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MULTIPLEX-PCR BASED SCREENING AND COMPUTATIONAL 

MODELING OF VIRULENCE FACTORS AND T CELL MEDIATED 

IMMUNITY IN HELICOBACTER PYLORI INFECTIONS FOR ACCURATE 

CLINICAL DIAGNOSIS 

SUMMARY 

Helicobacter pylori (H. pylori) is a gram-negative, microaerophilic, spiral-shaped 

bacterium that colonizes the stomach of more than half of the world’s population 

during their life span. The bacteria appear around 3μm in length and possess a 

unipolar bundle of two to six sheathed flagella, about 0,5μm in size, that enable the 

bacteria to move in the acidic environment of stomach. H. pylori infection is usually 

acquired in early childhood and persists throughout the life. While most infected 

individuals remain asymptomatic, H. pylori infection can cause peptic ulcer, chronic 

gastritis, mucosa-associated lymphoid tissue (MALT) lymphomas and gastric cancer 

in 20% of the infected ones. The prevalence of H. pylori is higher in developing 

countries and it may reach 70-80% of adults in Turkish population. While the exact 

route of transmission is unknown, acquisition may occur through fecal to oral or oral 

to oral contact. H. pylori infection can be diagnosed by the presence of dispeptic 

symptoms. Invasive and non-invasive methods are also used for the diagnosis of the 

H. pylori infection. Combination of antimicrobial agents and proton pump inhibitors 

has been used for the treatment of H. pylori infection; however, drug resistance may 

cause treatment failures, for which different drug combinations are used to overcome 

this problem. The outcome of H. pylori infection is closely related with bacteria's 

virulence factors, host genetic factors and host immune response. Bacterial virulence 

factors contribute to the inflammatory response towards H. pylori either by different 

mechanisms like host-signaling pathways, maintaining tissue homeostasis in 

epithelial cells or by stimulating the innate immune cells. Cytotoxin-associated gene 

A (cagA), vacuolating cytotoxin gene A (vacA), outer inflammatory protein A 

(OipA), blood group antigen-binding adhesion (BabA), putative neuraminyllactose-

binding hemaggluttinin homolog A (HpaA), neutrophil activating protein A (NapA), 

duodenal ulcer promoting gene A (dupA), urease subunit A (UreA), urease subunit B 

(UreB) are the most important H. pylori virulence factors that play a role in the 

bacterial adhesion, colonization and infection.  

Besides the virulence factors, type of the immune response of the host against H. 

pylori is crucial for the outcome of the infection. T cells are types of lymphocytes 

that play a central role in cell-mediated immunity against H. pylori infection. T cells 

develop in the thymus, and then enter the circulatory system. T cells are classified as 

cytotoxic T cells (CD8
+
 T cell), helper T cells (CD4

+
 T cell) and regulatory T cells 

(CD4
+
CD25

+
 T cell). Helper T cells differentiate into five major subsets known as T 

helper 1 (Th1), T helper 2 (Th2), T helper 17 (Th17), T helper 9 (Th9) and T helper 

22 (Th22). T helper 1-based immune responses are required for protection against 

intracellular pathogens. T helper 2 cells are responsible for the protection against 

extracellular parasites. Recently described T helper 17 (Th17) cells are responsible 
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for mediating defensive mechanisms of the host against various infections including 

extracellular bacteria and fungi infections.  

In previous studies, the association between T cells and H. pylori infection has 

already been identified. Th1 and Th17 cells are involved in response to H. pylori 

infection and contribute to the development of H. pylori – related pathology. 

Moreover, colonization with H. pylori leads to the expansion of regulatory T cells 

(Tregs) which limits the inflammatory response and cause the establishment of 

chronic infection. Th1, Th17, and regulatory T-cells (Treg) are localized in both 

gastric mucosa and peripheral blood of H. pylori – infected patients.  

It is anticipated that there may be a close relationship between the H. pylori infection 

and bacterial virulence factors for the clinical outcomes of the infection. However, 

the effects of nine major Helicobacter pylori specific virulence factors; CagA, VacA, 

OipA, BabA, HpaA, NapA, DupA, UreA, UreB on Th1, Th17 and Treg cell response 

in H. pylori - infected patients with gastritis and ulcer have not been fully elucidated. 

Therefore in this study, we aimed to investigate the association between the nine 

major (CagA, VacA, OipA, BabA, HpaA, NapA, DupA, UreA, UreB) Helicobacter 

pylori specific virulence factors with three various T cell subsets (Th1, Th17 and 

Treg) at mRNA expression levels in H. pylori-infected gastritis and ulcer patients. 

The presence/absence of nine virulence factors were detected using multiplex-PCR 

and mRNA expression levels of T cell specific factors were determined using 

quantitative real time-PCR. 

In total of 80 adult patients, 18 with ulcer and 62 with gastritis were included in this 

study. In addition, 18 patients with reactive gastropathy were included as the 

negative control group. These patients were admitted to Acibadem hospitals with 

gastrointestinal symptoms and underwent endoscopy. During endoscopy, two gastric 

antral and corpus biopsies were taken from each patient. One antral and one corpus 

samples were used for DNA isolation and the other antral and corpus samples were 

used for RNA isolation. Isolated DNA samples were used to develop a multiplex-

PCR assay to detect nine H. pylori-specific virulence factor genes. Moreover, RNA 

samples were used to detect expression levels of Th1, Th17 and Treg cells - specific 

cytokines and transcription factors using quantitative real- time PCR (RT-PCR) 

assays. Primers were designed using primer design software for the H. pylori – 

specific virulence genes, Th1, Th17 and Treg cell – specific cytokines and 

transcription factors.  

First step of the study was the development of multiplex-PCR to detect virulence 

factor genes. Optimization of multiplex-PCR assay was done by using H. pylori G27 

strain that includes all the virulence genes. Also, a multiplex urease PCR assay was 

developed to detect ureA and ureB genes in a single PCR assay. In the second step, 

positive samples were detected by the conventional PCR for each cytokine and 

transcription factor. These positive samples were used to set up the standard curve in 

the quantitative real time-PCR for each cytokine and transcription factor. 

Detection of the nine virulence genes using a multiplex-PCR assay within a three 

polymerase chain reaction was achieved; ureA, ureB, cag A, hpaA, napA in a one 

reaction, oipA, dupA, vacA in another reaction and babA in a third reaction. All DNA 

isolated from biopsy samples were tested with the developed multiplex urease PCR 

assay. A comparison study was performed between the results of the multiplex 

urease PCR assay, rapid urease test and pathological evaluation that were applied to 

patient samples. According to the results, it was determined that multiplex urease 
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PCR and pathological evaluation methods produced more similar and precise results 

than the rapid urease test method. Within all virulence factors that were tested, only 

the prevalence of NapA virulence factor was significantly higher in patients with 

ulcer than gastritis. Additionally, a positive correlation between the H. pylori DupA 

virulence factor and IFN-γ, and H. pylori BabA virulence factor and IL-17 was 

detected in gastritis and ulcer patients, respectively. By using computer-based 

models, clinical outcomes of patients infected with H. pylori can be predicted by 

screening the patient's H.pylori vacA m1/m2, ureA and cagA status and IFN-γ (Th1), 

IL-17 (Th17), and FOXP3 (Treg) mRNA expression levels. Herein, for the first time, 

the relationship between H. pylori virulence factors and host immune responses for 

diagnostic prediction of gastric diseases using computer-based models were reported. 

Furthermore, a novel expert - derived model has been developed to identify the set of 

factors and rules that may distinguish the ulcer patients from gastritis patients.  
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HELICOBACTER PYLORI ENFEKSİYONLARININ DOĞRU KLİNİK 

TANISI İÇİN VİRULANS FAKTÖRLERİ İLE T HÜCREYE BAĞIMLI 

BAĞIŞIKLIĞIN ÇOKLU-PZT İLE TARANMASI VE BİYOİNFORMATİK 

MODELLEMESİ 

ÖZET 

Helicobacter pylori dünya nüfusunun yarısından fazlasında, yaşamlarının bir 

döneminde görülen kronik mide enfeksiyonlarına yol açan bir bakteridir. H. pylori 

gram negatif, mikroaerofilik, spiral şeklinde bir bakteridir ve yaklaşık olarak 3 

mikrometre uzunluğunda olup, 0.5 mikrometre çapında 2 ile 6 mikrometre arasında 

değişen hareket etmesine yardımcı olan kamçılara sahiptir. Çocukluk çağında 

kazanılan H. pylori enfeksiyonu ömür boyu sürmektedir. H. pylori ile enfekte olan 

bireylerin büyük çoğunluğu hastalık belirtisi göstermezken, bakterinin enfekte ettiği 

kişilerin % 20’sinde kronik gastrit, peptik ülser, mukoza ile ilişkili lenfoid doku 

lenfoması (MALT) ve mide adenokarsinomunda etiyolojik etken olduğu yönünde 

önemli bulgular vardır. Bakterinin prevalansı, gelişmekte olan ülkelerde gelişmiş 

ülkere kıyas ile daha yüksektir. Ülkemizde ise erişkin toplumun yaklaşık % 70-80 

kadarında bulunur. Bakterinin tam olarak bulaş yolu bilinmemekle beraber fekal-oral 

ya da oral-oral yollar ile bulaş olabildiği düşünülmektedir. H. pylori enfeksiyonunun 

tanısı genellikle dispeptik belirtilerin varlığı ve H. pylori enfeksiyonunu gösteren 

invaziv ve invaziv olmayan bazı testler yapılması sonucunda konur. Enfeksiyon 

tedavisi için kullanılan standart H. pylori antibiyotikleri ile proton pompası 

inhibitörlerinin yanı sıra son yıllarda hızla gelişen ilaç direnci H. pylori 

enfeksiyonunun tedavisi için farklı ilaç kombinasyonlarının uygulanmasını 

gerektirmiştir. 

H. pylori enfeksiyonu sonucu oluşabilecek klinik tablolar bakterinin virülans 

faktörleri, konağın genetik faktörleri ve bağışıklık yanıtı ile yakın ilişki içerisindedir. 

H. pylori’nin virülans faktörleri bakterinin neden olduğu yangıya, doğal bağışıklık 

hücrelerini uyarmak, epitel hücrelerindeki doku homeostazisini korumak ya da 

konağın sinyal yolakları etkilemek gibi farklı mekanizmalar yardımı ile yol 

açmaktadır. cagA (sitotoksinle ilişkili A geni), vacA (vaküol oluşturucu sitotoksin 

geni), babA (epitel hücrelerde fukosillenmiş Lewis B antijenlerine bağlanan adezin 

proteinini kodlayan gen), oipA (dış zar enflamatuar A proteinini kodlayan gen), hpaA 

(hücreye bağlanmayı güçlendiren, hücre saldırısını kontrol eden adezin genleri), ure 

A ve ureB  (üreaz enzimini kodlayan genler), dupA (duodenal ülser yönlendirici gen), 

napA (nötrofil aktive edici gen) H. pylori’nin mide mukozasına tutunmasında, 

kolonize olmasında ve mide de enfeksiyona neden olmasında etkili olan en önemli 

virülans faktörleridir. 

H. pylori’nin virülans faktörlerinin yanı sıra konağın H. pylori enfeksiyonuna karşı 

oluşturduğu bağışıklık yanıtı da enfeksiyonun doğuracağı klinik tablolar açısından 

oldukça önemlidir. T hücreleri, hücresel bağışıklık yanıtının parçası olup H. pylori 

enfeksiyonundan korunmada önemli göreve sahiptirler. Gelişimleri timusta 

gerçekleşir ve sonrasında periferdeki sekonder lenfoid organlara göç ederler. T 

hücreleri,  CD8
+ 

sitotoksik T hücreleri, CD4
+ 

yardımcı T hücreleri ve düzenleyici T 
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hücreleri (CD4
+
CD25

+ 
Treg) olmak üzere üç gruba ayrılmaktadır. Yardımcı T 

hücreleri konağın gösterdiği bağışıklık yanıtında aracı hücrelerdir. Yardımcı T 

hücreleri T yardımcı 1 (Th1), T yardımcı 2 (Th2) ve T yardımcı 17 (Th17), T 

yardımcı 9 (Th9) ve T yardımcı 22 (Th22) olarak adlandırılan beş ayrı yardımcı T 

hücrelerine farklılaşmaktadır. Th1 hücreleri kaynaklı bağışıklık yanıtı hücre içi 

patojenlere karşı korumada rol almaktadır. Th2 hücreleri, hücre dışı parazitlere karşı 

oluşturulacak bağışıklık yanıtında görevlidir. Th1 ve Th2 hücrelerinden farklı olan ve 

yakın zaman önce tanımlanan Th17 hücreleri ise hücre dışı mikroorganizmalara karşı 

konak savunma mekanizmalarından sorumludur. Th9 hücrelerinin patolojik rolü çok 

açık olmamakla birlikte, pro-inflamatuar Th17 hücrelerinin yol açmış olduğu 

bağışıklık yanıtını arttırdığı ve T hücre toleransını aracı olarak kullanarak allograft 

reddini önleyebildiği gösterilmiştir. Th22 hücreleri mikrobiyal patojenlere karşı 

savunmada, doku onarımı ve doku yenilenmesinde rol almaktadır.  

Düzenleyici T hücrelerinin (Treg) temel görevi ise bağışıklık yanıtının kontrol 

altında tutulmasını sağlamaktır. Otoimmün yanıtların oluşmasının engellenmesinde 

ve enfeksiyon sonrasında patojen mikroorganizma temizliğinde de görev almaktadır. 

CD4
+
 T hücrelerinin polarize yanıtları, salgıladıkları sitokin profillerine göre farklılık 

göstermektedir.  

Daha önce yapılan bilimsel çalışmalarda T hücreleri ile Helikobakter pilori 

enfeksiyonu arasındaki ilişki açıkça ortaya konmuştur ve belirtilen T hücre 

yanıtlarının H. pylori’nin farklı suşlarının içerdiği virülans faktörlerine göre farklılık 

gösterebileceği öne sürülmüştür. Konağın vücut bağışıklık yanıtına bağlı olarak,  Th1 

ve Th17 yardımcı hücrelerini kapsayan CD4+ T hücreleri H. pylori ile enfekte olan 

hastalarda enflamatuvar yanıtta yer almaktadır ve CD4
+
CD25

+
 düzenleyici T 

hücrelerinin miktarı H. pylori ile enfekte olan hastaların mide mukozasında ve 

periferik kanınında yüksek oranda bulunmaktadır. Fakat H. pylori enfeksiyonunda 

önemli rolü olan 9 virülans faktörünün; CagA, VacA, OipA, BabA, HpaA, NapA, 

DupA, UreA, UreB H. pylori ile enfekte olan hastarda görülen T hücre yanıtı ile 

(Th1, Th17 ve Treg) arasındaki ilişkileri tam olarak bilinmemektedir. 

Gerçekleştirdiğimiz çalışmamızda, H. pylori enfeksiyonunda önemli olduğu 

düşünülen dokuz virülans faktörü için geliştirilecek olan çoklu-PZT’nin sonuçları ile 

H. pylori ile enfekte gastritli ve ülserli hastalarda gelişen T hücre yanıtlarının, Th1, 

Th17ve Treg, arasındaki ilişkinin belirlenmesi amaçlanmıştır.  

Çalışmaya 1 yıl boyunca Acıbadem Hastaneleri Gastroenteroloji Servisi’ne dispepsi 

yakınmasıyla başvuran ve Endoskopi bölümünde gastroduodenoskopi uygulanan - 

18-65 yaş arası, çalışma kriterlerine uygun 18 ülserli, 62 gastritli toplam 80 erişkin 

hasta dahil edilmiştir. Negatif kontrol olarak ise18 reaktif gastropati tanısı konulan 

hasta kullanılmıştırdı. Endoskopi yapılan hastalardan antrum küçük kurvaturdan 2 

adet, korpus büyük kurvaturdan 2 adet olmak üzere toplamda 4 adet biyopsi örneği 

alınmıştır. Alınan biyopsi örneklerinin birinden DNA, diğerinden ise RNA 

izolasyonu yapılmıştır. İzole edilen DNA örnekleri dokuz farklı virülans genini bir 

arada saptayabilmek için geliştirilmek istenen çoklu-PZT çalışmaları için 

kullanılmıştır. RNA örnekleri ise T hücre alt gruplarının belirteçleri olan 

transkripsiyon faktörleri ve sitokinlerin RNA düzeyinde ekspresyonlarının 

incelenmesi için kullanılmıştır.  Virülans faktörleri ve Th1, Th17 ve Treg hücrelerine 

ait sitokinler ve transkripsiyon faktörlerini belirleyebilmek için primerler 

tasarlanmıştır. Çalışmaya virülans faktörlerini bir arada saptayabilmek için 

geliştirilmek istenen çoklu-PZT ile başlanılmış, H. pylori’ye ait olan tüm virülans 

faktörlerini taşıdığı bilinen G27 suşu pozitif kontrol olarak kullanılarak çoklu PZT 
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için tepkime denemeleri ve optimizasyon çalışmaları yapılmıştır. Ayrıca sadece ureA 

ve ureB genlerini tek bir PZT ile saptayabilen bir yöntemde geliştirilmiştir. T hücre 

alt gruplarının belirteçleri olan transkripsiyon faktörleri ve sitokinler için 

konvansiyonel PZT ile izlenebilir PZT’de standart eğriyi belirleyebilmek için pozitif 

hasta grupları bulunmuş ve optimizasyon çalışmaları tamamlanmıştır.  Optimize 

edilmiş izlenebilir PZT ile içerisinde 62 gastritli ve 18 ülserli hasta grubunun 

bulunduğu 80 hasta için Th1, Th17 ve Treg hücrelerinin gruplarının belirteçleri olan 

transkripsiyon faktörleri (RORɣT, FOXP3) ve sitokinlerin (IFNɣ, IL-17) RNA 

düzeyinde ekspresyonları izlenebilir PZT ile incelenmiştir.  

Çoklu-PZT optimizasyon çalışmaları sonucunda 9 farklı virülans genini üç farklı 

PZT karışımı ile saptamak olanaklı hale gelmiştir. ureA, ureB, cag A, hpaA, napA 

genlerinin bir karışımda, oipA, dupA, vacA genlerini bir karışımda ve babA genini bir 

karışımda saptamak olanaklı olmuştur. Çalışma sırasında geliştirilen yalnızca ureA 

ve ureB genini içeren çoklu bir PZT tepkimesi ile çalışma grubundaki hastalara üreaz 

taraması yapılmıştır. Geliştirilen çoklu üreaz PZT sonuçları ile hasta örneklerine 

uygulanan hızlı üreaz testi ve patolojik değerlendirme sonuçları arasında 

karşılaştırma çalışması yapılmıştır. Karşılaştırma çalışmaları sonuçlarına göre çoklu 

üreaz PZT ve patolojik değerlendirme yöntemlerinin hızlı üreaz test yöntemine göre 

daha benzer ve duyarlı sonuçlar verdiği belirlenmiştir. Çoklu-PZT sonuçları ve 

gerçek zamanlı-PZT sonuçları biyoinformatik çalışmalar ile bir araya getirilerek H. 

pylori enfeksiyonu sonucunda oluşabilecek gastrit ya da ülseri birbirinden 

ayırabilecek faktörleri birarada gösteren bilgisayar tabanlı modeller oluşturulmuştur. 

Çoklu-PZT sonuçlarına göre test edilen bütün virülans faktörleri içerisinde napA geni 

ülserli hastalarda gastritli hastalara göre daha yüksek oranda pozitif bulunmuştur. 

Ülserli ve gastritli hastalarda DupA virülans faktörü ile IFN-γ arasında, babA 

virülans faktörü ile IL-17 arasında pozitif ilişki bulunmuştur. Bilgisayar tabanlı 

modelleri doğrultusunda hastalardan izole edilen H. pylori’nin vacA m1/m2, ureA ve 

cagA gen durumlarının, enfekte olan hastaların IFN-γ (Th1), IL-17 (Th17) ve FOXP3 

(Treg) ekspresyon seviyelerinin bilinmesi ile enfeksiyonun doğuracağı klinik 

sonuçları önceden tahmin etmek olanaklı hale gelmiştir. Yapılan bu çalışmada H. 

pylori’ ye ait olan 9 virülans faktörü ile Th1, Th17 ve Treg hücre yanıtları arasındaki 

ilişki gastritli ve ülserli hastalarda açıkça ortaya konmuştur. Bu çalışma ile literatürde 

bilindiği üzere ilk defa H. pylori ile enfekte olan hastalardan izole edilen bakteri 

izolatlarının sahip olduğu virülans faktörleri ile hastaların bağışıklık yanıtı 

ilişkilendirilerek bilgisayar bazlı modeller kullanarak klinik sonuçlarını önceden 

tahmin etmek olanaklı hale gelmiştir. 
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1. INTRODUCTION 

1.1 Human Stomach 

Helicobacter pylori (H. pylori) has its ecological niche in the human stomach which is a 

thick- walled muscular organ that lies between the esophagus and the first part of the 

small intestine. Together with the digestive process function, human stomach eliminates 

the invasion of microorganisms because of its highly acidic environment where pH 

range changes between 1 and 2, due to the gastric acid production. In addition, the entire 

epithelial surface of the human stomach is covered with a thick layer of secreted mucus 

that acts as a physical barrier to prevent pathogens from colonizing and interacting with 

the underlying epithelium (Figure 1.1).  

However, H. pylori is able to colonize in the acidic environment of stomach by 

overcoming the thick mucus barrier. Urease enzyme production and motility function of 

H. pylori are two essential factors that play role in colonization inside the human 

stomach (Sherwood, 1997). 



2 

 

 

Figure 1.1 : Structure of human stomach (adapted from Cancer Information and Support 

Network [CISN], 2013). 

1.2 Microbiology of H. pylori 

1.2.1 Morphology 

H. pylori is a gram negative, spiral - shaped bacterium, approximately 3.5 μm in length 

and a diameter of about 0.5 μm. It is motile normally with a unipolar bundle of two to 

six sheathed flagella (about 3 μm long) which enable the bacteria to move in mucous 

layer of the gastric epithelium (Figure 1.2) (Doig et al., 1995). Each flagellum has a 

flagellar sheath as an extension of the outer membrane that protects the acid-labile 

flagellar structure from the attack of the stomach acid (Hawtin et al., 1990). 
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Figure 1.2 : Image of H. pylori, 10,000x computer- aided design, shows curved shape 

and flagella of the bacterium that enable the bacterium to propel  

itself into the mucus lining of the stomach ( adapted from The Helicobacter 

Foundation, 2015). 

1.2.2 Cellular envelope 

H. pylori has a unique outer membrane structure. The peptidoglycan layer of H. pylori 

contains a high amount of muropeptides, with a pentapeptide side chain ending in 

glycine and containing (1–6)-anhydro-N-acetylmuramic acid (Costa et al., 1999). 

1.2.3 Respiration and metabolism 

H. pylori is a microaerophilic bacterium that requires oxygen, but at a lower 

concentration than found in the atmosphere. H. pylori is a slow growing microorganism 

that can be cultured on solid media including blood or selective media like brucella agar 

supplemented with 5% horse blood, or brain heart infusion media with 7 % horse blood 

incubated at 37ºC for 3 to 7 days under 5% to 10% oxygen and 5% to 12% carbon 

dioxide with humidity conditions (Goodwin & Worsley, 1993). 

H. pylori produces oxidase, catalase, and urease enzymes that facilitate biochemical 

diagnosis of bacteria (Stark et al., 1999). Urease enzyme is vital for bacterial survival 

and colonization in the acidic stomach environment. In addition, bacterium contains a 

hydrogenase, which can be used to obtain energy by oxidizing molecular hydrogen (H2) 

produced by intestinal bacteria (Olson & Maier, 2002). H. pylori species are capable of 

forming biofilms (Stark et al., 1999). When the environment is not suitable for its 

survival it can convert from spiral to viable but nonculturable coccoid form. 

1.2.4 Microscopic features 

Under the microscope, it is possible to detect H. pylori that is stained by gram stain, 

giemsa stain, haematoxylin-eosin stain, Warthin-Starry silver stain and acridine-orange 

http://www.ncbi.nlm.nih.gov/books/NBK2462/#A717
http://www.ncbi.nlm.nih.gov/books/NBK2462/#A722
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Oxidase
http://en.wikipedia.org/wiki/Catalase
http://en.wikipedia.org/wiki/Urease
http://en.wikipedia.org/wiki/Hydrogenase
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Gut_flora
http://en.wikipedia.org/wiki/Biofilm
http://en.wikipedia.org/wiki/Viable_but_nonculturable
http://en.wikipedia.org/wiki/Coccus
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stain. When the bacteria are stained with the gram staining it appears as gram-negative 

rods (Bode et al., 1993). 

1.3 History of H. pylori Infection 

Over 100 years ago, a Polish Clinical Researcher Prof. W. Jawroski at the Krakow 

Jagiellonian University described spiral shaped microorganisms in the human stomach. 

In the late 1970s Robin Warren, a Pathologist in Perth, noticed these bacteria on the 

inflamed gastric mucosa. He wondered whether there was a relationship between the 

inflammation and these bacteria. Then he learned that European pathologists had found 

similar microorganisms in the late 19th century, but they were not able to grow them in 

culture (Marshall & Warren, 1984). Barry Marshall, a young trainee in internal 

medicine, started to work with Warren on his observations. However, initially they had 

also difficulties culturing these unknown bacteria. They thought this curved shaped 

gram-negative bacteria from the biopsy samples were Campylobacter species, which 

cultured on selective media under microaerobic conditions within 48 hours. They began 

with 30 patients, but they did not achieve cultivation of the microorganism isolated from 

biopsy samples. Then, the Easter Holidays arrived; accidentally one of the cultures was 

incubated 5 days instead of the usual 2 days in the hospital laboratory and colonies were 

seen on this culture plate. Microorganisms isolated from the patients were called as 

Campylobacter like organisms (CLO) then in a short period of time Campylobacter 

pyloridis and Campylobacter pylori because of their similarity to the Campylobacter 

genus. Later, based on the differences between the newly isolated bacterium and 

Campylobacter, new bacterium was called as Helicobacter pylori (H. pylori) (Marshall 

& Warren, 1984). In 1985, Barry Marshall swallowed H. pylori to prove that it causes 

ulcer. However, instead of developing ulcer symptoms, he developed gastritis 

symptoms. In this way, Barry Marshall proved that Helicobacter pylori caused gastritis. 

At this time, it had become clear that H. pylori infection was strongly associated with 

gastric mucosa inflammation. Later connection between H. pylori and ulcer was 

eventually deduced from epidemiological studies that showed an increased incidence of 

ulcers in persons infected with the bacteria.  
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After Warren and Marshall’s publication, other investigators were able to culture the 

bacteria from their patients with gastritis and ulcer. In 1994, National Institutes of Health 

in America concluded that H. pylori was a major cause of peptic ulcer diseases as noted 

earlier by Marshall and Warren. In 2005, Warren and Marshall were awarded the Nobel 

Prize for their work on H. pylori (Kirsner et al.,1994). 

1.4 Epidemiology of H. pylori Infection 

Over the last few decades, the epidemiology of H. pylori infection has been changing in 

most countries with a decline of the prevalence of the infection. Changes have been 

confederate with a paralel decline in peptic ulcer disease, gastric cancer and other related 

diseases as gastroesophageal reflux disease, allergies and asthma. However, it has been 

shown in several studies that the prevalence of H. pylori is still high in most countries. 

In north European and North American populations, about one-third of adults are still 

infected with this pathogen, whereas in south and east Europe, South America, and Asia, 

the prevalence of H. pylori infection is frequently higher than 50% (Eusebi et al., 2014; 

Sonnenberg, 2013). 

1.4.1 Prevalence of H. pylori infection 

The global prevalence of H. pylori infection is more than 50%. In developing countries 

the prevalence is higher than in the developed countries (Table 1.1 and 1.2). The 

prevalence of H. pylori infection is closely related with age, ethnicity, gender, 

geography and socioeconomic status (Sonnenberg, 2013). 

In Europe, the prevalence of H. pylori infection appears to be lower in Northern 

countries than in Eastern and Southern countries (van Blankenstein et al., 2013). In 

South-Western Europe, Portugal, the prevalence reaches to 84.2 %. Turkey has the 

highest prevalence of H. pylori infection among the eastern European countries 

(Ozaydin et al., 2013). In North America, the prevalence of H.pylori seems to be similar 

to northern Europe (Sethi et al., 2013). In Asia, prevalence of H. pylori infection 

changes from 28.3 % to 86 %. Nigeria has the highest prevalence rate between the 

countries of Africa (Fock & Ang, 2010). 
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The prevalence of H. pylori infection in children is shown in Table 1.2. In Portugal the 

prevalence rate is 66.2%. In Brazil prevalence rate is 41.1% among children and young 

adults aged between 2 and 19 years old. Higher rate of infection was reported in Iran, 

where the prevalence is 50.5% (Ghasemi-Kebria et al., 2013). 

Table 1.1 : Prevalence of H. pylori infection in adults reported by studies published in 

2013 (Eusebi et al., 2014). 

Country 

(Reference) 
Setting Number 

Diagnostic 

Method 

Prevelance of 

Helicobacter 

pylori % 

References 

Western Europe 

The Netherlands Blood donors 1550 Serology 31.7 (van Blankenstein et al., 2013) 

The Netherlands Pregnant women 6837 Serology 46 (den Hollander et al., 2013) 

Portugal General population 2067 Serology 84.2 (Bastos, Peleteiro, Barros, et al., 2013) 

Eastern Europe      

Cyprus Patients with dyspepsia 103 PCR 39.8 
(Krashias, Bashiardes, Potamitou, 

Potamitis, & Christodoulou, 2013) 

Turkey General population 4622 UBT 82.5 (Ozaydin et al., 2013) 

America      

Canada Aborginal population 203 Histology 37.9 (Sethi et al., 2013) 

Mexico Pregnant women 343 Serology 52.2 (Alvarado-Esquivel, 2013) 

Asia      

Saudi Arabia Healty individuals 456 Serology 28.3 (Sethi et al., 2013) 

Korea Routine health check-up 10796 Serology 54.4 (Fock & Ang, 2010) 

India Patients with dyspepsia 2000 
Histology 

RUT 
58 (Sodhi et al., 2013) 

India Patients with dyspepsia 530 
Histology 

Urease Test 
62 (Adlekha S, 2013) 

China Healty individuals 5417 UBT 63.4 (Y. Zhu, Zhou, Wu, Su, & Zhang, 2014) 

Bhutan Volunteers 372 

Histology 

RUT 

Culture 

Serology 

73.4 (Vilaichone et al., 2013) 

Bhutun Patients with dyspepsia 244 Serology 86 (Dorji et al., 2014) 

Kazakhstan 
Asymptomatic and 
patients with dyspepsias 

835 Serology 76.5 (Benberin, 2013) 

Africa      

Ethiopa Selected population 1388 Serology 65.7 (Mathewos, 2013) 

Morocca Patients with dyspepsia 429 

Histology 

RUT 

Culture 

75.5 (Benajah, 2013) 

Nigeria Patients with dyspepsia 125 
Serology 

Histology 

93.6 

80 
(Benajah, 2013) 
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Table 1.2 : Prevalence of H. pylori infection in children reported by studies published in 

2013 (Eusebi et al., 2014). 

Country 

(Reference) 

Age of 

included 

subjects 

Number 
Diagnostic 

method 

Prevelance of 

Helicobacter 

pylori % 

References 

Western Europe 

Belgium 12-25 516 UBT 11 
(Olokoba, Gashau, Bwala, Adamu, & 

Salawu, 2013) 

Portugal 13 1312 Serology 66.2 (Bastos, Peleteiro, Pinto, et al., 2013) 

America      

Brazil 2-19 129 

Histology 

RUT 

Culture 

41.1 (Bastos, Peleteiro, Pinto, et al., 2013) 

Asia      

China 1-18 1634 
Histology 

RUT 
32.1 (Yu, Su, Wang, Wang, & Xu, 2014) 

Iran 1-15 194 Serology 50.5 (Ghasemi-Kebria et al., 2013) 

1.4.2 Risk factors for H. pylori infection  

Risk factors for H. pylori infection appears to be during childhood and early adult years 

(Gersten & Wilmoth, 2002). The vast majority of infections are asymptomatic, but 

infected individuals often have histological evidence of gastritis. Household hygiene, 

socioeconomic status, occupation, family income level, living conditions, cultural 

background and genetic factors are mainly focused risk factors for H. pylori infection. 

Individuals with lower education have higher risk than individuals with higher 

education. Also, the parent’s education level is one of the determinants as parents with 

higher education have lower risk for the H. pylori infection. Although no significant 

association has been found between the lifestyle habits, smoking, dietary, alcohol 

drinking, gender, age, and infection, these factors may be supposed as risk factors for H. 

pylori infection (Dorji et al., 2014; Hanafi & Mohamed, 2013; Vilaichone et al., 2013). 

1.4.3 Transmission 

The mode of transmission of H. pylori infection remains poorly understood. Although 

person-to-person transmission is accepted as the main route, there are many other 

transmission routes (Akamatsu et al., 1996). Iatrogenic transmission occurs when the 

same tubes or endoscopes are used for different patients during endoscopy (Lin et al., 

1994). Consumption of faeces contaminated water or foods are examples for the fecal to 

oral transmission route. The use of the same spoon by both mother and child is one of 

the causes for the oral-to-oral transmission route of H. pylori infection (Megraud, 1995). 
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1.4.4 H. pylori recurrence after eradication treatment 

Recurrence of H. pylori infection after successful eradication treatment is rare in 

developed countries and more frequent in developing countries (Gisbert, 2005). 

Recurrence is defined as recolonization of the same strain rather than a new strain that is 

defined as reinfection. As a clinical problem, recrudescence develops as a result of the 

treatment failure. Recrudescence rate is very high during the first year of treatment, then 

this rate decreases. However, reinfection risk is high for the treated patients during their 

lifespan. For H. pylori infection accurate diagnosis is difficult and most diagnoses rely 

on molecular methods which confirm that the identified bacteria are genetically identical 

(Peitz et al., 1999; Xia et al., 1997). High H. pylori recurrence rate has been seen in 

areas with low socioeconomic development because of the failure in treatment. 

1.5 H. pylori Associated Diseases 

Since the initial report about H. pylori by Marshall and Warren, it remains one of the 

most common human infections which are associated with a number of important upper 

gastrointestinal (GI) diseases including chronic gastritis, peptic ulcer disease, gastric 

cancer, and mucosa-associated lymphoid tissue lymphoma. 

1.5.1 Gastritis 

Gastritis is defined as the inflammation of the stomach in which peptic ulcer and gastric 

cancer may develop (Moller et al., 1994). The relationship between gastritis and H. 

pylori infection can be defined as the adhesion of H. pylori to the stomach lining and 

colonization inhibit the secretory functions of the mucus lining of the stomach and 

indicate a potential deleterious effect on this primary defense mechanism of the gastric 

mucosa. A sudden and severe stomach inflammation is called as acute gastritis. When 

inflammation endures for a long time that is called chronic gastritis. Erosive gastritis is 

another type of gastritis that often does not cause significant inflammation but can erode 

the stomach lining (Dixon, 2001). 

1.5.2 Peptic ulcer 

Peptic ulcer is a defect in the gastrointestinal mucosa when protective factors are 

weakened or the mucosa is exposed to large amounts of aggressive luminal factors, such 
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as acid and pepsin. One of the main causes of peptic ulcer is H. pylori infection. 

Colonization of H. pylori leads to increase in releasing level of gastrin and higher 

amount of gastrin promotes increase in acid secretion which damages intestinal lining 

causing peptic ulcer. Nonsteroidal anti-inflammatory drugs (NSAIDs) and 

acetylsalicylic acid (ASA) drugs are accepted as cause of at least 25% of the peptic 

ulcers (Bao et al., 2010; Wu et al., 2009). 

1.5.3 Gastric cancer 

In 2012, approximately 1 million cases of gastric cancer are diagnosed in the world 

(952,000 cases, 6.8% of the total) making the gastric cancer fifth most common 

malignancy. Gastric cancer is the third leading cause of death in cancer for both sexes’ 

worldwide (723,000 deaths which make up 8.8% of the total) (IARC, 2012). 

The World Health Organisation’s Agency Research for Cancer defined the H. pylori as a 

carcinogen in 1994 (Moller et al., 1994). H. pylori infection is the main cause of gastric 

cancer. In addition to H. pylori infection and accompanied inflammatory response there 

are other risk factors for gastric cancer such as host gene polymorphisms and dietary 

factors like high salted diet, older age, gender, tobacco smoking, a history of stomach 

surgery for benign conditions, and a family history of stomach cancer (Marshall et al., 

1985). 

Diffuse-type gastric cancer and intestinal-type adenocarcinoma are two distinct variants 

of gastric carcinoma. Diffuse-type gastric cancer is defined as infiltration of neoplastic 

cells that do not form glandular structures. Intestinal-type adenocarcinoma is defined as 

the transition from normal mucosa to chronic superficial gastritis followed by atrophic 

gastritis and intestinal metaplasia resulting with dysplasia and adenocarcinoma (Correa, 

1996; Sipponen & Marshall, 2000). 

Mucosa-associated lymphoid tissue (MALT) lymphoma is another cancer type 

associated with chronic H. pylori inflammation. Untreated H. pylori infection causes 

inflammation of the stomach lining and over time, this may lead to MALT lymphoma 

development (Parsonnet et al., 1994). 

http://en.wikipedia.org/wiki/Helicobacter_pylori
http://en.wikipedia.org/wiki/Inflammation
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1.6 Pathogenesis of H. pylori Infection 

The pathogenesis of H. pylori infection in humans begins with entry; adherence and 

colonization of the bacteria to human gastric mucosa then continue with avoidance, 

subversion, or exploitation of the bacteria from the human immune system. This lasts 

with multiplication, tissue damage, and transmission to a new susceptible host or spread 

to adjacent tissue. Mainly, persistance and pathogenesis of H. pylori in the human 

stomach depends on its colonization on the gastric mucus layer and bacterial virulence 

factors which play important role in the progress of infection. 

1.6.1 H. pylori colonization 

The colonization of the H. pylori on the gastric mucus layer is the basis for 

pathogenecity and virulence (Figure 1.3). Motility is the first crucial step in the 

colonization of H. pylori. Flagella are essential for the motility of H. pylori and are 

important for the early stage of infection. H. pylori presents a typical bulb-like structure 

at its distal end that corresponds a dilation of the flagellar sheath. The sheath of flagella 

is an extension of the bacterial outer membrane and it protects the acid-labile flagellar 

structure from the attack of the gastric acid (Geis et al., 1993). 

There are three structural elements of the H. pylori flagella: a basal body that is 

embedded in the cell wall and comprises the proteins needed for rotation and 

chemotaxis; an external helically shaped filament that works like a propeller when 

rotated at its base; and a hook that attends as a joint between the flagellar filament and 

the basal body. Approximately there are more than 50 putative proteins that are involved 

in expression, secretion, and assembly of flagellar apparatus (Alm et al., 1999; Tomb et 

al., 1997). FlaA and FlaB are two flagellar proteins that play a role in the full motility of 

bacteria. FlgE and FliD are hook-associated proteins that are also essential for the 

motility and colonization (O'Toole et al., 1994). 

The second crucial step in the colonization is urease enzyme production of H. pylori. By 

the help of the urease enzyme bacteria can live in the acidic conditions of the gastric 

lumen. In the absence of urea, H. pylori can survive at a pH range between 4.0 and 8.0. 

However, urea helps H. pylori to survive at pH lower than 2.5. Urease enzyme catalyses 

the hydrolysis of urea to carbon dioxide (CO2) and ammonia (NH3). Production of NH3, 

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Info&id=210
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which acts as an acceptor for the H
+
 ions, leads to increase of local pH of the stomach 

environment where H. pylori can colonize. In addition, the production of NH3 may 

facilitate the formation of NH3-derived compounds, such as monochloramine, which has 

cytotoxic effects on host cells (Suzuki et al., 1992). Urease production of H. pylori 

allows short-term survival in the highly acidic evironment of gastric lumen, whereas 

motility allows rapid movement toward the more neutral pH zone of the gastric mucosa 

(Nakamura et al., 1998). 

Adherence is the third crucial factor for H. pylori colonization in the human stomach. 

Adhesion to the gastric epithelium prevents the bacteria being eliminated from the 

stomach by mucus turnover and gastric peristalsis. In addition, it helps to deliver 

bacterial effector proteins such as CagA and VacA to the host cell and has an important 

role in the nutrient uptake of bacteria from the host cells, which were damaged by the 

inflammation. Better adherence means better colonization in the host gastric epithelium. 

H. pylori expresses different adhesins that bind to specific host-cell receptors, to 

facilitate adherence on host tissue surface (Testerman et al., 2001). 
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Figure 1.3 : The colonization of the H. pylori on the gastric mucus layer; (1) H. pylori 

penetrate the mucus layer of host stomach and adhere the surface of gastric 

mucosal epithelial cells, (2) produce ammonia from urea by the urease, 

and the ammonia neutralizes the gastric acid to escape from elimination, 

(3) proliferate, migrate, and finally form the infectious focus, (4) the 

gastric ulceration is developed by destruction of mucosa, inflammation and 

mucosal cell death (adapted from BioWeb.edu.tr, 2016). 

1.6.2 Virulence factors of H. pylori 

Virulence factors are important for understanding the relationship between the bacterial 

phenotype with specific manifestations of disease and elucidating mechanisms of 

pathogenesis. Virulent strains are accepted to be more aggressive and increase the risk of 

developing H. pylori related gastric diseases.Virulence factors with potential predictive 

value for specific pathologies include; VacA, CagA, OipA, HpaA, DupA, NapA, BabA, 

UreA, and UreB. 

1.6.2.1 Vacuolating cytotoxin gene A (vacA) 

Vacuolating cytotoxin A (VacA) is one of the most extensively studied toxins produced 

by H. pylori. Approximately 50% of H. pylori strains secrete this highly immunogenic 

95-kDa protein. In addition to the induction of vacuolation, as named with reference to 
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form “vacuole-like’’ membrane vesicles in the cytoplasm of gastric cells, vacA has 

variety of effects on target cells, including colonization of H. pylori, cytochrome c 

release from mitochondria leading to apoptosis, disruption of mitochondrial functions, 

and binding to cell membrane which is followed by the initiation of a proinflammatory 

response, blockade of T-cell proliferation. Membrane channel formation, disruption of 

endosomal and lysosomal activity, effects of integrin receptor-induced cell signaling, 

interference with cytoskeleton-dependent cell functions, induction of apoptosis, and 

immune modulation are other activities of the VacA protein (Cover & Blanke, 2005).  

The vacuolating cytotoxin gene A (vacA) is possesed by approximately 50 % of H. 

pylori strains, but the sequence heterogenecity within the vacA gene causes vacuolating 

activities among strains. There are two divergent regions: The signal region (s) and the 

middle region (m). Signal region has been grouped into three different types; s1a, s1b 

and s2 (Figure 1.4). The middle region, which contains the p58 cell binding domain, has 

been grouped into m1 and m2 (van Doorn et al., 1998). Vacuolating activity is high in 

s1/m1 genotypes, intermediate in s1/m2 genotypes, and absent in s2/m2 genotypes 

(Atherton et al., 1995). The intermediate region (i) region between the s and m region, 

has been identified in 2007. All s1/m1 strains were classified as i1 type, s2/m2 strains 

were classified as i2 type (Rhead et al., 2007). Recently, d region, between the i and m 

regions has been identified. The d region is divided into d1 without deletion and d2 with 

a 69 to 81 bp deletion (Ogiwara et al., 2009).  

 

 

 

 

Figure 1.4 : Mosaic structure of the vacA gene; Three variable regions in the vacA gene 

sequence are the signal region (s region), mid- region (m region) and 

intermediate region (i region). There are two types of allelic variations in 

the s region and m region as s1, s2 and m1, m2. i1, i2 and i3 are the allelic 

variations in the intermediate region. 
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1.6.2.2 Cytotoxin- associated gene A (cagA)  

Pathogenecity islands (PAIs) are horizontally acquired genetic elements that contain 

virulence genes. The cytotoxin associated gene (cag) PAI of H. pylori encodes a type IV 

secretory system that allows the translocation of effector molecules, such as CagA 

virulence factor, into the host cell (Covacci & Rappuoli, 2000). The cag-PAI is 40 kb in 

size and encodes approximately 30 genes which are multicistronic and involved in the 

biogenesis of type IV secretion system (Censini et al., 1996). Moreover, expression of 

the genes within the cag PAI determines the differences in the ability of H. pylori strains 

to trigger chemokines from gastric mucosa (Atherton, 2000). Following H. pylori 

adherence to host cells, CagA is injected from bacterium into the bacterium-attached 

gastric epithelial cells and subsequent tyrosine phosphorylation by Src family kinases 

within epithelial cell where CagA functions as a scaffolding adaptor and interacts with at 

least ten host proteins that regulate cell growth, motility, polarity and intracellular signal 

transduction (Hatakeyama & Higashi, 2005). 

CagA virulence factor is translocated into gastric epithelial cells. After translocation it 

localizes to the inner surface of the plasma membrane, in which it undergoes tyrosine 

phosphorylation at the Glu-Pro-Ile-Tyr-Ala (EPIYA) motif. EPIYA motifs found on the 

CagA are phosphorylated and induce strong immune response. The number of EPIYA 

motifs present on CagA varies amongst the strains. Strains with high motif number show 

more biological activity, more virulence and play a potential role in development of 

gastric cancer (Higashi et al., 2002). 

1.6.2.3 Cag type IV secretion system (Cag-T4SS) 

Many gram-negative bacteria possess type IV secretion system that serves as a syringe-

like pilus structure (also called T4SS pilus) protruding from the bacterial surface and is 

driven by host cell contact to acquire genetic materials, DNA-protein complexes or to 

inject virulence factors (Kwok et al., 2007; Rohde et al., 2003). 

Type IV secretion system (T4SS) in H. pylori is responsible for injection of cytotoxin 

associated antigen A (CagA) across the bacterial cell envelopes into human gastric 

epithelial cells leading to pathogenesis (Kwok et al., 2007). The delivery of CagA by the 

T4SS requires a host cell receptor, the integrin member β1 and phosphatidylserine. 
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Numerous structural T4SS components have been demonstrated to bind to integrin β1 

including CagA, CagI and CagY but excluding CagL (Jimenez-Soto et al., 2009; 

Murata-Kamiya et al., 2010). CagL is responsible for the formation of the pilus tips of 

the T4SS that includes an arginine-glycine-aspartate (RGD) motif leading to bacteria to 

bind α5β1 integrin on the surface of target cell. CagI is another protein which plays role 

in part of cagPAI. CagM protein is important for the translocation of CagA from the 

cytoplasm to the bacterial membrane. Non-Cag-PAI proteins have also been involved in 

the CagA translocation. HopQ is one of the non-Cag-PAI proteins which is required for 

the CagA translocation (Kumar et al., 2013; Kwok et al., 2007). 

1.6.2.4 Outer inflammatory protein A (OipA) 

The outer membrane proteins of H. pylori play an important role in pathogenesis. The 

outer inflammatory protein A (OipA) is one of those membrane proteins which plays the 

key role in the bacterial adhesion to gastric cell and development of inflammation. OipA 

functional status is regulated by slipped-strand mispairing within CT dinucleotide 

repeats in the 5’ terminus of the gene. Variation in the number of CT dinucleotide 

repeats in the 5’ terminus means that an active protein may or may not be produced. This 

slipped-strand repair mechanism based on the adaptation system is called phase 

variation. When there is 6, 9, (1 + 3), (2 + 3), (1 + 2), (1 + 1 + 1), (1 + 1 + 2) or other CT 

dinucleotide repeats, peptide kept in frame which means oipA gene is “on” status. 

Otherwise, the status is “off”, which leads to nonfunctional oipA gene. OipA ‘’on’’status 

is associated with more severe gastric diseases as ulcer and gastic cancer because of 

increased bacterial adherence and colonization (Kudo et al., 2004; Yamaoka et al., 

2006). 

1.6.2.5 Blood group antigen-binding adhesion protein A (BabA) 

BabA is one of the major outer membrane proteins (OMPs) that mediates the binding of 

bacterium to the fucosylated Lewis b blood group antigen, Le
b
, and related to terminal 

fucose residues found on blood group ABO antigens that are expressed on the surface of 

the gastric epithelial cell. Lewis b-dependent attachment of H. pylori to gastric epithelial 

cell is associated with increased severity of inflammation (Rad et al., 2002). BabA 
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binding to Le
b 

is also important for induction of DNA double-strand breaks and DNA 

damage response in host cells (Toller et al., 2011). 

1.6.2.6 Duodenal ulcer promoting gene A (dupA) 

The duodenal ulcer promoting gene A of H. pylori has been identified as a novel virulent 

marker associated with an increased risk for duodenal ulcer. The dupA is located in the 

plasticity region of the H. pylori that is homologous to virB4 gene encoding a 

component protein of the T4SS in A. tumefaciens. DupA pathogenesis induces the IL-8 

production from the antrum part of the stomach leading to antrum-predominant gastritis 

which is a characteristic of duodenal ulcer. Moreover, the presence of dupA was 

associated with increased mucosal neutrophil infiltration and its presence was inversely 

related to mucosal atrophy and gastric cancer (Lu et al., 2005). 

1.6.2.7 Neutrophil - activating protein A (NapA) 

One of the most common finding in H. pylori infection is the infiltration of neutrophils 

and mononuclear cells within the gastric mucosa. There is a correlation between the 

neutrophil infiltration and mucosal damage (Davies et al., 1992; Fiocca et al., 1992). 

Neutrophil-activating protein A (NapA) is a water-soluble 150 kDa dodecameric protein 

that has been identified as a major H. pylori infection related virulence factor and 

promotes neutrophil infiltration to the site of the infection (Zanotti et al., 2002). NapA 

promotes endothelial adhesion of neutrophils and stimulates high production of oxygen 

radicals from polymorphonuclear leukocytes (PMNs). Moreover napA increases the 

synthesis of tissue factor and secretion of type-2 plasminogen activator inhibitor by 

monocytes/macrophages. NapA is localized in the cytosol of bacteria and released upon 

autolysis. Following autolysis, it binds to the external surface of the outer membrane of 

bacteria to mediate the binding of H. pylori to the cell surface of host cell via interaction 

with carbohydrates (Cover et al., 1994; Namavar et al., 1998). The production of 

reactive oxygen radicals by induced neutrophils is a key component of the innate 

immune system. Also, neutrophils are an effective antimicrobial agent against H. pylori 

as well as a factor that maintains mucosal damage and gastritis (Evans et al., 1995; Satin 

et al., 2000). 
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1.6.2.8 Putative neuraminyllactose-binding hemagglutinin homologue A (HpaA) 

H. pylori adheres to the receptor on the surface of the gastric epithelial cells by its 

adhesin molecules. HpaA is a putative neuraminyllactose-binding hemagglutinin protein 

A that enables the bacteria to adhere host gastric epithelial cells surface. HpaA has also 

been described as a flagellar sheated protein (Evans et al., 1988; Evans et al., 1993; 

Jones et al., 1997). This protein acts as hemagglutinin and aggregates with assembly of 

fibriller structure. 

1.6.2.9 UreaseA gene (ureA) and UreaseB gene (ureB) 

Urease is a pivotal enzyme for decreasing stomach acidity by generating ammonia and 

carbonate from urea (Hu & Mobley, 1990). This enzyme is necessary for H. pylori 

colonization on the gastric mucosa and a potent immunogen that draws out a vigorous 

immune response. H. pylori urease encoding genes are located as a single 6.13-kb gene 

cluster on the chromosome of the bacterium (Clayton et al., 1990; Cussac et al., 1992; 

Labigne et al., 1991). For the synthesis of an active enzyme seven contiguous genes, 

ureABIEFGH, all transcribed in the same direction are necessary (Cussac et al., 1992; 

Hu et al., 1992; Hu & Mobley, 1993). ureA and ureB are the first two genes of the gene 

cluster and their expression is sufficient to produce an assembled apoenzyme. The active 

site of the enzyme is found in the UreB subunit. The UreA subunit of Helicobacter 

species is different from the other bacterial species because its amino acid sequence is 

encoded by the single ureA gene. Two separate genes are needed for the other species 

like Escherichia coli  (Hu et al., 1992). 

1.7 Assays for Diagnosis of H.  pylori 

Diagnostic tests for H. pylori infection can be divided into two groups: invasive 

techniques, which require upper gastrointestinal endoscopy (gastroscopy) and are based 

on the analysis of gastric biopsy specimens, and non-invasive techniques such as 

serology, urea breath test, urine/blood test, or detection of H. pylori antigen in stool 

specimen. 
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1.7.1 Invasive tests 

1.7.1.1 Endoscopic diagnosis  

Endoscopic diagnosis is based on examination that requires the patient to be sedated 

before an endoscope equipped with miniature video equipment is inserted through the 

mouth and down into the upper part of the gastrointestinal tract, which includes the 

esophagus, stomach and duodenum. The gastroenterologist can then take a biopsy 

(sample of tissue) for pathological testing to determine the presence of H. pylori 

infection. Confocal endomicroscopy is one of the most impressive advances in the use of 

endoscopic techniques for visualization of H. pylori colonizing the gastric mucosa 

(Kiesslich et al., 2005). 

In the recent studies that describe gastric mucosal surface pattern with high 

magnification, a good correlation was reported between the histopathological findings 

with a sensitivity and specificity (91–100%) for H. pylori infection and gastric atrophy 

(Anagnostopoulos et al., 2007; S. Kim et al., 2006). However, the present position for 

endoscopy persists for the investigation of obstacle due to H. pylori and sampling 

biopsies for culture, histology, and rapid urease test. 

1.7.1.2 Histology 

Histologic testing is one of the most useful methods for detection of H. pylori infection. 

This test is considered as a gold standard. However, issues include size, number and site 

of the gastric biopsies, staining methods and experience of the examining pathologist 

make this test an imperfect gold standard for the detection of H. pylori infection (el-

Zimaity, 2000). On the other hand, when histology is compared to other diagnostic tests 

it has advantages of evaluation for pathologic changes related with H. pylori infection 

such as inflammation, intestinal metaplasia, athropy and malignancy (Dixon et al., 

1996). 

1.7.1.3 Culture 

Culture is used as a specific and standard diagnostic test for the most of the bacterial 

infections. However, it is time consuming and not necessary for the detection of 

relatively fastidious and slow growing microaerophilic H. pylori. Also, the sensivity of 
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culture has been found to vary between the laboratories because of the H. pylori 

distribution in stomach and challenge in collecting biopsy sample. Other invasive tests 

like histology or rapid urease test are cheaper than the culture method (Makristathis et 

al., 2004; Perez-Perez, 2000). 

In addition to being a specific and standard diagnostic test, culture has advantage of 

being able to detect bacterial drug sensitivity. It has great value to decide the subsequent 

antimicrobial treatment if a patient does not give response to standard antimicrobial 

therapy (Lehours et al., 2003). 

1.7.2 Molecular methods 

In the recent years, molecular tests have been widely used to detect H. pylori infection or 

H. pylori drug resistance based on the specific sequence of H. pylori DNA using 

different molecular techniques. 

1.7.2.1 Polymerase chain reaction (PCR) 

Many assays based on polymerase chain reaction (PCR) techniques have been employed 

to detect H. pylori DNA by using different gene targets from a variety of sources. PCR 

test has sensitivity and specificity over 95% as compared to the other tests (Lage et al., 

1995). However its application and optimization makes these tests more expensive. 

Detection of H. pylori by PCR is possible for the samples such as gastric biopsy, gastric 

juice, dental plaque, saliva, stool etc. Especially, virulence factors are the most important 

targets for PCR. 

1.7.2.2 Quantitative real-time PCR 

The detection of H. pylori DNA by real-time polymerase chain reaction (RT-PCR) is 

promising and there have been numerous studies to increase the sensitivity and 

specificity of this method. Especialy to test the drug resistance, RT-PCR is preferred 

because of its quick and accurate results (Chey & Wong, 2007). 

1.7.2.3 Multiplex-PCR  

Multiplex-PCR is a technique that is used to amplify more than one target in a single 

PCR assay. For the rapid detection of H. pylori infection as well as virulence genes and 
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drug resistance from the gastric samples, multiplex-PCR test is used. In multiplex PCR, 

by using less DNA, two or more loci can be simultaneously amplified in the same 

reaction (Chattopadhyay et al., 2004). 

1.7.2.3.1 Optimization of Multiplex-PCR 

Multiplex-PCR is a technique in which more than one target sequence is amplified using 

more than one pair of primers. The amount of reagents and preparation time is less in 

multiplex- PCR than uniplex-PCR in which several tubes are used. A multiplex-PCR 

method is ideal for conserving costly polymerase and templates in short supply 

(www.premierbiosoft.com). Even though it has many advantages, multiplex-PCR 

technique requires extensive optimization because of having many different parameters 

for each target. The most important steps in optimization of multiplex-PCR design are 

shown in Figure 1.5. The first step is optimizing all PCR parameters for single-target 

amplifications. Then, primers for each target are combined to determine which primer 

sets are compatible with each other. Also thermocycling parameters are optimized to get 

the best multiplex PCR products. The presence of more than one primer pair in the 

multiplex PCR increases the risk of obtaining non-specific amplification products, 

primarily because of the formation of primer dimers. Sometimes these nonspecific 

products are amplified more efficiently than the target product with consuming reaction 

components and producing impaired rates of annealing and extension. Primer design for 

multiplex PCR is a challenging problem. Several factors need to be considered. Primer 

pairs used in a multiplex PCR should enable similar amplification efficiencies for their 

respective target (Shen et al., 2010). Thermocycling parameters and ingredients in PCR 

are other two factors that have to be optimized firstly for each target and then for each 

multiplex PCR combinations. Annealing temperature and PCR cycle number have to be 

adjusted according to the primers’ Tm, primer and the product length. Ingredients in the 

multiplex PCR have an important effect on the PCR product.  

http://www.premierbiosoft.com/
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Figure 1.5 : Guidelines of multiplex-PCR optimization; Primer design, primer 

validation, primer concentration, optimization of  amounts of dNTPs, 

MgCl2, polymerase, salts and the thermalcycler parameters are the factors 

that have effect on the multiplex-PCR optimization. This guide can be 

used to troubleshoot the difficulties during the optimization of multiplex-

PCR assays. 

1.7.2.4 Stool PCR 

H. pylori-infected individuals excrete H. pylori in feces; therefore the pathogen could be 

detected in stool specimens by PCR. However, false-negative and false-positive results 

are larger problem in the stool PCR, because stool samples include many chemicals, 

commensal bacteria and inhibitors. In contrast to the limitations, it is preferred compared 

to taking biopsy by the patients (Mapstone et al., 1993; Namavar et al., 1995). 

1.7.2.5 Fluorescence in situ hybridization (FISH) 

H. pylori specific DNA probes are used to detect bacterial infection in fluorescence in 

situ hybridization method. When FISH is compared to the other diagnostic methods, it is 

advantageous as it is not affected by DNA contamination and it allows direct 
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visualization of bacteria in the gastric biopsy specimens (Almeida et al., 2009; Perry-

O'Keefe et al., 2001). 

1.7.2.6 Rapid urease test (RUT) 

RUT is a widely used biopsy-based method, in a clinical practice, to detect H. pylori 

urease enzyme which promotes the survival of bacteria in the acidic stomach 

environment by breaking down the urea into carbon dioxide and amonia, in clinical 

practice (Chey & Wong, 2007). RUT detects the active H. pylori infection in a gastric 

biopsy sample using an agar gel or a reaction strip containing urea. It is a simple and a 

rapid test but its sensivity can be decreased in patients with acute ulcer bleeding and 

usage of bismuth containing compounds and antibiotics (Lee et al., 2000). 

1.7.3 Non-invasive tests 

A wide variety of non-invasive tests can be used for the initial diagnosis of H. pylori 

infection. Urine, whole blood, saliva, serum, expired air are used as a sample for these 

non-invasive diagnostic test.  

1.7.3.1 Urea breath test (UBT) 

Urea breath test is based on the analysis of enzyme activities and metabolic processes. 

The UBT has become available for clinical routine by the introduction of stable isotopes 

(Non radioactive 
13

C labeled substances). 

Normaly, urea of noninfected individuals leaves stomach unchanged unless other 

bacteria`s urease activities are present in the oral cavity. In H. pylori infected 

individuals, urea is degraded into ammonia and carbondioxide. To detect the hydrolysis 

products of urea, it is labelled by different stable isotopes such as 
13

C for 
13

CO2 in the 

expired air and 
15

N for detection of 
15

N labelled ammonia in urine. To get the best 

specificity and sensitivity from urea breath test gastric pH, age, dose and application 

tracer, and interfering drugs should be considered (Graham et al., 1987; Krumbiegel et 

al., 2000). 
14

C is also used for some breath tests, but its usage is not preferred for 

children because of its radiation (Koletzko et al., 1998). 
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1.7.3.2 Stool antigen test (SAT) 

Diagnosis of H. pylori infection in stool by using H. pylori antigen is another attractive 

non-invasive method which is very suitable for both clinical use and epidemiological 

research studies. The most common H. pylori antigen detection method in stool is 

enzyme immunoassay (EIA). Many new methods have been developed to detect H. 

pylori infection based on the stool test such as; polyclonal antibody EIA, monoclonal 

antibody EIA and immunochromatographic quick test. 

The stool antigen tests are easy to perform, independent of age and cheaper compared 

with the UBT. This test method has advantage over several others of being easily 

applicable to children (Oderda et al., 2000; van Doorn et al., 2001; Yee et al., 2002). 

1.7.3.3 Antibody tests 

H. pylori infection leads both local and systemic antibody responses in the body. After 

infection, a systemic response begins with the rising of specific IgM level and followed 

by IgA and IgG level increase throughout the infection. Detection of these antibodies are 

performed by enzyme linked immunosorbent assay (ELISA) or latex agglutination tests. 

Serum and urine are used as samples in these tests. The accuracy of antibody based 

diagnostic test is equal to the UBT (Alemohammad et al., 1993; Weston et al., 1995). 

1.8 Treatment of H. pylori Infection 

 After the discovery of H. pylori and understanding its role in gastric diseases, 

management of patients with H. pylori has changed. H. pylori eradication needs 

multidrug therapy, typically antibiotics with an acid suppressant. Many drug therapies 

have been implemented to cure H. pylori infection. Unfortunately, drug resistance is 

largely responsible for treatment failures for the H. pylori infection. New drugs are 

needed to cope with increasing prevalence of antibiotic resistance among H. pylori 

(Hunt, 1997). 

1.8.1 Standard first-line therapy 

Standard first-line therapy includes two antibiotic; amoxicillin and clarithromycin to kill 

the bacteria and a proton-pump inhibitor (PPI) to enhance the antibiotic activity, which 
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is the most commonly appointed H. pylori eradication regimen (Sasaki et al., 2013). 

However, this triple therapy may fail due to several reasons. The main reason for this 

therapy failure is resistance of H. pylori to clarithromycin (Megraud & Lamouliatte, 

2003). The bacteriostatic activity of this antibiotic depends on its inhibition activity of 

the protein synthesis by binding to the 50S bacterial ribosomal subunit. The bacterial 

resistance to macrolides such as clarithromycin depends on the point mutations in the 

peptidyltransferase region encoded in domain V of 23S rRNA. These mutations lead to 

inhibition on the binding between the clarithromycin and the ribosomal subunit 

dedicated to the specific antibiotic related protein synthesis. Mutations associated with 

clarithromycin resistance are transition of adenine to cytosine in 2143 and 2142 

positions of rRNA and the substitution of adenine with cytosine in 2142 positions of 

rRNA (Megraud, 2004; van Doorn et al., 1999; Versalovic et al., 1996). 

1.8.2 Second and third-line therapies 

After the first-line therapy failure an alternative second-line and third-line therapies can 

be used for the treatment of H. pylori infection. The second-line therapy includes proton-

pump inhibitor (PPI), bismuth, tetracycline and metronidazole. Tetracycline is one of the 

protein synthesis inhibitor antibiotics that affect cell growth by inhibiting translation 

(Brodersen et al., 2000). Metronidazol inhibits nucleic acid synthesis by disrupting DNA 

of microbial cells. When  H. pylori loses oxygen-insensitive NADPH nitroreductase 

activity which reduces an active metabolite directly toxic to the bacteria, resistance 

against to metronidazole is developed (Tomb et al., 1997). Levofloxacin-based triple 

therapy consisting of levofloxacin, amoxicillin and a PPI represents an encouraging 

strategy for second-line therapy (Saad et al., 2006). The triple therapy includes PPI, 

amoxicillin and sitafloxacin. Amoxicillin inhibits synthesis of bacterial cell wall 

(Geddes et al., 2007). Sitafloxacin is a fluoroquinolone that inhibits the topoisomerase II 

in the bacterial cell, leads to DNA fragmentation via nuclease activity of the intact 

enzyme domains (Andersson & MacGowan, 2003). 

1.8.3 Sequential and concomitant (Non-bismuth Quadruple) therapy 

The most widely recommended treatment for H. pylori infection is triple therapy 

consists of a proton pump inhibitor–based (PPI) with two antibiotics (Chey & Wong, 

http://en.wikipedia.org/wiki/Translation_(genetics)
http://en.wikipedia.org/wiki/Fluoroquinolone
http://en.wikipedia.org/wiki/Topoisomerase_II
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2007; Coelho et al., 2000; Gisbert et al., 2005; Lam & Talley, 1998; Malfertheiner et al., 

2007). However, eradication rate of the triple therapy has considerably fallen (Graham et 

al., 2007). Because of the antibiotic resistance, scientists have been trying to develop 

new alternative treatment regimens against the H. pylori infection.  

Sequential treatment includes 5 days of PPI treatment plus amoxicillin, followed by a 

further 5 days of PPI together with two other antibiotics, usually clarithromycin and 

metronidazole (Gisbert et al., 2010). Due to recent research, sequential regimen is more 

effective than standard triple therapy (Gatta et al., 2009; Jafri et al., 2008; Moayyedi, 

2007; Tong et al., 2009; Zullo et al., 2007). 

Concomitant (Non-Bismuth quadruple) treatment includes three clarithromycin, 

amoxicillin and metronidazole or tinidazole together with the PPI for the duration of 

therapy. Concomitant treatment is an effective, safe, and well-tolerated alternative to 

triple therapy and also this treatment is less complex than sequential therapy (Graham & 

Shiotani, 2008). 

1.8.4 Levofloxacin and other fluoroquinolones 

Levofloxacin is one of the fluoroquinolones that shows its function on type II 

topoisomerase enzymes. One of the type II topoisomerase enzymes affected by 

levofloxacin is DNA gyrase which is responsible for supercoiling the DNA. When there 

is an effect on this enzyme; DNA cannot be supercoiled and does not fit the newly 

duplicated cells. The other ezyme is a topoisomerase IV which is necessary to separate 

DNA that has been replicated prior to bacterial cell division. When replicated DNA is 

not separated, the bacterium cannot divide (Drlica & Zhao, 1997; Mutschler et al., 

2001). Another and newer fluoroquinolone agent used for H. pylori therapy is 

sitafloxacin. It has in vitro activity against gram-negative bacteria including H. pylori 

(Sanchez et al., 2000). 

1.8.5 Bismuth-based therapies 

Bismuth is a heavy metal that is used as anti-H. pylori agent due to its effect on bacterial 

iron uptake. Bismuth is used as combination with metronidazole and tetracycline or 

amoxicillin in the triple therapy (de Boer, 1999) and it was reported that this therapy 

http://en.wikipedia.org/wiki/Topoisomerase
http://en.wikipedia.org/wiki/Topoisomerase
http://en.wikipedia.org/wiki/DNA_gyrase
http://en.wikipedia.org/wiki/Supercoiling
http://en.wikipedia.org/wiki/Topoisomerase_IV
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/DNA_replication
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cures 87.9% of patients within one week of treatment and 89.2% of patients within 2 

weeks of treatment (Tytgat et al., 1990). 

1.8.6 Probiotics 

Antimicrobial treatments for H. pylori infection are highly effective, but it is expensive. 

Antibiotics have side effects and sometimes antibiotic resistance can be a considerable 

problem. Probiotics are used as an alternative solution to treat H. pylori infection. 

Probiotic bacteria can act on H. pylori by the help of several putative mechanisms; 

intake of probiotics strengthens the nonimmunological barrier of stomach; produces 

antimicrobial substances to inhibit H. pylori colonization, stimulates mucin production, 

and stabilizes the gut mucosal barrier (Jack et al., 1995; Vandenberg, 1993). Also, 

attachment of H. pylori to gastric epithelial surface can be inhibited by probiotics. 

Probiotics can lead to increase in the amount of mucin secretion of stomach and 

modifications in the immunologic response of the host (Gill, 2003). L. acidophilus 4356, 

L. casei 193, L. lactis BH5, B. subtilis, W. confusa PL9001 are some probiotics 

microorganisms used for the tretment of H. pylori infection (Rolfe, 2000). 

1.9 Immune Response to H. pylori Infection 

The host immune response against bacterial pathogen is divided into innate and adaptive 

response. When the host is infected with a bacterial pathogen innate immune response 

shows a quick and non-specific process and reacts with bacterial molecules to signal 

infectious danger aiming to kill bacteria (Portal-Celhay & Perez-Perez, 2006). Toll-like 

receptors (TLRs) expressed on antigen-presenting cells (APCs) such as dentritic cells 

(DCs) and monocytes mediate innate immune response towards bacterial infections. 

When bacteria contact with APCs and monocytes proinflammatory cytokines are 

secreted such as tumor necrosis factor α (TNF- α), Interleukin 8 (IL-8) and Interleukin 1 

β (IL-1 β). For H. pylori infection, these cytokines act as local chemo-attractants and 

induce granulocytic infiltration (Crabtree, 1996). When failure of innate immune 

response about elimination of pathogen occurs, adaptive immune response elicits a 

delayed, antigen specific response and activates T-, B- and memory cells.  
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The adaptive immune response can be divided into cellular and humoral immune 

response. Inflammatory reactions caused by H. pylori are defined by a mucosal 

infiltration of many cells like polymorphonuclear leukocytes (PMN), T cells, plasma 

cells, and macrophages. Adhesion of H. pylori to gastric mucosa and secretion of 

different molecules change gastric epithelial cell function (Ihan et al., 2012). As an 

humoral response, H. pylori infection induces specific systemic and local antibody 

response. Also, infected individuals secrete antibodies against the bacteria (Mattsson et 

al., 1998). 

1.9.1 T cells’ development and types of T cells  

T cells are a subset of lymphocytes that play a central role in cell-mediated immunity. 

They can be distinguished from other lymphocytes, such as B cells and natural killer 

cells (NK cells), as having a T-cell receptor (TCR) on their cell surface. T-cell receptors 

detect fragments of antigens on the surfaces of infected or cancerous cells (Alberts, 

2002). T cell development and maturation involve a complex variety of interactions with 

non-lymphoid cell products and receptors. All progenitors of T cells originate from 

haematopoietic stem cells in the bone marrow. Haematopoietic progenitors enter the 

thymus and differentiate, undergo selection, and eventually mature into functional T 

cells (Schwarz & Bhandoola, 2006). Complex transcriptional network, specific receptor-

ligand pair interactions and sensitization to trophic factors play role in this process that 

mediates homing, proliferation, survival and differentiation of developing T cells (Koch 

& Radtke, 2011). In the thymus, T cells develop their specific T cell markers, including 

TCR, CD3, CD4 or CD8, and CD2. CD4
+ 

T cells are classified into two main classes; T 

helper cell 1 (Th1) and T helper cell 2 (Th2) on the basis of cytokines and transcription 

factors. T helper 17 (Th17), T helper 9 (Th9) and T helper 22 (Th22) are newly 

described CD4
+ 

T cells that have a crucical role in the pathogenesis of various immune 

diseases (Figure 1.6).  
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Figure 1.6 : CD4
+
 T helper cells differentiation; functions, unique products, 

characteristic transcription factors and cytokines critical for  

fate determination. 

1.9.1.1 T helper 1 cell (Th1) 

One of the first described T helper cells are T helper 1 cells (Th1). Th1 cells are a 

lineage of CD4
+
 effector T cells that secrete signature cytokine interferon-γ (IFN-γ), 

Interleukin 2 (IL-2) along with other pro-inflammatory cytokines, like tumour necrosis 

factor-α (TNF-α) and TNF-β. Th1 cells induce macrophage activation, nitric oxide 

production, and cytotoxic T lymphocyte proliferation, leading to phagocytosis and 

destruction of microbial pathogens. Interleukin 27 (IL-27), interleukin 12 (IL-12) and 

IFN-γ are cytokines that take part in Th1 cell differentiation and expansion together with 

a subset of specific cell surface receptors including IL-12 R beta 2, IL-27 R alpha/WSX-

1, IFN-γ R2, CCR5 and CXCR3. STAT1-dependent expression of T-bet, Th1-specific 

transcription factor and a master regulator of Th1 differentiation are induced by IL-27 

signaling in naive CD4
+
 T cells. T-bet is a member of T-box family of transcription 

factors and is the only known T-box gene that specifically expressed in the lymphoid 
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system. T-bet assists expression of IFN-γ and IL-12 R beta 2. IL-12 R beta 2 

heterodimerizes with IL-12 R beta 1 to make a functional IL-12 receptor complex that 

then stimulates STAT4-dependent IFN-γ production and Th1 differentiation (J. Zhu & 

Paul, 2008). 

IFN-γ has been accepted as an important cytokine that play role in the differentiation of 

Th1 cells. However, Interleukin-12 (IL-12) is also a potent inducer of Th1 

differentiation (Hsieh et al., 1993; Seder et al., 1993; Swihart et al., 1995; Wang et al., 

1994; Wenner et al., 1996). Both IFN-γ and IL-12 function through promoting 

expression of Th1-specific transcription factors that are STAT1, STAT4, and T-bet.  

Th1 cells promote cell-mediated immunity characterized by cellular cytolytic activity 

and protect the host from the obligate intracellular pathogens. On the other hand, 

excessive pro-inflammatory activities of Th1 can lead tissue damage and elicit unwanted 

inflammatory diseases as well as autoimmune disorders such as insulin-dependent 

diabetes mellitus
 

and rheumatoid arthritis disease
 

and graft-versus-host disease 

(Davidson et al., 1996; Hu et al., 1999; Leung et al., 2000; B. Wang et al., 1997). 

IFN-γ, also known as Type II interferon or immune interferon, is a cytokine that is 

critical for innate and adaptive immunity against viral, bacterial and protozoal infections. 

This cytokine promotes protection against intracellular pathogens. IFN-γ is produced 

primarily by CD4
+
 T helper 1 (Th1) and CD8

+
 cytotoxic T lymphocyte (CTL) as part of 

antigen-specific immunity and by natural killer (NK) and natural killer T (NKT) cells 

once innate immune response develops (Schoenborn & Wilson, 2007). 

IFN-γ activates macrophages’ effector functions, affects isotype switching and 

potentiates the secretion of immunoglobulins by B cells. Also, this cytokine upregulates 

expression of class I and II major histocompatibility complex (MHC) molecules, Fc 

receptor and leukocyte adhesion molecules those are important for adaptive immune 

response against pathogens. IFN-γ promotes differentiation of naive T helper cells into 

Th1 cells and suppresses Th2 cell differentiation. IFN-γ acts by binding to specific cell 

surface receptors with high-affinity binding sites (Schroder et al., 2004). 
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1.9.1.2 T helper 2 cell (Th2) 

T helper type 2 cells are a distinct lineage of CD4
+
 effector T cell that secretes IL-4, IL-

5, IL-9, IL-13, IL-10 and IL-17E/IL-25. Th2 cells are associated with humoral immunity 

and important in coordinating the immune response to large extracellular pathogens. IL-

4 is the most potent cytokine that is required for Th2 priming, maturation and 

differentiation (Le Gros et al., 1990; Swain et al., 1990). GATA binding protein 3 

(GATA-3) is a member of the GATA family of transcription factors that is required for 

Th2 differentiation (Ouyang et al., 1998; Pai et al., 2004). The high concentrations of 

Th2 can block generation of Th1 cells from naive T cells. 

1.9.1.3 T helper 17 Cell (Th17) 

T helper 17 cell is a newly identified, independent subset of T helper cells. Interleukin 

17 (IL-17) cytokine family, including IL-17A (commonly referred to as IL-17), IL-17B, 

IL-17C, IL-17D, IL-17E (also known as IL-25) and IL-17F are secreted by Th17 cells. 

Th17 cells play an important role in host defense against fungal and bacterial infection, 

especially at mucosal surfaces. IL-17 and IL-22 production triggers generation of Th17 

cell, which improves mucosal barrier surfaces by stimulating release of antimicrobial 

peptides and recruiting neutrophils (Harrington et al., 2005). Both transforming growth 

factor-β (TGF-β) and IL-6 act cooperatively and non-redundantly to improve Th17 

commitment.  IL-6 induces Th17 cells along with TGF-β (Zhou et al., 2007). Retinoic 

acid-related orphan receptor gamma (RORγ) is a “master-regulator” transcription factor 

that controls differentiation of Th17 cells. ROR-α and ROR-γt are critical in promoting 

Th17 cell differentiation (Jin et al., 2010). 

IL-17 is a potent proinflammatory cytokine that intensifies ongoing inflammation by 

activating expression of tumor necrosis factor-α (TNF-α), IL-1β, and IL-6 in epithelial 

and endothelial cells. IL-17 is the signature cytokine of T helper 17 cells. IL-17 is 

produced by natural killer cells after stimulation of T-cell antigen receptor (Weaver et 

al., 2007). 

Human IL-17 gene has 1874 base pairs in length and it was derived from CD4
+
 T cells 

(Yao et al., 1995). There are several proteins homologous to IL-17, which includes IL-

17B, IL-17C, IL-17D, IL-17E, and IL-17F. Expressions of IL-17A and IL-17F appear to 

http://en.wikipedia.org/wiki/Base_pair
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be restricted to a small group of activated T cells and upregulated during inflammation. 

Expression of IL-17B occurs in several peripheral tissues and immune tissues. IL-17C is 

upregulated in inflammatory conditions and IL-17D is highly expressed in the nervous 

system and in skeletal muscle. IL-17E is expressed at low levels in various peripheral 

tissues (Aggarwal & Gurney, 2002). 

RAR-related Orphan Receptor Gamma t (RORγt) is one of the members of the nuclear 

receptor family of intracellular transcription factors that play critical roles during 

homeostasis and specific stages of development. ROR-α, -β, and –γ are three forms of 

RORs and they have different roles. ROR-α plays role in the development of the 

cerebellum and lymph nodes, lipid metabolism, immune response, and maintenance of 

bone. ROR-β is highly expressed in the brain and retina, but the exact role is not known. 

ROR-γ is participated in lymph node development and immune response and survival of 

T helper 17 cells. Differentiation of Th17 requires transforming growth factor-beta but 

also depends on distinct transcription factors such as RORγt (Hirose et al., 1994). 

RORγt is selectively expressed in Th17 cells differentiated in the presence of TGF- β 

plus IL-6 and transduction of naive T cells with retroviral vector containing RORγt 

induces the development of Th17 cells (Ivanov et al., 2006). 

1.9.1.4 T helper 9 cell (Th9)  

T helper 9 cells that are characterized by expression of high level of interleukin 9 (IL-9) 

have been recently described. Th9 cells enhance the pro-inflammatory Th17 cell- driven 

immune response and prevent allograft rejection by intermediating the T cell tolerance 

(Annunziato & Romagnani, 2009).  

1.9.1.5 T helper 22 cell (Th22)  

T helper 22 (Th22) cells are subset of human CD4
+
 effector T cells that primarily secrete 

IL-22, IL-13, and TNF-alpha. Th22 cells have been found in the epidermis of 

inflammatory skin disorders and they are believed to be important to contribute to the 

host defense against microbial pathogens and promote tissue repair or remodeling (Basu 

et al., 2012). 

http://en.wikipedia.org/wiki/T_cells
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Nervous_system
http://en.wikipedia.org/wiki/Nervous_system
http://en.wikipedia.org/wiki/Skeletal_muscle
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1.9.2 Regulatory T cell (Treg) 

Regulatory T (Treg) cells, known as suppressor T cells, form a subset of CD4
+
 T cells 

that develop in the thymus (nTreg; naturally occurring) or comprehend from naive T 

cells in the presence of TGF-β ensuing T-cell receptor stimulation (iTreg; induced Treg) 

in the periphery. Treg cells are immune-suppressive cells that are distinct from other 

immune response promoting Th cells. The most important function of Treg cells is 

maintaining self-tolerance and immune homeostasis (Sakaguchi, 2004; Shevach, 2000). 

Also, Treg cells are crucial for tempering immune responses against infectious agents 

and renewing immune homeostasis after pathogen clearance (Belkaid, 2008). Forkhead 

Box P3 (FOXP3) is a transcription factor expressed in Treg cells. FOXP3 is known as 

the master regulator of Treg function. Tregs control expression of a wide array of genes 

including cytokines and surface molecules playing a suppressive role in the immune 

system (Zheng & Rudensky, 2007). 

FOXP3 acts as master switch gene in the development and function of regulatory T cells 

(Zhang & Zhao, 2007). FOXP3 transcription factor occupies the promoter region of 

genes that involved in regulatory T-cell function and could suppress transcription of key 

genes subsequent to stimulation of T cell receptors (Marson et al., 2007). Molecular 

mechanisms behind the expression of FOXP3 gene are incompletely understood. 

However, it is known that TGF-β, IL-2 or TCR stimulation of T cells can all result in 

increased FOXP3 expression (Kim & Leonard, 2007). 

1.9.3 The role of T cells in the H. pylori infection 

CD4
+
 T helper cells can be differentiated to Th1, Th2, Th17 and Treg cells according to 

the induction of various cytokines and transcription factors. Especially, Th1 and Th17 

cells together with Tregs play important roles on the H. pylori-induced immune 

response. The number of Th1, Th2 and Th17 cells increase in H. pylori-infected gastric 

lamina propria. These cells play important roles in pathogenesis of bacterial infection by 

increasing inflammation (Razavi et al., 2015).  

In general, Th1 cell responses are induced most by intracellular bacteria, whereas Th2 

cell responses are stimulated by extracellular parasites including helminths. Previously, 

it was shown that gastric lymphocyte populations from H. pylori-infected patients 

https://en.wikipedia.org/wiki/Parasitic_worm
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contain increased IFN-γ-producing T cells, consistent with a Th1 cytokine response. 

Moreover,   H. pylori-specific T cell clones derived from gastric mucosa of the patients 

with peptic ulcer disease had a Th1-profile (Ekkens et al., 2007). Abundant levels of 

Th1 cytokines, IFN-γ and IL-2, and low levels of Th2 cytokines, IL-4 and IL-5, are 

produced by the T cells harvested from H. pylori-infected individuals. The adaptive 

immune response to H. pylori is composed of both Th1 and Th2 type cells, but cytokine 

profiles indicate predominance of a Th1 response in H. pylori-infected patients. The Th1 

proliferation in H. pylori-infected gastric mucosa involves signals provided by antigen-

presenting cells and cytokines produced in response to the components of the pathogen, 

such as lipopolysaccharide, resulting in increased secretion of IFN-γ, IL-12, and IL-18 

(Larussa et al., 2015).  

A novel subset of effector T cells, pro-inflammatory Th17 cells, is identified by 

secretion of IL-17A, IL-17F, IL-21, and IL-22. By promoting chronic inflammation, 

Th17 cells are clearly implicated in the pathogenesis of autoimmune diseases and in the 

protective immunity against extracellular bacterial infections. However, the protective 

and pathogenic functions of IL-17 producing Th cells were also reported in infections. 

Several publications have reported that, H. pylori infection increases IL-17 in the gastric 

mucosa. IL-17 production has shown to be crucial for neutrophil recruitment to the H. 

pylori-infected gastric mucosa (Shi et al., 2010). 

H. pylori-specific regulatory T cells (Treg) suppress elevated activation of effector CD4
+
 

T cells as well as effector CD8
+
 T cells. This leads to control of gastric inflammation 

and persistent colonization of the bacterium. As reported in a recent study, H. pylori-

infected individuals have increased number of regulatory T cell (Treg) cells in the 

stomach and duodenal mucosa compared to uninfected controls (Lundgren et al., 2013). 

Treg cells are present in the mucosa of individuals with asymptomatic H. 

pylori infections as well as in duodenal ulcer patients. Also, the frequency of Treg cells 

increase in the stomachs of H. pylori-infected patients with gastric adenocarcinoma 

(Lundgren et al., 2005). These findings suggest that Treg cells could suppress mucosal 

immune responses and contribute to the persistence of H. pylori infections (Larussa et 

al., 2015).  
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1.10 Hypothesis 

H. pylori has been recognized as the main risk factor for gastritis, peptic ulcer, gastric 

carcinoma and gastric mucosa- associated lymphoma. The clinical outcomes of H. pylori 

infection is highly variable and is influenced by bacterial virulence factors, host genetic 

factors, and immune responses. H. pylori virulence factors have been correlated with 

specific manifestations of the disease and expound mechanisms of pathogenesis. The 

important H. pylori virulence factors, which play roles in the disease process, are the 

cytotoxin associated gene A (cagA), vacuolating cytotoxin A (VacA), outer 

inflammatory protein A (OipA), blood group antigen-binding adhesion (BabA), putative 

neuraminyllactose-binding hemaggluttinin homolog A (HpaA), neutrophil activating 

protein A (NapA), duodenal ulcer promoting gene A (dupA), urease subunit A (UreA), 

urease subunit B (UreB). Another factor that is important in H. pylori -driven disease 

process is the host’s immune response. Both CD4
+ T effector  cells and 

CD4
+
CD25

+
 regulatory T (Tregs) cells are increased in gastric mucosa and peripheral 

blood of H. pylori infected patients. The impact of virulence factors on the interplay 

between CD4
+ T cells and H. pylori have not been elucidated in detail. Therefore, the 

aim of the study was to investigate the influence of nine major H. pylori specific 

virulence factors; CagA, VacA, OipA, BabA, HpaA, NapA, DupA, UreA, UreB on 

CD4
+ 

T cell response (Th1, Th17 and Treg) in H. pylori- infected gastritis and ulcer 

patients. Firstly a multiplex-PCR assay for the simultaneous detection of nine selected 

H. pylori virulence factors was developed. Secondly, the expression levels of Th1, Th17, 

and Treg specific cytokines and transcription factors were assessed in H. pylori infected 

gastritis and ulcer patients. Finally, expert-derived models for diagnostic prediction of 

gastric diseases using H. pylori virulence factors and host immune responses, was 

developed.  
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2. MATERIALS AND METHODS 

2.1 Materials and Laboratory Equipments 

2.1.1 Equipment 

The laboratory equipments used in this study were listed in Appendix A. 

2.1.2 Chemicals and kits  

The chemicals and kits used in this study were given in Appendix B together with their 

suppliers. The preparation and compositions of buffers and solutions were shown in 

Appendix C. 

2.2 Selection of Patients  

Biopsy specimens were obtained from the patients who underwent endoscopy due to 

gastroduodenal -complaints at the Gastroentorology Department of Acibadem Hospital 

Groups, in Istanbul, Turkey. In total, 109 (87 with gastritis and 22 with ulcer) patients 

were selected who fulfilled the following criteria for obtaining expulsion: under 18 

years, 65 years or older patients with active infection, cancer patients, patients with 

inflammatory diseases, patients who have had gastrointestinal bleeding within the last 

month and who have had previous gastrointestinal surgery, patients diagnosed with 

chronic liver failure, known renal failure, diabetic patients, pregnant women and patients 

who have previously received H. pylori eradication treatment, immunosuppressive 

therapy (including steroids), patients who have had nonsteroidal anti-inflammatory 

drugs (NSAIDs) and / or antibiotic treatment in the last three weeks, antisecretory 

therapy in the last two weeks and patients who refused to sign the informed consent 

form. However, 29 of 109 patient samples were then eliminated after they were found to 

be H. pylori negative with urease PCR and histopathological staining; thus, 80 patients 

(62 with gastritis and 18 with ulcer) were included in this study. Each participant 
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provided a written informed consent to participate to the study and the ethical committee 

of Acıbadem University and Istanbul Technical University approved the study. Eighteen 

participants in the control group were selected from the patients who underwent routine 

endoscopic examination and had negative rapid urease test results for H. pylori.  

2.3 Gastric Biopsy Specimens 

Two gastric biopsy specimens were taken from the antrum and corpus parts of the 

stomach of the patients during endoscopy, one for DNA isolation and the other for RNA 

isolation. Fresh biopsy specimens were placed into a preservative solution (Ambion, 

RNAlater® RNA Stabilization Solution), kept overnight at + 4°C, and then placed at – 

80°C until DNA and RNA isolation. 

2.4 RNA Extraction 

To study gene expression, RNA was isolated from RNALater-stabilized human tissue 

specimens. Frozen biopsy specimens were homogenized by using a high efficiency 

homogenization system (SpeedMill PLUS, Analytikjena) and total RNA was isolated 

using RNA isolation kit, following the protocol recommended by the manufacturer 

(innuSPEED tissue RNA kit Analytikjena). All RNA samples were quantified using 

NanoDrop (ND-2000, ROCHE) and maintained in – 80 °C deep freezer until cDNA 

synthesis. cDNA was synthesized using 1 μg of RNA through a reverse transcription 

reaction (High Capacity cDNA Reverse Transcription 127 Kit, Applied Biosystems). 

2.5 DNA Extraction 

To study virulence factors of H. pylori, DNA was extracted immediately after RNA 

isolation by using a DNA isolation kit (Quick g-DNA
TM

 130, ZYMO RESEARCH) 

following the manufacturer’s description. All DNA samples were quantified using 

NanoDrop (ND-2000, ROCHE) and maintained in – 80 °C deep freezer. Also, integrity 

of the DNA samples was assessed with the gel electrophoresis. 
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2.6 Primer Design 

Primers, obtained from Metabion International AG, Germany were used in this study. 

For the PCR assay primers, GenBank entries were searched for the selected virulence 

genes sequences including ureA, ureB, cagA, oipA, hpaA, babA, dupA, and napA. The 

primers were designed by using Primer 3 software (Table 2.1). For amplification of vacA 

s1/s2, vacA m1/m2 genes previously published PCR primers (Table 2.1) were used. For 

the quantitative RT-PCR assay primers, GenBank entries were searched for sequences of 

the genes encoding human IFN-γ, T-bet, IL-17, RORγt, FOXP3. The published 

sequences were aligned and primers were designed by using the LightCycler probe 

design software (Roche Diagnostics, Mannheim, Germany) (Table 2.2). A BLAST 

search was performed to confirm the specificity of the DNA sequences of all the primers 

("The National Center for Biotechnology Information,"). 

Table 2.1 : Multiplex-PCR primers designed for the amplification of  H. pylori 

virulence genes. 

DNA region(s) Primer Name Sequences (5′→3)  PCR amplified 
Product 

Size (bp)       
References 

ure A 
ure A-F 

ure A-R 

TGA TGG GAC CAA CTC GTA ACC GT 

CGC AAT GTC TAA GCG TTT GCC GAA 
244 This study 

ure B 
Ure B-F AGT AGC CCG GTG AAC ACA ACA TCCT 

645 This study 
Ure B-R ATG CCT TTG TCA TAA GCC GCT TGG 

cag A 
Cag A-F AGAGCAAGCGTTAGCCGATCTCAA 

415 This study 
Cag A –R TTTCCCTACACCACCCAAACCACT 

hpa A 
hpa A-F 
hpa A-R 

TAG TGG GAT GCA GCC CGC ATA TTA 
CGC TAT GGC TTG AAT GGG TGG TTT 

534 This study 

oip A 
Oip A-F GTT TTT GAT GCA TGG GAT TT 

401 (Veralovic, 1991) 
Oip A-R GTG CAT CTC TTA TGG CTT T 

bab A 
Bab A-F 
Bab A-R 

AAT CCA AAA AGG AGA AAA AGT ATG AAA 
TGT TAG TGA TTT CGG TGT AGG ACA 

832/601 (Pavithran, 2002) 

dup A 
dupA-F TGA GCG TGG TAG CTC TTG AC 

584 This study 
dup A R GAG CGC GTT AGC GAT ATA GG 

nap A 
napA-F GAA TGT GAA AGG CAC CGA TT 

304 This study 
napA-R ATC GTC CGC ATA AGT TAC GG 

vac A s1/s2 
vac A s1/s2-F 

vac A s1/s2-R 

ATG GAA ATA CAA CAA ACA CAC 

CTG CTT GAA TGC GCC AAA C 
259/286 (Atherton et al., 1995) 

vac A m1/m2 
vac A m1/m2-F 
vac A m1/m2-R 

CAA TCT GTC CAA TCA AGC GAG 
GCG TCTVAAA TAA TTC CAA GG 

567/642 (Atherton et al., 1999) 

     

 

 

 

 



38 

 

Table 2.2 : Quantitative RT-PCR primers designed for the detection of Th1,Th17 and 

Treg cell response. 

Primer Name Sequences     (5′→3) References 

IL-17-F 

IL-17-R 

CCTGGGAAGACCTCATTGGT 

ATTCCAAGGTGAGGTGGATCG 
This study 

RORγt-F 

RORγt-R 

CTGCAAAGAAGACCCACACC 

GCAGTTCTGCTGACGGGT 
This study 

IFN-γ-F 

IFN-γ-R 

TCCAAAAGAGTGTGGAGACCA 

TCGACCTCGAAACAGCATCT 
This study 

FOXP3-F 

FOXP3-R 

TGACAGTTTCCCACAAGCCA 

GAAGATCTCGGCCCTGGAAG 
This study 

2.7 Optimization of Multiplex-PCR Assay 

To optimize the concentrations of the conventional multiplex-PCR components, the 

specificity of each primer pair and the thermocycling parameters for each virulence 

factor were tested individually in separate reactions by using genomic DNA isolated 

from H. pylori G27 strain as a positive control. Thermal cycling parameters, such as 

annealing time and temperature, extension time and temperature, cycling number were 

optimized for each primer pair. Also, the PCR assay mixture parameters were optimized. 

Obtaining the best amplification depends on template, buffer and dNTPs and Mg
++

 

concentration. Mg
++

 concentration optimization was done for each primer. Also, to 

enhance the fidelity of polymerization without reducing the yield of PCR, different 

amounts of dNTPs were studied. Also different polymerase enzymes and PCR master 

mixes were studied to get the best PCR amplification. After all these optimizations, 

different primer pair combinations were studied to find the most compatible for 

multiplex-PCR. Each thermal cycling parameters and PCR assay mixture parameters 

were optimized for each primer pair. 

2.8 Multiplex-PCR Assay 

Genomic DNA isolated from H. pylori G27 strain used in this study was a kind gift from 

Prof. Dr. Anne Mueller from University of Zurich, Institute of Molecular Cancer 

Research, Switzerland. Genomic DNA of H. pylori G27 strain and DNA obtained from 

gastric specimens were used as template DNAs in multiplex-PCR assays. The 

amplification reactions were carried out in a total volume of 25 μl and amounts used in 

reaction are given in Table 2.3. PCR conditions performed are given in Table 2.4. The 
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PCR products were subjected to electrophoresis on agarose gels and stained with SYBR 

Gold (Invitrogene). The specificity of the primer pairs was confirmed by employing H. 

pylori G27 strain as a positive control. 

Table 2.3 : PCR assay components. 

Component Amount 

10X DreamTaq Buffer (includes 20 mM MgCl2), 2,5 µl 

dNTP (200 μM) 2,0 µl 

Frw Primer (20 µM) 1 µl 

Rev Primer (20 µM) 1 µl 

Dream Taq DNA polymerase (0,65 U) 0,69 µl 

PCR Grade water 18,81 µl 

Table 2.4 : Reaction conditions of multiplex-PCR. 

Temperature Time 

95°C 3 min. 

95°C 45 sec. 

                      45 sec.     (45 cycles) 

2 min. 

60 °C 

72°C 

72°C 5 min. 

4°C ∞ 

2.9 Quantitative Real-Time PCR 

Optimal annealing temperatures of the qRT- PCR primer pairs and expected product size 

were determined with conventional RT-PCR. SYBR Green qRT-PCR amplifications 

were performed using a LightCycler 480 Real-Time Detection System (ROCHE). All 

qRT-PCR experiments were carried out in duplicate with a reaction volume of 10 μl, 

using 96-well optical grade PCR plates (ROCHE) covered with optical-quality sealing 

film (ROCHE). All qRT-PCR experiments were carried out three times independently. 

Negative controls without cDNA and positive controls for these genes were included in 

the experiments. The efficiency of qRT-PCR amplification was optimized for each 

primer pair, using various dilution series of cDNA. Amounts used in reaction are given 

in Table 2.5. PCR conditions performed are given in Table 2.6. The percentage of 

expression of the cytokines and the transcription factors were calculated from 

quantitative RT-PCR results based on the cycle threshold (Ct). Relative quantification 

method was used to analyze the PCR. Relative quantification describes the change in 

expression of the target gene relative to the Hp negative control group. 2
-

 Method 
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is used to calculate relative changes in the gene expression determined by the 

quantitative RT-PCR and as an internal control 18S rRNA housekeeping gene primers 

were used to normalize the quantitative RT-PCR. 95% confidence intervals (CIs) were 

calculated to measure the positivity of the IFN-γ (Th1), IL-17 (Th17), and FOXP3 

(Treg) on samples from patients with gastritis and ulcer. 95% confidence intervals (CIs) 

were calculated as the average of the sample plus two-standard deviation (95% CI= 

average + 2σ) for the samples in the control group that were H. pylori negative. Samples 

over the 95% confidence intervals were accepted as positive. And correlations of these 

results with the virulence factors were adapted to expert derived models.  

Table 2.5 : PCR assay components. 

Component Amount 

Power Sybr Master Mix (2X) 5 µl 

Frw Primer (10 µM) 0.5 µl 

Rev Primer (10 µM) 0.5 µl 

PCR Grade water 1.5 µl 

Table 2.6 : Reaction conditions of Real-Time PCR. 

Temperature Time 

95°C 10 min. 

95°C 15 sec. 

                    1 min.     (40 cycles) 

1,5 min. 

Depends on primer  

72°C 

72°C 5 min. 

4°C ∞ 

2.10 Multiplex Urease PCR Assay 

For rapid identification of H. pylori with urease (ure) gene-based PCR assay, genomic 

DNA from several biopsy samples and primer sequences were evaluated. ureA and ureB 

are the target genes for the urease activity of H. pylori. To optimize the multiplex urease 

PCR genomic DNA isolated from H. pylori G27 strain is used. The amplification 

reactions were carried out in a total volume of 25 μl and amounts used in reaction are 

given in Table 2.7. PCR conditions performed are given in Table 2.8. The PCR products 

were subjected to electrophoresis on agarose gels and stained with SYBR Gold 

(Invitrogene). The specificity of the urease primer pairs was confirmed by employing a 

positive and several negative controls. 

https://en.wikipedia.org/wiki/Sigma
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Table 2.7 : PCR assay components. 

Component Amount 

10X DreamTaq Buffer (includes 20 mM MgCl2), 2,5 µl 

dNTP (200 μM) 2,0 µl 

Frw Primer (20 µM) 1 µl 

Rev Primer (20 µM) 1 µl 

Dream Taq DNA polymerase (0,65 U) 0,69 µl 

PCR Grade water 18,81 µl 

Table 2.8 : Reaction conditions of multiplex-urease PCR. 

Temperature Time 

95°C 3 min. 

95°C 45 sec. 

                      45 sec.     (45 cycles) 

2 min. 

60 °C 

72°C 

72°C 5 min. 

4°C ∞ 

2.11 Statistical Analysis 

Statistical analysis of correlation between H. pylori virulence factors and gastric disease 

type (i.e. Gastritis or Ulcer) was performed using two-tailed Fisher’s exact test to 

examine the significance of the association. Additionally, correspondence between 

virulence factor presence and immune response was assessed with Pearson product-

moment correlation coefficients. However, observing a strong correlation by chance is 

not uncommon for small sample sizes. Therefore, interpretation of correlation 

coefficients without any significance testing may be misleading. Statistical significance 

of sample correlation coefficients (r) was assessed using two-tailed t-test under null 

model  = 0, where  denotes population correlation coefficient. Test statistic for this 

test was calculated as following: 

 

where N denotes sample size. Associated p-value is calculated using a t-distribution with 

N-2 degrees of freedom (Evans et al., 1996). Statistical significance of correlations 

between virulence factors and immune response factors was assessed using a t-test.   

To understand the performance of the predictive expert-derived models confusion 

matrices that reports the number of false positives, false negatives, true positives, 
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and true negatives were used. Differences at P < 0.05 were accepted as statistically 

significant. All calculations were performed using R (version 3.1.0, The R Foundation 

for Statistical Computing, Vienna, Austria; http://www.r-project.org) ("The R 

Foundation for Statistical Computing,"). 

2.12 Expert-Derived Models for Diagnostic Prediction 

Classification of samples into gastritis and ulcer classes by using the virulence factors 

and the immune response results was performed by expert-derived model. The model is 

built on a randomly selected training data to discover potentially predictive 

relationships. The randomly selected training data consisted of two-thirds of the all 

dataset. Model building was performed by determining the most important feature first 

that can distinguish the ulcer and gastritis patients, and adding other features if they 

improve the overall accuracy of the prediction. Then best model was selected and 

validated on a test set. Remaining one third of the data was randomly selected as testing 

set, and this process is, repeated for 1000 times. Classification performance was assessed 

using prediction accuracy for each class. Mean of accuracies and their standard 

deviations were reported. All calculations were performed using R (version 3.1.0, The R 

Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org) ("The 

R Foundation for Statistical Computing"). Confusion matrix was calculated for the 

expert-derived models to show the number of correct and incorrect predictions ability of 

the models. Each column of the confusion matrix represents the instances in a predicted 

class while each row represents the instances in an actual class or vice-versa (Stehman, 

1997).  

2.13 Evaluation of The Functional Status of oipA Gene 

The oipA was characterized by CT dinucleotide repeats in the signal-coding region of 

the gene. A PCR sequencing-based methodology was applied to detect the number of the 

CT dinucleotides repeats in the oipA genes and, therefore, to attempt assessment of its 

expression status. The PCR amplifications were performed in a total volume of 25 μl 

and amounts used in reaction are given in Table 2.3. PCR conditions performed are 

given in Table 2.4. The resulting PCR products were subjected to gel electrophoresis in 

http://www.r-project.org/
http://www.r-project.org/
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a 2% agarose gels and stained with SYBR Gold (Invitrogene). Sequences of amplicons 

were directly determined, with the same forward and reverse primers employed as in the 

PCR assays, using the High-throughput Sanger sequencing (GATC BIOTECH).  
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3. RESULTS 

3.1 Detection of H. pylori by Multiplex Urease PCR 

Two subunit genes, ureA and ureB encode urease, which is the enzyme that contributes 

to the survival of bacteria in the acidic environment of the stomach. To determine the 

presence of H. pylori in human gastric biopsy specimens, we assessed the expression 

status of  ureA and ureB by multiplex-PCR assay. We utilized H. pylori strain G27 with 

a known complete genome sequence (Tomb et al., 1997 ) to optimize multiplex-PCR to 

detect H. pylori virulence factor genes, ureA and ureB genes. As a result of optimization 

studies, ureA and ureB genes were detected in a single PCR assay (Figure 3.1).  

Next, we used multiplex-urease PCR assay to detect the presence of H. pylori in gastric 

biopsy specimens of 109 patients. In total 80 of these patients were detected as H. pylori 

positive.  

Furthermore, multiplex-urease PCR results were compared with methods used in 

routine, the rapid urease test and histopathological staining. To analyse the efficiency, 

specificity and accuracy of multiplex-urease PCR assay compared with the rapid urease 

test and histopathological staining, Cohen's kappa coefficient value which measures 

inter-rater agreement for categorical items, was calculated for each comparison (Figure 

3.2). If the raters are in complete agreement then κ = 1. The κ value can be interpreted as 

follows; κ <0 ‘’ poor agreement’’, κ = 0.00-0.20 ‘’ slight agreement ‘’, κ = 0.21-0.40 ‘’ 

fair agreement ‘’, κ = 0.41-0.60 ‘’ moderate agreement ‘’, κ = 0.61-0.80 ‘’ substantial 

agreement ‘’, κ = 0.81-1.00 ‘’ almost perfect agreement’’ (Weston et al., 1995). There 

was a substantial agreement between the results of multiplex-urease PCR and the 

histopathological staining. Cohen's kappa coefficient for the comparison of 

histopathological staining and rapid urease test results indicate a moderate agreement. 

There is a fair agreement between the multiplex urease PCR and the rapid urease test 
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results in which the κ is between 0.21-0.40 (Figure 3.2).  Furthermore, the multiplex-

urease PCR can detect H. pylori in some samples that are identified as H. pylori negative 

by the rapid urease test and histopathological staining method. 

 

 

 

 

 

 

 

 

 

Figure 3.1 : Multiplex urease-PCR assay to detect the H. pylori positive and negative 

samples; Lane M, 100 bp ladder- marker (ThermoSCIENTIFIC, Gene Ruler), 

Lane 1 amplification of ureA and ureB genes of H. pylori positive control strain 

G27; between Lane 2 to 5 are from randomly selected patients. Lane 2 is H. 

pylori positive patient sample. Lane 3 to 5 are H. pylori negative samples. 
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Figure 3.2 : Comparison of multiplex urease PCR test results with the rapid urease test 

and histopathological staining. For each comparison Cohen's kappa 

coefficient was used for calculation. 

3.2 Optimization of Multiplex-PCR Conditions for H. pylori Virulence Factors 

H. pylori-specific virulence factors influence the microorganism’s pathogenicity. Many 

multiplex-PCR assays have been reported in the literature to detect the H. pylori-

specific virulence factors that affect clinical outcomes of the infection (Shiota et al., 

2013). However, it is the first reported multiplex-PCR assay that can detect nine H. 

pylori-specific virulence factors in three PCR assay. In this study, it was aimed to 

simultaneously detect the genes that encode various virulence factors in H. pylori, 

namely babA, ureA, ureB, hpaA, cagA, oipA, dupA, napA and vacA, by multiplex- 

PCR. First, we attempt to detect seven H. pylori-specific virulence factors babA, ureA, 

ureB, hpaA, cagA, oipA and vacA by multiplex-PCR assay (Figure 3.3 A). To decrease 

the number of reactions while maximizing the number of detected virulence factors, 
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different primer combinations with different thermal cycling parameters were tested in a 

well-characterized H. pylori strain, G27. However, some of primers for certain 

virulence factors could not be amplified in the same PCR assay. For instance, oipA 

primers could not be amplified with the ureA, ureB and hpaA primers as shown in the 

first reaction of the Figure 3.3 B and different primer combinations were assesed to get 

best results for each virulence factors. While we attempt to optimize multiplex PCR 

assay, two H. pylori virulence factors, napA and dupA, were added to multiplex-PCR 

assay based on recently published data indicating their clinical importance. To find the 

most compatible primer combinations for the detection of virulence factors, different 

primer combinations with different thermalcycling parameters were tested (Figure 3.3 A 

and B). At the end of the optimization studies, nine virulence factors were detected with 

in three PCR assays; five in one, three in one and one in one (Figure 3.3 C). 

Unfortunately, babA virulence factor primers could not be combined with any of the 

other virulence factor primers. 
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Figure 3.3 : Optimization of multiplex-PCR conditions. (A) Representative 

multiplex PCR data for amplification of different combinations of H. 

pylori virulence genes under different PCR conditions; Lane M, 100 bp- 

marker (ThermoSCIENTIFIC, Gene Ruler), Lane 1 (Reaction 1); oipA 

(401bp), vacA (333bp) ureA (244bp), Lane 2 (Reaction 2); ureB (645bp), 

hpaA (534bp), cagA (415bp) and Lane 3 (Reaction 3); babA(832bp). (B) 

Lane M, 100 bp- marker (ThermoSCIENTIFIC, Gene Ruler), Lane 1 

(Reaction 1); ureB (645bp), hpaA (534bp),  oipA (401bp), ureA (244bp), 

Lane 2 (Reaction 2) ureB (645bp), hpaA (534bp),  cagA (415bp) , ureA 

(244bp), Lane 3 (Reaction 3); hpaA (534bp),  vacA (333bp). (C) 

amplification of virulence genes of  H. pylori G27 strain by multiplex 

PCR; Lane M, 100 bp- marker (ThermoSCIENTIFIC, Gene Ruler), Lane 

1 (Reaction 1); ureA (244bp) , ureB (645bp), hpaA (534bp), cagA 

(415bp), napA (384bp), Lane 2 (Reaction 2); dupA (584bp), oipA 

(401bp), vacA (333bp), and Lane 3 (Reaction 3); babA(832bp). 
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3.3 Detection of H. pylori Virulence Factors by Multiplex-PCR 

As a result of optimization studies, it was possible to detect nine H. pylori virulence 

genes within three PCR assays; ureB, hpaA, cagA, napA, ureA in a single reaction, 

dupA, oipA, vacA in a single reaction, and babA in a separate reaction (Figure 3.4 A) by 

using the genomic DNA derived from H. pylori G27 strain. Next, the multiplex-PCR 

was applied to genomic DNA derived from total of 80 H. pylori positive patients; 18 

with ulcer and 62 with gastritis. The images shown in Figure 3.4 B are from a 

representative gel electrophoresis of a multiplex- PCR data of nine H. pylori virulence 

factors. In order to detect H. pylori vacA subtypes in vacA positive gastric specimens, 

four separate PCR assays were performed (Figure 3.3 C) and representative data for 

vacA subtypes in vacA positive patients with ulcer and gastritis are shown in Figure 3.4 

D. Also virulence factors were tested on the negative control biopsy samples taken from 

H. pylori negative patients by multiplex-PCR and there was no PCR product for these 

samples (Figure 3.4 E).  

 

 

 

 

 

 

Figure 3.4 : Multiplex- PCR assay for H. pylori-specific virulence factors; (A) 

amplification of virulence genes of  H. pylori G27 strain by multiplex 

PCR; Lane M, 100 bp- marker (ThermoSCIENTIFIC, Gene Ruler), 

Lane 1 (Reaction 1); ureA (244bp) , ureB (645bp), hpaA (534bp), cagA 

(415bp), napA (384bp), Lane 2 (Reaction 2); dupA (584bp), oipA 

(401bp), vacA (333bp), and Lane 3 (Reaction 3); babA(832bp). 

 

A 
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Figure 3.4 (continued) :  Multiplex- PCR assay for H. pylori-specific virulence 

factors; (B) Multiplex-PCR application of the biopsy samples taken 

from randomly selected patients with ulcer and gastritis; between Lane 

1 to 6 are representing patients with gastritis or ulcer: Multiplex PCR 

assay results of patient 1 and 2 (gastritis or ulcer) are shown between 

Lane 1 to 3 and Lane 4 to 6, respectively. Reaction 1 (Lane 1 and 4) 

ureA (244bp), ureB (645bp), hpaA (534bp), cagA (415bp), napA 

(384bp), Reaction 2 (Lane 2 and 5); dupA (584bp), oipA (401bp), vacA 

(333bp), and Reaction 3 (Lane 3 and 6); babA(832bp) Multiplex- PCR 

assay for H. pylori-specific virulence factors. (C) PCR inferred results 

of s1/s2 and m1/m2 allelles of vacA gene; Lane 1 (reaction 1); vacA s1 

(259bp), Lane 2 (Reaction 2); vacA s2 (286 bp), Lane 3 (Reaction 3); 

vacA m1 (567 bp), and Lane 4 (Reaction 4) vacA m2(642 bp). (D) PCR 

inferred results of s1/s2 and m1/m2 allelles of vacA gene of randomly 

selected patients with gastritis and ulcer respectively; between Lane 1 to 

3 are representing patients with gastritis (left side) or ulcer (right side): 

Patients with gastritis; Lane 1-3, vacA s1 (259bp), and vacA s2 (286 

bp), patients with ulcer; Lane 1-3, vacA m1 (567 bp), and vacA m2 

(642 bp). 

 

B 

C D 
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Figure 3.4 (continued) : Multiplex- PCR assay for H. pylori-specific virulence factors; 

(E) Multiplex-PCR application of the biopsy samples taken from H. 

pylori negative patients; Lane 1 (Reaction 1); ureA (244bp), ureB 

(645bp), hpaA (534bp), cagA (415bp), napA (384bp), Lane 2 

(Reaction 2); dupA (584bp), oipA (401bp), vacA (333bp), and Lane 3 

(Reaction 3); babA(832bp) Sybr Gold (Invitrogene) was used for the 

gels and gel pictures were taken by using Observable Real Time Gel 

Electrophoresis System (Salubris Technica, Turkey). 

3.4 Correlation between the Virulence Factors in Patients with Gastritis and Ulcer 

H. pylori-specific virulence factors have been found to be associated with increased risk 

of gastric diseases. So far, these virulence factors have been implicated in the 

inflammatory response towards H. pylori by different mechanisms like disturbing tissue 

homeostasis in epithelial cells, host-signaling pathways or stimulating innate immune 

cells (Wroblewski et al., 2010). However, there is not enough information in the 

literature, about the association between the virulence factors in patients with gastritis 

and ulcer. To understand the relationship between various H. pylori-specific virulence 

factors, PCR was applied to genomic DNA derived from total of 80 H. pylori positive 

patients, 18 with ulcer and 62 with gastritis. Nine H. pylori–specific virulence factors; 

CagA, VacA, OipA, BabA, HpaA, NapA, DupA, UreA, UreB were studied to analyse 

the putative link between presence or absence of virulence factors with clinical 

outcomes of diseases associated with H. pylori infection as gastritis and ulcer. 

Association between the detected H. pylori virulence factors were measured by Pearson 

product-moment correlation coefficients that shows the linear relationship between two 

sets of data. The significance was determined by two-tailed test. To reduce the chances 

of obtaining false-positive correlation, Bonferroni correction was applied to Pearson 

product-moment correlation coefficients data. Based on the Pearson product-moment 

E 

http://www.statisticshowto.com/linear-relationship/
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correlation coefficients, there were many negative and positive correlations between 

virulence factors of H. pylori in patients with gastritis and ulcer. When the Bonferroni 

correlation correction was applied to the data, it was shown that there was a significant 

positive correlation between CagA-HpaA (r value = 0,47 and Bonferroni corrected p 

value = 7,01E-03) and NapA-VacA s2 (r value = 0,43 and Bonferroni corrected p value 

=4,61E-02) virulence factors and negative correlation between VacA m1-VacA m2 (r 

value = -0,82 and Bonferroni corrected p value = 2,87E-15) virulence factors in patients 

with gastritis. For the ulcer patients, there was a significant negative correlation between 

VacA m1-VacA m2 virulence factors (r value = -0,84 and Bonferroni corrected p value 

= 0,01) (Figure 3.5 A, B, C and D). All correlations are significant at the level p ≤ 0.05.  

 

 

Figure 3.5 : Pearson product-moment correlation coefficients and Bonferroni 

correction of H. pylori virulence factors correlation data. (A) Pearson 

product-moment correlation coefficients of virulence factors in gastritis. r 

values closer to +1 means there is positive correlation between data and  r 

values closer to -1 means there is negative correlation between data in the 

Pearson product-moment correlation coefficients. Green colored values in the 

Bonferroni correction data show the significant positive correlation between 

data. Red colored values in the Bonferroni correction data show the 

significant negative correlation between data. NA means not applicable. 

 

A 
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    Figure 3.5 (continued): Pearson product-moment correlation coefficients and 

Bonferroni correction of H. pylori virulence factors correlation data. 

(B) Bonferroni correction of gastritis data (C) Pearson product-

moment correlation coefficients of virulence factors in ulcer. r values 

closer to +1 means there is positive correlation between data and  r 

values closer to -1 means there is negative correlation between data 

in the Pearson product-moment correlation coefficients. Green 

colored values in the Bonferroni correction data show the significant 

correlation between data. Red colored values in the Bonferroni 

correction data show the significant negative correlation between 

data. NA means not applicable. 

 

B 

C 

C 
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Figure 3.5 (continued): Pearson product-moment correlation coefficients and 

Bonferroni correction of H. pylori virulence factors correlation data. 

(D) Bonferroni correction of ulcer data. r values closer to +1 means 

there is positive correlation between data and r values closer to -1 

means there is negative correlation between data in the Pearson 

product-moment correlation coefficients. Green colored values in the 

Bonferroni correction data show the significant correlation between 

data. NA means not applicable. 

3.5 Correlation between The Manifestations of Gastric Disease and Bacterial 

Virulence Factors 

Based on the statistical analysis of multiplex-PCR results which were performed on 18 

patients with ulcer and 62 patients with gastritis, no statistically significant difference 

was detected for the existence of H. pylori cagA, hpaA, oipA, babA, vacAs1, vacAs2, 

vacAm1, vacAm2, ureA, ureB and dupA virulence factor genes among patients with 

gastritis and ulcer (Table 3.1). H. pylori cagA gene was found in 60 % of all isolates; 61 

% of patients with ulcer  and 60 % of patients with gastritis. The H. pylori vacA s1/m2 

genotypes were the most frequent allelic combination of the vacA gene detected both 

among gastritis and ulcer patients. The H. pylori oipA gene prevalence was more 

frequent in ulcer patients than gastritis patients (50 %, 35%). Morover, there was no 

statistically significant difference between the patients with ulcer and gastritis for the 

presence of H. pylori hpaA gene (89% in ulcer patients, 74 % for in gastritis patients), 

D 
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for babA gene (22 % in ulcer patients, 15 % for in gastritis patients), for ureA gene (100 

% in ulcer patients, 94 % for in gastritis patients) and for ureB gene (67 % in ulcer 

patients, 71 % for in gastritis patients). Additionally, no ulcer patients were colonized 

with dupA - positive H. pylori strains, and only 8 % of gastritis patients were colonized 

with dupA positive H. pylori strains. However, interestingly, the prevalence of H. pylori 

napA virulence factor was significantly higher in patients with ulcer than gastritis, which 

is consistent with previous studies (Satin et al., 2000) (Table 3.1). 
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Table 3.1 : Comparison of virulence genes of H. pylori strains isolated from patients 

suffering from gastritis and ulcer. H. pylori strains with napA virulence 

factor gene are found more frequently in patients with ulcer than gastritis. 

Statistical significance was assessed with two-sided Fisher’s exact test. 

  

Strain Type 

 Virulence Genes 

Characteristic 
Ulcer Gastritis 

 n % n % P-value 
cagA 

      
 

Absent 7 39 25 40 1,000 

 
Present 11 61 37 60 

 hpaA 
      

 
Absent 2 11 16 26 0,335 

 
Present 16 89 46 74 

 oipA 
      

 
Absent 9              50 40 65 0,285 

 
Present 9 50 22 35 

 babA 
      

 
Absent 14 78 55 85 0,475 

 
Present 4 22 7 15 

 vacA s1 
      

 
Absent 8 44 31 50 0,791 

 
Present 10 56 31 50 

 vacA s2 
      

 
Absent 15 83 55 89 0,686 

 
Present 3 17 7 11 

 vacA m1 
      

 
Absent 11 61 49 79 0,134 

 
Present 7 39 13 21 

 vacA m2 
      

 
Absent 9 50 17 27 0.090 

 
Present 9 50 45 73 

 ureA 
      

 
Absent 0 0 4            6 0,570 

 
Present 18 100 58 94 

 ureB 
      

 
Absent 6 33 18 29 0,774 

 
Present 12 67 44 71 

 dupA 
      

 
Absent 18 100 57 92 0,582 

 
Present 0 0 5 8 

 napA 
      

 
Absent 8 44 49 79 0,007* 

  Present 10 56 13 21   
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3.6  Correlation between H. pylori Virulence Factors and Involvement of Th1, 

Th17 and Treg in H. pylori-Induced Gastric Diseases 

The association of the Th1, Th17 and Treg cells with H. pylori infection has been 

explained (Larussa et al., 2015), but the effect of H. pylori virulence factor on Th1, 

Th17 and Treg cells in infected patients either gastritis or ulcer has not been clearly 

understood. To determine whether there is an association between H. pylori virulence 

factors and Th1, Th17, and Treg cell responses, the expression levels of, IFN-γ, IL-17, 

and FOXP3 were examined, respectively in human gastric tissue specimens by 

quantitative RT-PCR (qRT-PCR). The significant fold change differences in gene 

expression level of IL-17, IFN-γ and FOXP3 were determined in patients with gastritis 

and ulcer, by calculating 95 % confidence intervals (CIs) of H. pylori negative control 

group. Patients with the confidence interval levels lower than the control group was 

accepted to have normal means with similar IL-17, IFN-γ and FOXP3 gene expression 

levels compared to control group. On the other hand, IL-17, IFN-γ and FOXP3 gene 

expression level higher patient samples with gastritis and ulcer, had higher 95 % 

confidence intervals (CIs) level than the control group (Figure 3.6). 
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Figure 3.6 : Expression levels of IL-17, IFN-γ and FOXP3 in H. pylori infected ulcer 

and gastritis patients. IL-17, IFN-γ and FOXP3 positive samples according 

to the 95 % confidence intervals (CIs) level of control group are shown. 95 

% confidence intervals (CIs) level of control group for IL-17 is 40, 50; 

IFN-γ is 91,58; FOXP3 is 13.768. The horizontal black lines indicate the 

95 % confidence intervals values for each group. Dot plots were drawn 

with R program (N=62 for gastritis, N=18 for ulcer). 

Based on the comparison of 95% confidence interval levels patients’ qRT-PCR results 

with the control group that were negative for H. pylori, ulcer and gastritis patients 

infected with  H. pylori showed mainly to have a Th17 response instead of Th1 and Treg 

response. 88% Th17, 33% Th1 and 5% Treg responses were observed in patients with 

ulcer and 80 % Th17, 35% Th1 and 0% Treg responses were observed in patients with 

gastritis. These results were supporting the association between Th17 response and H. 

pylori infection as previously indicated in the literature (Victoria Serelli et al., 2012)  
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Then we assessed the potential correlation between T cell response and the H. pylori-

specific virulence genes in patients with gastritis and ulcer using Pearson product-

moment correlation coefficients method that is used to measure strength of a linear 

association between two variables in the data (Table 4). Gene expression data of 

cytokines and transcription factors from H. pylori -positive patients were normalized to 

H. pylori –negative patients. For the first time, we detected positive correlation between 

the H. pylori dupA virulence factor and IFN-γ in gastritis patients (r=0.31, N=62, 

p<0.05). Additionally, IL-17 gene expression was shown for the first time to 

significantly positively correlated with the H. pylori babA virulence factor in ulcer 

patients (r=0.74, N=18, p<0.001). These results suggested that correlation between H. 

pylori virulence factors and host immune responses could be used as a diagnostic 

prediction method for gastric diseases. 

Table 3.2 : Correlation between virulence factors and cytokines, transcription factors. A 

Pearson’s correlation between virulence factors and cytokines were 

calculated using R (version 3.1.0, The R Foundation for Statistical 

Computing, Vienna, Austria; http://www.r-project.org). 

 

3.7 Expert-Derived Models for Diagnostic Prediction of Gastric Diseases Using H. 

pylori Virulence Factors and Host Immune Responses 

We created two expert-derived models (Figure 3.7 A and B), which show the 

relationship between the H. pylori specific virulence factors and Th1, Th17 and Treg 

response on the basis of their specific cytokines and transcription factor levels in H. 

Virulence 

Factors/Cytokines 

and Transcription 

Factors 

Gastritis Ulcer 

IL-17 FOXP3 IFN-γ RORγt IL-17 FOXP3 IFN-γ RORγt 

cagA 0,21 -0,05 0,05 -0,02 0,17 -0,31 0,14 -0,34 

hpaA 0,02 -0,02 -0,01 -0,09 0,27 0,04 0,15 0,17 

oipA -0,18 -0,09 0,07 0,06 -0,23 0,27 0,27 0,27 

babA -0,16 0,13 -0,13 -0,08 0,74 -0,11 -0,01 -0,15 

vacA s1 0,13 -0,08 0,17 0,19 0,11 0,16 0,14 -0,16 

vacA s2 0,02 0,09 -0,02 -0,08 -0,01 -0,08 -0,09 0,42 

vacA m1 0,09 0,00 0,09 0,17 0,03 0,36 -0,14 0,28 

vacA m2 -0,13 0,07 -0,06 -0,12 0,08 -0,26 0,22 -0,16 

ureA -0,15 -0,17 -0,01 -0,33 NA NA NA NA 

ureB -0,12 0,02 0,05 -0,09 -0,20 0,10 -0,06 -0,40 

dupA -0,18 0,01 0,31 -0,04 NA NA NA NA 

napA -0,07 0,02 -0,04 0,09 0,05 0,13 -0,38 0,10 
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pylori infected gastritis or ulcer patients. Expert-derived models were built on a 

randomly selected training data consisting of two-thirds of the all dataset and performed 

by determining the most important feature first that can distinguish the ulcer and gastritis 

patients. With the guidance of expert-derived models knowledge of H. pylori virulence 

factors and host T cell response: vacAm1/m2, cagA and ureA presence or absence and 

IL-17, FOXP3 and IFN-γ expression level, it may be possible to predict a patient’s 

clinical outcomes. It is possible to predict and detect significant differences with high 

accuracy between the patients with ulcer and gastritis in the expert-derived model in 

Figure 3.7 A.  

Because of the low ulcer classification accuracy of the first model, (Figure 3.7 A) there 

was a need for additional factors to distinguish ulcer and gastritis patients more 

accurately. An additional factor (IFN-ɣ), which was added to the analysis in a second 

model eventually improved the ulcer classification accuracy from 44% to 61% (Figure 

3.7 B). 

Performance evaluation is made by repeated test set sampling to get comprehensive 

testing set enough to prevent large random fluctuations.  Performance evaluation of the 

models showed that first model (Figure 3.7 A) has mean accuracy of 79% (standard 

deviation: 9%) in gastritis classification, 44% (standard deviation: 16%) in ulcer 

classification. Overall mean classification accuracy of this model was found to be 69% 

(Standard deviation: 8%). On the other hand, performance evaluations of the second 

model (Figure 3.7 B) with repeated test set sampling resulted in a performance of 71% 

(standard deviation: 1%) mean accuracy for gastritis predictions, 61% mean accuracy 

(standard deviation: 17%) for ulcer predictions, which corresponds to a 68% overall 

mean accuracy (standard deviation: 9%). Confusion matrix of models for best 

performing test set samples can be found in Table 3.3.  
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Figure 3.7 : Expert-derived models for diagnostic prediction of gastric diseases using    

H. pylori virulence factors and host immune responses. (A) shows that possible 

relationship prediction between the vacAm1/m2, cagA and ureA and IL-17, 

FOXP3 and patient’s clinical outcomes and (B) shows that the possible 

relationship prediction between vacAm1/m2, cagA and ureA and IL-17, FOXP3 

and IFN-ɣ and patient’s clinical outcomes. 
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Table 3.3 : Confusion matrices for test set predictions. Test set samples with best 

overall classification accuracy was used in calculation of confusion 

matrices. 

Based on Diagnosis/ 

Based on Model   

First Model Second Model 

Actual 

Gastritis 
Actual Ulcer 

Actual 

Gastritis 
Actual Ulcer 

Predicted Gastritis 14 0 13 1 

Predicted Ulcer 2 4 0 6 
 

In the confusion matrix, the actual numbers were the numbers that represent the patients 

with gastritis and ulcer diagnosed based on clinical diagnosis. Additionally, the 

predicted numbers were the number of patients with ulcer or gastritis predicted by the 

models. 

Although, these models may not yet be used for the diagnosis, they may give 

information about the prognosis of the diseases. Gastric malignancies may initiate with 

gastritis and progress to ulcer and at certain cases to gastric cancer. These models help to 

predict this progress. Furthermore, these models will assist to understand the mechanism 

of the gastric diseases with the help of genetic diversity of bacteria and the host immune 

responses and will be advantageous in predicting the clinical presentation of an H. pylori 

infection. 

3.8 The ‘’on/off’’ Functional Status of oipA Gene 

CagA and OipA virulence factors of H. pylori are involved in the ability of bacteria to 

colonize the gastric mucosa layer and to regulate the host environment during the 

development of chronic infection.  In the literature, it has been suggested that the 

presence or absence of cagA gene and functional status of oipA gene have been involved 

in the induction of cellular transformations which plays an important role in the 

development of gastritis (Torres et al., 2014). To investigate the relation between the 

‘’on/off’’ functional status of oipA gene and presence or absence of cagA virulence 

factors on gastritis, PCR and sequencing were performed to 5 patient samples with 

gastritis as a preliminary study. To assess the oipA frame status by the CT repeat 

numbers on the signal peptide coding region, sequencing results of the 5 samples with 

gastritis have been evaluated. The OipA protein coding gene, oipA gene, is regulated by 

a switch (like ‘on’ or ‘off’ patterns) by changing the number of CT dinucleotide repeats 
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in the signal-peptide coding region of this gene. When there is 6, 8 (3+6) or other CT 

dinucleotide repeats that keep the peptide in frame that means oipA gene is “on” status. 

Otherwise, 7 and 5 CT repeats means the status of oipA gene is “off”, which is 

nonfunctional oipA gene (Table 3.4). A PCR-based methodology was applied to detect 

presence of CagA virulence factor in samples.  It was shown that patients infected with 

H. pylori with non-functional oipA gene were also negative for the CagA virulence 

factor. This preliminary data suggest that there is a close link between the H. pylori 

CagA virulence factor and oipA gene status in our patients with gastritis, which is 

consistent with the literature (Torres et al., 2014). Further studies and analysis with a 

larger number of samples are needed to explain this relationship between oipA gene 

status and other H. pylori-specific virulence factors on both gastritis and ulcer. 

Table 3.4 : Sequence of the signal peptide coding region of H. pylori positive gastritis 

patients. Analysis in G27 strain was performed as a positive control. 

Sequence of Signal Peptide Encoding Region of Oip A 
CT 

Number 

Number of  

Patients 

ATG AAA AAA GCT CTC TTA CTA ACT CTC TCT CTC TCG TTC TGG CTC              6 (on) P1 

Met    K       K        A        L       L        L        T       L        S        L        S       F       W       L   

ATG AAA AAA GCT CTC TTA CTA ACT CTC TCT CTC TCT CGT TTT GGC 

TCC                

7 (off) P2 

Met     K      K        A        L       L         L       T      L         S       L        S        R        F       G   

ATG AAA AAA GCT CTC TTA CTA ACT CTC TCT CTC GTT TTG GCT CCA              5 (off) P3 

Met     K       K       A        L       L         L       T       L        S        L        V      L        A   

ATG AAA AAA GCT CTC TTA CTC TCT CTC TCT CTC TCG TTC TGG CTC 

CAC               

8 
(3+6)(on) 

P4 

Met     K       K       A        L        L       L        S        L       S        L        S       F       W       L   

ATG AAA AAA GCT CTC TTA CTC TCT CTC TCT CTC TCG TTC TGG CTC 

CAC                

8 
(3+6)(on) 

P5 

Met     K       K       A        L       L        L        S      L         S        L        S        F     W       L   

ATG AAA AAA GCT CTC TTA CTA ACT CTC TCT CTC TCG TTC TGG CTC               6 (on) G27 

Met     K       K        A       L       L        L       T         L       S         L       S       F       W      L   
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4. DISCUSSION  

The virulence factors of H. pylori, which are known to be directly correlated with the 

extreme degree of genetic heterogenecity in H. pylori genome, play a pivotal role in 

determining the outcome of H. pylori infection. The immune response of the host 

including T cell activation has also been the subject of recent studies, together with 

specific virulence factors of H. pylori (Kaebisch et al., 2014). 

Multiplex-PCR based genotyping systems have initially been developed to detect the H. 

pylori-specific virulence factors. However, these assays were not sufficient to detect 

many H. pylori-specific virulence factors that are thought to be associated with bacterial 

pathogenesis and increase the risk for developing severe clinical manifestations, in the 

same PCR assay. In this study, a genotyping system-based multiplex-PCR assay was 

developed to detect nine potential virulence genes (vacA, cagA, oipA, babA, hpaA, dupA, 

napA, ureA, ureB) in three PCR assays directly from human gastric biopsies. This assay 

is able to detect both the presence and absence of H. pylori by ureA and ureB genes, and 

identify the leading disease-associated virulence genes of H. pylori strains isolated from 

patients. Moreover, this PCR assay helps to better understand the relationship between 

the virulence factors and different clinical forms of gastric lesions and the pathogenesis 

of each of these factors. 

Multiplex-PCR assay results do not indicate any correlation between the H. pylori genes 

vacA, cagA, oipA, babA, hpaA, dupA, ureA, ureB and H. pylori-related gastritis and ulcer 

diseases. However, a statistically significant relationship (p=0.007) between napA gene 

and H. pylori-associated ulcer disease were identified, as reported previously (Rautelin 

et al., 1993). 

Virulence factors of H. pylori are one of the major determinants of H. pylori-related 

infection and disease course. Association between the virulence factors can be another 
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determinant of H. pylori-related gastric diseases. Multiplex-PCR assay results indicate a 

positive correlation between the CagA-HpaA and NapA-VacA s2 virulence factors for 

patients with gastritis and a negative correlation between the VacA m1-VacA m2 

virulence factors for patients with gastritis and ulcer. Negative correlation between the 

VacA m1-VacA m2 for both patients with gastritis and ulcer can be explained by the 

allelic variation in the mid-region of the vacA gene sequence. Variations in vacA gene 

sequences are mainly found restricted to three genetic regions: the signal sequence 

region (s-region), mid-region (m-region) and the recently identified intermediate-region 

(i-region). Also, two types of allelic variations in the s-region and m-region are classified 

as s1 or s2 and m1 or m2. Isolated H. pylori strains include one of the allele of s-region 

(s1or s2) and one of the allele of m-region (m1 or m2). Adhesion to the gastric mucosa 

is a critical initial step in the H. pylori pathogenesis. The virulence factors play role in 

the bacterial adhesion. Positive correlation between CagA-HpaA and NapA-VacA s2 

may be explained by the role of these virulence factors on the bacterial adhesion and 

also colonization on the gastric mucosa. Experimental results of this study suggest that 

correlation between virulence factors would be a useful marker to identify patients who 

are at higher risk for specific H. pylori-related gastric diseases. However, a large sample 

size would provide a more precise estimate of the association between these virulence 

factors and H. pylori-related gastric diseases.  

There are many different tests available to identify H. pylori, each of which has certain 

advantages and disadvantages. However, due to poor sensitivity or specificity, none of 

them can be considered as gold standard. Rapid urease test and pathological staining are 

the most useful methods in the clinical practice to detect H. pylori. In this study, 

multiplex urease PCR assay was developed to detect ureA and ureB virulence genes of 

H. pylori. Comparison of the results of the rapid urease test with histopathological 

staining and the multiplex urease PCR indicated that detection rate of H. pylori with 

multiplex urease PCR and histopathological staining is higher than the rapid urease test. 

The possible reason for the lack of sensitivity of rapid urease test might be the region of 

biopsy specimens that is taken to be only from the antrum part of the stomach where the 

most of the bacterial colonization can be seen. However, localization of H. pylori 

colonies in patients can vary as being only in antrum, only in corpus or in both antrum 
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and the corpus part of the stomach. In the multiplex urease PCR and histopathological 

staining method two biopsy specimens, one from antrum and one from corpus part of 

stomach are taken to increase the detection rate of H. pylori. Additionally, we identified 

that sensivity of multiplex urease PCR assay was higher than the histopathological 

staining in this study. The reason for this may be because PCR may detect the DNA of 

the bacteria that has just began to colonize and the histopathological staining may not 

detect this newly colonized bacteria. Using the combinations of rapid urease test, 

histopathological staining and multiplex urease PCR assay, may provide quite 

satisfactory results in the diagnosis of H. pylori infection. 

 The type of host immune response, particularly driven by T cells, is crucial for the 

outcome of H. pylori infection in humans. Given the increasing number of reports, 

correlations between the characteristics of the T helper cell responses of Th1, Th17, and 

Treg cells and virulence factors are great interest in determining the outcomes of H. 

pylori infections (Aujla et al., 2007; Larussa et al., 2015). In previous studies, it was 

shown that Th1 cells contributed to inflammation and participated in the pathogenesis of 

H. pylori infection (Shi et al., 2010). The role of Th17 in host protection against gram-

negative bacteria has also been shown (Smythies et al., 2000). However, the role of 

Th17 has not been clearly explicated. In this study, we characterized the cell responses 

of T helper cells, particularly Th1 and Th17, in H. pylori positive clinical isolates 

obtained from patients with gastritis and ulcer. One of the most prominent outcomes of 

the study was the identification of a higher Th17 cell response compared to Th1 

response against H. pylori infection in patients with gastritis and ulcer. This finding has 

been shown previously in mice models (Aujla et al., 2007). To the best of our 

knowledge, this is the first time that a higher Th17 cell response compared to Th1 

response to H. pylori infection has been shown in clinical samples. A possible reason for 

this outcome is that, Th17 cells may play a role in the pathogenesis of H. pylori infection 

by promoting the mucosal inflammation and thus contributing to bacterial colonization. 

Also Th1 cells causes mucosal inflammation in H. pylori infection, but our results 

suggested that Th17 cell responses may be induced earlier than Th1 cell responses in H. 

pylori infected ulcer and gastritis patients. To obtain more definitive results about the 

induction of Th17 cell responses in H. pylori infected ulcer and gastritis patients, further 
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studies including larger number of clinical samples should be done. Moreover, ELISA-

based assays for quantifying the levels of secreted proteins can be performed. 

The H. pylori specific virulence factors are important for the pathogenesis of this 

organism. These virulence factors facilitate the survival of the bacterium and modifiy the 

immune response. In support of this, we found a correlation between dupA positive 

strains and IFN-ɣ (Th1-specific cytokine) expression levels in patients with gastritis. 

Our results confirmed a previous study that suggests dupA causing gastric inflammation 

and pathology either directly or indirectly over action upon infiltrating leukocytes rather 

than upon epithelial cells. It was also referred in the study that dupA positive H. pylori 

strains increase the risk of disease by stimulating a more definite Th1 response (Hussein 

et al., 2010). 

Virulence factor babA helps bacteria to adhere to the fucosylated Lewis b antigen on the 

surface of the gastric epithelial cells. H. pylori adheres to the host and secretes effector 

molecules that can change function and viability of gastric epithelial cells. The 

production of various cytokines, gastric inflammation, and epithelial cell damage is 

enhanced by these changes. Also recent studies have indicated that there is severe 

mucosal injury in patients infected with babA positive H. pylori strains (Ohno et al., 

2011). Our data showed, for the first time, a relationship between babA positivity and 

interleukin-17 (IL-17) expression levels in patients with ulcer. 

In this present study, it was identified that there are significant correlations between the 

virulence factors of H. pylori, responses of T cells (Th1, Th17, Treg) and clinical 

outcomes of H. pylori infections, and these eventually helped evolution of expert-

derived models. Initially, first model was developed using the strategy outlined in the 

method section. To improve the low classification accuracy of ulcer disease in this 

model, we added additional factors to the model. The addition of IFN-ɣ to the second 

model (model 2) eventually improved the classification accuracy of ulcer from 44% to 

61% with a cost of only one misclassified gastritis patient. On overall, to our knowledge, 

this is the first report of expert-derived models, which points out the relationship 

between H. pylori virulence factors and host immune responses. Despite a need to 

improve the accuracy, these models could contribute to the prediction of clinical 
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outcomes of a patients infected with H. pylori by screening the patient’s H. pylori vacA 

m1/m2, ureA and cagA status and IL-17, FOXP3 and IFN-ɣ expression levels. 

OipA is one of the H. pylori specific outer membrane proteins that takes an important 

role in bacterial pathogenecity such as virulence (Torres et al., 2014). Expression of 

oipA gene is regulated by CT dinucleotide repeats in the 5’ signal coding regions of the 

gene. DNA sequence analysis and PCR based findings suggested an association between 

the on status of oipA and presence of the CagA virulence factor on gastritis. Oip A 

virulence factor has an important role in the bacterial adhesion and CagA is encoded by 

the cag Pathogenecity Island that encodes for type IV secretion system used to inject 

CagA virulence factor into the target cell upon bacterial attachment. Morover, it has 

been known that Cag A positive strains are associated with severe clinical outcomes. 

The association between cagA and oipA may be explained by their role in the bacterial 

attachment to the gastric layer, since it is known that adherent H. pylori strains are more 

prone to elimination by the host immune system. Correlation between the Cag A 

virulence factors and functional status of oipA may present a putative marker for gastric 

diseases.To obtain more definitive data, this study has to be applied to a larger sample 

set with gastritis and ulcer.  

In conclusion, these data support the hypothesis that the relationship between the H. 

pylori specific virulence factors and Th1, Th17 and Treg cells have an important role in 

the progression of H. pylori driven pathology. A better understanding of the effects of 

virulence factors on T cell responses may help to estimate the clinical outcomes of H. 

pylori infection and develop therapies to prevent risk for gastric cancer development. 

Correlation between the virulence factors may be additional criteria that help to estimate 

the H. pylori related gastric diseases. 

 

 



70 

 

 



71 

 

REFERENCES 

 

Adlekha S, C. T., Krishnan P, Sumangala B. (2013). Prevalence of Helicobacter 

pylori infection among patients undergoing upper gastrointestinal endoscopy in a 

medical college hospital in Kerala, India. Ann Med Health Sci Res, 3(4), 559-563  

Aggarwal, S., & Gurney, A. L. (2002). IL-17: prototype member of an emerging 

cytokine family. J Leukoc Biol, 71(1), 1-8.  

Akamatsu, T., Tabata, K., Hironga, M., Kawakami, H., & Uyeda, M. (1996). 

Transmission of Helicobacter pylori infection via flexible fiberoptic endoscopy. 

Am J Infect Control, 24(5), 396-401.  

Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K., Walter, P. (2002). T cells 

and B cells derive their names from the organs in which they develop. T cells 

develop in the thymus, and B cells, in mammals, develop in the bone marrow in 

adults or the liver in fetuses Molecular Biology of the Cell. (4th ed., pp. 1367). 

New York,NY: Garland Science. 

Alemohammad, M. M., Foley, T. J., & Cohen, H. (1993). Detection of 

immunoglobulin G antibodies to Helicobacter pylori in urine by an enzyme 

immunoassay method. J Clin Microbiol, 31(8), 2174-2177.  

Alm, R. A., Ling, L. S., Moir, D. T., King, B. L., Brown, E. D., Doig, P. C.,  Trust, 

T. J. (1999). Genomic-sequence comparison of two unrelated isolates of the 

human gastric pathogen Helicobacter pylori. Nature, 397(6715), 176-180. 

doi:10.1038/16495 

Almeida, C., Azevedo, N. F., Iversen, C., Fanning, S., Keevil, C. W., Vieira, M. J. . 
(2009). Development and application of a novel peptide nucleic acid probe for 

the specific detection of Cronobacter genomospecies (Enterobacter sakazakii) in 

powdered infant formula. Appl Environ Microbiol, 75(9), 2925-2930.  

Alvarado-Esquivel, C. (2013). Seroepidemiology of Helicobacter pylori infection in 

pregnant women in rural durango, Mexico. Int J Biomed Sci, 9(4), 224-229.  

Anagnostopoulos, G. K., Yao, K., Kaye, P., Fogden, E., Fortun, P., Shonde, A.,  

Ragunath, K. (2007). High-resolution magnification endoscopy can reliably 

identify normal gastric mucosa, Helicobacter pylori-associated gastritis, and 

gastric atrophy. Endoscopy, 39(3), 202-207. doi:10.1055/s-2006-945056 



72 

 

Andersson, M. I., & MacGowan, A. P. (2003). Development of the quinolones. J 

Antimicrob Chemother, 51 Suppl 1, 1-11. doi:10.1093/jac/dkg212 

Annunziato, F., & Romagnani, S. (2009). Heterogeneity of human effector CD4+ T 

cells. Arthritis Research & Therapy, 11(6), 257.  

Atherton, J. C. (2000). CagA: a role at last. Gut, 47(3), 330-331.  

Atherton, J. C., Cao, P., Peek, R. M., Jr., Tummuru, M. K., Blaser, M. J., & Cover, 

T. L. (1995). Mosaicism in vacuolating cytotoxin alleles of Helicobacter pylori. 

Association of specific vacA types with cytotoxin production and peptic 

ulceration. J Biol Chem, 270(30), 17771-17777.  

Atherton, J. C., Cover, T. L., Twells, R. J., Morales, M. R., Hawkey, C. J. & Blaser, 

M. J. . (1999). Simple and accurate PCR-based system for typing vacuolating 

cytotoxin alleles of Helicobacter pylori. . J Clin Microbiol, 37, 2979– 2982.  

Aujla, S. J., Dubin, P. J., & Kolls, J. K. (2007). Th17 cells and mucosal host defense. 

Semin Immunol, 19(6), 377-382. doi:10.1016/j.smim.2007.10.009 

Bao, Y., Spiegelman, D., Li, R., Giovannucci, E., Fuchs, C. S., & Michaud, D. S. 
(2010). History of peptic ulcer disease and pancreatic cancer risk in men. 

Gastroenterology, 138(2), 541-549. doi:10.1053/j.gastro.2009.09.059 

Bastos, J., Peleteiro, B., Barros, R., Alves, L., Severo, M., de Fatima Pina, M.,  

Lunet, N. (2013). Sociodemographic determinants of prevalence and incidence 

of Helicobacter pylori infection in Portuguese adults. Helicobacter, 18(6), 413-

422. doi:10.1111/hel.12061 

Bastos, J., Peleteiro, B., Pinto, H., Marinho, A., Guimaraes, J. T., Ramos, E.,  

Lunet, N. (2013). Prevalence, incidence and risk factors for Helicobacter pylori 

infection in a cohort of Portuguese adolescents (EpiTeen). Dig Liver Dis, 45(4), 

290-295. doi:10.1016/j.dld.2012.11.009 

Basu, R., O'Quinn, D. B., Silberger, D. J., Schoeb, T. R., Fouser, L., Ouyang, W.,  

Weaver, C. T. (2012). Th22 cells are an important source of IL-22 for host 

protection against enteropathogenic bacteria. Immunity, 37(6), 1061-1075. 

doi:10.1016/j.immuni.2012.08.024 

Belkaid, Y. (2008). Role of Foxp3-positive regulatory T cells during infection. Eur J 

Immunol, 38(4), 918-921. doi:10.1002/eji.200738120 

Benajah, D. A., Lahbabi, M., Alaoui, S., El Rhazi, K., El Abkari, M., Nejjari, C., 

Amarti, A., Bennani, B., Mahmoud, M., Ibrahim, S. A. . (2013). Prevalence 

of Helicobacter pylori and its recurrence after successful eradication in a 

developing nation (Morocco).  Clin Res Hepatol Gastroenterol., 37, 519-526.  



73 

 

Benberin, V., Bektayeva, R., Karabayeva, R., Lebedev, A., Akemeyava, K., 

Paloheimo, L., Syrjanen, K. (2013). Prevalence of H. pylori infection and 

atrophic gastritis among symptomatic and dyspeptic adults in Kazakhstan. A 

hospital-based screening study using a panel of serum biomarkers. Anticancer 

Research, 33, 4595-4602.  

BJ Marshall, JR Warren (1983).Unidentified curved bacilli on gastric epithelium in 

active chronic gastritis. Lancet, 1(8336), 1273-1275.  

Bode, G., Mauch, F., & Malfertheiner, P. (1993). The coccoid forms of Helicobacter 

pylori. Criteria for their viability. Epidemiol Infect, 111(3), 483-490.  

Brodersen, D. E., Clemons, W. M., Jr., Carter, A. P., Morgan-Warren, R. J., 

Wimberly, B. T., & Ramakrishnan, V. (2000). The structural basis for the 

action of the antibiotics tetracycline, pactamycin, and hygromycin B on the 30S 

ribosomal subunit. Cell, 103(7), 1143-1154.  

Censini, S., Lange, C., Xiang, Z., Crabtree, J. E., Ghiara, P. et al. (1996). cagA 

pathogenicity island of Helicobacter pylori, encodes type I-specific and disease-

associated virulence factors. Proc Natl Acad Sci USA, 93, 14648-14653.  

Chattopadhyay, S., Patra, R., Ramamurthy, T., Chowdhury, A., Santra, A., Dhali, 

G. K., Mukhopadhyay, A. K. (2004). Multiplex PCR assay for rapid detection 

and genotyping of Helicobacter pylori directly from biopsy specimens. J Clin 

Microbiol, 42(6), 2821-2824. doi:10.1128/jcm.42.6.2821-2824.2004 

Chey, W. D., & Wong, B. C. (2007). American College of Gastroenterology guideline 

on the management of Helicobacter pylori infection. Am J Gastroenterol, 102(8), 

1808-1825. doi:10.1111/j.1572-0241.2007.01393.x 

Clayton, C. L., Pallen, M. J., Kleanthous, H., Wren, B. W., & Tabaqchali, S. (1990). 

Nucleotide sequence of two genes from Helicobacter pylori encoding for urease 

subunits. Nucleic Acids Res, 18(2), 362.  

Coelho, L. G., Leon-Barua, R., & Quigley, E. M. (2000). Latin-American Consensus 

Conference on Helicobacter pylori infection. Latin-American National 

Gastroenterological Societies affiliated with the Inter-American Association of 

Gastroenterology (AIGE). Am J Gastroenterol, 95(10), 2688-2691. 

doi:10.1111/j.1572-0241.2000.03174.x 

Correa, P. (1996). Helicobacter pylori and gastric cancer: state of the art. Cancer 

Epidemiol Biomarkers Prev, 5(6), 477-481.  

Costa, K., Bacher, G., Allmaier, G., Dominguez-Bello, M. G., Engstrand, L., Falk, 

P., Garcia-del Portillo, F. (1999). The morphological transition of Helicobacter 

pylori cells from spiral to coccoid is preceded by a substantial modification of 

the cell wall. J Bacteriol, 181(12), 3710-3715.  



74 

 

Covacci, A., & Rappuoli, R. (2000). Tyrosine-phosphorylated bacterial proteins: 

Trojan horses for the host cell. J Exp Med, 191(4), 587-592.  

Cover, T. L., & Blanke, S. R. (2005). Helicobacter pylori VacA, a paradigm for toxin 

multifunctionality. Nat Rev Microbiol, 3(4), 320-332. doi:10.1038/nrmicro1095 

Cover, T. L., Tummuru, M. K., Cao, P., Thompson, S. A., & Blaser, M. J. (1994). 

Divergence of genetic sequences for the vacuolating cytotoxin among 

Helicobacter pylori strains. J Biol Chem, 269(14), 10566-10573.  

Crabtree, J. E. (1996). Immune and inflammatory responses to Helicobacter pylori 

infection. Scand J Gastroenterol Suppl, 215, 3-10.  

Cussac, V., Ferrero, R. L., & Labigne, A. (1992). Expression of Helicobacter pylori 

urease genes in Escherichia coli grown under nitrogen-limiting conditions. J 

Bacteriol, 174(8), 2466-2473.  

Davidson, N. J., Leach, M. W., Fort, M. M., Thompson-Snipes, L., Kuhn, R., 

Muller, W., Rennick, D. M. (1996). T helper cell 1-type CD4+ T cells, but not 

B cells, mediate colitis in interleukin 10-deficient mice. J Exp Med, 184(1), 241-

251.  

Davies, G. R., Simmonds, N. J., Stevens, T. R., Grandison, A., Blake, D. R., & 

Rampton, D. S. (1992). Mucosal reactive oxygen metabolite production in 

duodenal ulcer disease. Gut, 33(11), 1467-1472.  

de Boer, W. A. (1999). Bismuth triple therapy: still a very important drug regimen for 

curing Helicobacter pylori infection. Eur J Gastroenterol Hepatol, 11(7), 697-

700.  

den Hollander, W. J., Holster, I. L., den Hoed, C. M., van Deurzen, F., van Vuuren, 

A. J., Jaddoe, V. W., Kuipers, E. J. (2013). Ethnicity is a strong predictor for 

Helicobacter pylori infection in young women in a multi-ethnic European city. J 

Gastroenterol Hepatol, 28(11), 1705-1711. doi:10.1111/jgh.12315 

Dixon, M. (2001). Pathology of gastritis and peptic ulceration in Helicobacter pylori. 

Physiology and Genetics, 459-468.  

Dixon, M. F., Genta, R. M., Yardley, J. H., & Correa, P. (1996). Classification and 

grading of gastritis. The updated Sydney System. International Workshop on the 

Histopathology of Gastritis, Houston 1994. Am J Surg Pathol, 20(10), 1161-

1181.  

Doig, P., Exner, M. M., Hancock, R. E., & Trust, T. J. (1995). Isolation and 

characterization of a conserved porin protein from Helicobacter pylori. J 

Bacteriol, 177(19), 5447-5452.  



75 

 

Dorji, D., Dendup, T., Malaty, H. M., Wangchuk, K., Yangzom, D., & Richter, J. 

M. (2014). Epidemiology of Helicobacter pylori in Bhutan: the role of 

environment and Geographic location. Helicobacter, 19(1), 69-73. 

doi:10.1111/hel.12088 

Drlica, K., & Zhao, X. (1997). DNA gyrase, topoisomerase IV, and the 4-quinolones. 

Microbiol Mol Biol Rev, 61(3), 377-392.  

el-Zimaity, H. M. (2000). Accurate diagnosis of Helicobacter pylori with biopsy. 

Gastroenterol Clin North Am, 29(4), 863-869.  

Eusebi, L. H., Zagari, R. M., & Bazzoli, F. (2014). Epidemiology of Helicobacter 

pylori infection. Helicobacter, 19 Suppl 1, 1-5. doi:10.1111/hel.12165 

Ekkens, M. J., Shedlock, D. J., Jung, E., Troy, A., Pearce, E. L., Shen, H., & 

Pearce, E. J. (2007). Th1 and Th2 Cells Help CD8 T-Cell Responses  . Infection 

and Immunity, 75(5), 2291–2296. http://doi.org/10.1128/IAI.01328-06 

Evans, D. G., Evans, D. J., Jr., Moulds, J. J., & Graham, D. Y. (1988). N-

acetylneuraminyllactose-binding fibrillar hemagglutinin of Campylobacter 

pylori: a putative colonization factor antigen. Infect Immun, 56(11), 2896-2906.  

Evans, D. G., Karjalainen, T. K., Evans, D. J., Jr., Graham, D. Y., & Lee, C. H. 
(1993). Cloning, nucleotide sequence, and expression of a gene encoding an 

adhesin subunit protein of Helicobacter pylori. J Bacteriol, 175(3), 674-683.  

Evans, D. J., Jr., Evans, D. G., Takemura, T., Nakano, H., Lampert, H. C., 

Graham, D. Y., Kvietys, P. R. (1995). Characterization of a Helicobacter pylori 

neutrophil-activating protein. Infect Immun, 63(6), 2213-2220.  

Fiocca, R., Villani, L., Luinetti, O., Gianatti, A., Perego, M., Alvisi, C., Solcia, E. 
(1992). Helicobacter colonization and histopathological profile of chronic 

gastritis in patients with or without dyspepsia, mucosal erosion and peptic ulcer: 

a morphological approach to the study of ulcerogenesis in man. Virchows Arch A 

Pathol Anat Histopathol, 420(6), 489-498.  

Fock, K. M., & Ang, T. L. (2010). Epidemiology of Helicobacter pylori infection and 

gastric cancer in Asia. J Gastroenterol Hepatol, 25(3), 479-486. 

doi:10.1111/j.1440-1746.2009.06188.x 

Gatta, L., Vakil, N., Leandro, G., Di Mario, F., & Vaira, D. (2009). Sequential 

therapy or triple therapy for Helicobacter pylori infection: systematic review and 

meta-analysis of randomized controlled trials in adults and children. Am J 

Gastroenterol, 104(12), 3069-3079; quiz 1080. doi:10.1038/ajg.2009.555 

Geddes, A. M., Klugman, K. P., & Rolinson, G. N. (2007). Introduction: historical 

perspective and development of amoxicillin/clavulanate. Int J Antimicrob 

Agents, 30 Suppl 2, S109-112. doi:10.1016/j.ijantimicag.2007.07.015 



76 

 

Geis, G., Suerbaum, S., Forsthoff, B., Leying, H., & Opferkuch, W. (1993). 

Ultrastructure and biochemical studies of the flagellar sheath of Helicobacter 

pylori. J Med Microbiol, 38(5), 371-377.  

Gersten, O., Wilmoth, J. R. (2002). The cancer transition in Japan since 1951. 

Demographic Research, 7(5), 271-306.  

Ghasemi-Kebria, F., Ghaemi, E., Azadfar, S., & Roshandel, G. (2013). 

Epidemiology of Helicobacter pylori infection among Iranian children. Arab J 

Gastroenterol, 14(4), 169-172. doi:10.1016/j.ajg.2013.11.002 

Gill, H. S. (2003). Probiotics to enhance anti-infective defences in the gastrointestinal 

tract. Best Pract Res Clin Gastroenterol, 17(5), 755-773.  

Gisbert, J. P. (2005). The recurrence of Helicobacter pylori infection: incidence and 

variables influencing it. A critical review. Am J Gastroenterol, 100(9), 2083-

2099. doi:10.1111/j.1572-0241.2005.50043.x 

Gisbert, J. P., Calvet, X., Gomollon, F., & Mones, J. (2005). [Eradication treatment of 

Helicobacter pylori. Recommendations of the II Spanish Consensus 

Conference]. Med Clin (Barc), 125(8), 301-316.  

Gisbert, J. P., Calvet, X., O'Connor, A., Megraud, F., & O'Morain, C. A. (2010). 

Sequential therapy for Helicobacter pylori eradication: a critical review. J Clin 

Gastroenterol, 44(5), 313-325. doi:10.1097/MCG.0b013e3181c8a1a3 

Goodwin, C. S., & Worsley, B. W. (1993). Microbiology of Helicobacter pylori. 

Gastroenterol Clin North Am, 22(1), 5-19.  

Graham, D. Y., Klein, P. D., Evans, D. J., Jr., Evans, D. G., Alpert, L. C., Opekun, 

A. R., & Boutton, T. W. (1987). Campylobacter pylori detected noninvasively 

by the 13C-urea breath test. Lancet, 1(8543), 1174-1177.  

Graham, D. Y., Lu, H., & Yamaoka, Y. (2007). A report card to grade Helicobacter 

pylori therapy. Helicobacter, 12(4), 275-278. doi:10.1111/j.1523-

5378.2007.00518.x 

Graham, D. Y., & Shiotani, A. (2008). New concepts of resistance in the treatment of 

Helicobacter pylori infections. Nat Clin Pract Gastroenterol Hepatol, 5(6), 321-

331. doi:10.1038/ncpgasthep1138 

Hanafi, M. I., Mohamed, A. M. . (2013). Helicobacter pylori infection:seroprevalence 

and predictors among healty individuals in Al Madinahi Saudi Arabia. . Journal 

of  Egypt Public Health Association, 88, 40-45.  

 



77 

 

Harrington, L. E., Hatton, R. D., Mangan, P. R., Turner, H., Murphy, T. L., 

Murphy, K. M., & Weaver, C. T. (2005). Interleukin 17-producing CD4+ 

effector T cells develop via a lineage distinct from the T helper type 1 and 2 

lineages. Nat Immunol, 6(11), 1123-1132. doi:10.1038/ni1254 

Hatakeyama, M., & Higashi, H. (2005). Helicobacter pylori CagA: a new paradigm 

for bacterial carcinogenesis. Cancer Sci, 96(12), 835-843. doi:10.1111/j.1349-

7006.2005.00130.x 

Hawtin, P. R., Stacey, A. R., & Newell, D. G. (1990). Investigation of the structure and 

localization of the urease of Helicobacter pylori using monoclonal antibodies. J 

Gen Microbiol, 136(10), 1995-2000.  

Higashi, H., Tsutsumi, R., Fujita, A., Yamazaki, S., Asaka, M., Azuma, T., & 

Hatakeyama, M. (2002). Biological activity of the Helicobacter pylori virulence 

factor CagA is determined by variation in the tyrosine phosphorylation sites. 

Proc Natl Acad Sci U S A, 99(22), 14428-14433. doi:10.1073/pnas.222375399 

Hirose, T., Smith, R. J., & Jetten, A. M. (1994). ROR gamma: the third member of 

ROR/RZR orphan receptor subfamily that is highly expressed in skeletal muscle. 

Biochem Biophys Res Commun, 205(3), 1976-1983. doi:10.1006/bbrc.1994.2902 

Hsieh, C. S., Macatonia, S. E., Tripp, C. S., Wolf, S. F., O'Garra, A., & Murphy, K. 

M. (1993). Development of TH1 CD4+ T cells through IL-12 produced by 

Listeria-induced macrophages. Science, 260(5107), 547-549.  

Hu, H. Z., Li, G. L., Lim, Y. K., Chan, S. H., & Yap, E. H. (1999). Kinetics of 

interferon-gamma secretion and its regulatory factors in the early phase of acute 

graft-versus-host disease. Immunology, 98(3), 379-385.  

Hu, L. T., Foxall, P. A., Russell, R., & Mobley, H. L. (1992). Purification of 

recombinant Helicobacter pylori urease apoenzyme encoded by ureA and ureB. 

Infect Immun, 60(7), 2657-2666.  

Hu, L. T., & Mobley, H. L. (1990). Purification and N-terminal analysis of urease from 

Helicobacter pylori. Infect Immun, 58(4), 992-998.  

Hu, L. T., & Mobley, H. L. (1993). Expression of catalytically active recombinant 

Helicobacter pylori urease at wild-type levels in Escherichia coli. Infect Immun, 

61(6), 2563-2569.  

Hunt, R. H. (1997). Peptic ulcer disease: defining the treatment strategies in the era of 

Helicobacter pylori. Am J Gastroenterol, 92(4 Suppl), 36S-40S; discussion 40S-

43S.  

 



78 

 

Hussein, N. R., Argent, R. H., Marx, C. K., Patel, S. R., Robinson, K., & Atherton, 

J. C. (2010). Helicobacter pylori dupA is polymorphic, and its active form 

induces proinflammatory cytokine secretion by mononuclear cells. J Infect Dis, 

202(2), 261-269. doi:10.1086/653587 

Ihan, A., Pinchuk, I. V., & Beswick, E. J. (2012). Inflammation, immunity, and 

vaccines for Helicobacter pylori infection. Helicobacter, 17 Suppl 1, 16-21. 

doi:10.1111/j.1523-5378.2012.00977.x 

Ivanov, II, McKenzie, B. S., Zhou, L., Tadokoro, C. E., Lepelley, A., Lafaille, J. J., 

Littman, D. R. (2006). The orphan nuclear receptor RORgammat directs the 

differentiation program of proinflammatory IL-17+ T helper cells. Cell, 126(6), 

1121-1133. doi:10.1016/j.cell.2006.07.035 

Jack, R. W., Tagg, J. R., & Ray, B. (1995). Bacteriocins of gram-positive bacteria. 

Microbiol Rev, 59(2), 171-200.  

Jafri, N. S., Hornung, C. A., & Howden, C. W. (2008). Meta-analysis: sequential 

therapy appears superior to standard therapy for Helicobacter pylori infection in 

patients naive to treatment. Ann Intern Med, 148(12), 923-931.  

Jimenez-Soto, L. F., Kutter, S., Sewald, X., Ertl, C., Weiss, E., Kapp, U., Haas, R. 

(2009). Helicobacter pylori type IV secretion apparatus exploits beta1 integrin in 

a novel RGD-independent manner. PLoS Pathog, 5(12), e1000684. 

doi:10.1371/journal.ppat.1000684 

Jin, L., Martynowski, D., Zheng, S., Wada, T., Xie, W., & Li, Y. (2010). Structural 

basis for hydroxycholesterols as natural ligands of orphan nuclear receptor 

RORgamma. Mol Endocrinol, 24(5), 923-929. doi:10.1210/me.2009-0507 

Jones, A. C., Logan, R. P., Foynes, S., Cockayne, A., Wren, B. W., & Penn, C. W. 
(1997). A flagellar sheath protein of Helicobacter pylori is identical to HpaA, a 

putative N-acetylneuraminyllactose-binding hemagglutinin, but is not an adhesin 

for AGS cells. J Bacteriol, 179(17), 5643-5647.  

Kaebisch, R., Mejias-Luque, R., Prinz, C., & Gerhard, M. (2014). Helicobacter 

pylori cytotoxin-associated gene A impairs human dendritic cell maturation and 

function through IL-10-mediated activation of STAT3. J Immunol, 192(1), 316-

323. doi:10.4049/jimmunol.1302476 

Kiesslich, R., Goetz, M., Burg, J., Stolte, M., Siegel, E., Maeurer, M. J., Neurath, 

M. F. (2005). Diagnosing Helicobacter pylori in vivo by confocal laser 

endoscopy. Gastroenterology, 128(7), 2119-2123.  

Kim, H. P., & Leonard, W. J. (2007). CREB/ATF-dependent T cell receptor-induced 

FoxP3 gene expression: a role for DNA methylation. J Exp Med, 204(7), 1543-

1551. doi:10.1084/jem.20070109 



79 

 

Kim, S., Ito, M., Haruma, K., Egi, Y., Ueda, H., Tanaka, S., & Chayama, K. (2006). 

Surface structure of antral gastric mucosa represents the status of histologic 

gastritis: fundamental evidence for the evaluation of antral gastritis by 

magnifying endoscopy. J Gastroenterol Hepatol, 21(5), 837-841. 

doi:10.1111/j.1440-1746.2006.04193.x 

Kirsner., J. B. (1994). The Growth of Gastroenterological Knowledge during Twentieth 

Century Bulletin of the History of Medicine (pp. 49-54). Philadelphia: Lea and 

Febiger. 

Koch, U., & Radtke, F. (2011). Mechanisms of T cell development and transformation. 

Annu Rev Cell Dev Biol, 27, 539-562. doi:10.1146/annurev-cellbio-092910-

154008 

Koletzko, B., Demmelmair, H., Hartl, W., Kindermann, A., Koletzko, S., 

Sauerwald, T., & Szitanyi, P. (1998). The use of stable isotope techniques for 

nutritional and metabolic research in paediatrics. Early Hum Dev, 53 Suppl, S77-

97.  

Krashias, G., Bashiardes, S., Potamitou, A., Potamitis, G. S., & Christodoulou, C. 

(2013). Prevalence of Helicobacter pylori cagA and vacA genes in Cypriot 

patients. J Infect Dev Ctries, 7(9), 642-650. doi:10.3855/jidc.2923 

Krumbiegel, P., Herbarth, O., Kiess, W., Muller, D. M., & Richter, T. (2000). 

Diagnosis of Helicobacter pylori infection in children: is the 15N urine test more 

reliable than the 13C breath test? Scand J Gastroenterol, 35(4), 353-358.  

Kudo, T., Nurgalieva, Z. Z., Conner, M. E., Crawford, S., Odenbreit, S., Haas, R.,  

Yamaoka, Y. (2004). Correlation between Helicobacter pylori OipA protein 

expression and oipA gene switch status. J Clin Microbiol, 42(5), 2279-2281.  

Kumar, N., Shariq, M., Kumari, R., Tyagi, R. K., & Mukhopadhyay, G. (2013). Cag 

type IV secretion system: CagI independent bacterial surface localization of 

CagA. PLoS One, 8(9), e74620. doi:10.1371/journal.pone.0074620 

Kwok, T., Zabler, D., Urman, S., Rohde, M., Hartig, R., Wessler, S., Backert, S. 
(2007). Helicobacter exploits integrin for type IV secretion and kinase activation. 

Nature, 449(7164), 862-866. doi:10.1038/nature06187 

Labigne, A., Cussac, V., & Courcoux, P. (1991). Shuttle cloning and nucleotide 

sequences of Helicobacter pylori genes responsible for urease activity. J 

Bacteriol, 173(6), 1920-1931.  

Lage, A. P., Godfroid, E., Fauconnier, A., Burette, A., Butzler, J. P., Bollen, A., & 

Glupczynski, Y. (1995). Diagnosis of Helicobacter pylori infection by PCR: 

comparison with other invasive techniques and detection of cagA gene in gastric 

biopsy specimens. J Clin Microbiol, 33(10), 2752-2756.  



80 

 

Lam, S. K., & Talley, N. J. (1998). Report of the 1997 Asia Pacific Consensus 

Conference on the management of Helicobacter pylori infection. J Gastroenterol 

Hepatol, 13(1), 1-12.  

Larussa, T., Leone, I., Suraci, E., Imeneo, M., & Luzza, F. (2015). Helicobacter 

pylori and T Helper Cells: Mechanisms of Immune Escape and Tolerance. 

Journal of Immunology Research.  

Le Gros, G., Ben-Sasson, S. Z., Seder, R., Finkelman, F. D., & Paul, W. E. (1990). 

Generation of interleukin 4 (IL-4)-producing cells in vivo and in vitro: IL-2 and 

IL-4 are required for in vitro generation of IL-4-producing cells. J Exp Med, 

172(3), 921-929.  

Lee, J. M., Breslin, N. P., Fallon, C., & O'Morain, C. A. (2000). Rapid urease tests 

lack sensitivity in Helicobacter pylori diagnosis when peptic ulcer disease 

presents with bleeding. Am J Gastroenterol, 95(5), 1166-1170. 

doi:10.1111/j.1572-0241.2000.02004.x 

Lehours, P., Ruskone-Fourmestraux, A., Lavergne, A., Cantet, F., & Megraud, F. 

(2003). Which test to use to detect Helicobacter pylori infection in patients with 

low-grade gastric mucosa-associated lymphoid tissue lymphoma? Am J 

Gastroenterol, 98(2), 291-295. doi:10.1111/j.1572-0241.2003.t01-1-07264.x 

Leung, B. P., McInnes, I. B., Esfandiari, E., Wei, X. Q., & Liew, F. Y. (2000). 

Combined effects of IL-12 and IL-18 on the induction of collagen-induced 

arthritis. J Immunol, 164(12), 6495-6502.  

Lin, S. K., Lambert, J. R., Schembri, M. A., Nicholson, L., & Korman, M. G. 

(1994). Helicobacter pylori prevalence in endoscopy and medical staff. J 

Gastroenterol Hepatol, 9(4), 319-324.  

Lu, H., Hsu, P. I., Graham, D. Y., & Yamaoka, Y. (2005). Duodenal ulcer promoting 

gene of Helicobacter pylori. Gastroenterology, 128(4), 833-848.  

Lundgren, A., Suri-Payer, E., Enarsson, K., Svennerholm, A.-M., & Lundin, B. S. 
(2003). Helicobacter pylori-Specific CD4+ CD25high Regulatory T Cells 

Suppress Memory T-Cell Responses to H. pylori in Infected Individuals 

Infectionand Immunity, 71(4), 1755–1762. http://doi.org/10.1128/IAI.71.4.1755-

1762.2003 

Lundgren, A., Strömberg, E., Sjöling, Å., Lindholm, C., Enarsson, K., Edebo, A., 

… Lundin, B. S. (2005). Mucosal FOXP3-Expressing 

CD4+ CD25highRegulatory T Cells in Helicobacter pylori-Infected Patients 

. Infection and Immunity, 73(1), 523–531. http://doi.org/10.1128/IAI.73.1.523-

531.2005 

http://doi.org/10.1128/IAI.71.4.1755-1762.2003
http://doi.org/10.1128/IAI.71.4.1755-1762.2003


81 

 

Makristathis, A., Hirschl, A. M., Lehours, P., & Megraud, F. (2004). Diagnosis of 

Helicobacter pylori infection. Helicobacter, 9 Suppl 1, 7-14. doi:10.1111/j.1083-

4389.2004.00254.x 

Malfertheiner, P., Megraud, F., O'Morain, C., Bazzoli, F., El-Omar, E., Graham, 

D.,  Kuipers, E. J. (2007). Current concepts in the management of Helicobacter 

pylori infection: the Maastricht III Consensus Report. Gut, 56(6), 772-781. 

doi:10.1136/gut.2006.101634 

Mapstone, N. P., Lynch, D. A., Lewis, F. A., Axon, A. T., Tompkins, D. S., Dixon, 

M. F., & Quirke, P. (1993). PCR identification of Helicobacter pylori in faeces 

from gastritis patients. Lancet, 341(8842), 447.  

Marshall, B. J., Armstrong, J. A., McGechie, D. B., & Glancy, R. J. (1985). Attempt 

to fulfil Koch's postulates for pyloric Campylobacter. Med J Aust, 142(8), 436-

439.  

Marshall, B. J., & Warren, J. R. (1984). Unidentified curved bacilli in the stomach of 

patients with gastritis and peptic ulceration. Lancet, 1(8390), 1311-1315.  

 

Marson, A., Kretschmer, K., Frampton, G. M., Jacobsen, E. S., Polansky, J. K., 

MacIsaac, K. D., Young, R. A. (2007). Foxp3 occupancy and regulation of key 

target genes during T-cell stimulation. Nature, 445(7130), 931-935. 

doi:10.1038/nature05478 

Mathewos, B., Moges, B., Dagnew, M. . (2013). Seroprevalence and trend of 

Helicobacter pylori infection in Gondar University Hospital among dyspeptic 

patients,Gondar, North West ethiopa. BMC Research Notes, 6, 346. 

doi:10.1186/1756-0500-6-346 

Mattsson, A., Quiding-Jarbrink, M., Lonroth, H., Hamlet, A., Ahlstedt, I., & 

Svennerholm, A. (1998). Antibody-secreting cells in the stomachs of 

symptomatic and asymptomatic Helicobacter pylori-infected subjects. Infect 

Immun, 66(6), 2705-2712.  

Megraud, F. (1995). Transmission of Helicobacter pylori: faecal-oral versus oral-oral 

route. Aliment Pharmacol Ther, 9 Suppl 2, 85-91.  

Megraud, F. (2004). H. pylori antibiotic resistance: prevalence, importance, and 

advances in testing. Gut, 53(9), 1374-1384. doi:10.1136/gut.2003.022111 

Megraud, F., & Lamouliatte, H. (2003). Review article: the treatment of refractory 

Helicobacter pylori infection. Aliment Pharmacol Ther, 17(11), 1333-1343.  

Moayyedi, P. (2007). Sequential regimens for Helicobacter pylori eradication. Lancet, 

370(9592), 1010-1012. doi:10.1016/s0140-6736(07)61455-x 



82 

 

Moller, H., Heseltine, E., Vainio, H. (1994). Schistosomes, liver flukes and 

Helicobacter pylori. IARC Working Group on the Evaluation of Carcinogenic 

Risks to Humans. Lyon, 7-14 June 1994. IARC Monogr Eval Carcinog Risks 

Hum, 61, 1-241.  

Murata-Kamiya, N., Kikuchi, K., Hayashi, T., Higashi, H., & Hatakeyama, M. 
(2010). Helicobacter pylori exploits host membrane phosphatidylserine for 

delivery, localization, and pathophysiological action of the CagA oncoprotein. 

Cell Host Microbe, 7(5), 399-411. doi:10.1016/j.chom.2010.04.005 

Mutschler, E., Schäfer-Korting, Monika. . (2001). Arzneimittelwirkungen (8 ed.). 

German, stuttgart. 

Nakamura, H., Yoshiyama, H., Takeuchi, H., Mizote, T., Okita, K., & Nakazawa, 

T. (1998). Urease plays an important role in the chemotactic motility of 

Helicobacter pylori in a viscous environment. Infect Immun, 66(10), 4832-4837. 

Namavar, F., Roosendaal, R., Kuipers, E. J., de Groot, P., van der Bijl, M. W., 

Pena, A. S., & de Graaff, J. (1995). Presence of Helicobacter pylori in the oral 

cavity, oesophagus, stomach and faeces of patients with gastritis. Eur J Clin 

Microbiol Infect Dis, 14(3), 234-237.  

Namavar, F., Sparrius, M., Veerman, E. C., Appelmelk, B. J., & Vandenbroucke-

Grauls, C. M. (1998). Neutrophil-activating protein mediates adhesion of 

Helicobacter pylori to sulfated carbohydrates on high-molecular-weight salivary 

mucin. Infect Immun, 66(2), 444-447.  

O'Toole, P. W., Kostrzynska, M., & Trust, T. J. (1994). Non-motile mutants of 

Helicobacter pylori and Helicobacter mustelae defective in flagellar hook 

production. Mol Microbiol, 14(4), 691-703.  

Oderda, G., Rapa, A., Ronchi, B., Lerro, P., Pastore, M., Staiano, A.,  Strisciuglio, 

P. (2000). Detection of Helicobacter pylori in stool specimens by non-invasive 

antigen enzyme immunoassay in children: multicentre Italian study. Bmj, 

320(7231), 347-348.  

Ogiwara, H., Sugimoto, M., Ohno, T., Vilaichone, R. K., Mahachai, V., Graham, D. 

Y., & Yamaoka, Y. (2009). Role of deletion located between the intermediate 

and middle regions of the Helicobacter pylori vacA gene in cases of 

gastroduodenal diseases. J Clin Microbiol, 47(11), 3493-3500. 

doi:10.1128/jcm.00887-09 

Ohno, T., Vallstrom, A., Rugge, M., Ota, H., Graham, D. Y., Arnqvist, A., & 

Yamaoka, Y. (2011). Effects of blood group antigen-binding adhesin expression 

during Helicobacter pylori infection of Mongolian gerbils. J Infect Dis, 203(5), 

726-735. doi:10.1093/infdis/jiq090 



83 

 

Olokoba, A. B., Gashau, W., Bwala, S., Adamu, A., & Salawu, F. K. (2013). 

Helicobacter pylori infection in Nigerians with dyspepsia. Ghana Med J, 47(2), 

79-81.  

Olson, J. W., & Maier, R. J. (2002). Molecular hydrogen as an energy source for 

Helicobacter pylori.Science ,298(5599), 1788-1790. 

doi:10.1126/science.1077123 

Ouyang, W., Ranganath, S. H., Weindel, K., Bhattacharya, D., Murphy, T. L., Sha, 

W. C., & Murphy, K. M. (1998). Inhibition of Th1 development mediated by 

GATA-3 through an IL-4-independent mechanism. Immunity, 9(5), 745-755.  

Ozaydin, N., Turkyilmaz, S. A., & Cali, S. (2013). Prevalence and risk factors of 

Helicobacter pylori in Turkey: a nationally-representative, cross-sectional, 

screening with the (1)(3)C-Urea breath test. BMC Public Health, 13, 1215. 

doi:10.1186/1471-2458-13-1215 

Pai, S. Y., Truitt, M. L., & Ho, I. C. (2004). GATA-3 deficiency abrogates the 

development and maintenance of T helper type 2 cells. Proc Natl Acad Sci U S 

A, 101(7), 1993-1998. doi:10.1073/pnas.0308697100 

Parsonnet, J., Hansen, S., Rodriguez, L., Gelb, A. B., Warnke, R. A., Jellum, E.,  

Friedman, G. D. (1994). Helicobacter pylori infection and gastric lymphoma. N 

Engl J Med, 330(18), 1267-1271. doi:10.1056/nejm199405053301803 

Pavithran, K., D. C. Doval, & Pandey, K. K. . (2002). Gastric cancer in India. Gastric 

Cancer, 5, 240-243.  

Peitz, U., Hackelsberger, A., & Malfertheiner, P. (1999). A practical approach to 

patients with refractory Helicobacter pylori infection, or who are re-infected after 

standard therapy. Drugs, 57(6), 905-920.  

Perez-Perez, G. I. (2000). Accurate diagnosis of Helicobacter pylori. Culture, including 

transport. Gastroenterol Clin North Am, 29(4), 879-884.  

Perry-O'Keefe, H., Stender, H., Broomer, A., Oliveira, K., Coull, J., & Hyldig-

Nielsen, J. J. (2001). Filter-based PNA in situ hybridization for rapid detection, 

identification and enumeration of specific micro-organisms. J Appl Microbiol, 

90(2), 180-189.  

Portal-Celhay, C., & Perez-Perez, G. I. (2006). Immune responses to Helicobacter 

pylori colonization: mechanisms and clinical outcomes. Clin Sci (Lond), 110(3), 

305-314. doi:10.1042/cs20050232 

 

 



84 

 

Rad, R., Gerhard, M., Lang, R., Schöniger, M., Rösch, T., Schepp, W.,  Prinz, C. 
(2002). The Helicobacter pylori Blood Group Antigen-Binding Adhesin 

Facilitates Bacterial Colonization and Augments a Nonspecific Immune 

Response. The Journal of Immunology, 168(6), 3033-3041. 

doi:10.4049/jimmunol.168.6.3033 

Rautelin, H., Blomberg, B., Fredlund, H., Jarnerot, G., & Danielsson, D. (1993). 

Incidence of Helicobacter pylori strains activating neutrophils in patients with 

peptic ulcer disease. Gut, 34(5), 599-603.  

Razavi, A., Bagheri, N., Azadegan-Dehkordi, F., Shirzad, M., Rahimian, G., 

Rafieian-Kopaei, M., & Shirzad, H. (2015). Comparative Immune Response in 

Children and Adults with H. pylori Infection. Journal of Immunology Research, 

2015, 6. doi:10.1155/2015/315957 

Rhead, J. L., Letley, D. P., Mohammadi, M., Hussein, N., Mohagheghi, M. A., 

Eshagh Hosseini, M., & Atherton, J. C. (2007). A new Helicobacter pylori 

vacuolating cytotoxin determinant, the intermediate region, is associated with 

gastric cancer. Gastroenterology, 133(3), 926-936. 

doi:10.1053/j.gastro.2007.06.056 

Rohde, M., Puls, J., Buhrdorf, R., Fischer, W., & Haas, R. (2003). A novel sheathed 

surface organelle of the Helicobacter pylori cag type IV secretion system. Mol 

Microbiol, 49(1), 219-234.  

Rolfe, R. D. (2000). The role of probiotic cultures in the control of gastrointestinal 

health. J Nutr, 130(2S Suppl), 396s-402s.  

Saad, R. J., Schoenfeld, P., Kim, H. M., & Chey, W. D. (2006). Levofloxacin-based 

triple therapy versus bismuth-based quadruple therapy for persistent 

Helicobacter pylori infection: a meta-analysis. Am J Gastroenterol, 101(3), 488-

496. doi:10.1111/j.1572-0241.1998.455_t.x 

Sakaguchi, S. (2004). Naturally arising CD4+ regulatory t cells for immunologic self-

tolerance and negative control of immune responses. Annu Rev Immunol, 22, 

531-562. doi:10.1146/annurev.immunol.21.120601.141122 

Sanchez, J. E., Saenz, N. G., Rincon, M. R., Martin, I. T., Sanchez, E. G., & 

Martinez, M. J. (2000). Susceptibility of Helicobacter pylori to mupirocin, 

oxazolidinones, quinupristin/dalfopristin and new quinolones. J Antimicrob 

Chemother, 46(2), 283-285.  

Sasaki, H., Nagahara, A., Hojo, M., Asaoka, D., Matsumoto, K., Osada, T., & 

Watanabe, S. (2013). Ten-year trend of the cumulative Helicobacter pylori 

eradication rate for the 'Japanese eradication strategy'. Digestion, 88(4), 272-278. 

doi:10.1159/000353313 



85 

 

Satin, B., Del Giudice, G., Della Bianca, V., Dusi, S., Laudanna, C., Tonello, F.,  

Rossi, F. (2000). The neutrophil-activating protein (HP-NAP) of Helicobacter 

pylori is a protective antigen and a major virulence factor. J Exp Med, 191(9), 

1467-1476.  

Schoenborn, J. R., & Wilson, C. B. (2007). Regulation of interferon-gamma during 

innate and adaptive immune responses. Adv Immunol, 96, 41-101. 

doi:10.1016/s0065-2776(07)96002-2 

Schroder, K., Hertzog, P. J., Ravasi, T., & Hume, D. A. (2004). Interferon-gamma: an 

overview of signals, mechanisms and functions. J Leukoc Biol, 75(2), 163-189. 

doi:10.1189/jlb.0603252 

Schwarz, B. A., & Bhandoola, A. (2006). Trafficking from the bone marrow to the 

thymus: a prerequisite for thymopoiesis. Immunol Rev, 209, 47-57. 

doi:10.1111/j.0105-2896.2006.00350.x 

Seder, R. A., Gazzinelli, R., Sher, A., & Paul, W. E. (1993). Interleukin 12 acts 

directly on CD4+ T cells to enhance priming for interferon gamma production 

and diminishes interleukin 4 inhibition of such priming. Proc Natl Acad Sci U S 

A, 90(21), 10188-10192.  

Sethi, A., Chaudhuri, M., Kelly, L., & Hopman, W. (2013). Prevalence of 

Helicobacter pylori in a First Nations population in northwestern Ontario. Can 

Fam Physician, 59(4), e182-187.  

Sherwood, L. (1997). Human Physiology: From Cells to Systems. Belmont, CA: 

Wadsworth. 

Shevach, E. M. (2000). Regulatory T cells in autoimmmunity*. Annu Rev Immunol, 18, 

423-449. doi:10.1146/annurev.immunol.18.1.423 

Shi, Y., Liu, X. F., Zhuang, Y., Zhang, J. Y., Liu, T., Yin, Z., Zou, Q. M. (2010). 

Helicobacter pylori-induced Th17 responses modulate Th1 cell responses, 

benefit bacterial growth, and contribute to pathology in mice. J Immunol, 184(9), 

5121-5129. doi:10.4049/jimmunol.0901115 

Shiota S., Suzuki R., Yamaoka Y., (2013). The significance of virulence factors in 

Helicobacter pylori. J .Dig. Dis.14:341-9 

Sipponen, P., & Marshall, B. J. (2000). Gastritis and gastric cancer. Western countries. 

Gastroenterol Clin North Am, 29(3), 579-592, v-vi.  

Smythies, L. E., Waites, K. B., Lindsey, J. R., Harris, P. R., Ghiara, P., & Smith, P. 

D. (2000). Helicobacter pylori-induced mucosal inflammation is Th1 mediated 

and exacerbated in IL-4, but not IFN-gamma, gene-deficient mice. J Immunol, 

165(2), 1022-1029.  



86 

 

Sodhi, J. S., Javid, G., Zargar, S. A., Tufail, S., Shah, A., Khan, B. A., Shoukat, A. 
(2013). Prevalence of Helicobacter pylori infection and the effect of its 

eradication on symptoms of functional dyspepsia in Kashmir, India. J 

Gastroenterol Hepatol, 28(5), 808-813. doi:10.1111/jgh.12178 

Sonnenberg, A. (2013). Review article: historic changes of Helicobacter pylori-

associated diseases. Aliment Pharmacol Ther, 38(4), 329-342. 

doi:10.1111/apt.12380 

Stark, R. M., Gerwig, G. J., Pitman, R. S., Potts, L. F., Williams, N. A., Greenman, 

J.,  Millar, M. R. (1999). Biofilm formation by Helicobacter pylori. Lett Appl 

Microbiol, 28(2), 121-126.  

Stehman, S. V. (1997). Selecting and interpreting measures of thematic classification 

accuracy. Remote Sensing of Environment, 62(1), 77-89. 

doi:http://dx.doi.org/10.1016/S0034-4257(97)00083-7 

Suzuki, M., Miura, S., Suematsu, M., Fukumura, D., Kurose, I., Suzuki, H.,  

Tsuchiya, M. (1992). Helicobacter pylori-associated ammonia production 

enhances neutrophil-dependent gastric mucosal cell injury (Vol. 263). 

Swain, S. L., Weinberg, A. D., English, M., & Huston, G. (1990). IL-4 directs the 

development of Th2-like helper effectors. J Immunol, 145(11), 3796-3806.  

Swihart, K., Fruth, U., Messmer, N., Hug, K., Behin, R., Huang, S., Louis, J. A. 

(1995). Mice from a genetically resistant background lacking the interferon 

gamma receptor are susceptible to infection with Leishmania major but mount a 

polarized T helper cell 1-type CD4+ T cell response. J Exp Med, 181(3), 961-

971.  

Testerman, T. L., MCGee, D. J., Mobley, H. L. T. (2001). Adherence and 

Colonization. In Helicobacter pylori: physiology and genetics (G. L. M. S. L. H. 

H. L. T. Mobley Ed.). Washington, DC: ASM. 

Toller, I. M., Neelsen, K. J., Steger, M., Hartung, M. L., Hottiger, M. O., Stucki, 

M., Müller, A. (2011). Carcinogenic bacterial pathogen Helicobacter pylori 

triggers DNA double-strand breaks and a DNA damage response in its host cells. 

Proceedings of the National Academy of Sciences, 108(36), 14944-14949. 

doi:10.1073/pnas.1100959108 

Tomb, J. F., White, O., Kerlavage, A. R., Clayton, R. A., Sutton, G. G., 

Fleischmann, R. D., .Venter, J. C. (1997). The complete genome sequence of 

the gastric pathogen Helicobacter pylori. Nature, 388(6642), 539-547. 

doi:10.1038/41483 

Tong, J. L., Ran, Z. H., Shen, J., & Xiao, S. D. (2009). Sequential therapy vs. standard 

triple therapies for Helicobacter pylori infection: a meta-analysis. J Clin Pharm 

Ther, 34(1), 41-53. doi:10.1111/j.1365-2710.2008.00969.x 



87 

 

Torres K, Valderrama E, Sayegh M, Ramírez JL, Chiurillo MA. (2014). Study of 

the oipA genetic diversity and EPIYA motif patterns in CAG A positive 

Helicobacter pylori strains from Venezuelen patients with chronic gastritis. J 

Microb Pathog, Nov;76:26-32. doi: 10.1016/j.micpath.2014.09.006.  

Tytgat G.N.J., A. A. T. R., Dixon M.F., Graham D.Y., Lee A., Marshall B. J. (1990). 

Helicobacter pylori: Causal Agent in Peptic Ulcer Disease? . Oxford: Blackwell 

Scientific Publications. 

Url-1 <http:// www.cisncancer.org>, date retrieved 29.06.2015. 

Url-2 <http:// www.hpylori.com.au>, date retrieved 14.08.2015. 

Url-3 <http:// www.bioweb.uwlax.edu>, date retrieved 26.04.2016. 

Url-4 <http://www.ncbi.nlm>, date retrieved 22.04.2014. 

Url-5 <http://www.r-project.org.>, date retrieved 12.04.2014.  

van Blankenstein, M., van Vuuren, A. J., Looman, C. W., Ouwendijk, M., & 

Kuipers, E. J. (2013). The prevalence of Helicobacter pylori infection in the 

Netherlands. Scand J Gastroenterol, 48(7), 794-800. 

doi:10.3109/00365521.2013.799221 

van Doorn, L. J., Debets-Ossenkopp, Y. J., Marais, A., Sanna, R., Megraud, F., 

Kusters, J. G., & Quint, W. G. (1999). Rapid detection, by PCR and reverse 

hybridization, of mutations in the Helicobacter pylori 23S rRNA gene, 

associated with macrolide resistance. Antimicrob Agents Chemother, 43(7), 

1779-1782.  

van Doorn, L. J., Figueiredo, C., Sanna, R., Pena, S., Midolo, P., Ng, E. K., . . . 

Quint, W. G. (1998). Expanding allelic diversity of Helicobacter pylori vacA. J 

Clin Microbiol, 36(9), 2597-2603.  

van Doorn, O. J., Bosman, D. K., van't Hoff, B. W., Taminiau, J. A., ten Kate, F. J., 

& van der Ende, A. (2001). Helicobacter pylori Stool Antigen test: a reliable 

non-invasive test for the diagnosis of Helicobacter pylori infection in children. 

Eur J Gastroenterol Hepatol, 13(9), 1061-1065.  

Vandenberg, P. A. (1993). Lactic acid bacteria, their metabolic products and 

interference with microbial growth. . FEMS Microbial Rev, 12, 221-238.  

Veralovic, J., Koeuth, T. & Lupski, J. R. . (1991). Distribution of repetitive DNA 

sequences in Eubacteria and application to fingerprinting of bacterial genomes. . 

Nucleic Acids Res, 19, 6823–6831.  



88 

 

Versalovic, J., Shortridge, D., Kibler, K., Griffy, M. V., Beyer, J., Flamm, R. K.,  

Go, M. F. (1996). Mutations in 23S rRNA are associated with clarithromycin 

resistance in Helicobacter pylori. Antimicrob Agents Chemother, 40(2), 477-480.  

Victoria Serelli-Lee, K. L. L., Cassandra Ho, Lai Han Yeong, Gek Keow Lim Bow 

Hoand Soon Boon Justin Wong. (2012). Persistent Helicobacter pylori Specific 

Th17 Responses in Patients with Past H. pylori Infection Are Associated with 

Elevated Gastric Mucosal IL-1β. PLoS One. doi:10.1371/journal.pone.0039199 

Vilaichone, R. K., Mahachai, V., Shiota, S., Uchida, T., Ratanachu-ek, T., Tshering, 

L., Yamaoka, Y. (2013). Extremely high prevalence of Helicobacter pylori 

infection in Bhutan. World J Gastroenterol, 19(18), 2806-2810. 

doi:10.3748/wjg.v19.i18.2806 

Wang, B., Andre, I., Gonzalez, A., Katz, J. D., Aguet, M., Benoist, C., & Mathis, D. 

(1997). Interferon-gamma impacts at multiple points during the progression of 

autoimmune diabetes. Proc Natl Acad Sci U S A, 94(25), 13844-13849.  

Wang, Z. E., Reiner, S. L., Zheng, S., Dalton, D. K., & Locksley, R. M. (1994). 

CD4+ effector cells default to the Th2 pathway in interferon gamma-deficient 

mice infected with Leishmania major. J Exp Med, 179(4), 1367-1371.  

Weaver, C. T., Hatton, R. D., Mangan, P. R., & Harrington, L. E. (2007). IL-17 

family cytokines and the expanding diversity of effector T cell lineages. Annu 

Rev Immunol, 25, 821-852. doi:10.1146/annurev.immunol.25.022106.141557 

Wenner, C. A., Guler, M. L., Macatonia, S. E., O'Garra, A., & Murphy, K. M. 
(1996). Roles of IFN-gamma and IFN-alpha in IL-12-induced T helper cell-1 

development. J Immunol, 156(4), 1442-1447.  

Weston, A. P., Campbell, D. R., Bartholomew, W. et al. . (1995). Urine IgG serology 

to detect gastric Helicobacter pylori comparison to serum IgG and IgA serology 

and Giemsa stained gastric biopsies. . Gastroenterology, 108(A207).  

Wu, C. Y., Kuo, K. N., Wu, M. S., Chen, Y. J., Wang, C. B., & Lin, J. T. (2009). 

Early Helicobacter pylori eradication decreases risk of gastric cancer in patients 

with peptic ulcer disease. Gastroenterology, 137(5), 1641-1648.e1641-1642. 

doi:10.1053/j.gastro.2009.07.060 

Wroblewski LE, Peek RM Jr, Wilson KT (2010) Helicobacter pylori and gastric 

cancer: factors that modulate disease risk. Clin Microbiol Rev 23: 713–739. 

Xia, H. X., Talley, N. J., Keane, C. T., & O'Morain, C. A. (1997). Recurrence of 

Helicobacter pylori infection after successful eradication: nature and possible 

causes. Dig Dis Sci, 42(9), 1821-1834.  



89 

 

Yamaoka, Y., Ojo, O., Fujimoto, S., Odenbreit, S., Haas, R., Gutierrez, O., 

Graham, D. Y. (2006). Helicobacter pylori outer membrane proteins and 

gastroduodenal disease. Gut, 55(6), 775-781. doi:10.1136/gut.2005.083014 

Yao, Z., Painter, S. L., Fanslow, W. C., Ulrich, D., Macduff, B. M., Spriggs, M. K., 

& Armitage, R. J. (1995). Human IL-17: a novel cytokine derived from T cells. 

J Immunol, 155(12), 5483-5486.  

Yee, Y. K., Yip, K. T., Que, T. L., Chang, K. K., Li, K. F., Lee, C. K., .Szeto, M. L. 
(2002). Efficacy of enzyme immunoassay for the detection of Helicobacter 

pylori antigens in frozen stool specimens: local validation. Aliment Pharmacol 

Ther, 16(10), 1739-1742.  

Yu, Y., Su, L., Wang, X., Wang, X., & Xu, C. (2014). Association between 

Helicobacter pylori infection and pathological changes in the gastric mucosa in 

Chinese children. Intern Med, 53(2), 83-88.  

Zanotti, G., Papinutto, E., Dundon, W., Battistutta, R., Seveso, M., Giudice, G., 

Montecucco, C. (2002). Structure of the neutrophil-activating protein from 

Helicobacter pylori. J Mol Biol, 323(1), 125-130.  

Zhang, L., & Zhao, Y. (2007). The regulation of Foxp3 expression in regulatory 

CD4(+)CD25(+)T cells: multiple pathways on the road. J Cell Physiol, 211(3), 

590-597. doi:10.1002/jcp.21001 

Zheng, Y., & Rudensky, A. Y. (2007). Foxp3 in control of the regulatory T cell 

lineage. Nat Immunol, 8(5), 457-462. doi:10.1038/ni1455 

Zhou, L., Ivanov, II, Spolski, R., Min, R., Shenderov, K., Egawa, T., Littman, D. R. 
(2007). IL-6 programs T(H)-17 cell differentiation by promoting sequential 

engagement of the IL-21 and IL-23 pathways. Nat Immunol, 8(9), 967-974. 

doi:10.1038/ni1488 

Zhu, J., & Paul, W. E. (2008). CD4 T cells: fates, functions, and faults. Blood, 112(5), 

1557-1569. doi:10.1182/blood-2008-05-078154 

Zhu, Y., Zhou, X., Wu, J., Su, J., & Zhang, G. (2014). Risk Factors and Prevalence of 

Helicobacter pylori Infection in Persistent High Incidence Area of Gastric 

Carcinoma in Yangzhong City. Gastroenterol Res Pract, 2014, 481365. 

doi:10.1155/2014/481365 

Zullo, A., De Francesco, V., Hassan, C., Morini, S., & Vaira, D. (2007). The 

sequential therapy regimen for Helicobacter pylori eradication: a pooled-data 

analysis. Gut, 56(10), 1353-1357. doi:10.1136/gut.2007.125658 

 



90 

 

 

 

 

 

 

 

 

 



91 

 

 

APPENDICES 

APPENDIX A : Laboratory Equipment  
APPENDIX B : Chemicals and Kits  
APPENDIX C : Preparation and Composition of Buffers and Solutions  

 
 
  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



92 

 

APPENDIX A 

 
 
Laminar Air Flow Cabinets FASTER BH-EN 2003 

Precisa BJ 610C 

Pipettes 10 µL, 20 µL , 100 μl, 200 µL, 1000 μl Socorex 

                                                            And 10 µL, 100 μl, 1000 μl Biohit 

Centrifuge Beckman Coulter Allegra 
TM 

25R Centrifuge 

                                                           Scanspeed 1730 R  

                                                           Labogene Scanspeed mini 

Gel Documentation System UVI PhotoMW Version 99.05 for Windows 

ChemiDoc™ MP Imaging System 

ORTE Observable Real Time Electrophoresisi, 

SALUBRIS 

SpeedMill PLUS Homogenizator  Analytikjena 

Thermal cycler Applied Biosystems  

Vortex Mixer Uzusio VTX-3000L, LMS 

Quick spin LMS 

Ice Machine Scotsman AF10 

Freezers Altus (+4 ᵒC) 

                                                        Siemens (-20 ᵒC) 

                                                        Haier (-80 ᵒC) 

Power Supply BIO-RAD 

Centrifuge tubes                               Interlab 

Eppendorf tubes                               Interlab 

Nanodrop 2000                    Thermo Scientific 

Examination gloves  Beybi 
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APPENDIX B 

 

Agarose  Appli Chem 

Glacial Acetic Acid Appli Chem 

dNTP Thermo 

EDTA Appli Chem 

SYBR Gold Fermentas 

Tris Base Sigma-Aldrich 

RNA Stabilization Solution Sigma-Aldrich 

Power SYBR Green PCR Master Mix            Applied Biosystems 

5x FIREPol® Master Mix Ready to Load       Solis Biodyne 

Quick g-DNA
TM

 130                               Zymo Research 

Innu Prep RNA Isolation Kit                          Analytikjena 

cDNA Synthesis Kit                                        Applied Biosystems 
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APPENDIX C 

TAE (Tris-Acetate-EDTA) Buffer (50X) 

Tris base                         242 g 

Glacial Acetic Acid                         57.1 ml 

EDTA                            100 ml (0.5 M, pH 8.0) 

Add ddH2O to 1 liter and adjust the pH to 8.0 

Mini Agarose Gel (1%)  

Agarose                          0.5 g 

TAE buffer (1X)                          50 mL 
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