receptor FIk-1 plays an important role in c-kit expression in adipose
tissue derived stem cells; FEBS letters 2007; 581(24):4681-4

Poster Presentation

04/2008

11/2007

125™ Congress of the Germany Society of Surgery, Berlin, Germany
Sebastian Gehmert, F. Meyer, B. Velapatifio, P. Herrera,J. Cok, G.
Vasquez, J. Combe, S. Wen, RH Gilman: Der ,Single-Nucleotide®-
Polymorphismus von IL-1B-511 erhoht das Risiko von atrophischer
Gastritis und intestinalem Magenkarzinom bei H. pylori infizierten
Patienten in Peru.

American Heart Association Scientific Sessions, Orlando, FL, USA
Xiaowen Bai, Sanga Sadat, Sebastian Gehmert, Eckhard Alt, Yao-Hua
Song: Soluble Factors Released By Neonatal Cardiomyocytes Up
Regulate C-kit Expression In Adipose Tissue Derived Stem Cells.




curriculum vitae 72

09/2006

09/2004

04/2003

3rd Annual Congress of Surgery (MDCV), Leipzig, Germany

Sebastian Gehmert, B. Velapatifio, P. Herrera, J. Balqui, L.Santivafiez,
J. Cok, G. Vasquez, J. Combe, D.E. Berg, D. Passaro, F. Meyer, R.H.
Gilman: Einfluss des “Single- Nucleotide”- Polymorphismus von IL-1B-
511 & IL-1RN auf das Magenkarzinomrisiko bei H.- pylori- Infektion in
Peru.

17th Annual Congress of the European Association of Nuclear
Medicine, Helsinki, Finland

Sebastian Gehmert, S. Woischnik, O. Grosser, A. Pethe, C. Bartels, R.
Steinke: Diagnostic power of [123I]-FP-CIT and [123I]-B-CIT in clinical
diagnostics of Parkinsonian Syndromes. Eur J Nucl Med Mol Imaging
(2004) 31:S 368, P 358

41st Annual Congress of the German Association of Nuclear Medicine,
Essen, Germany

M. Czihal, S. Gehmert, S Woischnik, D.-A. Rodhlen, R. Steinke:
Untersuchung des prasynaptischen Dopamintransporters mit ['%°[]-FP-
CIT bzw. ['?1]-B-CIT in der Diagnostik sowie Differentialdiagnostik des
M. Parkinson.



addendum

73

13 ADDENDUM

13.1 FIGURES

Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

Figure

4.1:
4.2:

4.3:
4.4:.
4.5:

4.6:

6.7:

6.8:
6.9:

Figure 6.10:
Figure 6.11:
Figure 7.12:

Population composition of Peru.............ccooeiiiiiiiiiiiiiieeeeee, 13

Informal, unguided house and huts construction in a shantytown

district “asentamiento humano” of Lima ..........ooeeeieeioiieiiieeeeeeen. 14
SNPs in the IL-1 gene Cluster.............ccccoiiiiiis 17
Overview of IL-TRN VINTR ..o 19

Frequency of the IL-1B-511 T allele in healthy subjects and gastritis
patients from different studies ... 20
Frequency of the IL-1RN*2 allele in healthy subjects and gastritis
patients from different studies ...........cccoooeiiiiiii 21

Schematic representation of the biopsies taken from each patient . 26

Detection of genotypes for the IL-1B-511 SNP ...........ccooviririinnnnnnnn. 32
Agarose gel after electrophoresis shows different genotypes for the
VNTR IiNthe IL-TRN gene ..o 33
H. pylori cultured on agar plate ...........ccoeeiiiiiiiiiiii e, 36
Overview of methods and procedures in the study ........................ 39

Overview of study population and number of patients that were

subjected to further analysis...........cccocooiiiiiiiiii s 40

13.2 TABLES

Table
Table
Table
Table
Table
Table
Table
Table

6.1:
6.2:
6.3:
6.4:
6.5:
6.6:
6.7:
6.8:

Primers for PCR ... 28
Preparation of 1 L Tris-acetate-EDTA (TAE) buffer (50X)............... 29
Preparation of an agarose gel ............ccoooiiiiiiiiiiiiiicci e, 29
Preparation of loading dye cresol red...........ccccovvviieieiiiiiiiiiiin. 30
Reaction mixture for PCR........ccoooiiiii e 30
PCR cycling parameters for IL-1B-511 primers...............evvveveeeeneeee. 31
Reaction mixture for enzyme digestion ...........cccccoceeeii i, 31

Regents deviating from genotype assay reaction mixture for PCR . 35



addendum 74
Table 6.9: PCR cycling parameters for UreB primer..........ccccccceeeeeieiiiiieiininnnn. 35
Table 6.10: Walpole’s buffer ... 38
Table 6.11: DeVEIOPET ... ... i 38
Table 7.12: Comparison between the two municipal hospitals of Lima regarding

age, sex, H. pylori infection and diagnoses............ccccovvvciieeeeeeennnns 41
Table 7.13: Characteristics of all cases and controls (n=419) that were subjected
to further analysis ... 42
Table 7.14: Living conditions of all cases and controls .............cccooeeeeeeeieeennnnnnnn. 43
Table 7.15: Hardy-Weinberg Equilibrium (HWE) for matched cases and
(o70] 0] (o] - 7P SRPPTPT 44
Table 7.16: Homozygous and heterozygous patients with the IL-1B-511 C allele
showed a significantly higher risk for chronic atrophic gastritis ....... 45
Table 7.17: Location of diagnoSiS...........coiiiiiiiiiiiiicce e 46
Table 7.18: Genotype distribution for NAGand GC ............ccceieiiiiiiiiiin. 47
Table 7.19: For homozygote IL-1B-511 C allele carrier a 6-fold higher risk of
getting intestinal-type gastric cancer was found, but this association
was restricted to the corpus region ..........ccooovviiiiiiiiiiiee e, 48
Table 7.20: H. pyloriinfection and the IL-1B-511 SNP.........oiiiiiiiiii. 49



	1-4
	5
	6-7
	8
	9
	10
	11
	12-14
	15-16
	17
	18
	19-21
	22
	23
	24-25
	26
	27-35
	36
	37-38
	39
	67
	68
	69
	70-72
	73
	74
	40-68.pdf
	Dissertation Sebastian Gehmert 2008 40
	Dissertation Sebastian Gehmert 2008 41
	Dissertation Sebastian Gehmert 2008 42
	Dissertation Sebastian Gehmert 2008 43
	Dissertation Sebastian Gehmert 2008 44
	Dissertation Sebastian Gehmert 2008 45
	Dissertation Sebastian Gehmert 2008 46
	Dissertation Sebastian Gehmert 2008 47
	Dissertation Sebastian Gehmert 2008 48
	Dissertation Sebastian Gehmert 2008 49
	Dissertation Sebastian Gehmert 2008 50
	Dissertation Sebastian Gehmert 2008 51
	Dissertation Sebastian Gehmert 2008 52
	Dissertation Sebastian Gehmert 2008 53
	Dissertation Sebastian Gehmert 2008 54
	Dissertation Sebastian Gehmert 2008 55
	Dissertation Sebastian Gehmert 2008 56
	Dissertation Sebastian Gehmert 2008 57
	Dissertation Sebastian Gehmert 2008 58
	Dissertation Sebastian Gehmert 2008 59
	Dissertation Sebastian Gehmert 2008 60
	Dissertation Sebastian Gehmert 2008 61
	Dissertation Sebastian Gehmert 2008 62
	Dissertation Sebastian Gehmert 2008 63
	Dissertation Sebastian Gehmert 2008 64
	Dissertation Sebastian Gehmert 2008 65
	Dissertation Sebastian Gehmert 2008 66




