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C h a p t e r  I 

INTRODUCTION 



CHAPTER I 

INTRODUCTION 

The frequent observation of bacteria-like organisms in biopsy samples of almost all 

patients with active, chronic gastritis, duodenal ulcer, or gastric ulcer inspired Marshall and 

Warren to obtain the culture of the organism in vitro. They succeeded in the process and 

isolated gram negative, microaerophilic, flagellated organism from human gastric biopsy 

samples (Marshall and Warren, 1984). The isolated organism was found to be a species 

related to Campylobacters. Initially it was given the name Campylobacter pyloridis and 

then renamed as Campylobacter pylori. But later studies revealed several properties 

unique to the organism and in October 1989 a new genus name Helicobacter was 

published (Goodwin et al., 1989). 

HELICOBACTER PYLORI 

Habitat and Morphology 

In an attempt to prove Koch's postulates, two human volunteers swallowed the 

culture of Helicobacter pylon' and demonstrated the ability of the organism to produce 

histological gastritis in a susceptible host (Marshall et al., 1985). The attempts to develop 

an animal model of H. pylon infections in germ free mice initially failed and this led to the 

speculation that the rodents may lack the attachment sites required for the colonization of 

human strains of H. pylori (Cantorna and Balish, 1990). The authors demonstrated the 

inhibited growth of H. pylori in presence of homogenates of murine stomach, small 

intestine and mesenteric lymph nodes. However, later several animal models were 

developed and Koch's postulates have been fulfilled for peptic ulceration and gastric 

cancer (Watanabe et al., 1998). Recently, guinea pigs were used as animal models and 

the H. pylori infection persisted ,in most of these animals for 5 months (Sjunnesson et 

al.. 2003). 



Helicobacter pylon was found in human gastric mucosa in association with gastric 

epithelial cells, at intercellular junctions (Hazell et al., 1986) and occasionally intracellularly 

(Noach et al., 1994). In untreated persons it is mostly observed in antral part and in 

persons treated with acid-suppressive drugs it may be present in higher numbers in the 

body of the stomach. Microscopy of the gram-stained smears or imprint of gastric biopsies 

demonstrated curved, gram-negative rods (Montgomery et al., 1988; Nichols et al.. 1991). 

On solid media H. pylon develop small, 0.5-1 mm diameter, transluscent, pale 

grayish colonies. In very young cultures the organism appear as almost straight rods 

microscopically. After 3-5 days of incubation, the bacteria look pleomorphic with irregular 

curved rods. In old cultures. they appear degenerative coccoid forms. 

Goodwin and Armstrong (1990) reviewed the ultra structural features of the 

organism. Electron microscopy of thin sections and of negatively stained specimens 

showed H. pylon as unipolar. multiflagellate, rod-like organism with blunty rounded ends 

measuring 0.5 pm in width and'2.5-4.0 vm in length (Goodwin et al., 1985). The outer wall 

of H. pylon appeared smooth and closely following the underlying cytoplasmic membrane. 

This is a distinctive feature from true Campylobacters. A glycocalyx of 40 nm thickness. 

which is similar to the "S layer in several gram-negative bacteria, is present on the surface 

of the organism. In gastric specimens. the surface glycocalyx of the organism and the 

epithelial microvilli are often linked by thread-like bridges or more extensive point of 

confluence. Four to six sheathed flagella are normally attached at one pole, each 2-5 pm 

long and about 30 nm thick. An extension of flagellar sheath as a membranous terminal 

bulb is observed. The flagellar sheaths are membranes and contain proteins and LPS 

(Suerbaum et al., 1993). 



Virulence factors 

In earlier days it was thought that stomach is free from infections due to its low 

acidity, thick layer of viscid mucus, gastric motility, and to certain extent the immune 

system of the body. But the successful isolation of H. pylon from gastric biopsies by 

Marshal1 and Warren (1984) abolished this concept. Due to the peculiar ecological niche 

prevailing in stomach, many scientists focused their studies on elucidating the factors 

contributing to the colonization of the organism in the stomach. In an article. Goodwin 

(1 994) pointed out the following major virulence factors in H. pylori 

i) Urease: helps to overcome the gastric acidity 

ii) Spiral shape and motility: allow organism to penetrate viscid mucus. In addition. 

various enzymes such as lipase, urease, and phospholipase may disorientate 

the micelles of the mucus structure. 

iii) Adherence to mucosa and disruption of intercellular junctions helps to 

overcome gastric emptying. 

iv) In mucus of the stomach immune cells such as polymorphs and IgG antibodies 

do not reach. Acid in stomach and pepsin destroy IgG. In addition, IgA blocking 

antibodies seem to adhere closely to the bacteria and this may impair 

opsonization by IgG and thereby impair phagocytosis. Thus, stomach becomes 

a sanctuary site for colonization of H. pylori 

Several authors reviewed the virulence factors of H. pylon (Wadstrom, 1995: 

Yoshiyama and Nakazawa. 2000). Broadly the putative virulence factors of H. pylon were 

divided into three groups: colonization factors, disease inducing factors, and factors 

promoting persistence. 



Adhesion 

Lingwood et al. (1989) observed recognition of a specific glycerolipid present in the 

extract of human RBC and pig stomach tissue by H. pylon isolates. This glycerolipid is 

found to be present in greater amounts in antral mucosa than fundal mucosa of human 

stomach and also more prevalent in gastric mucosa of adults than of infants. The specific 

recognition of lipid in gastric mucosa by H. pylon was suggested as the mechanism of 

colonization of stomach tissue. Kamisago et al. (1996) reported sulfatides and related 

sulfated compounds as major receptors for cell adhesion by H, pylon to the gastric 

mucosa. Saitoh et al. (1991) demonstrated the binding of intact H. pylon specifically to 

I%oS Gal cer and II' Neu-Ac-Lac cer extracted from human gastric mucosa and also the 

specific recognition of oligosaccharide moieties on these glycosphingolipids by different 

ligand molecules of H. pylon. lmmunostaining revealed the significant localization of 

sulfatides in the epithelia1 lining of gastric mucosa (Saitoh et al., 1991). Huang et al. (1992) 

isolated two adhesin proteins of molecular weights 25 kD and 59 kD from H, pylon. 

According to these authors the receptor binding specificities and haemaglutination profiles 

of individual strains of H. pylon were attributable to the differences in antigenicity and 

molecular masses of these adhesins. It was reported that 5% of H. pylon acid-glycine 

extract proteins constituted the adhesive proteins (Ho and Jiang, 1995) 

Wyle et al. (1990), by using transmission electron microscope, demonstrated strong 

association of H. pylon with the cultured KATO Ill cell lines and occasional cell evasion by 

the organism. lmmunofluorescence and flow cytometric studies revealed that the 

adherence of the organism to KATO Ill cell lines were rapid, storable, energy dependent. 

and mannose resistant. but significantly inhibited by fetuin, a glycoprotein containing 

N-acetyl neuraminyl lactose (Dunn et al.. 1991). Osaki et al. (1995), however. could not 

find any inhibition of H. pylon adherence to MKN 45 cells by fetuin. So involvements of 

different membrane receptors were suggested in the adherence of H. pylon to cultured 



cells. Tight adherence of many H. pylon cells to individual KATO Ill cells resulting in direct 

juxtaposition of bacterial and cell membranes with indentation of KATO Ill cell membranes 

was demonstrated (Dunn et al.. 1991). Logan et al. (1998) reported that 1-50 bacteria 

bound per gastric epithelial cells in vitro. They also observed adherence of all H. pylon 

strains to cultured gastric epithelial cells and the proportion of cells with bound bacteria 

varied from 40-99% while the proportion of cells bound with H. cinaedi and H. fenneliae 

varied from 5-15% only. In a study Wagner et al. (1994) used common drugs used for 

treatment of patients with gastric disorders and found that bismuth subcitrate blocked the 

adherence of H. pylon to epithelial cells while Omeprazole and Cimetidine do not interfere. 

The effect of adherence of H. pylon on epithelial cells was demonstrated in 

Figure 1 . l .  Doig et al. (1992) purified a lamin binding protein having a molecular weight of 

19.6 kD from H. pylori The poor immunogenicity of this protein suggested its role in 

establishing persistent infection. The heterogeneity of H. pylon binding to tissue sections 

and inhibition of binding by synthetic ~ewis '  oligosaccharides was reported (Reinhard et 

al.. 2000). The findings of Suerbaum et al. (1993) suggested the role of proteins and LPS 

in the flagellar sheath in promoting the adherence of the organism to host cells. 

From the view of colonization of H, pylon to the peculiar ecological niche in the 

stomach. it was suggested that the putative receptor responsible for H. pylon colonization 

should meet the following criteria: (i) present in mucus, (ii) specific for the mucus produced 

by gastric type epithelium. (iii) not present in the normal duodenum. (iv) not present in the 

mucus overlaying areas of complete intestinal metaplasia, (v) present in areas of gastric 

metaplasia in the duodenum. Some studies showed that MUC 5AC fulfills the necessary 

criteria in the stomach (van den Brink et al., 2000). The authors observed more than 99% 

of H. pylon association with either extracellular MUC 5AC or the apical domain of the 

MUC 5AC producing cells. 
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Figure 1.1 Effect of adhesion of H. pylon on epithelial cells 

Biochemical activities 

Urease 

The gastric urease of human stomach was reported to be produced by H. pylon 

colonizing the gastric mucosa. Urease (Urea aminohydrolase: EC 3.5.1.5) is a high 

molecular weight, multi-subunit enzyme. Urease hydrolyses urea to ammonia and 

carbamate. Spontaneous decomposition of carbamate yields another molecule of 

ammonia and carbonic acid. 

H2N-CO-NH2 + H20 C reuse > NH3+ H2N-C(0)-OH 



In aqueous solutions, the released carbonic acid and the two molecules of ammonia are in 

equilibrium with their deprotonated and protonated forms, respectively. The net effect of 

these reactions is an increase in pH. 

H2COS 4 H' + HCOS' 

Dunn et al. (1 990) purified H. pylon urease and observed its similarities with urease 

of plants and other bacteria. Molecular weight estimated for native enzyme was 

380*30 kD, where as subunit values of 62i2 kD and 3 0 f l  kD determined. H. pylon 

produce urease in significant quantities under both in vivo and in vitro conditions. 

Several reviews are available on H. pylon urease (Bume and Chen, 2000: Dick. 

1990). Urease serves many functions in the metabolism of the organism, its colonization in 

gastric mucosa, and in pathogenesis of infection. According to Goodwin et al. (1986) and 

several others the key factor that protects the organism from gastric acid is urease. At low 

pH values intracellular urease generates enough ammonia from urea in the environment to 

maintain an ideal ecological niche for the organism (Marshall et al.. 1990). They observed 

the protective effect of urea at a concentration as low as 0.05 mM/L. 

Ferrero et al. (1988) observed that the activity of H. pylon urease was up to 20-70 

times that of Proteus vulgaris. a urease producing bacteria. They also noted the glutamate 

dehydrogenase activity of H. pylon urease and suggested the assimilation of available urea 

nitrogen as a function of this enzyme. H. pylon urease does not cross-react with the urease 

of a closely related bacterium, St l ,  isolated from rodent ileum (Ferrero et a1.,1988). 

Most urease gene clusters contains ureABC genes, which encodes y. P, a subunits 

respectively. that forms the urease apoenzyme. In H. pylon only ureAB genes are sufficient 

to encode urease (Labigne et al., 1991: Cussac et al., 1992). This was confirmed by the 



studies of Hu et al. (1992) by transferring ureA and ureB genes encoding H. pylon urease 

into E. col; and subsequent transcription and translation of native size protein in E. col;. 

According to the authors additional modifications probably associated with Ni2+ insertion 

may be carried out by accessory genes downstream of ureB. 

Biogenesis of functional urease requires the presence and expression of four 

urease accessory genes. ureDEFG. ureE acts as a nickel carrier, others are chaperones. 

In addition to the accessory genes. other genes are also involved in urease biogenesis. 

High affinity metal transporters. such as nixA gene of H. pylon scavenge the trace element 

nickel from the environment (Mobley et al., 1995). ureI gene encodes an integral 

cytoplasmic protein which is probably a pH activated urea transporter or perhaps regulates 

such a transporter as a function of periplasmic pH (Scott et al., 2000). Weeks et al. (2000) 

postulated that UreI form a urea specific pore in the cytoplamic membrane that opens at 

low pH and closes at high pH. thus regulating urea availability to cytoplasmic urease. Hong 

et al. (2000). using a contrast enhancement protocol in immunoelectron microscopy. 

demonstrated the localization of UreI antigen at or near the inner membrane of H. pylon. 

Several authors reported the role of H. pylon urease in colonization of gastric 

mucosa and in pathogenicity of the organism. Eaton et al. (1991) demonstrated the 

inability of the urease mutant strains. which retained only 0.4% of urease activity of parent 

strain. to colonize piglets challenged orally. while the parent strain colonized all piglets and 

caused gastritis. Tsuda et al. (1994), by using nude mice, obtained similar results with 

urease mutant strains of H. pylon 

Perez-Perez et al. (1992) demonstrated the spontaneous development of urease 

mutants and that urease activity enhanced survival at acid pH. But according to lsogai et 

al. (1994) low pH and bacterial flora were not essential factors in establishing mucosal 



infection with H. pylori They demonstrated infection and consequent inflammation in the 

urinary bladder and pelvis of mice inoculated transurethrally with H, pylori 

Several authors demonstrated the role of urease in the pathogenicity of H. pylon 

Smoot et al. (1990) reported the direct cytotoxicity of ammonia liberated by H. pylon 

urease on cultured gastric epithelial cells. The cytotoxicity was decreased when urease 

activity inhibited and ammonia concentration correlated directly with cell injury. 

In addition to the direct deleterious effects of ammonia formation, other routes of 

cell damage have been proposed when urease or ureolytic bacteria interact with 

leukocytes. The formation of ammonia in the presence of oxidative burst ueated by 

immune cells can lead to formation of the monochloramines (Suzuki et al., 1992), which 

has been shown to be able to induce DNA damage. Moreover capacity of immune system 

to combat infection may also be compromised because of the inhibitory effects of elevated 

pH and ammoniacal compounds on immune function. 

Spigelhalder et al. (1993) purified super oxide dismutase (SOD) from H. pylon and 

found that it has a role in preventing phagocytic killing of the organism. Catalase protects 

H. pylon against the damaging effects of hydrogen peroxide released from phagocytes 

(Hazell et al.. 1991). Catalase negative mutants develop spontaneously in vitro, but have 

not yet observed in vivo (Westblom et al.. 1992). This suggests that catalase is not 

necessary for the growth of H. pylon but it is important in the pathogenesis in the host. 

Cytotoxicity 

Leunk and colleagues (1988) discovered that supematants from broth cultures of 

H. pylon induced massive degeneration of various cultured epithelial cell lines. The protein. 

which is mediating this effect was purified and named as vacuolating cytotoxin (Cover and 

Blaser, 1992). It was speculated that vacuolating cytotoxin (VacA) and ammonia generated 

by H. pylon urease may contribute to cell vacuolation and injury in additive fashion in vivo 



(Cover et al.. 1991). In vivo. ammonium chloride is generated from the combination of 

ammonia with HCI of parietal cell origin. Gastric juice ammonia in H, pylon infected 

persons was reported to be 34k16 mM (Marshall and Langton, 1986). The concentration of 

N H L I  that potentiated H. pylon induced cell vacuolation in cell culture assay was 

correlated with in vivo concentration of ammonia. 

Studies on the structure and activity of VacA revealed that the mature secreted 

toxin have an approximate molecular weight of 90 kD and it contains two subunits or 

domains - a 37 kD amino terminal subunit and a 58 kD carboxy terminal subunit (Telford et 

al., 1994). The activity of the toxin was completely abrogated by removing 10 amino acids 

from the amino terminus and partially abrogated by removing 6 amino acids (de Bemard et 

al.. 1998: Ye et al.. 1999). 

To find out the role of VacA in vivo. several animal studies were performed by using 

VacA toxin, wild type toxigenic strains, or vacA null mutants. The toxin caused damage to 

the gastric epithelium (Ghiara et al.. 1995) but the colonization with wild type toxigenic 

strains and null mutants does not showed any difference in epithelial damage 

(Eaton et al., 1997: Wirth et al.. 1998). Immunization of mice with VacA prevented infection 

when mice were subsequently challenged with H. pylon (Marchetti et al., 1995). 

The precise role of VacA in peptic ulceration and gastric adenocarcinoma is still 

under investigation. It was thought that VacA may contribute to the capacity of H. pylon to 

colonize and persist human gastric mucosa and may also contribute directly to gastric 

epithelial damage. VacA can interfere with normal endocytic pathways, thus it may alter 

the process of antigen presentation, which may be one of the mechanism by which 

H. pylon evades host defenses (Molinari et al., 1998). While analyzing the genome 

sequence Tomb et al. (1997) proposed that VacA proteins may be retained on the outside 



surface of the cell membrane and it might contribute to the interaction of H. pylon and host 

cells. 

Crabtree et al. (1992) reported the association between expression of 120 kD 

protein, CagA, in H. pylon strains and cytotoxicity. Fallone et al. (2000) observed that the 

cagA gene was present in H. pylon isolated from 94-97% of subjects in all categories of 

patients with non-ulcer dyspepsia (NUD), gastroesophageal reflux disease (GERD). 

duodenal ulcer (DU). gastric cancer (GC) and controls. But the CagA antibody was less 

prevalent in NUD and GERD than those with gastroduodenal pathology including gastric 

ulcer (GU). DU. and GC. Results of some recent studies demonstrated that the infection 

with CagA positive H. pylon strains was associated with duodenal peptic ulcer in children 

(Queiroz et al., 2000). Infections with VacA'ICagA' H. pylon strains were common in Chile 

and this phenotype was more prevalent in isolates from patients with more severe gastric 

pathologies (Figueroa et al.. 2002). 

Based on the expression of VacA and CagA all H. pylon strains could be partitioned 

into two groups. either which express (Type I )  and do not express (Type 11) cytotoxin and 

CagA proteins (Telford et al.. 1994). Two basic Cag-mediated host cell signaling pathways 

that are induced upon attachment of H. pylon were differentiated, one is induced by the 

CagA protein. while the second pathway is independent of CagA (Stein et al.. 2001). 

Some recent studies demonstrated that CagE as a virulence factor associated with 

more severe disease outcomes after infection with H. pylon in children (Day et al.. 2000). 

Isolates that possessed CagE induced greater chemokine response in vitro than did strains 

that were CagE negative. In strains of H. pylon isolated from patients with gastroduodenal 

pathology cagE gene and vacA s l  genotype were more frequent (Fallone et al., 2000). 



Motility and Chemotaxis 

Two crucial factors in the process of colonization of the host organism and 

establishment of successful infection by many pathogenic bacteria are motility and 

chemotaxis. The flagella of H. pylon have been extensively studied, and convincing 

evidences are available. which demonstrate the key role of these organelles in the 

colonization of gastric mucosa by the organism. 

Eaton et al. (1992) observed the colonization of gnotobiotic piglets with motile 

strains of H. pylori up to 21 days while non-motile strains survived only for 6 days. The 

importance of motility of H. pylon was reviewed by O'Toole et al. (2000). It was thought 

that the flagellar sheath protects the acid-labile flagellar structure from the attack of 

stomach acid (Geis et al.. 1993). Based on genome analysis, H. pylon possess a basic 

flagellum structure common to other bacteria with few variations. The variations reflect the 

niche adaptation peculiarities of small genome organism (Tomb et al., 1997). 

In the H. pylon genome, about 10 genes have been identified that are assumed to 

be involved in the reception. transduction, and processing of chemotactic signals (Alrn et 

al.. 1999: Tomb et al.. 1997). Foynes et al. (2000) demonstrated the importance of Che Y1 

and Che Y2 and Che A in the motility and virulence of H. pylori They found that Che Y1 

and Che AY were necessary for flagellum regulated movement and chemotaxis towards 

mucin. Chernotaxis of H. pylon appeared to be distinct from the Salmonella typhimurium 

and E. col; paradigm. The absence of homologues of Che B or Che R in the genome of 

H. pylon supported this conclusion. The results obtained by Josenhans et al. (2000) 

strongly suggested a unique mechanism regulating motility in H. pylon which relies on 

slipped strand mispairing mediated mutagenesis of flip. 



Lipopolysaccharide 

Like the cell envelope of other gram-negative bacteria, that of H. pylon contains 

lipopolysaccharides (LPS). Although possessing properties similar to those of other gram- 

negative bacteria, the LPSs of H. pylon possess unique biological properties also. The 

attributes and structure of H. pylon LPSs, especially the relationship between molecular 

structure and pathogenesis were reviewed by Moran (2001). Slomiany et al. (1992) 

observed the detrimental effects of H. pylon LPS on mucus glycoprotein sulfation and 

assembly. They also showed the predominance of high molecular weight mucus 

glycoprotein in initial secretion of mucus glycoproteins on exposure to H. pylon LPS while 

the prolonged exposure led to the increase in low molecular weight mucus glycoprotein 

secretion. Increase in low molecular weight gastric mucin and decrease in mucin sulfation 

signals the onset of gastric disease. 

Observations of Perez-Perez et al. (1995) indicated the low biological activity of 

H. pylon LPS in mediating macrophage activation. The ability of H. pylon LPS to induce 

cyclooxygensae 2 (COX-2) and the synthesis of prostaglandin E2 was showed to be lower 

than E. coli LPS (Smith et al.. 2003). Thus it was speculated that the tight regulation of 

pro-inflammatory activities as a mechanism selected by H. pylon to maximize the duration 

of colonization. 

Yokota et al. (2000) confirmed the presence of two distinct epitopes. highly 

antigenic and weekly antigenic. on the polysaccharide chains of LPS purified from clinical 

isolates of H. pylori Based on the antigenicity of LPS in human beings, H. pylon strains 

can be classified into three types: (i) those with smooth LPS canying the highly antigenic 

epitopes, (ii) those with smooth LPS carrying weakly antigenic epitopes, and (iii) those with 

rough LPS. Highly antigenic LPS were frequently observed in chronic gastritis patients. 



while the isolates from the gastric cancer patients, especially tumour site isolates, more 

commonly showed low antigenicity (Yokota et al., 2000). 

Considerable microdiversity exists in carbohydrate expression in the 0 side chain 

and LPS of H. pylori This was demonstrated by using lectin typing and in H, pylon from 

Swedish population at least 16 lectin reaction patterns (MH 1 to MH 16) were identified 

(Hynes et al.. 2002). 

Young et al. (1992), using gastric mucosa of guinea pigs, observed a 50-fold 

stimulation of pepsinogen secretion with H. pylon LPS compared with only a 12-fold 

increase with E. col; LPS. Pepsinogen is a precursor of mucolytic and barrier breaking 

pepsin and its elevation is considered as a marker for the development and recurrence of 

duodenal ulcers. 

Heat shock proteins 

Several heat shock proteins (Hsp) produced by H. pylon such as 58.2 kD GroEl 

(Hsp B), 13 kD Gro ES (Hsp A) and 70 kD Hsp (Dunn et al., 1992; Evans Jr. et al., 1992). 

Yokota et al. (1994) reported the 66 kD proteins as the major heat shock protein of 

H. pylori Hsp are produced by all cells and are involved in stabilizing and probably 

repairing proteins under harsh conditions that may be important to survive in the stomach. 

Yamaguchi et al. (1996) showed the epitope homology between H. pylon Hsp 60 and 

human gastric epithelia1 cells by using monoclonal antibody 3C8 and suggested that these 

homologous epitopes are important in the induction of gastroduodenal diseases by 

H. pyiori 

Several authors reported the coccoid forms of H. pylori Chan et al. (1994) reported 

coccoid forms in stomach. These coccoid forms are developing under certain conditions 

such as nutrient starvation and media containing growth inhibitors (Bismuth, proton pump 

inhibitors. or certain antibiotics). Eaton et al. (1 995) demonstrated the virulence of coccoid 



forms in gnotobiotic piglets. By using BALBIc mice Cellini et al. (1994) observed 

colonization and gastric ulceration with concentrated suspensions of coccoid forms. The 

data obtained by Osaki et al. (2002) suggested the role of coccoid forms in colonization 

and induction of mucosal inflammation. 

A recent study identified a novel putative virulence factor, the oipA (outer 

inflammatory protein) gene, which encodes one of the outer membrane proteins (Yamaoka 

et al.. 2000). It is an inflammation-related gene and the strains of H. pylon contain either a 

functional or non-functional oipA gene. The presence of functional oipA gene was 

associated with increased IL-8 production from a gastric cell-line and enhanced IL-8 

production related to the cag pathogenicity island (cag PAI). Cag PAI, bab A2 or vacA 

status appear important only as surrogate markers for a functional oipA gene (Yamaoka et 

al., 2002) 

From genome sequencing studies it was speculated that even though the organism 

possess a small circular genome, there are genes for many putative adhesins, lipoproteins. 

and other outer membrane proteins, which is consistent with the potential complexity of 

host-pathogen interactions. In addition to the microbiological etiology, other factors such as 

genetic predisposition. blood group. stress. drugs and smoking all have a role to play in the 

outcome of gastroduodenal pathologies. 

Genetic diversity 

The complete genome sequence of H. pylon is available now. It had shown that 

H, pylori, strain 26695. possess a circular genome of 1,667,876 bp and 1590 predicted 

coding sequences (Tomb et al., 1997). Average G+C content of the organism is 39%. 

Sequence analysis indicated a well-developed system for motility, for scavenging iron. and 

for DNA restriction and modification. It had a few regulatory networks and a limited 



metabolic repertoire and biosynthetic capacity. In addition to chromosomal genome. 

H. pylon also possess small plasmid genome (Tjia et al., 1987; Penfold et al., 1998). 

The genetic studies of vacA gene revealed enormous variations. The portion of 

vacA that exhibits maximum diversity is an - 800bp 'mid region' which encodes part of 

58 kD domain of VacA and phylogenetically this region can be divided into two families of 

alleles: termed m1 and m2 (Atherton et al., 1995; Atherton et al., 1999). Aside from the 

vacA mid region, various other smaller regions, especially signal region, encoding part of 

the amino terminal signal peptide and amino terminus of the processed toxin exhibits 

striking diversity between strains. Two allelic families of signal regions are recognized. 

termed s l  and s2 and the s l  type can be further subdivided into sla, s l b  and s l c  

(Atherton et al.. 1995: van Doom et al.. 2000). Subtyping of vacA signal and mid regions 

have given useful information on the population genetics of H. pylori 

The Lewis"Lex), Lewis' (Le') and related blood group antigens are present in the 

human gastric mucosa (Sakamoto et al., 1989). It has been speculated that bacterial 

expression of Lex and Le' antigens identical to those in the gastric mucosa may 

camouflage H, pylon in its ecological niche, particularly in the early phases of infection 

(Moran, 1996). Wirth et al. (1996) reported that H. pylon Le expression is related to the 

host's Lewis phenotypes. In H. pylon. Lexis not a stable trait and LPS can display a high 

frequency of phase variation. resulting in the occurrence of several LPS variants in one 

bacterial cell population in vitro (Appelmelk et al., 1998). The protein profiling study of 

clinical isolates from H. pylon infected patients revealed that more than one antigenically 

different strains of H. pylon might exist in same infected individuals (Kitamoto et al.. 1998). 

Phase variation could contribute to the phenotypic heterogeneity of H. pylon and may 

explain the isolation of several highly related isolates from one individual that differ in Le 

expression (Wirth et al., 1999). 



Rasko et al. (2000) provided the first definitive evidence that a single strain of 

H, pylon may alter its LPS antigenic phenotype during the course of infection. In a 

follow-up study, Kuipers et al. (2000) observed a decrease in Le1 levels, but not Lex levels 

in H. pylon strains. These observations demonstrated quasispecies in H. pylon. which may 

be considered the development. over time, of a pool of genetic variants from a single strain 

within a host providing a bacterial population that can be selected by the changing gastric 

environment of the host. The genetic drift occurring in the organism may be contributing 

not only to the evasion of immune mechanisms which enable successful colonization. but 

also to adapt to changing environmental conditions in the stomach and to colonize different 

compartments of the stomach. 

Genetic diversity of H. pylon haemaglutininlprotease (hap) gene was reported. 

Hurtado et al. (1994) suggested that polymorphism in hap gene of geographically diverse 

strains of H. pylon may be mediated by transposon-like element. H. pylon hap gene is 

reported to be over 99% similar to Vibno cholerae hap gene and the gene product is a 

secreted zinc metalloprotease having mucinase activity (Smith et al., 1994). 

Epidemiology 

Despite many interesting investigations and progress made. the epidemiology of 

H. pylon infections remain blanketed in fog. No reservoir for H. pylon has yet been found. 

except the human stomach. Sequence-based methods of strain comparison documented 

the CO-evolution of H. pylon with human population (Bjorkholm and Salama, 2003). Taylor 

and Blaser (1991) reviewed the epidemiology of H. pylon infection. H. pylon are 

ubiquitously present and contact with the organism is rampant, but the incidences of 

infections are very low. This can be explained by the very high natural resistance to 

developing the infection in human beings by birth itself (Koster and Vanderbroucke. 1992). 



H. pylon infection occurs worldwide, but there are significant differences in the 

prevalence of infection both within and between countries. In general, the overall 

prevalence of H. pylon infection in developed countries is lower than that in developing 

countries (Graham et al.. 1991; Mitchell et al., 1992). This difference in prevalence is 

attributed to the rate of acquisition of H. pylon in childhood (Graham et al., 1991). The 

prevalence of H. pylon infection was very low in infancy, childhood and adolescence. and 

then quite suddenly rises somewhere between ages 20 and 40, after which the increase in 

prevalence per year slows down into some plateau (Perez-Perez et al., 1988). In France. 

few children were infected before age of 10, then the prevalence of infection increased 

gradually to 36.7% in the sixth decade of life. The same study showed increase in 

prevalence of infection with age in other countries like Algeria, Vietnam and Ivory Coast. 

but the rate was higher (80-90%) when compared to France (Megraud et al.. 1989). 

A study in Southern China showed the diversity of living conditions as a prime determinant 

in the acquisition of infection (Mitchell et al.. 1992). Transient H. pylon infection and 

re-infection after clearance is common among infants in high endemic areas (Casswall et 

al.. 1998). The prevalence of H, pylon infection in children under the age of 10 years 

resident in developed countries were 0-5% compared with 13-60% in children resident in 

developing countries (Mitchell, 2001) and the significantly higher prevalence was among 

children in rural areas than in urban areas (Dore et al., 2002). 

The increasing prevalence of H. pylon from younger to older subjects reflects the 

passage of the organism through the population of distinct cohorts. All persons are infected 

in childhood and the decreased levels of H. pylon infection associated with younger age 

groups. particularly in developed countries, are due to gradual improvement in medical 

care, sanitation andlor living conditions (Banatwala et al., 1993; Sipponen, 1995). It was 

reported that the acquisition rate of H. pylon'was high and the subsequent chronic gastritis 

is common disease in cohorts born in the beginning of 20" century but both are much less 



common in cohorts born more recently (Sipponen, 1995). In the early years of life 

spontaneous clearance of infection might occur (Malaty et al., 1999). The overall 

probability of acquiring H. pylon in a given 6 month period ranged between 0.28 and 0.38 

and the probability of clearing the infection was between 0.22 and 0.45 in infants (Klein et 

al.. 1994) 

Increased seroprevalence of H. pylon infection in institutionalized persons gives 

evidence for person-to-person transmission (Hanis et al. 1995; Proujansky et al.. 1994). 

H. pylon status of the parents influences the H. pylon status of the offspring (Mertz et al.. 

2000). This may be due to the sharing behaviour and household exposure and vertical 

transmission. The presence of identical strains of H. pylonwithin family members supports 

familial transmission (Bamford et. al.. 1993; Yamaoka et al., 2000). Close contact with 

infected individuals in early childhood results in acquisition of H. pylon infection, especially 

via contact with infected mother and other infected children (Miyaji et al., 2000). Infection 

by ingestion of H. pylon in vomitus or other objects was also suggested as possible mode 

of transmission by same authors. Children who are attending day care centers had higher 

prevalence of infection than did those who never attended. Children who had dogs were 

found to be at greatest risk of infection (Dore et al., 2002) and there are reports showing 

the isolation of organisms, which are homologous to human H. pylonfrom rhesus monkeys 

(Drazek et al.. 1994). 

Viable H. pylon were observed in gastric juice of infected persons (Young et al.. 

2000) and it was suggested that the gastroesophageal reflux introduces the organism into 

the mouth. 97% of patients tested by Song et al. (2000) showed the presence of H. pylon 

in the oral cavity with characteristic distribution that was independent of the infection status 

of the stomach. So it is thought that H. pylon may belong to the normal flora. Some 

workers obtained isolation of the organism from the faeces (Thomas et al.. 1992) and 

dental plaques (Majumdhar et al.. 1990: Oshowo et al.. 1998). Gill et al. (1994) indicated 



that H. pylon were present in the dental plaques of majority of children and their family 

members. Whether H. pylon is a resident or transient oral microorganism is still unclear. 

The potential role of vectors in transmission of H. pylon infection was studied and 

Grubel et al. (1997) observed that the houseflies could harbour viable H. pylon on their 

body and their intestinal tract. But Osato et al. (1998) proved that H. pylon could not be 

recovered from houseflies fed human faeces either naturally infected or artificially infected 

with H. pylori This study suggested that houseflies are neither a vector for transmission 

nor a reservoir for H. pylori. 

Factors relating to the type of community in which the child lives may be as 

important as features of the family home (Patel et al., 1994). There are reports showing the 

association between the socioeconomic and educational level in the adults and water 

sources in the paediatric groups in acquisition of H. pylon infection (Olmos et al.. 2000). 

Everhart et al. (2000) could not find any association of infection with water source. 

occupation. age at first sexual intercourse. number of sex partners, or cigarette smoking. 

Mendall et al. (1992) found that absence of a fixed hot water supply and domestic 

crowding in childhood as the independent risk factors for current infection with H. pylori 

The consumption of uncooked vegetables was found to be significant in H. pylori 

acquisition (Hopkins et al.. 1993). Thus. it was suggested that the contamination of 

irrigation water with raw sewage and the subsequent contamination of the vegetables that 

are eaten uncooked is a key factor in the transmission of organism in Chile. Gill et al. 

(1994) suggested faeco-oral route of transmission of H. pylori According to Mendall and 

Northfield (1995) faeco-oral transmission may be important in the developing countries and 

oro-oral transmission in the developed countries. 

The prevalence of H. pylon infection shows ethnic differences. Everhart et al. 

(2000) observed 32.5% seroprevalence of H. pylon' in the adult U.S population and age- 



adjusted prevalence was substantially higher among non-Hispanic blacks (52.7%) and 

Mexican Americans (61.6%) than among non-Hispanic whites (26.2%). Male sex and 

education were associated with increased risk for seropositivity for non-Hispanic blacks 

compared with that for non-Hispanic whites. Yamaoka et al. (2000) reported 71% 

prevalence in Blacks. 74% in Hispanics, 77% in Whites and 97% in Vietnamese. Blecker et 

al. (1995) reported significantly higher overall prevalence of H. pylon in non-Whites 

(62.3%) when compared with Belgian-bom Whites (1 7.8%). 

The vacA genotype was found to be different in different populations. 93% of 

isolates from Vietnamese were s l c  subtype while in Whites s l a  subtype observed in 47%. 

In Blacks 8O0/0 had genotype s l  of these 93% were subtype s l  b. vacA genotype m1 was 

most common in Blacks (69%). Hispanics (65%). and Vietnamese (55%). Whites showed 

vacA genotype m2 predominance (Yamaoka et al.. 2000). In a seroprevalence study. 

Parsonnet et al. (1997) reported 79.4% of Blacks, 63.8% of Hispanics and 50% of Whites 

were positive for anti-CagA antibodies. These findings suggest that either genetic 

predisposition, or racial or ethnic groups to infections with particular H. pylon phenotypes 

or transmission of H. pylon within relatively segregated population groups. The studies of 

Malaty et al. (2002) confirmed that even within the same community, different cohorts 

might have different risks of acquiring the infection. 

Perez-Perez et al. (2002) reported faster declining of cagA' seropositivity when 

compared to cagA- seropositivity over the 21 year period from 1973-1994, especially 

among subjects less than 45 years of age. They speculated that this difference might be 

related to differential acquisition and loss rates in later birth cohorts. 

Relationship with Gastric Disorders and Gastric Cancer 

The diagrammatic sketch of the human stomach is showed in the Figure 1.2. The 

regions of the ulcer development are also demonstrated in the Figure. 
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Figure 1.2 Gastric and duodenal anatomy 

Chronic gastritis is a common denominator linking peptic ulceration, gastric 

carcinoma and lymphoma and the histological picture encompass chronic inflammation, 

atrophy and intestinal metaplasia. Our ignorance concerning etiology of these conditions 

led to a plethora of possible causes including stress, excessive alcohol intake, bile reflux 

and even the ingestion of hot beverages and spicy food. The findings of Marshal1 and 

Warren (1984) brought to light an explanation for whole series of these pathological 

changes. The accumulated knowledge of H. pylon pathogenicity and the host response to 

infection offers plausible explanation for the tissue changes observed and the ecology of 

the organism with regard to tissue colonization and local environment for differences in the 

patterns of inflammation seen in different clinical phenotypes. 

The presence of H. pylon infection is an important marker for inflammatory 

gastroduodenal disorders (Blaser, 1990). Worldwide, approximately 50% of the population 

will be affected by the chronic gastritis during their lifetime of which more than 80% of 

chronic gastritis was associated with H. pylon infection (Sipponen, 1992). Megraud et al. 

(1989) compared the epidemiological data available on peptic ulcer disease in developing 



countries with developed countries and speculated that the infection with H. pylon is not a 

sufficient condition to develop this disease. In India about 83% of population is exposed to 

H. pylon infection during the first decades of life (Gill et al., 1994). According to Prabhu et 

al. (1994), in Indians. histological gastritis is common and H. pylon infection is noticed in 

almost 25% of subjects with histologically normal gastric mucosa. 

Sullivan et al. (1990) reported that infection with H. pylonis common in Gambia and 

in infancy. the infection is associated with chronic diarrhoea and malnutrition. Sullivan and 

Thomas (1991) reviewed the range of manifestations of H. pylon infection in children. In 

France: Raymond et al. (1994) observed that 75% of children with H. pylon infection and 

normal mucosa at endoscopy complained of recurrent abdominal pain. 

The mammalian gastric mucosa: unlike other epithelial tissues has an intrinsic 

resistance to acid. The pioneering studies on gastric muwsal barrier was carried out by 

Davenport (1964, 1970) and the intrinsic resistance to acid is attributable to multiple 

properties of gastric tissue including its ability to: (i) secrete mucus and bicarbonate into 

the luminal space, (ii) dispose of. or neutralize back diffusing H' with specialized exchange 

pumps on both apical and basolateral membrane of surface epithelial cells, (iii) develop 

high electrical resistance across the plasmalemmal membrane at acid pH, (iv) rapidly 

reconstitute injured surface epithelium by the migration of immature foveolar mucus cells 

over the denuded surface: and (v) to maintain a hydrophobic luminal surface which in turn 

make the tissue non-wettable to corrosive actions of the gastric acid (Allen et al., 1993). 

The organism has adapted to survive in the low pH environment of the stomach 

partly through its ability to buffer H' ions by the hydrolysis of urea and by the presence of 

lectins on its surface, which bind to gastric mucosa and epithelial cells (Collins, 1992). The 

factors that may alter the mucosal integrity include enzymatic and toxic reactions related to 

H. pylon infection. which may further trigger a number of immunological reactions in the 



gastric mucosa and epithelium, as well as local production of free radicals as a result of 

mucosal inflammation (Sipponen, 1992). 

H. pylon have evolved multifaceted acid-adaptive mechanisms enabling it to 

colonize the stomach. About 200 genes were up-regulated and approximately 100 genes 

were down-regulated at pH 4.5 in the absence of urea, and about half that number 

changed in the presence of urea (Wen et al., 2003). These genes included pH 

homoeostatic. transcriptional regulatory. motility, cell envelope, and pathogenicity genes. 

Maaroos et al. (1994) were of the opinion that the H. pylon infection will decide 

whether the gastric ulcer disease will continue or heal spontaneously. Lichtenberger and 

Romero (1994) using rat as the animal model demonstrated the transformation of gastric 

mucosa to a wettable state by intragastric treatment with a combination of NHaCl and 

Muco-Mist. Such transformed mucosa was more sensitive to a challenge with physiological 

doses of HCI. Thus it was speculated that Helicobacter might induce attenuation in both 

mucosal hydrophobicity and barrier properties by producing high concentrations of NHL- in 

the mucus gel layer. Murakami et al. (1995) observed that in H. pylon infected groups of 

patients, ammonia concentration in gastric juice and gastritis score in the antral mucosa 

were significantly higher than that in the H. pylon negative group. Following H. pylon 

eradication. the NH-, concentration in the gastric juice and the gastritis score decreased 

significantly. 

Both type I and type I1 H. pylon strains induced stress fibres in gastric epithelial 

cells and that were not observed in uninfected cells. Type I H. pylon induced cell 

elongation (humming bird phenotype) after 4 h of infection of epithelial cells in vitro. 

whereas the type I1 H. pylon strains did not (Su et al., 2003). 

The acute phase of gastritis caused by H. pylon infection is subclinical in the great 

majority of subjects. Following ingestion, the organism penetrates through the viscid 



mucus layer and multiplies in dose proximity to the surface epithelial cells. H. pylon do not 

colonize all areas of the stomach. It will overlay only gastric type epithelial cells, whether 

normally present in the stomach or metaplastic in the duodenum (Buck et al., 1986). The 

epithelium responds to infection by mucin depletion, cellular exfoliation, and compensatory 

regenerative changes. Polymorph infiltration into foveolar and surface epithelium. and 

lamina propria edema are conspicuous. Collection of polymorph in the foveolae and 

adherent neutrophil exudates on the surface may also be present (Dixon, 2001). This 

acute phase is accompanied by profound hypochlorhydria and a failure of ascohic acid 

secretion into gastric juice (Sobala et al., 1993). Rokkas et al. (1995) observed lower 

gastric juice vitamin C levels in gastritis patients and the decrease in level was correlated 

with the severity of gastritis. 

The acute response to infection is mediated by a number of directly acting 

chemotactic moieties. which penetrate through the damaged surface epithelium and 

induce polymorph emigration into the lamina propria and epithelium (Crabtree. 1994). 

Nishiya et al. (1 999) reported a higher grade of polymorphonuclear cell (PMN) infiltration in 

gastric mucosa infected with H. pylon strains, which are positive for iceAl gene. Bacterial 

cells activate mast cells. and subsequent degranulation releases other acute inflammatory 

mediators that increase vascular permeability, up-regulate expression of leukocyte 

adhesion molecules on endothelial cells and increase polymorph emigration (Graham. 

1992). A study in children revealed that cagA positive H. pylon were associated with a 

marked microscopic gastritis with a greater inflammatory infiltration of both mononuclear 

and polymorphonuclear cells in the antral and oxyntic gastric mucosa and degenerative 

and regenerative changes of the gastric mucosa (Queiroz et al.. 2000). 

The acute phase is short lived. In a small minority of people, especially in 

childhood, the organisms may be spontaneously cleared, the polymorph infiltrates 

resolves. and appearances retum normal. In the majority, however, the host immune 



response fails to eliminate the organism and over the next 3 or 4 weeks there is a gradual 

accumulation of chronic inflammatory cells that come to active chronic gastritis (Sobala et 

al., 1991). 

Besides the bacterial virulence factors, the host response, with an increased 

mucosal production of inflammatory cytokines and reactive oxygen and nitrogen species 

could be relevant to the gastric pathophysiology in H. pylon induced duodenal ulcer 

(Klausz et al., 2003). H. pylon infection of the stomach induces a vigorous neutrophilic. 

T-cell and B-cell response. Humoral response will increase the antibody levels in the 

mucosa and gastric juice and systemic response increase the antigen-specific antibodies 

in the serum (Blanchard et al.. 1999). 

Similar to other infectious diseases, the first-line humoral response to H. pylon 

infection leads to the production of IgM antibodies. But this vigorous response fails to 

eliminate the infection. During the second line response in gastric mucosa as a result of 

persistent antigenic stimulation by H. pylon leads to an increase in IgA antibodies in 

mucosa and gastric juice. This is in accordance with the predominance (about 74-80%) of 

IgA producing B-cells in gastric body and gastric antrum (Sartor, 2002). The humoral 

response still fails to clear the infection and the formation of follicle becomes a consistent 

feature of chronic H. pylon gastritis. 

Jarbrink et al. (2001) demonstrated the homing of lymphocytes in the stomach and 

found that it is similar to that occurring in intestine. Kutukculer et al. (1998) could not find 

any involvement of the local defense factors, slgA and free secretory component. in the 

pathogenesis of H. pylon positive gastritis. 

Rossi et al. (2000) observed that the experimental infection of Beagle dogs with 

H. pylon induces recruitment of gastric mucosae with neutrophils at early stages and later 

mononuclear cells that organize into lymphoid follicles. These structures became 



macroscopically evident and consisted of peripheral CD4' T cells and central CD21-B- 

lymhocytes. This acquisition of "organized" lymphoid tissue in the gastric mucosa 

constitutes mucosa associated lymphoid tissue (MALT) and it provides the background 

tissue in which MALT lymphoma arises. These findings underline the crucial role of 

H. pylon in lymphomagenesis in stomach (Dixon, 2001). 

Stolte et al. (2002) reported the H. pylon and H. heilrnannii gastritis as a pre-MALT 

lymphoma condition and noticed complete remission of the condition in 80% of low- grade 

lymphoma conditions by Helimbacter eradication therapy. Reappearance of acquired 

MALT after re-infection with H. pylon occurs in patients who previously had that condition 

(Tursi et al., 1997). The association between gastric nodularity and inflammatory response 

associated with H. pylon infection was reported by Elitsur et al. (2000). 

Another sequelae of long-standing H. pylon infection are atrophy. Atrophy in 

stomach is conventionally defined as loss of glandular tissue from repeated or continuing 

mucosal injury and is common denominator in all pathological processes causing 

progressive mucosal damage. The loss of glands may follow erosions or ulcerations of the 

mucosa. Maaroos et al. (1994) observed that in both low and high-risk groups, corpus 

gastritis developed progressively into atrophic gastritis. Ohkusa et al. (2000) reported the 

greater histological severity of inflammation, neutrophil activity and atrophy in the antrum 

and corpus of H. pylon infected patients than in non-infected patients. The prevalence and 

severity of atrophy among patients with chronic H. pylon gastritis increases with time. 

Satoh et al. (1995) observed more extensive gastritis in groups of H. pylon positive 

patients aged 20-29 and 30-39 years than those without H. pylori In their study the 

extension of atrophic gastritis began at 20 years of age in H. pylon positive while this 

began at 40 years of age in H. pylon negative subjects. They speculated that not only 

H. pylon, but also other factors, such as ageing, genetic and environmental factors are 

important in the chronological extension of atrophic gastritis. 



Metaplasia, a potentially reversible change in which a fully differentiated cell type is 

replaced by another differentiated cell type, is frequently observed in chronic gastritis 

patients. Metaplasia usually represents a change to cells better able to withstand an 

adverse environment. Intestinal metaplasia represents a change from a gastric epithelia1 

phenotype to a small- or large-intestinal phenotype. It was reported that H. pylon was 

found only in inflamed tissues and when the mucosa was atrophic or had intestinal 

metaplasia, dysplasia or cancer. the microorganism was not present (Guamer et al.. 

(1993). Thus intestinal metaplasia can be viewed as a defense response against infection. 

but this interpretation remains speculative. Atrophic gastritis and intestinal metaplasia 

occurs predominantly at the gastric antrum and incisura with H. pylon infection. 

Antralization of gastric incisura is a common event in H. pylon infected patients and 

appears to be associated with intestinal metaplasia (Xiang et al., 2000). Guamer et al. 

(2003) described intestinal metaplasia associated with H. pylon infection in children and 

the authors also suggested atrophy in children since atrophy usually precedes intestinal 

metaplasia in adults. 

Mucosal inflammation or the substances produced by H. pylon may impair gastric 

muscular function and cause a disorder in gastric emptying (Murakami et al.. 1995). In 

dyspeptic patients without gastric phase Ill of the inter-digestive migration motor complex 

(MMC), the prevalence of H. pylon infection was higher and it was speculated that this 

abnormal motility might be a predisposing condition for bacterial colonization (Testoni and 

Bagnolo. 2000). Ohkusa et al. (2000) also reported the partial association of gastric 

emptying with H. pylon infection and they speculated the contribution of H. pylon infection 

to the development of NUD. The patients with perforated ulcer were infected with H. pylon 

more severely than those with haemorrhagic ulcer or stenotic ulcer (Tokunaga et al.. 

1998). 



Patients with H. pylori infection had a significantly higher overall symptom score 

compared with H. pylon negative subjects. The severity of epigastric and nocturnal pain. 

heartburn, retro-sterna1 heartbum and vomiting was significantly higher in H. pylon positive 

functional dyspeptic patients and the influence on daily life and activities was significantly 

worse. Also loss of weight was significantly more common in H. pylori positive group 

(Werdmuller et al.. 2000). Moayyedi et al. (2000) reported that H. pylon might be 

responsible for 5% of upper gastrointestinal symptoms in the community studies and 

H. pylon were significantly associated with dyspepsia. 

A study in North India suggested that the patients with NUD have an increased 

incidence of H. pylon in gastric mucosa as compared with asymptomatic controls and they 

observed 54% of NUD patients were positive for H. pylon, while only 10% of controls had 

H. pylon infection (Mukohopadhyay, 1992). Antral predominant chronic gastritis and activity 

were reported in more than 90% of patients with H. pylon infection associated with DU. and 

in those patients the grade of gastritis correlated with density of organism (Kumar et al.. 

2002). Kumar et al. (1998) could not find any difference in the level of anti-CagA antibodies 

in DU and NUD patients in Indian population. So assessing anti-CagA antibodies cannot 

differentiate DU and NUD. 

In a five years follow-up study Fujioka et al. (1995) observed that the rate of 

duodenal ulcer relapse was associated with the presence of H. pylori Thus, the H. pylon 

eradication may be considered as a definitive cure for duodenal ulcer. The treatment of 

patients with a history of duodenal ulcer disease should be advocated, even if their ulcer 

disease is not "active" because the risk of recurrence and complications does not diminish 

unless H. pylon is eradicated (Neil and the Ad hoc committee on FDA related matters. 

1997). In patients operated for duodenal ulcer, H. pylon infection was the only significant 

factor responsible for persistence of ulcer after surgery (Kumar and Sinha, 2002). The 



authors recommended testing for H. pylon 6-8 weeks after surgery and institution of 

H. pylon eradication therapy in those found positive. 

The pathogenesis of duodenal ulcer appears to be multifactorial, which involve an 

imbalance between "aggressive" (eg. acid and pepsin) and "defensive" (eg. prostaglandin 

production, blood flow. mucus/mucosal barrier, bicarbonate production, cell regeneration) 

factors. While reviewing pathogenesis of H. pylon, Peura (1997) concluded that there are a 

number of abnormalities in acid and gastrin physiology common to patients with DU. many 

of which may be related to the presence of H. pylori Fasting serum gastrin levels were 

significantly higher in H. pylon positive patients than in negative subjects (Sumii et al.. 

1994). The basal serum gastrin levels were markedly decreased 5 weeks and one year 

after successful eradication of H. pylon but not in patients in whom treatment failed 

(Witteman et al.. 1994). 

H. pylon delivers powerful inflammatory signals to the host through activation of 

transcription factor Nf-KB. The sequential induction of chemokines, cytokines and 

expression of adhesion molecules in the target end organ facilitates the recruitment and 

proliferation of leukocytes to result in chronic gastritis and mucosal damage. Selection of 

Th l  dominant immune programme during infection undermines the protective ability of 

host response and further contributes to the disease pathogenesis (Ibrahimov and Pappo. 

2000). Alkout et al. (2000) also observed enhanced inflammatory response and increased 

density of colonization of epithelia1 cells contributed to increased susceptibility of peptic 

ulceration. Lehmann and Stalder (1998) reviewed the role of cytokines in the peptic ulcer 

disease. According to them cytokines may be crucial in the recruitment and the activation 

of inflammatory cells and in stimulation of gastrin release. 

Majority of the impoverished urban African population with gastroduodenal 

pathology were seropositive for H. pylori while none were seropositive for HIV even though 



high HIV seroprevalence in the population. This study suggested that HIV infection was 

associated with protection against mucosal lesions and indicates that fully functional CD4 

lymphocytes may be required for genesis of gastroduodenal pathology (Fernando et al.. 

2001). 

Of the subjects tested by Mertz et al. (2000), 90% with elevated pepsinogen I 

(PG I )  were seropositive for H. pylon compared to only 31% of those with normal PG I 

levels. PG I level correlate with maximal gastric acid out put and it was thought that 

increased PG I was a marker for increased acid secretion and DU in some families. 

Kikuchi et al. (2000) reported a decrease of PG IIPG I1 among H. pylon positive subjects 

and this was owing to a decrease in PG I in all subjects and an increase of PG I1 in those 

not younger than 30 years. 

Tanahashi et al. (2000) indicated that the human gastric epithelial cells were 

involved in the mucosal inflammation that accompanied H. pylon infection and they have 

demonstrated the production of IL-6 and TNF-a, but not IL-8 by human gastric epithelial 

cells following stimulation with H. pylon urease. KATO Ill cell lines were found to be 

producing IL-8 and constitutively expressed ICAM-1 by the stimulation with live H. pylori. 

but not by C. jejuni. killed H. pylon. LPS. This led to the conclusion that H. pylon stimulated 

the gastric epithelium to initiate inflammation and neutrophil recruitment and activation 

(Crowe et al., 1995). The IL-8 induction by coccoid forms of H. pylon was significantly 

lower than that of helical form in vitm (Osaki et al.. 2002). 

H. pylon infection leads to up-regulation of the expression of surface Fas in gastric 

epithelial cells and the ligation of Fas of H. pylon infected cells with Fas L, which are 

produced by migrated neutrophils under the gastric epithelial cell layer. This can accelerate 

the apoptotic process (Kim et al., 2000). Dandekar et al. (2003) demonstrated transient. 



Fas-mediated apoptosis in gastric lymphocytes, which is a compensatory response to the 

initial T-cell inflammatory response after acute H. pylon infection. 

A considerable number of H. pylon infected patients have serum autoantibodies 

that are reactive with gastric mucosal antigens (Faller, 1997). Steininger et al. (1998) 

observed a positive correlation between apoptotic cell loss in the glandular zone of the 

corpus mucosa and the presence of anticanalicular autoantibodies (ACAB). In a 12 year 

follow-up study. Vorobjova et al. (2000) observed a significantly increased prevalence of 

ACAB in H. pylon positive patients. The authors also observed a significant age dependent 

increase in parietal cell antibody (PCA) in H. pylon positive patients. This established the 

association of ACAB with H. pylon gastritis particularly with atrophic gastritis. Claeys et al. 

(1998) identified gastric H*K*-ATPase as a major auto antigen in H, pylon associated anti- 

gastric autoimmunity. Earlier it was speculated that the site of inhibition of acid secretion by 

different strains of H. pylon possibly involves the H'K-ATPase of the parietal cell 

(Jablonowski et al.. 1994). 

A decrease in gastric mucin synthesis in vivo may disrupt the protective surface 

mucin layer. Byrd et al. (2000) demonstrated the inhibition of total mucin synthesis and 

decrease in the expression of MUC 5AC and MUC 1 by H. pylon in vitm. 

The combination of high duodenal acid load and H. pylon infection is likely the 

critical event in the pathogenesis of H. pylon related duodenal ulcer disease. Even though 

human bile inhibits H. pylon growth in dose dependent manner, the duodenal acid will 

favour H. pylon colonization by precipitating glycine-conjugated bile salts (Graham and 

Osato. 2000). In this context. they hypothesizes that any event that lead to an increase in 

the duodenal acid load will predispose to duodenal ulcer disease in patients with H. pylon 

infection. 



It was observed that the smoking increases the duodenal acid load by increasing 

acid secretion and by inhibiting duodenal bicarbonate secretion. Thus, smoking may 

contribute to ulcer development in H. pylon positive persons (Graham and Osato. 2000). 

Chan et al. (1 997) have also reported the facilitatory role of smoking in the pathogenesis of 

H. pylon related ulcers, but smoking did not increase the recurrence of peptic ulcers after 

eradication of H. pylori Ogihara et al. (2000) reported a negative association of smoking 

with H. pylon infection. In their study the risk of H. pylon seropositivity was found 

decreased linearly with cigarette consumption per day. The authors also noticed the 

negative and dose-dependent association of drinking with H. pylon seropositivity. 

The experiments of Alkout et al. (2000) revealed that the blood group 0 leukocytes 

bound significantly more bacteria of each strain and overall, released significantly higher 

levels of IL-6 and TNF-a than did leukocytes from other blood groups. The report 

underlined the role of enhanced inflammatory response to H. pylon pathogenesis of peptic 

ulcer disease. Both direct bacterial cytotoxicity and inflammatory cell aggression against 

gastric epithelium may predispose the patient to peptic ulcer disease (Fiocca et al.. 1994). 

The iron metabolism in humans is affected by H. pylon infection. Milman et al. 

(1998) observed reduced serum fenitin levels in people with increased IgG antibodies to 

H. pylori 

Molecular studies suggested the existence of disease specific cell lineages or 

strains which leads to the various outcomes observed in patients with H. pylon infection 

(Go and Graham, 1994). While reviewing the hypothesis that diversity among H. pylon 

strains and variability in the outcome of infection Blaser (1994) concludes the major 

possibilities into four categories: (i) virulence differs between strains of H. pylon. 

(ii) response to H. pylon differs between hosts, (iii) specific environmental cofactors modify 



the H. pylon infection. (iv) the age of the patient at which H. pylon is acquired affects the 

ultimate clinical outcome. 

CagA strains were detected in 78.9% of gastric ulcer patients and 56.0% of chronic 

gastritis patients. The strains from GU and GC patients showed different RFLP pattem 

(Awakawa et al., 1995). CagE gene and vacA s l  genotype was more frequent in patients 

with gastroduodenal pathology. The vacA s l  genotype was associated with presence of 

CagA antibodies. CagE and vacA s l  are more prevalent in patients with peptic ulcer or 

gastric cancer (Fallone et al., 2000). Tytgat (2000) finds that both cagA and vacA s l  were 

strongly associated with peptic ulcers and iceA allelic types were independent of cagA and 

vac4 status. 

Zheng et al. (2000) indicated that peptic ulcer disease was associated with 

increased expression of Lewis antigen but not cagA, iceA, and vacA genotypes in H, pylon 

isolates. They have suggested the importance of host-pathogen interaction in the clinical 

outcomes of H. pylon infection. Of the 108 isolates analyzed, the authors observed 95.4% 

expressed Lex andlor Ley. while L e h n d  Le%ere expressed in 21.2% and 43.5% 

respectively. Expression of one or more Lewis antigens (Le" Ley, Le3, or Le3) was 

significantly higher in H. pylon isolated from ulcer patients than in non-ulcer patients. They 

also demonstrated the blood group A antigens on the isolates. 

Statistically significant relationships were noted between association of lectin 

reaction pattern MH4 and atrophic gastritis in European patients. No strain with this pattem 

was isolated from chronic gastritis. Isolates with pattem MH13 and MH16 was associated 

with non-ulcer diseases in Swedish population, and all 4 isolates from adenocarcinoma 

possessed MH16 pattern. From ulcer patients MH1 and MHlO (high lectin reactivities) 

lectin pattem strains were isolated (Hynes et al.. 2002). 



GERD was found to be associated with lower rate of H. pylon infection, a lower rate 

of vacA s1 genotype and a higher rate of both vacA s2 and m2 genotypes. This led to the 

speculation that H. pylon infection had a protective effect against GERD (Fallone, 2000). 

The incidence of new GERD-type symptoms or endoscopic oesophagitis was greater in 

patients in whom successful H. pylon eradication was achieved. Weston (2000) reported a 

protective effect of H. pylon infection on the development of Barrett's adenocarcinoma. 

Colonization by cagA' H. pylon strains may be protective against the formation of short 

and long segment Barren's oesophagus and its malignant complications (Vaezi 

et al.. 2000). 

In a study among Tibetan monks in Southem India settlement, it was observed that 

neither H. pylon infection nor gastritis is significantly associated with the dyspepsia 

(Katelaris et al.. 1992). 

Patel et al. (1994) raises the possibility of the role of H. pylon in delayed or 

diminished pre-pubertal growth spurt in girls. since they had observed greater reduction of 

growth among girls who have anti-H. pylon IgG in their saliva. Raymond (1994) observed 

higher prevalence of H. pylon infection in children examined because of short-stature. 

The results obtained by Tanigawa et al. (2000) suggested that the fishmeal 

contains factors which greatly enhanced H. pylon induced gastritis in Mongolian Gerbils. 

The identification of the gastritis enhancing factors in the food is relevant since the 

incidence of gastritis and gastric cancer are very high through out the world. 

O'Connor (1995) suggested that H. pylon eradication may accelerate ulcer healing. 

Successful cure of the infection was found to induce a better response in the healing of 

peptic ulcer: GU 88% vs 73%, DU 95% vs 76%, and unspecified peptic ulcer 95% vs 76% 

respectively for patients in whom H. pylon was cured versus those who remained H. pylon 

positive (Tytgat, 2000). The improvement of gastritis score, healing and recovery from 



pain in ulcer patients. and remission of MALT lymphoma provides final proof for the 

causative role of H. pylon infection in various gastroduodenal symptoms. 

Gastric cancer 

Gastric cancer is one of the most common malignancies in the world. In recent 

decades the incidence and the mortality rate of gastric cancer is found to be decreasing. 

Neoplasia is the ultimate result of a disruption of the exquisite mechanisms regulating the 

normal cell cycle. In addition to proliferation, tissue growth is determined by the balance of 

cellular differentiation. senescence, and programmed cell death (apoptosis). 

Cell progression through the cell cycle is regulated primarily at two points: the G2/M 

and G,/S phase transitions. Regulation appears to be achieved principally by the actions of 

cyclins and cyclin-dependent kinases. Each cyclin forms a complex with cyclin dependent 

kinase (cdk) in a cell-cycle dependent fashion, and this complex may result in the 

acquisition of specific kinase activities. Natural cdk inhibitors also regulate the cell cycle. 

p" (also called WAF 1 and Cip 1) is a general inhibitor of cdks. p'' is transcriptionally 

activated by the p" tumour suppressor gene product and by cell senescence. 

p" independent mechanisms also can activate p2'. 

Peptide growth factors. extracellular matrix and cell-cell adhesion molecules have a 

significant impact on cell proliferation. In addition, genetic and environmental factors play 

important role in tumourigenesis. Somatic mutations can result from any class of 

carcinogens. including chemical mutagens, and ionizing and ultraviolet radiations. Dietary 

constituents and their metabolites may act as important environmental mutagens within the 

gastrointestinal tract (G1 tract). Viral agents like papilloma virus, EBV, etc. can lead to 

tumourigenesis in GI tract. All these indicate the multifactorial induction of gastric cancer. 

In a review. Hwang et al. (1994) pointed the factors that may enhance gastric 

cancer risk as the consumption of nitrites. nitrates, alcohol and highly salted, pickled. 



fermented or smoked foods. The major environmental factors include H, pylon infection. 

inappropriate food storage, metal and cement dust exposure and cigarette smoking. The 

gastric cancer risk can be reduced by the high intake of fruits, vegetables. and 

anti-oxidants such as p-carotene, vitamin B, and vitamin C. 

The International Agency for Research on Cancer (IARC) estimates that % of all 

gastric carcinomas in the developed countries and W in the developing countries were 

H. pylon related. According to the data of Parsonnet et al. (1991), 60% of gastric 

adenocarcinomas were attributable with H. pylon infection. In their nested case-control 

study the persons seropositive for H. pylon were about three times more likely to have 

gastric adenocarcinoma in the ensuing 1-24 years of follow-up. H. pylorican be considered 

as the missing general worldwide environmental factor in the pathogenesis and 

epidemiology of gastric cancer. 

Most of the studies relating H. pylon and gastric cancer are focused on serological 

prevalence of infection. Forrnan et al. (1991) reported that between 35 and 55% of all 

cases of gastric cancer were associated with H. pylon infection. In 75% of the gastric 

carcinoma cases. chronic gastritis is the background lesion (Sipponen et al., 1992). High 

prevalence of H. pylonwas observed in a population in Chiapas, Mexico, who were at high 

risk of gastric cancer (Guamer et al.. 1993). The histological analysis showed 85.1% 

association between H, pylon and pre-neoplastic or neoplastic lesions in patients with 

intestinal metaplasia and 93.8% association in patients with atrophy. 

Tsugane et al. (1993). while assessing the level of serum pepsinogen, found that 

H. pylon infection and low level of p-carotene, presumably related to less frequent intake of 

yellow vegetables. were associated with the risk of atrophic gastritis and this, in turn. is 

strongly related to gastric cancer risk. A report from Beijing showed the association of 

H. pylon in 32.1 O/O of gastric cancer and the authors suggested the role of H. pylon induced 



inflammation in the pathogenesis of gastric cancer (Ji et al., 1993). Crabtree et al. (1993) 

reported 78.5% prevalence while Kuipers et al. (1993) and Nogueira et al. (1993) reported 

46% and 82.5% respectively. The Eurogast study group reported an approximately 6 fold 

increased risk of gastric cancer in populations with 100% H. pylon infection compared with 

populations that have no infection (Eurogast study group, 1993). 

Many authors contradicted the role of H. pylon in gastric carcinoma. Case-control 

studies could not find any difference in the prevalence of anti-H. pylon antibodies in gastric 

cancer patients and controls in Portugal (Estevans et al.. 1993). Seroprevalence study in 

Taiwan population reemphasized the association of H. pylon in gastric ulcer but not 

adenocarcinoma (Lin et al., 1993). The prevalence of H. pylon positivity and geographical 

variation of gastric cancer does not correlated in Italian population (Palli et al.. 1993). 

Archimandritis et al. (1 993) was not able to find any association between H. pylori infection 

and non-cardia gastric cancer in Greece. Most of these authors considered H. pylon as a 

cofactor in carcinogenesis in population exposed to other carcinogenic factors. According 

to a Muszynski et al. (1995) H. pylon plays only a contributory role in multifactorial etiology 

of gastric cancer. 

H. pylon gastritis is a necessary. though not sufficient cause for many cases of 

gastric cancer (Goodwin, 1993). Gastric cancer is commonly preceded by atrophic gastritis 

and intestinal metaplasia. Atrophy occurs after many years of chronic gastritis, which is 

most commonly due to H. pylori Atrophy leads to hypochlorhydria and low lumina1 

concentration of ascorbic acid. followed by gastric colonization of other bacteria that 

generate N-nitrosocompounds. At the cellular level, persistent H. pylon inflammation 

induces several mutagenic processes including cell proliferation, possibly by increased 

production of epidermal growth factors, and DNA damage by neutrophil products. 



Serological: histological and PCR study in gastric cancer patients showed a low 

rate of current and previous H. pylon infection. This supported the suggestion that H. pylon 

infection may not be directly associated with gastric cancer (Lin et al., 1994). Takahashi et 

al. (1 993) also reported similar results. 

But later, several reports were accumulated which showed the association of 

H. pylon infection in gastric cancer. Most of these reports were based on epidemiological 

studies. In 1994, IARC (International agency for research on cancer), a subordinate 

organization of WHO (World Health Organization), identified H. pylon as a "group 1 

(definite) carcinogen" (Anonymous. 1994). This attracted great interest world wide on the 

association,between H. pylon and gastric cancer. 

Uemura et al. (2001) observed the gastric cancer development in persons infected 

with H. pylon but not in uninfected persons in their study group. Their data showed an 

increased risk of development of gastric cancer in those with severe gastric atrophy. 

corpus predominant gastritis. or intestinal metaplasia. Increased risk is associated with 

NUD, GU, or gastric hyperplastic polyps also. 

Among the H. pylon carriers in China a significantly higher gastric cancer rate was 

observed (Ching and Lam. 1994). Munoz (1994), while reviewing the literature. observed 

that the studies with a wide range of gastric cancer rates and in which large numbers of 

populations were compared showed weak but significant positive correlation with H. pylon 

infection and gastric cancer. According to the author, the lack of association between 

H. pylon and gastric cancer reported from high risk countries may be due to the use of 

inappropriate serological assays. In the countries. where there is higher incidence of 

H. pylon infection, the lack of association may be due to the high prevalence of 

anti-H. pylon antibodies in the general population (Estevans et al., 1993). 



The molecular events leading to the pathogenesis of gastric adenocarcinoma is 

given in the figure 1.3. 
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Figure 1.3 Molecular pathways linking H pylon and gastric carcinogenesis (Asaka et al.. 2001) 



Vollmers et al. (1 994) isolated two monoclonal antibodies from patients with gastric 

carcinoma and H. pylon associated chronic gastritis. In westem blot analysis they showed 

the recognition of 140 kD and 110 kD bands of analogous tumour extracts and cross 

reaction with 55 kD and 80 kD bands of H. pylon extracts. They have demonstrated the in 

vitro cell proliferation by these antibodies. Because of the simultaneous reaction and 

stimulation of tumour cells they cause. the authors speculated that these antibodies might 

be indirectly responsible for the higher incidences of gastric cancer in H. pylon positive 

patients. 

The association between non-Hodgkins lymphoma and H. pylon infection was 

reported (Parsonnet et al.. 1994). Ashom et. al. (1994) successfully treated a child with 

non-Hodgkins lymphoma and gastritis caused by H. pylon with antibiotics and 

chemotherapy and suggested the eradication of H. pylon infection for regression of 

non-Hodgkins lymphoma. 

Several authors reported the crucial role of H. pylon infection in follicle development 

and progression to lymphomagenesis (Eidit et al., 1994; Dixon, 2001). Hussel et al. (1993) 

reported the strain specificity of H. pylon to stimulate cellular proliferation in low-grade 

B-MALT lymphoma. According to Fagioli et al. (1994) H. pylon infection could be 

considered as a pathogenic factor in 34% MALT lymphoma patients. The cure of H. pylon 

infection led to the remission of MALT (Nakamura et al., 2000). Based on the response to 

eradication of H. pylon these authors classified MALT lymphoma into 3 types: MALT A. 

MALT B. and MALT C. They speculated that MALT A represents an incipient neoplasm or 

dysplasia. MALT B a neoplasm activated by antigenic stimulation of H. pylon and MALT C 

a lymphoma independent of H. pylori 

Atrophic gastritis (or intestinal metaplasia) and gastric cancer are very much alike 

in time trends and in course. This parallelism favours the suggestion that H. pylon gastritis 



with atrophic and metaplastic sequelae (atrophic gastritis) contribute to the pathogenesis of 

gastric cancer (Sipponen and Kimora, 1994). In a case-control study, Sipponen et al. 

(1994) reported slightly but significantly increased risk of gastric carcinoma in patients with 

non-atrophic gastritis. The risk of diffuse type gastric carcinoma was higher in non-atrophic 

gastritis than the risk of intestinal type, where as the opposite was the case in patients with 

atrophic gastritis. Murakita et al. (1994) and Hirai et al. (1994) reported the strong 

association of vacuolating cytotoxin producing H. pylon with gastric carcinoma. 

Several studies showed the contribution of H. pylon infection in the progression of 

superficial gastritis to atrophic gastritis and intestinal metaplasia. Kuipers et al. (1995) 

studied H. pylon positive and negative patients for a period of 10-13 years and found that 

28% of positive patients showed the progression of gastritis to atrophic gastritis and 

metaplasia while in negative patients only 2% subjects showed such progression. Sakaki 

(1995) also reported similar results. In their study 22% of positive patients showed various 

degrees of expansion of atrophic area and during their follow-up, 4 patients developed 

well-differentiated mucosal cancer. 

Genta (1995) in a review gave the sequence of events leading to the development 

of carcinoma as chronic active gastritis+atrophic gastritis+lntestinal metaplasia- 

dysplasia+neoplasm. Asaka et al. (1995) reported a strong association of H, pylon 

infection with intestinal metaplasia and gastric carcinoma in Japanese population and they 

suggested that the H. pylon infection leads to the development of gastric cancer by 

causing severe atrophic gastritis. 

Relatives of patients with noncardia gastric cancer have an increased prevalence of 

hypochlorhydria and atrophy and that these pre-cancerous abnormalities are almost 

entirely confined to subjects with H. pylon infection (El-Omar et al., 2000). The presence of 

intestinal metaplasia was significantly more frequent in cancer patients than in controls 



(Shimoyama et al.. 2000). In another report Shimoyama et al. (2000) pointed that severe 

expression of corpus gastritis does not seem to be specific characteristic of patients with 

gastric cancer. In population with high risk of gastric cancer, the extension of intestinal 

metaplasia correlates with the extent of its "incomplete phenotype" and is significantly 

associated with increased cancer risk (Cassaro et al., 2000). 

The findings of Blaser et al. (1995) indicated that the infection with H. pylon at a 

very young age may particularly vulnerable period and could lead to increased cancer risk. 

In their study men from larger families who were H. pylon positive was associated with 

more than twice the risk of developing gastric cancer than being part of a smaller family. 

The possible mechanisms through which H. pylon exert pathogenic effects are continuous 

inflammation in adulthood andlor irreversible damage to gastric mucosa in childhood or 

teenage years (Kikuchi et al.. 2000). Brenner et al. (2000) reported the higher prevalence 

of H. pylon infection among subjects with a parental history of stomach cancer than among 

other subjects. Thus. in familial aggregation of stomach cancer H. pylon infection have a 

role besides other factors. 

The role of H. pylon infection in gastric carcinogensis was studied at cellular and 

molecular level. Lynch et al. (1995b) reported the increased cell proliferation in H. pylon 

gastritis. They observed a synergistic effect of H. pylon infection and bile on gastric 

epithelia1 cell proliferation. So it was speculated that H. pylon damages the gastric mucosa 

and this lead to compensatory increase in mucosal proliferation, which may expose 

vulnerable cells to lumina1 mutagens. Only in H. pylon associated gastritis. but not in 

chronic gastritis where the organism is absent, the gastric cell proliferation was increased 

(Lynch et al.. 1995a). After triple therapy to gastritis, normal mucosal proliferation rate was 

observed in those subjects in whom the eradication was successful, but those in whom 

eradication failed. cell proliferation returned to its previously high level. Thus it was 

suggested that H. pylon infection might be playing a part in gastric carcinogenesis by 



increasing the gastric cell proliferation. Cytokines, free oxygen radicals, and other factors 

released by the inflammatory response following infection interact with cells in the 

proliferative compartment to increase cell proliferation (Lynch and Axon, 1995). Due to 

atrophy and intestinal metaplasia. hypochlorhydria occurs which leads to the proliferation 

of bacteria capable of nitrate reduction with consequent production of nitrosocompounds. 

which in turn may be responsible for mutagenic events. 

The distribution of proliferating cells is different in the case of gastritis compared to 

that observed in normal gastric tissue. With this finding, Panella et al. (1996) suggested 

that in response to H. pylon infection, cells outside the Go phase of cellular cycle replace 

mucus producing columnar epithelium. Some of these cells may be immature and contain 

a small amount of neutral mucins. ineffective in protecting the epithelia1 banier. In this . 

condition. the action of other aggressive lumina1 factors may be enhanced and progression 

of H. pylon damage occurs. In intestinal metaplasia this event is maximally expressed and 

the persistence of H. pylon becomes associated with a high rate of cell division. 

In vitro studies with various mammalian cell lines demonstrated the anti- 

proliferative activity of H. pylori The proliferation inhibiting protein (PIP) of H. pylon is 

reported to be a 100 kD factor (Knipp et al., 1996; Smoot et al., 1999). Flow-cytometric 

analysis showed S-phase accumulation of HGC-27 cells, and suggested that ammonia 

inhibited the growth of gastric cells in S-phase (Matsui et al., 1995). This mechanism could 

contribute to H. pylon associated mucosal atrophy, a known risk factor for gastric cancer. 

Matsui et al. (1995) demonstrated the alteration of cell cycle phase distribution in 

HGC-27 cell lines at an ammonia concentration of 1 0.04%. In vivo ammonium chloride is 

generated from a combination of ammonia with HCI of parietal cell origin. Gastric juice 

ammonia in H. pylon infected persons is 34f 16 mM (Marshall and Langton, 1986). 



Anti et al. (1998) observed a significantly enhanced proliferation within the gastric 

epithelium of H. pylon positive subjects and this was positively correlated with both acute 

and chronic inflammatory cell densities. Progressively increasing rates of proliferation and 

apoptosis in epithelial cells is a characteristic feature of H. pylon gastritis, whereas the 

development of intestinal metaplasia is characterized by much lower rate of apoptosis 

along with relatively increased proliferation (Scotiniotis et al., 2000). These changes. 

possibly irreversible, may represent a crucial step in the gastric carcinogenesis resulting 

from H. pylon infection. El-Zimaity et al. (2000) observed increased proliferation in 

presence of H. pylon and after successful therapy the rate of proliferation in the corpus 

declined while that in antrum remained increased even after 1-3 year follow-up. Watanabe 

et al. (2000) demonstrated the H. pylon induced apoptosis of MKN 45 cells in the presence 

of inflammatory cytokines IFN-y and TNF-a. Suzuki and lshi (2000) reviewed apoptosis as 

well as its associated pathological events: such as hyper proliferation in H. pylon colonized 

gastric mucosa. Kim et al. (2000) reported the enhanced apoptosis of the infected 

epithelial cells in presence of TNF-a and soluble Fas L produced as part of immune 

response by migrating neutrophils. This gave the evidence for the interaction of H. pylon 

infected epithelial cells with neutrophils in the process of apoptosis. H. pylon directly 

induced apoptosis mainly through cytochrome C release from the mitochondria (Maeda et 

al.. 2002). H. pylon also exerted anti-apoptotic effects through Nf-KB activation. Both these 

effects were dependent on Cag PAI. 

The vacuolating cytotoxin producing strains were strongly associated with both 

atrophic gastritis and gastric carcinoma (Murakita et al., 1994). Hirai et al. (1994) also 

reported the same and demonstrated that cytotoxin neutralizing sera from gastric cancer 

patients recognized an 87 kD band in H. pylon extract. Klaamas et al. (1996) could not find 

any difference in H. pylon seroprevalence between the intestinal and diffuse type gastric 



cancer patients. The response related to VacA and CagA were also not changed and was 

observed more often in the younger group of cancer patients. 

70.6% of isolates from gastric cancer showed vacA sl im1 genotype and 

cytotoxicity and 88.2% were cagA positive and this was significantly higher when 

compared with control groups (Miehlke et al., 2000). The authors concluded that in addition 

to determinants of bacterial virulence, environmental and host factors such as the 

distribution of H. pylon gastritis were likely to contribute to the development of gastric 

carcinoma. 

By analyzing various studies related to the presence or absence of various oxidants 

and antioxidants in H. pylon infections. Correa (2000) hypothesizes that the lower 

concentrations of antioxidants in gastric mucosa facilitates gland lose and are indicators of 

multifocal atrophy. The interplay of oxidants and antioxidants in carcinogenesis is a 

challenge to scientific community and in the context of H. pylon infection and gastric 

cancer this becomes more significant since the concentrations of vitamin C in gastric juice 

of H. pylon positive patients is reported to be lower. Rokkas et al. (1995) reported that 

eradication of H. pylon restores gastric juice vitamin C levels and there by improve 

antioxidant defenses. Ascorbic acid is acting as a scavenger of free radicals generated in 

human gastric mucosa. Free radical scavenging role of ascorbic acid results in the 

generation of ascorbyl radical in gastric mucosa and experimentally determined 

concentration of this radical are greater in a group of patients at increased risk of gastric 

cancer (Drake et al., 1996). Davies et al. (1993) have reported an increase in oxygen 

radical production in both the duodenal and gastric pyloric mucosa after infection with 

H. pylori Patients infected with H. pylon expressed more inducible nitric oxide (iNOS) and 

CagA positive strains caused higher levels of iNOS (Li et al., 2003). Tatsuguchi et al. 

(2000) detected cox-2 mRNA and protein in gastric ulcer tissues but not in intact mucosa. 

The percentage of cox-2 expressing cells was higher in open than in closed ulcers. and in 



gastritis than in gastric mucosa without H, pylon infection. Both nitric oxide and cox-2 

products have mutagenic potential. 

With increased cell turn over of gastric mucosa during active H. pylon infection, an 

increased load of mutations may occur as a consequence of the infection and other 

environmental risk factors (Asaka et al.. 2001). Microsatellite instability (MSI) is a marker of 

mutations that develop subsequent to deficient DNA mismatch repair (MMR) activity. Some 

studies revealed that patients with MS1 positive tumours showed a significantly higher 

frequency of previous H. pylon infection (Wu et al., 1998). Recently active H. pylon 

infection were reported in patients with MSI-positive tumours (Leung et. al., 2000) 

Kim et al. (2002) suggested that the H. pylon infection might lead to deficiency of 

DNA MMR in gastric epithelia1 cells. This may increase the risk of gastric cancer during the 

chronic H. pylon infection. Impairment of DNA MMR system represents a novel mechanism 

of infection associated cancer promotion. 

H. pylon exert inhibitory effect on cell cycle progression in vitm and this occurs 

predominantly at the G,-G- check- point. Since KATO Ill cells, which have a deleted p" 

gene. showed no response to H. pylon suggested that p" may be important in the H. pylon 

induced cell cycle arrest. Results also supported the role for cyclin-dependent kinase 

inhibitors in the G- cell cycle arrest exerted by H. pylon and its involvement in changing the 

resulting proteins p'" pp". and cyclin E in the cell cycle. H. pylon may exert its effect on cell 

cycle regulatory proteins by increasing p" expression leading to an increase in p" 

expression., resulting in cell cycle arrest or by a down regulating expression of cyclin E. 

The cell cycle arrest then causes the adjascent undamaged cells to increase in overall cell 

proliferation seen in vivo. As an agent that induces cell stress. H. pylon may reduce the 

ability of damaged cells in vivo to repair significant cell injury, and may increase the chance 

of genomic instability and cancer (Ahmed et al., 2000). 



The association with H. pylon infection is similar regardless of the histological 

features of the tumour, whereas the association is stronger for non-cardiac gastric cancer 

than for cardiac gastric cancer (Hansson et al., 1995). 

The association of H. pylon infection in the development of MALT lymphoma has 

been established (Tursi et al.. 1997; Hussel et al., 1993). Several authors reported the 

regression of MALT lymphoma by H. pylon eradication (Nakamura et al., 2000; Roggero et 

al.. 1995). Calvert et al. (1995) reported the genetic changes occurred during the 

Helicobacter-associated transition from chronic gastritis to MALToma. Wotherspoon et al. 

(1 993) suggested anti-H. pylon treatment for lymphoma patients. 

Several animal model studies were conducted to generate direct evidence of the 

causal relationship between H. pylon infection and occurrence of gastric cancer. Hirayama 

et al. reported first in 1996 that H. pylon could induce gastritis, gastric ulceration. and 

intestinal metaplasia during long-term H. pylon infection in Mongolian Gerbils. In their 

model H. pylon colonized the stomach and induced gastritis 12 weeks after inoculation and 

ulceration developed at 24 weeks and intestinal metaplasia at 24-48 weeks. The 

histological changes occurred were similar to those in human infection. Watanabe et al. 

(1998) reported that long-term infection with H. pylon alone could induce gastric 

adenocarcinoma in Mongolian Gerbils. In their study 37% of infected Mongolian Gerbils 

developed gastric cancers, and all of them were well-differentiated, intestinal type 

carcinoma. 

Shimuzu et al. (1 999) reported that H. pylon infection plus administration of MNNG 

(N-methyl-N-nitro-N'-nitrosoguanidine), a chemical carcinogen, enhanced the development 

of gastric cancer. Fujioka et al. (2000) also reported similar results with MNNG and MNU 

(N-methyl-N-nitrosourea). The authors also developed gastric cancer in Mongolian Gerbils 

with H. pylon infection alone 



In relation to cancer prevention. Shimuzu et al. (1999) reported that H. pylon 

eradication could decrease the incidence of gastric carcinoma in Mongolian Gerbils 

induced by H. pylon inoculation plus administration of low-dose chemical carcinogens. 

Eradication of H. pylon in the early phase of the process of carcinogenesis reduced the 

occurrence of gastric cancer in animal models. These experimental models provided 

conclusive evidence to the etiologic role of H. pylon in gastric cancer development. 

From these facts, it can be presumed that H. pylon might be causing gastric 

carcinomas by converging effects of two main types of events: (i) collateral damage of 

inflammatory by-products causing mutational events in gastric epithelial cells, and (ii) direct 

effects on gastric epithelial cells by H. pylon organism or released bacterial products at 

different levels. 

Gastric cancer is an example of a cancer associated with a chronic inflammatory 

process that results in a metaplastic epithelium and cancer (Graham, 2000). In general the 

risk is related to the extent and severity of the atrophic changes present. Because H. pylon 

infection causes the underlying gastritis, it is the critical variable. Histological studies have 

shown that gastric cancer without underlying gastritis is rare. All the problems regarding 

making causal association between viruses and cancer are applicable to H. pylon and 

gastric cancer, including (i) there is a long incubation or induction between infection and 

cancer. (ii) the candidate agent is common but cancer is relatively rare, (iii) there is need 

for wfactors. (iv) the cause of cancer may vary depending on the geographical area or 

age. (v) different strains may have different oncogenic potential, (vi) the human host plays 

a critical role in susceptibility. (vii) cancer is multifactorial and the agent may play roles at 

different points. and (viii) there are often other causes of cancer. Single nucleotide 

polymorphisms within the promoter region of several critical proinflammatory genes 

dramatically increase the risk of Helimbacter-associated gastric cancer (Li et al., 2003) 



The incidence of gastric cancer varies in different regions and can fall rapidly. even 

in the same population in relation to the levels of sanitation, standards of living, food 

storage and use of salts, changes in diet with fresh fruits and vegetables, and a fall in the 

incidence of febrile childhood disease (Graham, 1997). Since H. pylon and gastric cancer 

are a public health problem? the measures could and should be taken to cancer prevention 

including 

1. Education into hygiene, which could help to prevent person-to person bacterial spread. 

2. Population based eradication therapy or anti-H, pylon vaccination (Goldstone et al.. 

1996). Elimination of H. pylon will make gastric cancer a rare disease. 

Immunity to infection 

Relatively impervious mucosal barrier, salivary lysozyme, gastric acid, pancreatic 

digestive enzymes, and detergent effects of bile acids constitute the major innate defense 

mechanisms of gastro intestinal tract. Bacterial species that evade these mechanisms but 

do not adhere to or invade epithelial cells are removed by intestinal secretion and 

peristalsis. The antibacterial peptides secreted by Paneth and epithelial cells further limits 

bacterial colonization. Mucus layer shields the epithelium from lumina1 bacteria and 

epithelial tight junctions exclude the macromolecules. 

Between 60% and 80% of the body's immunoglobulin secreting cells are found 

within mucosal surfaces. and most are present in gastric associated lymphoid tissue 

(GALT). Mucosal lymphocytes stimulated in any one region can return to other mucosal 

surfaces. laying the foundation for a common MALT in which antigen stimulation at any site 

(nasal, oral, rectal. inhaled) can generate protective response at all mucosal surfaces. 

The high prevalence of H. pylon infection in adults through out the world shows that 

the natural mechanisms of resistance are apparently insufficient to protect the individuals. 

But the fact that some individuals remain free of the infection during their lifespan even in 



areas with a very high prevalence of H. pylon infection indicates that a natural resistance to 

H. pylon does exist. 

The inflammation associated with H. pylon infection is characterized by infiltration 

of polymorph nuclear cells and mononuclear cells into the lamina propria (Blanchard et al.. 

2000). IgA plasma cells. B-cells and Th cells constitute the infiltrated mononuclear cells 

(Hartz et al., 1996). 

Rossi et al. (2000) demonstrated the recruitment of polymorphonuclear cells at 

early stages and later mononuclear cells into the gastric muwsae of Beagle dogs 

experimentally infected with H. pylon. Organization of infiltrated cells resulted in the 

development of lymphoid follicles, which became evident macroscopically. Degranulation 

of neutrophils occurs in a concentration dependent manner by direct stimulation with 

H. pylon sonicate proteins (Noorgaard et al., 1995) and increased neutrophil oxidative 

burst stimulated by H. pylon is thought to play a major role in enhanced gastric mucosal 

damage and consequent atrophic gastritis and gastric cancer (Mizuki et al., 2000). 

Adhesion of H. pylon to the epithelium induces the translocation of antigens into 

epithelia1 cells. This results in the activation of Nf-KB transcription factor and production of 

inflammatory cytokines (Keates et al., 1997). Elevated levels of ILlP, IL-6. IL-8, IL-12. 

TNF-a. growth related oncogenes, monocytic chemotactic protein-l, macrophage 

inflammatory protein-la. and RANTES chemokines were found to be elevated in gastric 

biopsies from infected subjects (Reviewed by lbrahimov and Pappo, 2000). The influence 

of these cytokines and chemokines lead to the activation of immune mechanisms that 

ordinarily lie dormant in gastric tissue. Thus the infected stomach function as a target end 

organ for leukocyte homing and amplifies the immunologic machineries to potentiate local 

T-cell activation (Pappo et al.. 2001). 



H. pylon infection induced strong antibody responses in the human gastric mucosa 

both in asymptomatic carriers and in duodenal ulcer patients (Mattsson et al., 1998). 

H. pylon elicit both local and systemic responses in the host. This response includes an 

elevation in specific antibody of the serum IgG and IgA classes as well as slgA and low 

levels of gastric IgM (Rathbone et al., 1986). The findings of Liutu et al. (2004) reported 

increased IgE production in gastritis patients with H. pylon infection. 

Proportion of IgG present in gastric cancer patient sera is directed to Le* 

determinants of H. pylori. Lex has an ability to mimic a human oncofoetal antigen. This not 

only may assist in colonization and long-term infection but also may augment the 

development of ulcers and gastric carcinoma (Sherbume and Taylor, 1995). But 

Shimoyama et al. (2000) suggested that serum ant-Lex antibody does not play a primary 

role in the development of gastric cancer in patients with H. pylon infection. The positivity 

rate of tissue IgA against H. pylon were lower in the mucosa of intestinal metaplasia than 

in non-metaplastic gastric mucosa and were negative in gastric carcinoma (Matsukura et 

al.. 1995). The same authors reported the positivity and negativity of serum IgA and IgG 

antibodies against H. pylon coincided with the presence or absence of tissue IgA antibody 

in the non-metaplastic gastric mucosa. The seroprevalence of H. pyjon infection in gastric 

cancer patients was high in Italian patients. An oligodonal response was more common in 

gastric cancer compared with non-gastric cancer and outpatients (Menagatti et al.. 1996). 

All chronic gastritis patients showed mucosal IgA to H. pylon (Crabtree et al.. 

1992). In patients, the positivity and negativity of serum IgA and IgG antibodies against 

H. pylon coincided with presence or absence of tissue IgA antibody in non-metaplastic 

gastric mucosa (Matsukura et al.. 1995). 

The initial antibody response against H. pylon showed variability in children and 

adult patients. Antibody response was predominantly against small molecular weight 



antigens in children while in adults it is against larger molecular weight antigens (Mitchell et 

al., 1996). Kindermann et al. (2001) speculated that young children may have a different 

immune response to H. pylon infection and may respond to certain H. pylon antigens only. 

On immunoblotting H. pylon seropositive sera recognized nine major bands with 

molecular weights 120 kD. 85 kD. 66 kD, 62 kD, 59 kD, 47 kD, 43 kD, 33 kD, and 28 kD 

(Klaamas et al.. 1996). The comparison of antigenic patterns recognized by H. pylon 

seropositive sera from patients having different gastroduodenal pathologies revealed no 

association of specific H. pylon antigens with antibodies (Kimmel et al., 2000). A significant 

positive correlation between H. pylon IgG antibody titres and patient age were observed 

(Crabtree et al., 1991). 

In gastric cancer patients, antigen recognition pattern by anti-H. pylon systemic IgG 

response was comparatively homogeneous while mucosal IgA response showed 

considerable heterogeneity (Crabtree et al., 1993). Menegatti et al. (1996) reported 

oligoclonal response as more common humoral response in gastric cancer compared with 

both non-gastric cancer and out patients. 

Mucosal immune response may not be sufficient or even necessary for protection 

against H. pylon infection. There are no reports showing increased frequency of H. pylon 

infection in IgA deficient individuals compared to subjects with normal IgA levels. Studies in 

mice have showed that immunity to H, pylon can be induced in the absence of B-cells 

(Blanchard et al., 1999). 

In the stomach tissue there are not many T-cells. Those T-cells, which are present 

in the stomach tissue appear to be biased toward the Th l  phenotype (Haeberle et al.. 

1997). Karttunen et al. (1995) reported a Th l  pattern of lymphocyte activation in gastritis 

irrespective of H. pylon status. Populations of gastric T-cells analyzed from H. pylon 

infected biopsies showed an overabundance of IFN-y* and IFN-y secreting cells 



(Bamford et al., 1998). This cytokine profile is in accordance with the abundance of Th l  

phenotype. The transendothelial migration of Thl  cells was mediated by RANTES 

produced by endothelial cells (Kawai et al.. 1999). Taken together it can be assumed that 

not only H. pylon infection but also the repertoire of cytokines in the stomach tissue 

causes the predominance of proinflammatory Th1 cells in the infected stomach. In addition 

to any effects H. pylon may have on the selection of Thl cells, this species of bacteria may 

also have chosen a niche in which the host response is already biased toward Th l  

response that cannot orchestrate the clearance of the infection. 

Alkout et al. (2000) reported a significant correlation between H. pylon binding and 

proinflammatory cytokine production by human leukocytes. They observed higher levels of 

proinflammatory cytokine production by leukocytes of patients who developed peptic ulcer 

disease than those of patients with normal endoscopy. Thanahashi et al. (2000) 

demonstrated the induction of proinflammatory cytokines in response to purified H. pylon 

urease by MKN-45 cells in vitro. 

Immunization of mice with H. pylon lysate, VacA and urease showed that bacterial 

lysate provided almost complete protection of mice from infection while VacA protected 

mice from infection with Type I strains. Urease also protected mice (Marchetti et al.. 1995). 

Oro-gastric vaccination with recombinant H. pylon catalase plus cholera toxin protected a 

significant proportion of mice from infection (Radcliff et al., 1997). 

Therapeutic oral vaccination with H. pylon whole cell sonicate and cholera toxin 

caused eradication of bacteria from 62.5% of mice persistently infected with H. pylon 

(Ikewaki et al., 2000). The efficacy of vaccination depended on the mucosal IgA response 

in the gastrointestinal tract against H. pylon via Th2 cell activation. In intragastric 

immunization against H. pylon saliva is necessary for the induction and maintenance of 

optimal immunity in the stomach (Shirai et al., 2000). 



Recently Arcila et al. (2002) developed recombinant vaccine strains of Salmonella 

enterica serovar Typhi capable of expressing H. pylon urease and demonstrated its 

effectiveness for immunization of mice against H. pylon infection. lntranasal administration 

of vaccine resulted in induction of anti-urease immune response skewed toward Th l  

phenotype. Following subcutaneous booster dose with urease plus alum enhanced 

immune response and led them to more balanced ThllTh2 phenotype. 

Markers of Infection 

One biochemical marker for an active H. pylon infection is an increase in serum 

gastrin levels (Graham et al.. 1990; Collins. 1992; Murakami et al., 1995). Elevated serum 

pepsinogen was related to the presence of H. pylon infection (Asaka, 1992) and a 

decrease of PG !/PG II was more frequent among H. pylon positive subjects than among 

negative subjects (Kikuchi et al., 2000). The marked or extreme hypergastrinemia is not 

specific for H. pylon infection, because it is also present in autoimmune gastritis (Sipponen 

et al. 1990). 

Histology provides the marked evidence for H. pylon infection. In many cases the 

presence of H. pylon infection is an important marker for inflammatory gastroduodenal 

disorders (Blaser, 1990). The typical histology is infiltration with a combination of acute and 

chronic inflammatory cells along with development of intramucosal lymphoid aggregates 

and follicles (Ota and Genta. 1997). H. pylon cells are present in sufficient quantities to be 

seen with high-power oil immersion magnification of histologic sections or of Gram stains 

of smears of gastric mucus. Several staining techniques were devised for easy 

identification of H. pylon and certain laboratories Genta or El-Zimaity stains are preferred 

(Graham and Qureshi. 2001). Since H. pylon does not colonize all areas of stomach. Misra 

et al. (2000) reported that two biopsies taken from AI region of stomach are sufficient for 



confirmation of presence of H. pylon and to get maximum yield of the organism. Thus. the 

fallacious results due to sampling error can be reduced. 

In the beginning itself. it was noticed that the organism produces large amount of 

urease (Langenberg et al.. 1984). Using urease as the marker, several tests - both 

invasive and non-invasive. were devised for easy and early detection of H. pylon infection. 

Urea breath test (UBT) is the non-invasive method of choice to determine H. pylon status 

either pre-or post-therapy. The test depends on the action of urease on labeled urea 

administered orally into the person. and the consequent liberation of labelled CO; which 

can be easily detected in the breath. The urea can be labelled with either non-radioactive 

isotope '% or radioactive isotope "C. Accordingly "C-UBT and "C-UBT are available 

commercially. The "C-UBT has been proven to be extremely reliable test and yields 

1 - satisfactory results. 'C-UBT gives reliable information about H. pylon status before or after 

therapy (Klein and Graham. 1993: Klein et al., 1996) the '"C-UBT does not reflect H. pylon 

density on histology in patients of DU disease (Kumar et al., 2001). 

The observation of the presence of preformed urease produced by H. pylon in the 

biopsy specimens led to device urea broth tests. When a biopsy specimen containing 

H. pylon is introduced into a medium containing urea, urease splits the urea into ammonia 

and CO;. The ammonia released results in an increase in pH. which can be detected by 

the colour change of pH indicator. A modified urea broth test, Rapid urease test (RUT). 

was devised by McNulty et al. (1989) and was widely accepted. The test showed almost 

100% specificity when compared with detection of H. pylon by gram staining, culture and 

histology. Ng et al. (2000) reported that unbuffered RUT. which was frozen at -20% for 4 

months, remained highly sensitive in the detection of H. pylon infection. RUT is considered 

to be very simple. sensitive, and specific test which enables the endoscopists to diagnose 

H. pylon infection (Kawanishi et al.. 1995). A modified RUT, which provides results in 20 



min, has been available on commercial basis. The main drawback of this test is the false 

negative results in mild infections (Tokunaga et al., 2000). 

Anti-H. pylon antibody detection is the easiest non-invasive approach to test for the 

presence of H, pylon infection. ELISA tests which uses purified antigens such as high 

molecular weight antigens (HM-CAP ELISA) and those uses more complex antigens are 

available (Evans Jr. et al., 1989; Meijer et al., 1997). All these tests are proven to be 

accurate worldwide. H. pylon infection would be missed in most of the patients with 

atrophic gastritis without analysis of H. pylon antibodies (Kokkola et al., 2000). 

Several modifications were made in the detection of anti-H. pylon antibodies such 

as FMlA (flow cytometric immunofluorescence assay) (Best et al., 1992), rapid flow 

through membrane based EIA (Pronovost et al., 1994), dry latex agglutination test (Midolo 

et al.. 1995). Recently. Atanassov et al. (2002) proposed two new antigens - kketo-acyl- 

ACPS and PPiase (Propyl-cis-trans-isomerase) as antigens of diagnostic interest. 

Although tests for IgA and IgM to H. pylon are available, the US FDA approved 

none. Neither IgM, nor IgA tests alone are superior to IgG serology, and the sensitivity and 

specificily of the tests have generally been too low (Graham and Qureshi, 2001). The data 

obtained by Jaskowsky et al. (1997) showed that the frequency of IgA positive IgG 

negative patients with gastrointestinal disorders suggestive of H. pylon infection is 7.2% 

only. 

H. pylon stool antigen (HpSA) testing is another non-invasive test developed and 

found to be reliable and easy-to-use test for diagnosing H. pylon infection (Vaira et al.. 

1999). Fome et al. (2000) found that HpSA test using a wt-off value of 0.130 may be 

useful for the primary diagnosis of H. pylon infection with a sensitivity similar to that 

obtained with other standard tests. 



According to Lin et al. (1992) biopsy of the antrum at gastroscopy and RUT are 

most useful for the initial diagnosis of the infection and for assessing epidemiology and 

mode of transmission serology is most suitable. Mendall et al. (1995) suggested serology 

as the method of choice of screening before direct access upper gastro-intestinal 

endoscopy in those less than 45 years. 

Berrnejo et al. (2000) successfully used serology for monitoring H. pylon 

eradication Gmonths after therapy completion. They pointed that loss of antibodies to 

H. pylon is a slow process and that a high percentage of patients successfully treated are 

likely to exhibit detectable antibody levels for years. Midolo et al. (2000) suggested UBT as 

the most appropriate test to monitoring the successful eradication, and IgG EIA may useful 

where breath tests are not available or when the patient remains on proton pump inhibitor. 

H. pylon eradication may be confirmed by using a combination of HpSA and UBT (Ohkura 

et al.. 2000). For evaluating eradication therapy repeat testing should be performed a 

minimum of 4 weeks after ceasing administration of antibiotics and bismuth preparations. 

Proton pump inhibitors should also be avoided before testing. In the case of endoscopy- 

based tests. a minimum of two tests should be done with biopsies taken from both antrum 

and body (Katelaris and Jones. 1997). 

The isolation of organism in culture is 100% specific. This allows testing for 

antibiotic susceptibility. The sensitivity of the culture varies from 50-99% depending on the 

laboratory and interest of the microbiologist (Graham and Qureshi, 2001). 

PCR techniques are valuable for diagnosis of H. pylon infection. Under ideal 

circumstances the sensitivity of the method is close to that of culture. In a comparative 

study. van Doom et al. (2000) observed that PCR had highest diagnostic sensitivity 

followed by histology, culture and CL0 test. Kobayashi et al. (2002) used TaqMan (Real 

time) PCR to estimate the total number of H. pylon genomes in the biopsy samples and 



found that the technique had highest sensitivity and specifiuty when compared to other 

four tests- UBT, CL0 test. culture, endoscopy findings. At the present time PCR remains a 

research tool for the diagnosis of H. pylon infection. There are significant biological 

differences between distinct genotypic variants of H. pylonand these differences may have 

implications for the effective and reliable detection of this important human pathogen (van 

Doom et al., 2000). 

Treatment against Infection 

Since H. pylon infection results in various dinical outcomes, the question who 

should be treatedn became significant. According to Blaser (1992) the patients with 

refractory peptic ulcer disease in whom gastric cancer had been ruled out and patients with 

refractory NUD can be subjected to antimicrobial therapy. He also speculates that 

establishing a screening programme in areas with high risk of gastric cancer and treating 

persons who have significant risk factors may reduce the mortality associated with gastric 

cancer. 

In February 1994 at U.S National Institute of Health (NIH)- sponsored consensus 

conference, an independent panel declared the ulcer as an infectious disease and 

recommended the therapy to switch from treating symptoms with antacids to antibiotic 

eradication of the infection (NIH consensus statement. 1994). Telford et al. (1994) 

indicated the importance of prophylactic vaccination and suggested genetically detoxified. 

but antigenically intact CagA as an obligate candidate of vaccine. 

In vitro. H. pylon is naturally resistant to a limited number of antibiotics such as 

vancomycin, trimethoprim sufonamides and some strains shows natural resistance to 

plactams (Cefsulodin), polymyxin and antifungal compounds. Most of the antimicrobial 

agents have systemic effects. The activity of antimicrobial agent in vivo to H. pylonwill be 



dependent on the pH of the stomach and the agent must reach high mucosal 

concentrations. 

Study of susceptibility of H. pylon to various antimicrobial agents showed ampicillin 

as the most active agent (Rubinstein et al., 1994). In the above study all strains showed 

susceptibility to tetracycline and all the cephalosporins tested. The pre-treatment 

resistance and acquired metronidazole resistance may be the factor leading to the 

treatment failure (Xia et al., 1994). Metronidazole resistance is observed worldwide. So it 

was suggested to test H. pylon susceptibility to metronidazole and interpretation of the 

results before commencing antimicrobial therapy. 

A European study using same methodology in different countries showed an overall 

resistance of metronidazole 26% which ranged from 7% in Spain to 49% in Greece 

(Glupczynski and European Multicentre study group on antibiotic susceptibility to H. pylon 

1992). The metronidazole resistance in France was 25% but it increased rapidly reaching 

50% in 1994 (Megraud et al., 1994). In India over two thirds of all strains from Lucknow 

and Mumbai were metronidazole resistant (Abraham et al., 1997). About 90% strains from 

Calcutta were metronidazole resistant (Mukhopadhyay et al., 2000). A report from 

Netherlands showed a primary resistance to metronidazole in 41% of clinical isolates 

(Noach et al., 1994). 

In general European women harbour more metronidazole resistant strains than 

men, and this may probably due to the fact that women are more likely to have been 

treated with nitroimidazole for the gynaecological infection (Megraud et al., 1995). A variety 

of alterations including inactivation of rdxA gene are frequently associated with H. pylon 

resistance to metronidazole (Tankovic et al., 2000). There are reports showing null 

mutations in fdxB (feredoxin-like protein), frxA (NAD(P)H Flavin oxidoreductase) or rdxA 

gene in metronidazole resistance (Kwon et al., 2000; Solca et al., 2000). 



The primary resistance to macrolides is much lower than that for nitroimidazole. 

Westblom and Unge (1992) observed less than 1% macrolide resistance in all the 

countries where they have tested. Clarithromycin was reported to be most effective in 

treatment (Graham. 1995). Clarithromycin resistance of H. pylon is associated with one of 

three point mutations in domain v of the 23s rRNA gene: A2143G, A2144G, A2143C 

(Debets-Ossenkopp et al.. 1996; Versalovic et al., 1996; Ochialini et al., 1997). Several 

tests were developed to test the H. pylon resistance to clarithromycin by molecular 

techniques (Maeda et al.. 2000: Trebesius et al.. 2000). In North Eastern part of Germany. 

Wolle et al. (2002) observed an overall primary resistance rate of 26.2% for metronidazole 

and 2.25% for clarithromycin. Resistance to tetracycline and ampicillin were not observed. 

No primary resistance reported to rifamycins in H. pylon But acquired resistance 

was reported and one study showed a novel codon 149 (v 149 F) in rpoB gene (Heep et 

al.. 2000). The equivalent mutation (v176 F) was reported in several resistant isolates of 

Mycobacterium tuberculosis, another agent causing chronic infection in humans. Moore et 

al. (1995) reported H. pylon resistance to quinolones primarily as a result of alterations in 

gyrA gene. 

There are reports showing the presence of H. pylon strains in PU and gastritis 

patients with both metronidazole resistant and sensitive strains (Loivukene et al., 2000). All 

these strains were found to be clarithromycin sensitive. Among metronidazole resistant 

strains combined resistance to clarithromycin, ciprofloxacin, and tetracycline was present 

(Boyanova et al.. 2000). The same study showed some strains with triple resistance to 

macrolides, metronidazole and either ciprofloxacin or tetracycline. van der Ende et al. 

(2001) showed the coexistence of darithromycin resistant and sensitive strains with 

identical genotypes in patients prior treatment. 



In the light of primary resistance and acquired resistance observed in H. pylon, it 

was suggested to choose multidrug therapy instead of monotherapy for effective 

eradication of the infection. Many studies evaluated the efficacy of the different 

combinations of drugs. By using Amoxycillin and metronidazole for 1 week and plaunotol 

for 4 weeks, Karita et al. (1995) achieved 86% eradication from the patients. In this study 

none of the patients in control group were free of H. pylon in the stomach 11 months after 

completion of therapy. Goddard and Logan (1995) observed OCM - omeprazole. 

clarithromycin, nitroimidazole - triple therapy as the most effective, single, well-tolerated 

anti-H. pylon treatment. 

Vakil and Go (2000) reviewed various treatment strategies developed for H. pylon 

in different clinical outcomes and paediatric population. de Boer et al. (2000) achieved 

94.4% cure by administering a single capsule containing 60 mg colloidal bismuth 

subcitrate, 125 mg tetracycline, and 125 mg metronidazole. Hayashi et al. (2000) reported 

the synergistic anti-adhesion activity of rabamipide and ecabet sodium (the anti-ulcer 

agents) against H. pylon. 

Lachman and Howden (2000) reported that subject's H. pylon status did not affect 

the antisecretory effect of ranitidine. Breiter et al. (2000) showed that rabeprazole 20 mg 

q.a.m was superior to ranitidine 150 mg b.i.d in healing, resolving ulcer pain frequency. 

improving night time pain severity. and improving overall well being. Pantoprazole was 

shown to be more effective than ranitidine in the treatment of DU and it provided faster 

ulcer healing in 97.1% of patients in 4 weeks. 

The effectiveness of medicinal plants for eradication of H. pylon was evaluated. An 

alkyl methyl quinolone (AM quinolone) alkaloid from Gosyuyu, a Chinese herbal medicine. 

was found to be useful. and the MIC of these alkaloids against H. pylon'was reported to be 

similar to the MIC of amoxycillin and clarithromycin (Hamasaki, et al., 2000). Some tea and 



rosemary extracts were found to dearly inhibit H. pylon urease in vitm and green tea 

extract showed strongest inhibition of H. pylon urease among the 77 plant derived foodstuff 

samples tested (Matsubara et al., 2003). In a dose-dependent manner the H. pylon 

gastritis and prevalence of infection were suppressed in green tea extract fed Mongolian 

gerbils. So it was thought that the eradication of H. pylon could be achieved without 

affecting other intestinal flora by using such plant products. 

It was found that 24-31 h were sufficient incubation time for routine in vitm 

resistance test for H. pylon when conditions were optimal - i.e., microaerophilic 

atmosphere, a good medium. bacteria that are harvested during an active phase of growth. 

and staff trained in this procedure (Henriksen et al., 1997). 

Although the ideal therapy has not yet been identified, many factors that may 

influence outcome have been identified, making the design of definitive studies possible 

(Graham. 2000). In a recent study. Malaty et al. (2002) observed that most newly acquired 

H. pylon infections happened before age 10 years. So treatment and preventive strategies 

should be aimed at children in this age group. 

Even though the isolation of H. pylon was succeeded more than 20 years ago. 

there are no reports from Kerala regarding the prevalence or isolation of the organism. 

This prompted us to focus on the standardization of the method of isolation of H. pylon 

from human gastric biopsy samples. 

Several studies proved the association of H. pylon infection with gastric cancer. 

The scientific community continues to unravel the mechanism by which this chronic 

infection leads to gastric cancer. The seroprevalence studies. especially the prevalence of 

anti-H, pylon IgG . were mainly used to elucidate the association of H. pylon infection wth 

various gastroduodenal pathologies. Several major antigenic structures of the organism 

have already identified. But the inductions of IgG subclasses against H. pylon antigens 



were not studied in detail either in vitm or in vivo. In this circumstance, we have tried to 

analyze the induction of IgG subclasses against different antigens prepared from clinical 

isolates of H. pylon in vitm conditions. We also analyzed the level of anti-H. pylon IgG and 

IgG subclasses in gastric cancer patients serum samples. 

Enhanced neutrophillmacrophage activities were proposed to be a critical factor in 

the pathogenesis of H. pylon infections. Moreover, the molecular pathways leading to the 

gastric carcinogenesis clearly shows the involvement of ROS derived from activated cells. 

In this context, the activation of murine macrophages with the antigens from the clinical 

isolates of H. pylon was also studied. 

Recent reports showed an increased lipid profile in H. pylon positive subjects and 

correlation of H. pylon infection with coronary heart disease was observed. In contrast with 

this hypocholesterolemia was observed in cancer patients. This prompted us to analyze 

the lipid profile of gastric cancer patients with respect to H. pylon infection. 

Keeping the above information in mind, it was of great interest to investigate the 

following objectives: 

1. To isolate H. pylon from human gastric biopsy samples. 

2. Prepare the H. pylon antigens and examining - (a) the effect of these antigens on in 

vitm proliferation of human mononuclear cells and (b) the effect of H. pylon 

antigens in the induction of human IgG subclasses in vitm. 

3. Analyzing the levels of immunoglobulin G subclasses in anti-H. pylon IgG positive 

and negative gastric cancer patients. 

4. Effect of H. pylon antigens in murine macrophage activation, and 

5. To analyze the lipid profile in sera of anti-H. pylon IgG positive and negative gastric 

cancer patients. 



C h a p t e r  11 

MATERIALS AND METHODS 



CHAPTER II 

MATERIALS AND METHODS 

ISOLATION OF HELICOBACTER PYLORI FROM GASTRIC BIOPSY SAMPLES 

Collection of biopsy samples 

The patients, who were pathologically (endoscopy) diagnosed for gastric cancer 

and peptic ulcer: were chosen for the collection of biopsy samples. These patients were 

the out patients of Baby Memorial Hospital, Calicut. 

Transportation of specimen 

Immediately after collection, the biopsies were transferred to sterile 

thioglycollate broth containing casein enzymatic hydrolysate (1.5%), dextrose (0.55%). 

sodium chloride (0.25%). L-cystein (0.05%), sodium thioglycollate (0.05%), Nalidixic 

acid (0.005%). and vancomycin (0.001%). The transportation to the laboratory was 

carried out at 4OC in a mini-cooler. 

Processing of biopsy specimens 

Rapid urease test (RUT) 

All processing and cultures were performed in a vertical air laminar flow 

(Kirloskar Electrodyne Ltd.) 

The biopsy specimens were divided into two halves. One part was used for RUT 

and the other part for isolation of H. pylon. The method of McNulty et al. (1989) was 

followed for RUT. One part of the biopsy from each patient was placed in a test tube 

with 1 ml. of sterile rapid urease test media containing 2% urea, 0.2% dipotassium 

hydrogen phosphate, 0.5% sodium chloride and 0.004% phenol red (pH 6.8). The tubes 

were incubated at room temperature up to 24 h and the results were characterised on 

the basis of the colour change of the medium. The biopsies were considered as 

strongly positive. moderately positive and weakly positive if the positive result 



developed within 6, 12 and 24 h of incubation respectively. The results were noted as 

negative if there is no colour change produced even at 24 h of incubation. 

Isolation of H. pylori 

The second part of the biopsy sample of each patient was processed for 

isolation of H. pylon in culture. By using sterile forceps, the specimen was placed on a 

sterile microscopic slide and 2-3 drops of thioglycollate broth was added. The tissue 

was teased into fine spreads with forceps and needle. This was then streaked on 

chocolate agar plates containing 0.005% nalidixic acid, 0.001% vancomycin, and 

0.005% trimethoprim. The plates were incubated either in a CO2 incubator (ShelLab 

Model TC 2323) or in an anaerobic jar using gas-generating pack (Anaerocult C from 

EMERCK. Germany). The incubation was done at 37OC in an atmosphere containing 

10% COz and 95% humidity for 4 days. The unused tissue macerate on the slide was 

subjected to gram's staining. The photograph of the biopsy specimen showing the 

organism was taken using Leitz Dialux 20 Microscope with photographic facility. 

Characterization of Isolates 

Characteristics of each colony formed on the culture plates were noted and 

subjected to Gram's staining. Those colonies, which showed characteristic cell 

morphology of H. pylon were selected and subculture made on fresh plates. The pure 

cultures of each isolate were used for the following biochemical characterization. 

a) Catalase test: The method of Taylor and Achanzar (1972) was adopted. A small 

portion of the colony was picked with a sterile capillary tube and immersed in H202 

solution (10% vlv) in a tube. The generation of effervescence noted as positive 

reaction. 

b) Oxidase test: The method reported by Steel (1961) was adopted. The isolate was 

taken with the sterile capillary tube and rubbed on a filter paper impregnated with 

1% solution of NNNN'-tetra methyl para phenylene diamine dihydrochloride. The 

development of purple colour within 10 S is considered as positive reaction. 



c) Urease test: The test was performed on Christensen's urease medium (Christensen, 

1946). The media was prepared and the colonies were inoculated on to the slants. 

Incubation was carried out in a CO2 incubator with 10% CO2 at 37OC. The colour 

change of the media from golden yellow to pink was noted as positive reaction. 

The cultures were also tested for its ability to utilize glucose and nitrate reduction. 

Motility of the organism was tested. 

The biochemical characters expressed by the colonies were compared with the 

characteristics of H. pylon reported in standard references. The characters were also 

compared with those of a standard strain (HP 101) obtained from Dr. A. Grob 

(Germany). 

ANALYSIS OF ANTI-H. PYLORI IgG AND IgG SUBCLASSES IN GASTRIC CANCER 

PATIENT SERA 

Collection of serum samples 

Serum from gastric cancer patients, who were the inpatients of Regional Cancer 

Centre, Thiruvananthapuram or Medical College Hospital, Calicut, was collected for the 

analysis of anti-H. pylon IgG and IgG subclasses. Only those cases, which were 

diagnosed as gastric cancer. were selected. Patients at different age group from 24-75 

were included in the present study. Age matched healthy persons were included as 

controls. 

5 ml Blood from each patient was taken by venipuncture and allowed to clot and 

serum was separated by centrifuging at 900 g for 10 min in a tabletop centrifuge. The 

separated serum was stored at 20°C in a freezer until used for the assay. 

Anti-H. pylori IgG Analysis 

The level of anti-H. pylon IgG in the serum samples were analysed by using 

commercially available diagnostic kits (UBI Magiwel EIA, United Biotech Inc., Mountain 



view, CA 94041-1517) which has the sensitivity and specificity of 97% and 93% 

respectively. 

The assay was done as described below. 100 pl of serum samples at 1:101 

dilutions was added to pre-coated wells with H. pylon antigens. Calibrator, positive 

control and blank were maintained in the assay. The plates incubated at room 

temperature for 30 min. After the incubation, the wells were washed five times with 

wash buffer. 100 pl of enzyme conjugate (anti-human IgG-HRP conjugate) was added 

to each well and the plates were incubated for 30 min. After washing the plate. 100 p1 

of substrate with chromogen was added to the wells. The colour was developed by 

incubating the plates for 15 min at room temperature. 50 pl of 1 N H2S04was added to 

the wells to stop the reaction and the plates were read in an ELlSA reader at 450nm. 

The amount of anti-H. pylon IgG in each patient sample was calculated by using 

the formula given by the manufacturer 

0 .  D. of the test sample 
Anti-H. pylon IgG (EUIml sample) = X EUIml of calibrator 

0 .  D. of the calibrator 

The samples were considered positive for H. pylon antibodies if the sample contains 40 

or above EUIml. 

Analysis of IgG subclasses in serum samples 

Purified monoclonal antibodies specific to human IgG subclasses, such as 

HG-11 for lgGl (Mayus et al., 1986), Hp-6016 for IgG2, Hp-6066 for IgG3, and Hp-601 1 

for lgG4 were used for coating the micro titre plate. Specific myeloma proteins W-6. 

W-238. W-242 and W-210 for IgG,, IgG2, lgGJ and IgG4 respectively were used as 

subclass specific standards and WHO 67/97, a pooled serum assigned for IgG 

subclasses. was used as reference serum sample. All the above reagents were a gift 

from Dr. M. H. Nahm, Washington University. School of Medicine, St. Louis, Missouri. 

U.S.A. Goat anti-human IgG peroxidase conjugate was a gift from lmmunological Lab. 

National Institute of Immunology. New Delhi. 



Micro titre plates were purchased from Laxbro, product of Bhagawandas and 

Company at Pune. Bovine serum albumin (BSA), and o-phenylene diamine 

dihydrochloride (OPD) were purchased from Sigma chemicals, St. Louis, U. S. A. All 

other reagents used in the assay were purchased from MERCWQualigens, India. 

Optimization of ELlSA System 

The method of Butch et al. (1989) was adopted as the basis for optimisation of 

ELlSA system. 5, 10, and 20 pglml concentrations of subclass specific monoclonal 

antibodies were prepared in 0.1 M carbonate buffer (pH 9.6) and 150 p1 of each 

concentration was used for coating micro titre plates. The experiments were done in 

quadruplicates. The plates were incubated at room temperature for 3 h followed by 

washing with 0.05% Tween-20 in 10 mM PBS (pH 7.2). The wells were blocked with 

200 p1 of 1% BSA in PBS with 0.05% Tween-20 for 30 min. The plates were washed 

and 150 p1 of appropriately diluted serum samples, pooled normal serum (n=50) and 

WHO-67/97 reference serum (as quality control) were added into different wells. 150 p1 

of subclass specific myeloma proteins ranging from 2-100 ng concentrations were 

used as standards. The plates were incubated at room temperature for 3 h. Washing 

step was repeated. 150 p1 of different dilutions of goat-antihuman HRP conjugate 

(1:2500, 1:5000. 1:10000) were added to the wells as checkerboard and incubated 

further 3 h at room temperature. Washed the plates and 150 p1 of the substrate 

(0.04% OPD in 0.1 M citrate buffer. pH 5 mixed with H202) was added and kept in dark 

at room temperature for 20 min. The reaction was stopped by addition of 75 yl of 

1 N H2S04 to each well. 

The plates were read in an ELlSA reader (Biotech Model ELx 800. Biotech 

Instruments Inc.) On the basis of data obtained it was decided to choose 10 pglml 

subclass specific monoclonal antibodies and 1:5000 dilution of secondary antibody 

conjugates for the analysis of IgG subclasses. 



ELISA for IgG Subclasses 

150 pis of 10 pglml solutions of HG-11, Hp 6016, Hp 6066, and Hp 601 1 were 

used to coat the micro titre plate for IgG1, IgGz, lgG3 and lgG4 respectively. Serum 

samples were diluted to 1 :40000 for IgGl, 1 :20000 for IgGz, 1 :5000 for lgG3 and 1 : 100 

for lgG4 with 1% BSA in 10 mM PBS (pH 7.2). 225 pl of each dilution of the serum 

sample were added to the first wells of the plates for IgG1, lgG2, lgGs and IgG4 assay. It 

was then serially diluted 3-fold in the subsequent wells up to 6 wells i.e., 75 pl from the 

first well was taken and transferred to the next well containing 150 p1 of BSA solution 

with the help of a micropipette (Glaxo, Germany). 150 p1 of 1 :5000 dilution of secondary 

antibody enzyme conjugate was added to each well. All other steps were same as 

described in optimisation of ELISA. In each plate pooled serum samples, standards for 

respective subclasses and WHO-67/97 reference serum were included as quality 

controls. 

The concentration of each subclass in the sample was determined from 

standard graph plotted in the semi-log paper by comparison to the optical density 

generated by standard proteins. The sensitivity of the assay was 2 nglml. 

PREPARATION OF ANTIGENS FROM H. pylori STRAINS (ISOLATES) 

Different isolates of H. pylon were grown on chocolate agar containing antibiotic 

supplement. After incubation for 48 h in microaerophilic conditions, the cells were 

harvested by scraping and were washed twice with PBS (0.1 M, pH 7.2) by 

centrifugation at 8000 rpm for 15 min at 4°C in a refrigerated centrifuge (Plastocraft 

Superspin-R model) and various methods used for the preparation of antigens. 

Acid-Glycine Extraction (AG) 

The method described by Hirschl et al. (1988) was followed with some 

modifications. 2.5 m1 of 0.2 M glycine-HCI buffer (pH 2.2) was added to 100 mg (wet 

weight) H. pylon cells. The suspension was mixed gently at room temperature for 20 

min. It was then centrifuged at 15000 rpm for 15 min at 4OC in a refrigerated centrifuge. 



The supematant was neutralized by adding 1 M NaOH and dialyzed against PBS for 

24 h at 4°C. Particles, if any, were centrifuged out and the preparation was lyophilised 

in a Savant lyophilizer (RVT 400 model) and stored at -80°C deep freezer (NUAIRE. 

NU2500E) 

n-Octyl-P-D-Glucopyranoside Extraction (NOG) 

The method of Evans Jr. et al. (1989) was adopted for n-octyl-P-D- 

glucopyranoside extraction of antigens from H. pylon. The cell suspension was 

centrifuged at 8000 rpm for 15 min at 4°C. The pellet was suspended in 2.5 ml of 1% 

solution of n-octyl-P-D glucopyranoside (Sigma Chemicals, St. Louis, USA) in sterile 

PBS (pH 7.2). After incubation for 20 min at room temperature, the suspension was 

centrifuged at 12000 rpm for 15 min at 4OC. The extract was dialysed against half 

concentrated PBS (0.05 M, pH 7.2) at 4OC followed by dialysis against distilled water at 

4°C. The particles, if any, were centrifuged out and the supematant lyophilised and 

stored at -80°C in a deep freezer. 

Whole Cell Sonicate Preparation (WCS) 

Method described by Hirschl et al. (1988) was followed. The cell suspension 

was washed twice in PBS and it was inactivated at 60°C for 15 min. The inactivated 

cells were resuspended in PBS and sonicated 4 X 10 seconds by keeping in an icebox. 

The sonicate was centrifuged at 12000 rpm for 20 min and the supernatant 

concentrated by using a lyophilizer (Savant, RVT 400 model). The preparation was 

stored at -80°C in a deep freezer till used for further experiments. 

Hot Phenol-Water Extraction (LPS) 

The method of Westphal and Khan (1965) was adopted for hot phenol-water 

extraction. The cells from 25 plates were hatvested into PBS and washed as described 

earlier. The pellet was resuspended in water and an equal amount of 90% phenol 

(pre-heated to 65-68°C) was added. The mixture was vigorously shaken and kept at 

65°C. After incubation for 15 min it was cooled to 10°C and centrifuged at 12000 rpm 



for 20 min. The water layer was collected and the extraction procedure was repeated 

twice. The water-extracted layers were pooled and dialysed against distilled water to 

remove any residual phenol (48 h at room temperature with four changes of water). 

Suspended particles. if any, were removed by centrifugation at 12000 rpm for 10 min. 

The supematant lyophilised and stored at -80°C in a deep freezer. 

Sodiumdodecyl sulphate-Polyacrylamide gel Electrophoresis (SDS-PAGE) 

Protein profile of each antigen preparations, except hot phenol-water extract. 

was determined by SDS-PAGE. The method of Laemli (1970) was adopted. The 

separation was canied out in a 10.5% separating gel with 5% stacking gel. For 

preparing separating gel 3.03 ml double distilled water, 2.25 ml 1.5 M Tris (pH 8.8). 0.9 

ml 10% SDS, 0.46 m1 glycerol and 3.15 m1 30% Acrylamide-0.8% bis-acrylamide were 

mixed. Before casting the gel 6 p1 of TEMED, and 60 p1 of 10% ammonium per 

sulphate solutions were added to the mixture. 

After polymerisation, the gel was washed thrice with distilled water. The 

stacking gel was prepared by mixing 1 m10.5 M Tris (pH 6.8), 40 pl of 1O0/0 SDS. 667 p1 

of 30% acrylamide-0.8% bis-acrylamide, 2.24 ml double distilled water, 4 pl TEMED. 

and 53 p1 of 10% ammonium per sulphate. A comb was placed and the stacking gel 

was prepared. 100 pl of each sample (containing 100 pg protein) was mixed with 50 pl 

of sample buffer containing SDS, glycerol. EDTA, 0.5 M Tris (pH 6.8) and bromophenol 

blue in double distilled water. The tubes were kept in boiling water bath for 3 min. The 

wells of the gels washed thrice with running buffer (Tris-glycine, pH 8.3) and 25 p1 of 

the sample was added to each well. Molecular weight markers (Medium range. 

purchased from Bangalore Genei Pvt. Ltd.) were also included in the experimental 

protocol. The electrophoresis was camed out in BioRad Mini Gel Unit (BioRad. Hong 

Kong) at a constant voltage (100 V) using Hoeffer power supply (Hoeffer Scientific 

Instruments. Sanfrancisco. California). After the electrophoresis the gels were stained 



with Coomassie Brilliant Blue- R250 (BioRad) followed by destaining with a mixture of 

methanol, acetic acid, and water. 

IN VlTRO SECRETION OF IgG SUBCLASSES 

Isolation of mononuclear cells from tonsils 

Fresh human tonsils were chosen for obtaining mononuclear cells for the 

present study because it will contain 60-70% B-cells, 30-40% T-cells, 1-8s monocytes 

and < l %  dendritic cells. Thus a combination of all cells required for adequate humoral 

response will be available for in vitro studies. 

Immediately after tonsillectomy. the specimens were collected and transported 

to the laboratory at 4°C. The processing of the specimens was done within 2 h of 

collection. 

Processing of the tonsils 

Protocol described by Coligan et al. (1 996) was followed. Briefly, the specimens 

were placed on a sterile stainless steel sieve, which was set on a sterile petridish. The 

tissue was cut into 3-5 mm pieces and squeezed through the mesh using flat end of a 

syringe plunger. 

The cell suspension was transferred to 50 m1 sterile centrifuge tubes and 

allowed to stand 5 min. The debris was removed. The suspension over-layered on 

Ficol-Hypaque gradient (density 1.007 g/L) (Pharmacia Biotech, Upsala, Sweden) and 

centrifuged at 900 g for 20 min at room temperature. The layer of mononuclear cells 

(Buffy coat) at the interface was collected and transferred to fresh sterile centrifuge 

tube. The cells were washed three times with sterile PBS. The final washing was done 

with RPM1 medium. 

The cell pellet was re-suspended in complete RPM1 medium and checked the 

viability with trypan blue as described by Bortran and Vetvika (1995) and counted the 

number of cells with a haemocytometer. The cell density was adjusted to 2 X 106 

cells/ml. 



Proliferation assay 

200 pl of the above cell suspension was dispensed into each well of a 48 well 

culture plate (Costar, Sigma. St. Luis, USA). Con A (purchased from CSlR Centre for 

Biochemicals, New Delhi) and PHA (purchased from HiMedia laboratories, Mumbai) 

were used as mitogens. Different concentrations of mitogens, such as 10, 20, 30. 40. 

50, 60, 70, and 80 pglml. were added to the wells. Similarly, different concentrations of 

H. pylon antigens obtained from various preparations were also added to each well. 

Control wells were also included in the protocol without mitogens or antigens. The 

plates were incubated at 37OC at 5% COs atmosphere and 95% humidity (NUAIRE, IR 

auto flow-water jacketed) for 72 h. 

The proliferation of cells in cultures was assayed by using 3-(4,5-dimethyl-2- 

thioazoly1)-2,5-diphenyl-2H-tetrazolium bromide (MTT) (Mosman. 1983). At the end of 

incubation, 20 pl of sterile MTT solution (5 mglml in PBS) was added to each well and 

incubated for 4 h at 37°C followed by the addition of 200 pl of acidic isopropanol 

(0.04 N HCI in Isopropanol) to each well and kept at room temperature to dissolve all 

crystals formed (5-10 min). After mixing the content of the wells, optical density was 

measured at 570 nm in a Spectrophotometer (Shimadsu, UV 1601 model) with 0.5 ml 

cuvettes. 

Assay of IgG subclasses 

The cultures were prepared as described above. After incubation for 7 days. the 

level of IgG subclasses in the culture soup was assayed by following ELlSA technique 

(Butch et al., 1989). The protocol was same as that described in the assay of IgG 

subclasses in serum samples, except for the sample dilution. The culture soup was 

diluted 2 times for estimating the IgG subclasses. The level of each subclass was 

determined from the standard graph generated for each subclass. 



MACROPHAGE ACTIVATION STUDIES 

Collection of murine peritoneal exudates cells (PEC) 

Peritonea1 cavity of mice provides an accessible site for the harvest of resident 

macrophages. Generally the normal mouse peritoneal cavity will yield mature, resident 

macrophages. 

The protocol described by Coligan et al., 1996) was adopted. The mice were 

killed by cervical dislocation. Making an incision followed by peeling off the skin was 

performed to expose the abdominal wall. 5 ml complete RPM1 medium containing 

5 pglml heparin was injected into the peritoneal cavity and the injected medium was 

circulated into the cavity by gentle massage. The medium was aspirated with the help 

of a syringe and collected into 15 m1 centrifuge tubes. The suspension was centrifuged 

at 4000 rpm for 15 min and the pellet was washed with RPM1 medium and 

re-suspended in complete RPM1 medium. The viability of the cells was checked with 

trypan blue. The cell numbers were counted by using a haemocytometer and the cell 

density was adjusted to 1 X 106 cellslml. 

100 pl of PEC suspension was dispensed in each well of a 96 well culture plate 

(TARSONS Products Pvt. Ltd. Kolkata) and placed in a humid COz incubator for 3 h at 

37°C. The medium was removed and the adherent cells were washed with RPM1 

medium. The wells without cell suspension and only with CRPMl medium served as 

controls. 100 pl of different concentrations of antigens (5, 10, 20, 30, 40, and 50 pglml) 

and mitogens (5. 10. 20. 30. 40. and 50 pglml) in complete RPM1 medium were added 

into respective wells. Each concentration was prepared in triplicates. The plates were 

incubated at 37°C in an incubator with 5% COt and 95% humidity. 

Assay of nitric oxide (NO) 

The method described by Coligan et al., 1996) was adopted. 200 pl culture 

supematant was mixed with 200 pl Griess reagent (an equal mixture of 



1 % sulphanilamide in 5% orthophosphoric acid and 0.1 % naphthyl ethylene diamine in 

distilled water) in separate tubes and incubated at room temperature for 20 min. 

Standard was prepared by taking sodium nitrite at the range of 50-500 ng in 

CRPMl medium and treated similar to that of test samples. The blank was included in 

the experimental protocol. The optical density of the colour developed was measured at 

540 nm in a spectrophotometer with 0.5 ml cuvettes. 

Standard graph was plotted and the concentration of ~ 0 ~ -  in the sample was 

read from the graph. The amount of NO formed was expressed in n ~ / 1 0 =  cells/ 24 h. 

Release of enzymes from Macrophages 

After removing culture soup from each well, the adherent macrophages were 

washed three times with sterile normal saline. 50 pl of cold double distilled water was 

dispensed into each wells and kept at 4°C overnight. The cell lysate was taken in the 

eppendorff tubes and centrifuged at 10000 rpm for 10 min at 4OC. The supematant was 

used for the enzyme assay. 

Assay of Acid Phosphatase 

The method described by Burch (1969) was adopted with following 

modifications. Briefly, 100 pl of acetate buffer (0.1 M, pH 5) and 30 pl of double distilled 

water were dispensed into each well of a micro titre plate. 40 pl of the enzyme 

preparation from the macrophages was added to the wells. Mixed well and 25 pl 

substrate (p-Nitro phenyl phosphate - 0.05 M) was added to all wells. except control 

wells. The plates were incubated for 1 h at 37OC in a humid chamber. After incubation. 

the reaction was stopped by adding 40 pl of 6 N NaOH to each well, including control 

wells. 25 pl substrate was added to the control wells. The experiments were conducted 

in duplicates. The intensity of colour developed was measured at 420 nm in a 

Spectrophotometer with 0.5 ml cuvettes. 

A standard graph was prepared by using different concentrations of 

p-Nitrophenol as standard. The level of enzyme activity in presence of different antigen 



preparations and mitogens were read from the standard graph and expressed as nM of 

p-Nitrophenol formed/lo6 cells/ h. 

Assay of P-Glucouronidase 

The method described by Fishman and Bemfeld (1968) was adopted with the 

following modifications. Briefly. 25 11 acetate buffer (0.1 M, pH 5) was dispensed into 

each wells of a micro titre plate. 50 pl of enzyme preparation from macrophages was 

added to the wells in duplicates. 25 p1 substrate (Phenolphthalein glucouronic acid - 

1 mglml) was added to each well, except in control wells. The plate was incubated at 

37°C in a humid chamber for 1 h. The reactions was stopped by adding 100 pl of 

stopmixture. which contain 1.503 g glycine, 5.299 g sodium carbonate, and 0.6 g 

sodium hydroxide in 100 ml distilled water, including in control wells. 25 pl of substrate 

was added to control wells. The intensity of the colour developed was measured at 540 

nm in a spectrophotometer with 0.5 ml cuvettes. 

A standard graph was prepared by using different concentrations of 

phenolphthalein as standard. The enzyme activity in the presence of antigen 

preparations and mitogens were read from the standard graph and expressed as nM 

phenolphthalein formed11 o6 cellslh. 

ANALYSIS OF LlPlD PROFILE 

Estimation of total cholesterol in serum samples (Cholesterol oxidase- 

Peroxidase method) 

Commercially available diagnostic kits purchased from Span diagnostics. Surat. 

India were used to assess the total cholesterol present in the serum sample of patients. 

10 pl of serum sample and 10 p1 of standard were added to 1 m1 of cholesterol reagent 

in separate tubes. All tubes were mixed well and incubated at 37OC for 10 min. The 

optical density of the colour developed by samples and standards were measured 

against reagent blank. which contain only cholesterol reagent, at 505 nm using a 

UV-Visible spectrophotometer (Shimadsu, UV1601 model). 



The method is based on the following enzymatic reactions: 

Cholesterol esters Cholesterdesterase , Cholesterol + Fatty acids 

Cholesterol + O2 Cholesterdoxidase , Cholesten-3-one + H202 

Peroxidase H202 + 4-AAP Quinoneimine + H20 

The amount of total cholesterol in the samples was calculated by using the following 

formula. 

Absorbance of the test X 200 
Total cholesterol (mgIdL) = 

Absorbance of the standard 

Estimation of HDL-cholesterol 

Commercially available diagnostic kits purchased from Span diagnostics, Surat, 

lndia were used for the estimation of HDL-cholesterol. 0.3 ml of the precipitating 

reagent (Polyethylene glycol 6000) was mixed with 0.3 ml of the sample. After 

incubating for 10 min in room temperature, the tubes were centrifuged at 4000 rpm for 

10 min and the clear supematant was collected. 1ml of cholesterol reagent was added 

to 100 p1 of the supematant and l 0 0  pl of the HDL standard and incubated at 37°C for 

10 min. The optical density of the colour developed was measured at 505 nm in a 

spectrophotometer against the reagent blank, which contain only cholesterol reagent. 

The level of HDL cholesterol was calculated by using the following formula. 

Absorbance of the test X 100 
HDL Cholesterol (mgIdL) = 

Absorbance of standard 

Estimation of triglycerides 

Commercially available diagnostic kits purchased from Span diagnostics. Surat. 

lndia was used for the estimation of triglycerides in patient sera. Manufactureis 

instructions were followed to perform the test. 10 pl of sample and 10 pl of triglyceride 

standard were added to 1 ml of triglyceride reagent in separate tubes. Incubated at 

37OC for 10 min. The optical density of the colour developed was measured at 505 nm 



in spectrophotometer against the reagent blank, which contain 1 ml triglyceride reagent 

only. 

The method of estimation is based on the following enzymatic reactions 

Triglycerides Lpoprotehlipase Glycerol + Free fatty acids 

Glycerol + ATP GIYcerO1knase Glycerol-3-phosphate + ADP 

Glycerol-3-phosphate +02 GlyceroCj-phosphatae bDihydroxyacetone phosphate + H202 

Perox~dase 2Hz02 + 4- AAP -Quinoneimine + H20 

The amount of triglycerides in the samples was calculated by using the formula. 

Total triglycerides (mg/dL) = r Absorbance of the test X 200 
L Absorbance of the standard 3 

Estimation of very low-density lipoprotein (VLDL) and low-density lipoprotein (LDL) 

The formula derived by Friedewald et al. (1972) was used to calculate 

cholesterol in VLDL and LDL fractions in serum samples. 

Total triglycendes 
Cholesterol in VLDL fraction = 

5 
- 

Cholesterol in LDL fraction = Total cholesterol - [Total tig:cerides - HDL I 

- 



C h a p t e r  111 

ISOLATION OF HELICOBACTER PYLORI 
FROM GASTRIC BIOPSY SPECIMENS 



CHAPTER Ill 

ISOLATION OF HELICOBACTER PYLORI FROM GASTRIC BIOPSY SPECIMENS 

Gastric pH of healthy humans is below 2 and this makes the colonization of 

microbes within the stomach difficult. Except for the presence of microbes originating 

from food, the human gastric content is sterile. This led to the thought that stomach is 

free from infectious diseases. But the successful isolation of H. pylon from gastric 

biopsies by Marshall and Warren (1984), and the accumulated report on its association 

with various gastroduodenal pathologies abolished this concept. 

The key factor in the success of cultivation of H. pylon from gastric biopsy was 

the establishment of microaerophilic conditions originating from the technique applied 

for Campylobacters. Marshall and Warren (1984) inoculated the minced gastric tissue 

on non-selective blood agar and chocolate agar and incubated at 37OC under 

microaerophilic conditions. The colonies were developed on the plates after four days 

of incubation. These colonies were identified as H. pylon. 

In tissue sections H. pylon appears as unipolar, multiflagellate, rod-like 

organism with blunty rounded ends. They measure 0.5-1.0 pm in width and 2.5-4.0 pm 

in length (Goodwin et al.. 1985; Jones et al., 1985). Direct observation on colonizing 

human gastric mucosa. it is a curved, sinuous or gently spiral bacterium (Goodwin and 

Armstrong, 1990). The sheathed flagella that terminate in a bulbous disc structure are 

the most distinguishing structural characteristic of the organism (Goodwin et al.. 1985). 

In cultures, H. pylon occur usually in the form of straight or slightly curved rods. 

Prolonged culture give rise to emergence of coccoid forms. Such forms occur in the 

faeces of the infected subjects. These are usually non-culturable forms of H. pylon 

(Bode et al.. 1993). Organisms in the stationary phase of culture of H. pylon changed 



their morphology from the spiral to coccoid form markedly under the anaerobic 

conditions (Shirai et al., 2000). Cellini et al. (1994) demonstrated the viability of the 

coccoid form by using BALBIc mice model. The conversion of coccoid form to spiral 

form and the recovery of urease activity and the ability to be subcultured on solid media 

were reported by Anderson et al. (1997). Thus, the coccoid forms of H. pylon were 

thought to be dormant form of the bacterium. which can revert to spiral form when 

conditions are appropriate. 

The growth of H. pylon was improved by the incorporation of blood in the culture 

media (Caudron and Kirby. 1989). For the primary isolation of the organism from 

clinical specimens, blood based solid media were used. Marshall and Warren (1984) 

used chocolate agar for the isolation of the organism. Dunn et al. (1991), Doig et al. 

(1 992). Lin et al. (1 992). Pronovost et al. (1 994)? Cellini et al. (1 994) and several others 

used chocolate agar for the cultivation of H. pylon. Skirrow's blood agar (Bolin et al.. 

1995: Nishiya et al., 1999). Blood agar (Kawanishi et al., 1995; Evans Jr. et al.. 1989. 

Pan et al., 1997; Xiang et al., 2000), Brain heart infusion agar (Young et al.. 2000: 

Rasko et al.. 2000). Mueller-Hinton agar (Kostrzynska et al., 1991) were also used for 

primary isolation. Nakao et al. (1997) used Trypticase soy agar containing 5% sheep 

blood and Taylor (1988) used Brucella agar containing 10% sheep blood for culturing 

H. pylon. An indicator medium, Belo-Horizonte Medium (BHM), was developed 

(Queiroz et al.. 1987) by incorporating triphenyl tetrazolium chloride to brain-heart 

infusion sheep blood agar. On this medium H, pylon developed colonies with unique 

golden pigmentation. 

Some authors used blood free media for the cultivation of H. pylon. Morshed et 

al. (1994) obtained good growth of the organism in Brucella broth supplemented with 

1 % heated horse serum and 0.1 % P-cyclodextrin. Egg yolk emulsion agar is another 

blood free medium reported (Westblom et al., 1991). 



Testerrnan et al. (2001) reported chemically defined medium (F-12 agar). which 

supported the growth of H. pylon. F-12 agar plus cholesterol or P-cyclodextrin 

represents the first transparent chemically defined medium and the first urease 

indicator agar for H. pylon. 

H. pylon grow slowly in broth media (Westblom et al., 1991). Contaminating 

microorganisms usually grow much faster than H. pylon and make liquid media useless 

for primary isolation of H. pylon from gastric biopsies. 

In the absence of inflammation Helicobacter species appeared to be a part of a 

complex, indigenous microbial flora found in the gastric biopsy specimen (Monstein et 

al.. 2000). Several authors used antibiotic supplement in the media for inhibiting the 

growth of contaminants. H. pylon are naturally resistant to vancomycin, cefsulodin. 

trimethoprim and sulfonamides (Goodwin and Armstrong, 1990). Commonly 

vancomycin. trimethoprim and nalidixic acid were used as antibiotic supplements in the 

media for the selective isolation of H. pylon. Resistance to nalidixic acid has been 

reported as a feature of H. pylon, but a few strains are sensitive. Taylor (1988) 

observed that most strains grown on 40 mg/L of nalidixic acid, but all are inhibited at 

48 mg/L. 

Primary cultures of H. pylon have less oxygen tolerance than most 

Campylobacter species. with a growth maximum at 3-7% of oxygen (Andersen and 

Wadstrom. 2001). Usually H. pylon were grown in jars with gas generating kits 

(Marshall and Warren, 1984; Anderson et al., 1997; Young et al., 2000) or in a CO2 

incubator with a standard microaerobic atmosphere (Kostrzynska et al.. 1991: 

Testerrnan et al.. 2001). 

Most of the authors used gastric biopsies for the isolation of H. pylon. But there 

are reports showing the presence of H. pylon in oral cavity and faeces. Krajden et al. 

(1989) and Cellini et al. (1995) reported the isolation of H. pylon from dental plaques. 

They also reported that the isolates were identical with that colonized in the stomach of 



respective patients. Ferguson et al. (1993) isolated H pylon from saliva. H. pylon were 

cultured from gastric juice of the patients (Young et al., 2000). Some authors isolated 

H. pylon from faeces also (Thomas et al., 1992). But in all these cases the rate of 

isolation was very poor. Therefore, the major specimen that is used for the isolation of 

H. pylon is gastric biopsies. 

For inoculation, the biopsy sample can be rubbed several times on solid media 

(Jones et al, 1984), but mincing or grinding in the transport medium with a glass grinder 

results in heavier, more uniform growth (Goodwin et al., 1985). 

RESULTS 

Biopsy samples were collected from 41 patients with different gastroduodenal 

symptoms as per the endoscopy findings (Table 3.1). These patients were at the age 

range of 15-80. Of the 41 samples, majority was of duodenal ulcers. Two samples were 

from normal gastric mucosa. 

Table 3.1 Data on biopsy specimens 

Endoscopic findings No. of RUT Culture 
cases positive positive 

Duodenal ulcer 13 08 04 

Healing duodenal ulcer 16 07 04 

Duodenitis 06 05 03 

Gastritis 02 02 01 

Mucosa oedematous 01 Nil Nil 

Fundal carcinoma 0 1 Nil Nil 

Normal 02 Nil Nil 

Overall, 53.65% cases (22141) showed positive reaction in rapid urease test 

(Table 3.2). The positivity of the sample was defined as follows: those biopsy 



specimens, which gave positive result within 6, 12 and 24 h were recorded as strong 

positive, moderately positive and weakly positive, respectively. Both biopsies from 

patients with normal mucosa were negative for rapid urease test and both gastritis 

biopsies were positive. 83.33% of duodenitis cases (5/6), 61.53% of duodenal ulcer 

cases (8/13), and 43.75% healing duodenal ulcer cases (7116) were positive for rapid 

urease test. 

Table 3.2 Rapid urease tests in Biopsies 

Total No. tested 4 1 

Strong positive 

Moderately positive 05 

Slightly positive 02 

Negative 19 

The colonies developed on the agar were analyzed and those colonies. which 

showed characteristic morphology and strong positive reactions for catalase, oxidase 

and urease tests were identified as H. pylon (Table 3.3). Further characterization of 

these colonies showed that they were unable to grow aerobically and does not utilized 

glucose or other carbohydrates. All isolates showed active cork-screw type motility. 

Urease negative biopsies did not yield any H. pylon colonies. Total of 12 strains 

were isolated from rapid urease test positive biopsy samples. 

Figure 3.1 shows the presence of H. pylon in the Gram-stained preparations of 

biopsy specimens used for the isolation of the organism. Typical morphology like 

slightly curved structure of H. pylon can be seen in the smear. Figures 3.2 and 3.3 

shows the development of H. pylon colonies on chocolate agar and Gram-stained 

smear of isolated H. pylon colonies, respectively. Gram's stained smear from isolated 



Figure 3.1 Gram stained buopdration of biopsy showing H. ky1orl 
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Figure 3.2 Colonies of H. pylori on chocolate agar 





colonies showed organisms similar to that of organisms present in biopsy samples. 

It may be noted that these colonies were isolated from the biopsies, which showed the 

presence of H. pylon. 

Among the 12 isolates 4 were obtained from duodenal ulcer cases, 4 from 

healing duodenal ulcer, 3 from duodenitis and one from gastritis. Each isolates were 

stored in Brucella broth with foetal calf serum (20%) and glycerol (30%) at -20°C. 

Table 3.3 Gram's staining and biochemical characters of isolates identified as 

H. pylon. 

Character Reaction 

Gram's staining 

Motility 

Urease test 

Catalase test 

Oxidase test 

Ability to grow aerobically 

Glucose utilization 

Nitrate reduction 

Gram-negative, slightly curved rods 

Motile 

Strongly Positive 

Strongly Positive 

Strongly Positive 

No growth 

Negative 

Negative 

DISCUSSION 

The majority of H. pylon organisms are free living in the mucus layer of the 

stomach overlaying the mucosal epithelium, a small proportion appear to adhere 

epithelia1 cells. and few. if any. actually invade tissue (Blaser and Parsonnet. 1994). 

H. pylon population is maintained at high concentration (aboutlo8 CFUIg) in gastric 

tissue for decades. But the distribution of the organism is not uniform and mostly patchy 

distribution was observed. So the sampling error could be leading to fallacious results. 



According to Misra et al. (2000), two biopsies taken from A3 region of the antrum were 

sufficient for confirmation of the presence of H. pylon and associated gastritis. These 

biopsies should be taken from the most normal appearing mucosa (Graham and 

Qureshi, 2001). 

Successful isolation of H. pylon from gastric biopsies relies on several factors. 

such as the transport medium, time in transport to the laboratory, temperature during 

transportation and medium used for isolation. Several media were recommended for 

transportation of the specimen. Normal saline or 20% glucose (Goodwin et al., 1985). 

Thioglycollate broth (von Wulffen et al.. 1986; Queiroz et al., 1987), Brucella broth 

(Taylor, 1988), Carry-Blair medium (Kawanashi et al., 1995; Nakao et al., 1997). etc. 

were some of the common transport media used. 

The temperature during transportation highly influences the viability of H. pylon. 

There was a significant decrease in viability of organism after 6 h at room temperature. 

At 4°C the organism survived for one week and at -70°C, or in liquid nitrogen, it will 

survive indefinitely (Graham and Qureshi, 2001). It was recommended to transport 

biopsy samples in transport medium at 4OC and processed within 4-5 h, if in glucose or 

saline (Rautelin and Kousunen. 1991). 

H. pylon can be readily identified on the basis of characteristic colonial and 

microscopic morphology, a positive oxidase and catalase test, and the rapid hydrolysis 

of urea. Many authors solely depended on these characters to identify the organism in 

primary isolation (McNulty et al., 1989; Lin et al., 1992; Nishiya et al., 1999). 

Different methods are used for the diagnosis of H. pylon infection. Histology 

provides marked evidence for H. pylon infection. H. pylon cells were present in 

sufficient quantities to be seen with high-power oil-immersion magnification of histologic 

sections or of Gram stains of smears of gastric mucus (Graham and Qureshi, 2001). 



Based on the ability of the organism to produce large amount of urease, both 

non-invasive (urea breath tests) and invasive (rapid urease tests) tests were developed 

to diagnose H. pylon infection. Atherton and Spiller (1994) gave an overall view and 

13 importance of urea breath test for diagnosis of H. pylon infection. C-UBT gave reliable 

information about H. pylon status of the patient before or after therapy (Klein and 

Graham. 1993; Klein et al., 1996). Rapid urease test is widely accepted and it showed 

almost 100% specificity when compared with detection of H. pylon by Gram staining. 

culture and histology (McNulty et al.. 1989). 

HpSA is another non-invasive test developed and found to be easy-to-use test 

for diagnosing H. pylon infections (Vaira et al., 1999). Combined with UBT, HpSA can 

be used for confirmation of H. pylon eradication. 

PCR techniques are valuable for diagnosing H. pylon infection. In a comparative 

study. van Doom et al. (2000) observed that PCR had highest diagnostic sensitivity 

followed by histology, culture and CL0 tests. At the present time PCR remains a 

research tool for the diagnosis of H. pylon infection. 

The isolation of the organism in the culture is 100% specific. The sensitivity of 

the culture varies from 50-99% depending on the laboratory and interest of the 

microbiologist (Graham and Qureshi. 2001). 

The gastric ulcers were considered as an infectious disease and recommended 

therapy to switch from treating symptoms with antacids to antibiotic eradication of the 

infection (NIH consensus statement, 1994). But many treatment strategies failed to 

eradicate H. pylon from patients. This was mainly due to primary and acquired 

resistance of H. pylon strains to antimicrobial agents. Glupczynski and European 

multicentre study group on antibiotic susceptibility to H. pylon (1992) observed an 

overall resistance of metronidazole 26% in European countries, which ranged from 7% 

in Spain to 49% in Greece. Metronidazole resistance in France was 25%. but it 

increased rapidly reaching 50% in 1994 (Megraud et al., 1994). Abraham et al. (1997) 



reported over 4: of all strains isolated from Lucknow and Mumbai were metronidazole 

resistant. About 90% strains from Kolkata were metronidazole resistant 

(Mukhopadhyay et al., 2000). 

The primary resistance to macrolides was much lower than that for 

metronidazole. Westblom and Unge (1992) observed less than 1 % macrolide 

resistance. Wolle et al. (2002) reported 26.2% metronidazole resistance and 2.25% 

clarithromycin resistance in H. pylon strains isolated from North Eastern part of 

Germany. 

Coexistence of metronidazole resistant and sensitive strains in patients with 

peptic ulcer and gastritis were reported (Loivukene et al., 2000). Among metronidazole 

resistant strains. combined resistance to clarithromycin, ciprofloxacin, and tetracycline 

was reported (Boyanova et al., 2000). van der Ende et al. (2001) showed the co- 

existence of clarithromycin resistant and sensitive strains with identical genotypes. 

In this circumstance, it was suggested to test H. pylon susceptibility to 

antimicrobial agents and interpretation of the results before commencing antimicrobial 

therapy. Isolation of the strains from each patient is the only diagnostic procedure. 

which provides samples for antimicrobial susceptibility testing. More over no reports 

were available from Kerala showing the prevalence of H. pylon infection and successful 

isolation of the organism from patients. The above facts led to standardize the method 

of isolation of H. pylon from human gastric biopsy specimens and use them for further 

immunological studies. 

The present investigation showed that about 54% of persons with different 

gastroduodenal symptoms were positive for H. pylon infection, as assessed by using 

rapid urease test (RUT). in and around Kozhikode District of Kerala State. Rapid 

urease test is one of the reliable invasive diagnostic tests for H. pylon infection. 

According to Lin et al. (1992) biopsy of the antrum at gastroscopy and rapid urease test 

were most useful for the initial diagnosis of H. pylon infection. The sensitivity and 



specificity of different urease tests ranged from 95 and 100% respectively (El-Zimaity et 

al.? 1995). 

Rapid urease test requires a high bacterial density in the specimen. The 

photographs of the biopsy specimen show the presence of microorganism abundantly 

and because it is an ulcer specimen, it was speculated that these organisms are mainly 

H. pylon. The rapid urease test with these biopsies was strongly positive. Of the 

biopsies used for isolation of H. pylon, there were more samples from healing duodenal 

ulcer patients. Only 44% of these samples were positive for rapid urease test and could 

isolate only four H. pylon colonies. This could be explained as the patients were under 

anti-ulcer therapy and because the infection was brought under control by eradicating 

the organism from the site of infection. 

In the present study the H. pylon colonies were developed only from those 

biopsy samples, which were positive for rapid urease test. Analysis of the 

morphological and biochemical characters along with standard strain obtained from 

Dr. A. Grob (Germany). confirms the identity of the isolates. Many authors applied 

colony characters, morphology and biochemical characters as criteria for identification 

of H. pylon (Hu et al.. 1992; Yang et al., 1997; Loivukene et al., 2000). 

Primary isolation of H. pylon from biopsy specimen is a difficult process. In 

specialized laboratories the isolation rates of 75-90% were achieved (Goodwin et al.. 

1985). This may be due to the fastidious nature of H. pylon and to a number of factors 

that are difficult to control. like patchy distribution of the organism on the gastric 

mucosa, contamination of biopsy forceps, presence of oropharyngeal flora, loss of 

viability of organism during transportation (Piccolomini et al., 1997). 

Transport medium. time for transportation and temperature at transportation 

highly influences isolation of H. pylon. However, according to Morton and Bardhan 

(1995) transport medium used is irrelevant provided biopsy specimen can be rapidly 

transported for culture. They obtained 56% and 50% isolation rates when the specimen 



cultured within 3 h after transportation in complex media or 0.9% saline respectively. 

A long transportation time decreases the number of the H. pylon especially after 

antibiotic therapy, and if the number of bacteria is low, culture may become false 

negative (Andersen and Wadstrom, 2001). 

The major factors responsible for transformation of spiral shaped H. pylon into 

coccoid forms are nutrient deprivation, exposure to anti-ulcer drugs and antibiotics. 

extended incubation, pH, and attachment to the gastric epithelium (Andersen and 

Wadstrom, 2001). The coccoid forms are the non-culturable, senescent forms of 

H. pylon. Minimizing the subculturing can minimize the transformation of H. pylon into 

coccoid forms. The isolates were prepared in aliquots and stored at -20°C. 

Culturing on solid medium is the standard technique used in most laboratories 

for the isolation of H. pylori from gastric biopsies. 12 isolates from 22 rapid urease test 

positive biopsies were isolated in the present study. The rate of isolation is about 55%. 

Gastric biopsies taken during endoscopy have been reported as the best samples for 

the isolation of the H. pylon from patients (Rautelin and Kousunen, 1991). The culture 

results obtained from gastric biopsies were highly dependent upon the accuracy of the 

biopsy sampling and the bacterial load in the tissue sample (Mobley et al., 1988). 

Thus, from the morphological and biochemical characters, it was concluded that 

the isolates obtained from biopsy specimens were H. pylori. Approximately 50% of the 

ulcers are at least due to H. pylon infection. 
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CHAPTER IV 

IN VITRO PROLIFERATION AND IgG SUBCLASS SECRETION IN RESPONSE TO 

HELICOBACTER PYLORI ANTIGENS 

The immune system of gastric and intestinal mucosa has the daunting task of 

CO-existing with an incredibly complex mix of luminal antigens. including partially digested 

dietary constituents, host proteins, and commensal bacteria, while maintaining the capacity 

to recognize and eliminate promptly pathogenic microorganisms and transformed epithelial 

cells. The mucosal immune system is ideally adapted to recognize and eliminate invading 

pathogens rapidly. while not responding to ubiquitous luminal antigens. Under normal 

conditions an active state of tolerance is maintained in gastrointestinal tract. Tolerance is 

mediated by regulatory T cells and by early detection of invading pathogens by epithelial 

cells that liberate chemotactic signals to incite immigration of effector cells, which are more 

efficient in clearing infections (Sartor. 2002). 

Uninfected stomach does not show the evidence of immunological activity. Infection 

with H. pylon delivers powerful stimuli that profoundly restructure gastric cell composition 

and signaling, which re-programme the stomach to function as a target end organ for 

leukocyte homing and amplifies the immunologic machinery to buttress local T-cell 

activation during infection (Papo et al., 2001). Lymphocyte homing behaviour was similar in 

stomach and intestine (Jarbrink et al.. 2001). The authors observed the expression of 

mucosal homing receptor integrin a&, on both B-cells and T-cells activated by antigens 

delivered to the gastric mucosa. as do cells activated in the intestine. 

Between 60% and 80% of the body's immunoglobulin secreting cells are found 

within mucosal surfaces. and most are present in gastro-intestine associated lymphoid 

tissue (Sartor. 2002). Mattson et al. (1998) demonstrated induction of strong antibody 



responses in human gastric mucosa infected with H. pylon. The response was observed 

both in asymptomatic carriers and duodenal ulcer patients. 

H. pylon lead to progressive accumulation of T-cells in the proximal and distal 

stomach. These infiltrated T-cells were predominantly CD4' Th cell phenotype (Bamford et 

al.. 1998). Karttunen et al. (1995) observed higher number of IFN-y secreting cells per 10' 

T-cells in gastritis mucosa than in normal mucosa. The over abundance of IFN-y' cells and 

IFNy secreting cells relative to IL-4 producing cells were observed in H. pylon positive 

gastric biopsies (Bamford et al.. 1998). Thus, there is predominance of pro-inflammatory 

Th l  type cells in H. pylon infected stomach. 

The results obtained by Karttunen et al. (1990) showed that peripheral blood 

mononuclear cells can be stimulated by whole H. pylon bacterium. The response of 

low-grade B-cell MALT lymphomas to stimulating strains of H. pylon was dependent on 

H. pylon specific T-cells and their products, rather than the bacteria themselves (Hussell 

et al., 1993). 

Both local and systemic humoral responses were induced against H. pylon. 

Crabtree et al. (1993) demonstrated the presence of anti-H. pylon IgG in serum and 

anti-H. pylon IgA in mucosa of gastric cancer patients by using ELISA and immunoblotting. 

Some studies revealed significantly higher levels of salivary anti-H. pylon IgG in children 

with H. pylon infection (Luzza et al.. 1997). Even though detectable levels of H. pylon 

specific IgA present in serum samples of patients, it has low diagnostic value (Karvar et 

al., 1997). 

Seropositivity of IgG antibody against H. pylon correlated with positivity of tissue 

H. pylon IgA antibody in non-metaplastic gastric mucosa (Matsukura et al.. 1995). 

Anti-H. pylon IgM titres were very low in patient sera and it was not related to 



histopathological findings, peptic lesions or culture findings (von Wulffen and Grote, 1988). 

This may be due to the chronicity of H. pylon infection. 

In IgG immunoblots, four protein bands (1 10 kD, 94 kD, 63 kD, and 28 kD) were 

consistently observed in H. pylon positive patients (von Wulffen et al., 1988). The authors 

were of the opinion that the IgM immunoblots were of no help in diagnosis of H. pylon 

infection because the only band recognized in IgM immunoblot was non-specific. IgG 

immunoblot with H. pylon positive children recognized 120 kD, 90 kD, 61 kD, 53 kD. 45 kD. 

and 31 kD protein bands (Crabtree et al.. 1991). It was found that the initial response to 

H. pylon infections in children were directed to low molecular weight antigens and in adults 

the initial response was to high molecular weight antigens (Mitchell et al., 1996). 

Stacey et al. (1990) demonstrated the presence of antibodies against H. pylon 

urease and flagellins in patient sera. Immunization with H. pylon catalase protected the 

animals from experimental infection with H. pylon (Raddiff et al., 1997). 

A predominant antigenic structure present in H. pylon is lipopolysaccharides. 

Zheng et al. (2000) observed the occurrence of Lex, Lee', Lea, Leb and blood group A 

antigens in H. pylon isolates. The authors also noted the co expression of Le%th Le'. 

There is definitive evidence showing a single strain of H. pylon alters its LPS antigenic 

phenotype during the course of infection (Rasko et al., 2000). Serum anti-Lex antibodies 

were detected in patient sera but it was not increased significantly in H. pylon positive 

gastric cancer patient senrm samples (Shimoyama et al., 2000). 

Several antigens were tried to use as an effective vaccine against H. pylon 

infection. Marchetti et al. (1995) used total bacterial lysate or purified urease of H. pylon for 

oral immunization of mice along with heat labile toxin of enterotoxigenic E. col; as adjuvant. 

When immunized mice were challenged with Type I1 strains of H. pylon, complete 

protection was observed with total bacterial lysate and almost complete protection was 



afforded by immunization with urease. Manetti et a1 (1997) detoxified VacA and used for 

immunizing rabbit and mice. High titres of cytotoxin neutralizing antibodies were induced in 

immunized rabbits and challenge with H. pylon in immunized mice showed protection 

against infection. H. pylon catalase was also proposed as candidate vaccine against 

infection (Radcliff et al.. 1997). 

Human immunoglobulin G comprises four subclasses depending on their heavy 

chain regions (IgG?, IgG;: IgG,. IgGf). Each of these subclasses showed difference in their 

biological functions. Normansell (1987) reviewed the structural and functional properties of 

human IgG subclasses. 

The expression of IgG subclasses depends on type of antigens inducing the 

response. The bacterial protein antigens and viral antigens induce lgG, and lgGf 

subclasses predominantly (Hammerstrom and Smith, 1986; Samesto et al., 1985). The 

response to bacterial polysaccharides largely restricted to IgG2, to lgGz and IgGf, or to 

IgG, and IgG2 (Hammerstrom and Smith. 1986). Raised lgGf serum levels were reported 

in persons with atopy and filariasis (Magnusson et al., 1986) and in Schistosomiasis 

(Iskandar et al.. 1981). 

Several assay methods are used for the quantitation of human IgG subclasses. 

Radial immunodiffusion method of Mancini (Shakib et al.. 1975), Radioimmuno assay 

(Scott and Nahm. 1984). Particle concentration fluorescence immunoassay (Mayus et al.. 

1986) and ELBA (Ferrante et al., 1986) were some examples. Monoclonal antibody based 

ELlSA technique is the most commonly used method for assaying IgG subclasses. 

The second objective of the present investigation was to isolate H. pylon antigens 

following different methods and to examine the in vitro lymphocyte proliferation and 

antibody production in response to these antigen stimulations. 



RESULTS 

The protein profiles of the different antigen preparations were analyzed by 

SDS-PAGE. The Figures 4.1 to 4.3 show the pattern of protein bands present in acid- 

glycine (AG), n-Octyl-P-D-glucopyranoside (NOG) and whole cell sonicate (WCS) antigens 

obtained from different clinically isolated strains of H. pylon respectively. 

Heavy molecular weight protein bands were distinctly present in most of the n-octyl- 

/3-D-glucopyranoside extract preparations. The major bands present in n-octyl-P-D- 

glucopyranoside preparations showed approximate molecular weights 120 kD. 92 kD. 

74 kD. 66 kD. 50 kD. 26 kD. 24 kD. and 14.8 kD. 

Acid-glycine preparations of all isolates showed mainly low molecular weight 

protein bands. Major bands observed in these preparations fall in the range of approximate 

molecular weight 50-14.3 kD. 4-5 distinct minor bands were present at the range of 

68-50 kD. Although high molecular weight proteins of 120 kD and 92 kD were present in 

acid-glycine extract. the intenstty of these bands was very low. This indicates that acid- 

glycine mainly extract proteins of low molecular weight. 

The major protein bands obtained in whole cell sonicate preparations were in the 

range of 74-14.3 kD. Isolates 3 and 9 did not show any bands above 74 kD. Isolate 5 

showed a distinct band of low intensity corresponding to 120 kD and 3-4 minor bands 

ranging from 68-97 kD. Most of the low molecular weight bands present in other 

preparations were also present in whole cell sonicate preparations from all isolates. 

No detectable level of proteins was present in hot phenol water extracts from 

clinical isolates as assessed by Lowry's method. SDS-PAGE analysis of these 

preparations could not detect any detectable bands with coomassie blue staining. 

The antigens extracted from isolated H. pylon strains were used as antigens to 

stimulate the tonsillar mononudear cells. The proliferation was assessed using M l T  assay. 
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PHA and ConA were included as known mitogens in the experimental protocol. There was 

no significant increase in proliferation with H. pylon antigens. Maximum proliferation index 

was obtained with mitogens. Among the antigens, whole cell sonicate preparations yielded 

least proliferation of tonsillar mononuclear cells (Table 4.1). Since 10 pglml gave the 

maximum proliferation index, this concentration was chosen for further studies of in vitm 

secretion of IgG subclasses. 

Table 4.1 Proliferation indexes obtained with various H. pylon antigens and mitogens 

AntigenlMitogen 10 pglml Proliferation index 

LPS3 

LPS5 

LPS9 

AG3 

AG5 

AG9 

NOG3 

NOG5 

NOG9 

WCS3 

WCS5 

WCS9 

Con A 

PHAM 



The level of IgG subclasses in the culture supematant was analyzed after 7 days 

growth of tonsillar mononuclear cells with different antigens and mitogens. The 

concentration of IgG subclasses was 2.7 pglml IgG,, 1.24 pglml IgGz, 0.41 pglml lgG5 and 

0.136 pglml IgGL in control supematant. 

An increase in the secretion of total IgG by tonsillar lymphocytes was noted with 

PHA (18.6 pglml). Among the different IgG subclasses IgG, is the major subclass induced 

in response to PHA stimulation (1 1.6 pglml). It also induced 4.4 pglml IgG,, 1.72 pglml 

lgG: and 0.88 pglml IgGL (Table 4.2) 

In contrast ConA did not increased the secretion of IgG subclasses. In fact the 

ConA stimulated cultures produced lower level of IgG subclasses when compared to the 

control. From the data it can be observed that ConA has no stimulatory role in the IgG 

subclass secretion. 

When different antigen extracts were used for induction of IgG subclasses. it was 

noted that the maximum level of total IgG production was obtained with n-octyl-P-D- 

glucopyranoside extracted antigens and that too with that of the isolate strain No.5. The 

least amount of total IgG was noted when whole cell sonicate antigen from isolate strain 

No.5 was used (Table 4.2). 

Among the various antigens of phenol-water extracts, the maximum IgG production 

was observed with isolate strain No. 3 (Table 4.2) and the production of IgGZ subclass was 

higher than the control. 

With acid-glycine extracted antigens it was noted that total IgG was maximally 

produced with isolate strain No. 5 and least production with isolate strain No. 3. On further 

analysis it was observed that the IgG. was the major subclass present in the IgG secreted 

in presence of the acid-glycine extracted antigens from all three isolates. 



Table 4.2 IgG subclass secretion in response to H. pylon antigens and mitogens 

Antigens/ Total IgG 
mitogens IgGl (~cg/ml) lgG2 (pglml) lgG3 (pg/ml) lgG4 (pg/ml) (~g/ml) 

Control 

ConA 

PHAM 

LPS3 

LPS5 

LPS9 

AG3 

AG5 

AG9 

NOG3 

NOG5 

NOG9 

WCS3 

WCS5 

WCS9 



n-octyl-PD-glucopyranoside extracted antigens showed higher production of total 

IgG. except isolate strain No. 3. The protein profile of the n-octyl-P-D-glucopyranoside 

extract of isolate strain No. 3 showed the absence of high molecular weight protein bands 

in comparison with isolate strain No. 5 and 9 (Figure 4.1). The antigens induced the 

production of higher levels of IgG,. except with isolate strain No. 3. A preferential secretion 

of lgG, was noted with isolate strain No. 5 and this was almost 22 times higher in 

comparison to the control. However, isolate strain No. 3 yielded lesser lgGz than the 

control. 

Whole cell sonicate antigens did not enhance IgG production. It may be noted that 

whole cell sonicate antigens produced least proliferation index when compared to other 

antigen preparations (Table 4.1). The failure of whole cell sonicate antigens to induce the 

secretion of IgG subclasses may be due to the presence of inhibitory molecules in the 

whole cell sonicates. 

When the percentage of secretion of IgG subclasses in vitm by tonsillar 

mononudear cells was analysed, it was found that IgG1, IgGi, IgG3, and lgGo constituted 

66.26%, 27.67%. 9.13% and 3.03%. respectively in control wells. Among different antigen 

extracts. only whole cell sonicate antigens of isolate strain No. 3 and 9 and acid-glycine 

extracted antigen of isolate strain No.3 showed increased percentage in IgG, secretion 

when compared to the control. Increased percentage of secretion of lgGz was observed 

with all phenol-water extracted antigens. The percentage of secretion of IgG, was 

significantly lower in presence of all whole cell sonicate antigens (Figure 4.4). The 

percentage of secretion of lgGs was higher in stimulation with all antigen preparations. 

except phenol-water extract antigens from all isolates and acid-glycine extract antigens 

from isolate strain No. 3. 
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Figure 4.4 Percentage of IgG subclasses secreted in response to the stimulation 

with H. pylon antigenslmitogens [LPS (Phenol water extract), AG (Acid- 

glycine extract), NOG (n-octyl-p-D-glucopyranoside extract), and 

WCS (Whole cell sonicate) preparations of strains 3, 5, and 91 



DISCUSSION 

Several authors analyzed antibody levels against specific components of H. pylori 

cells. Klaamas et al. (1996) observed antibodies against VacA and CagA proteins in 

immunoblots with sera of H. pylon positive gastric cancer patients. Hirai et al. (1994) 

reported a strong association of cytotoxin neutralizing activity with H. pylon infection. IgG 

antibodies to VacA and CagA proteins were observed in 85% of patients with gastric 

symptoms and 71 % of asymptomatic subjects (Figueroa et al., 2002). Anti-CagA IgG was 

detected in 87.5%, 76%. and 56.4% of duodenal ulcer, gastric ulcer, and non-ulcer 

dyspepsia patients (Cover et al.. 1995). Kumar et al. (1998) demonstrated the prevalence 

of anti-CagA antibodies in an Indian population with duodenal ulcer or non-ulcer 

dyspepsia. 

O'Toole et al. (1991) reported a 26 kD soluble protein from H. pylon as species- 

specific antigens. This protein appeared antigenically conserved in H. pylon. Keenan et al. 

(2000) observed immune response to an 18 kD outer membrane protein in a significant 

number of immunized animals. This protein was subsequently identified as Lipoprotein 20 

(LPP 20). 

The detection of anti-H. pylon antibodies are the easiest non-invasive approach to 

test for the presence of H. pylon infection. These tests detect either IgG (Klaamas et al.. 

1996: Asaka et al., 1994) or IgA (Jaskowski et al., 1997; Kinderrnann et al., 2001) in 

serum. Tests, which detect the presence of anti-H. pylon antibodies in saliva were 

available (Luua et al., 1997). Most of the tests used enzyme immunoassays. These 

assays used different antigen preparations from H. pylon strains, such as acid-glycine 

extracts (Klaamas et al.. 1996: von Wulffen and Grote, 1998) HM-CAP obtained by 

n-Octyl- P-D- glucopyranoside extraction (Evans Jr. et al., 1989; Yokota et al.. 1997). 

Purified antigens like recombinant CagA protein (Cover et al., 1995), immunodominant 



portion of CagA (Kumar et al., 1998), Lex oligosaccharide (Shimoyama et al., 2000) were 

also used for the detection of immune response against specific antigens of H. pylon. For 

immunoblot analysis of patient sera, several authors used whole cell lysate antigens (von 

Wulffen et al., 1988: Crabtree et al., 1991). 

The diagnosis of H. pylon infection is normally done either using rapid urease test 

or with anti-H. pylon IgG ELlSA tests. Commonly acid-glycine extract antigens (Klaamas et 

al., 1996), high molecular weight cell associated protein (HM-CAP) antigens (Evans Jr. et 

al.. 1989) from H. pylon were used in diagnostic kits. Several immunoblot studies aimed to 

analyze immune response against H. pylon utilized whole cell sonicate antigens (Crabtree 

et al.. 1991; von Wulffen et al., 1988). A considerable amount of variability in the detection 

of anti-H. pylon IgG antibodies were reported when these antigens based ELlSA was 

employed (Kinderman et al.. 2001; Meijer et al., 1997). These variabilities in the sensitivity 

and specificity were attributed primarily to the differences in types of H. pylon antigens 

used for coating the microtitre plates. In this context, the determination of in vitm cell 

proliferation and IgG subclass secretion by human mononuclear cells in stimulation with 

the antigens isolated from different clinical isolates of H. pylon became one of the aims of 

the present study. 

Antigens from clinical isolates of H. pylon strains (Nos. 3, 5 and 9) were prepared 

by using different methods as described in materials and methods and used for in vitm 

proliferation and IgG secretion by human tonsillar mononuclear cells. The analysis of 

protein profiles of the antigen preparations from H. pylon clinical isolates by SDS-PAGE 

showed strain variations. The acid-glycine extract showed similar pattern of protein profile 

in isolate strains 5 and 9 differing from isolate strain No. 3. Two protein bands 

corresponding to approximate molecular weights 32 kD and 50 kD in isolate strains 5 and 

9 were obviously absent in isolate strain 3. When isolate strains 5 and 9 were compared. a 

protein band of molecular weight 82 kD was absent in isolate strain No. 5. When IgG 



subclass secretions in presence of acid-glycine extract antigens were compared isolate 

strain 3 induced least amount of secretion (2.568 pglml) as compared to the other two 

isolates (5.05 pglml and 4.316 pglml with isolate strains 5 and 9, respectively). Although 

no attempts were made to purify these two protein fractions and to examine its impact on 

in vitm IgG subclass secretion, it is speculated that such proteins may be playing important 

role in priming the cells to produce immunoglobulins. However, no major band of high 

molecular weight proteins above 97 kD was obtained with acid-glycine extraction. 

When the protein profiles of n-octyl-PD-glucopyranoside extract antigens were 

compared, it was seen that the isolate strain No. 3 exhibited a different pattern compared 

to the isolate strains 5 and 9. A significant high molecular weight band (about 120 kD) was 

absent in isolate strain No.3. When the protein profiles between the isolate strains 5 and 9 

were compared, it was noted that a low molecular weight fraction corresponding to 

molecular weight of about 15 kD is absent in isolate strain No. 9. Perhaps this may be the 

reason for higher secretion of IgG by the isolate strain No. 5 (15.12 pglml) compared to 

isolate strain No. 9 (5.622 pglml). The n-octyl-p-D-glucopyranoside extract antigens 

yielded defined bands of high molecular weight, i.e., proteins of molecular weight above 

66 kD. These observations are in agreement with the observations of Evans Jr. et al. 

(1 989). 

When in vitro proliferation of human tonsillar mononuclear cells were analyzed by 

using MTT assay, the significant increase in proliferation index was obtained with mitogens 

(PHA and Con A) only. In presence of different antigens of H. pylon strains, no increase in 

proliferation was noted. Knipp et.al. (1996) reported the production of protein by H. pylon. 

which inhibits cell proliferation. Recently inhibition of T-cell activation by H. pylonVacA was 

reported (Gebert et al.. 2003). A G11S cell cycle arrest was observed in inhibited T-cells. 

Bonesrestiano et al. (2003) also reported similar results. 



In the present study. the protein profiles of used antigens showed a large number 

of proteins of different molecular weights that may also contain VacA and other proteins. 

such as the proteins described by Knipp et al. (1996) - the well-known inhibitors of cell 

proliferation. T-cell activation and subsequent release of cytokines are required for the 

B-cell activation, proliferation and differentiation into antibody producing cells in 

T-dependent pathway. Perhaps this may be the reason that none of the protein antigen 

preparations, except acid-glycine extract and n-octyl-P-D-glucopyranoside extract antigens 

from isolate strain No. 5, showed increased proliferation and antibody production. It may 

also be noted that most of the tonsillar cells, especially B-cells are at activated stage, so 

specific mitogens only can induce further activation as noted in the case of ConA and PHA. 

One of the predominant groups of antigens on H. pylon is lipopolysaccharide. 

H. pylon expresses surface markers, which can mimic the Lewis (Le) blood group antigens 

of human beings. There are evidences for the contribution of lipopolysaccharide to the 

pathogenesis of H. pylon infection (Slomiany et al., 1992). The antigenicity of H. pylon 

lipopolysaccharides varied depending on the strain (Yokota et al., 1997). Yokota et al. 

(2000) confirmed the presence of highly antigenic and weakly antigenic epitopes in 

lipopolysaccharide of H. pylon strains. These reports prompted to include hot-phenol water 

extracts from H. pylon isolates for analyzing in vitm immunoglobulin secretion. 

The phenol-water extract antigens did not induce higher proliferation and IgG 

secretion. The low immunological activities of H. pylon lipopolysaccharides were already 

reported (Moran and Aspinall. 1998). Muotiala et al. (1992) reported that the pyrogenicity 

and mitogenicity of H. pylon lipopolysaccharide 1000-fold lower in mice when compared 

with Salmonella entenca serovar Typhimunum lipopolysaccharide. The induction of 

interleukin-l (IL-l). IL-6 and TNF-a from activated human mononuclear cells by H. pylon 

lipopolysaccharide is significantly lower than that by E. coli lipopolysaccharide (Birkholz 

et al.. 1993: Pece et al.. 1995). But in presence of phenol-water extract antigens the 



percentage of IgG; subclass was higher when compared to control. This observation is in 

agreement with general phenomenon that carbohydrate antigens (lipopolysaccharides) 

selectively induce IgG2 by following T-independent pathway. Yount et al. (1 968) observed 

that the IgG antibodies produced against dextran, teichoic acid and levan were restricted to 

lgGz subclass. The stimulation of peripheral blood mononuclear cells with 

lipopolysaccharide resulted in the enhanced production of lgG2 (Scott and Nahm, 1984). 

Riesen et al. (1976) noted the IgG; restricted response against group specific 

polysaccharide of beta haemolytic streptococci in human. 

Human tonsillar mononuclear cells contain 60-70% B-cells, 30-40% T-cells, 1-8% 

monocytes and less than 1% dendritic cells. Scott and Nahm (1984) studied in vitm IgG 

subclass production by splenocytes, tonsil cells and peripheral blood lymphocytes in 

response to mitogen stimulation. All mitogens induced strongest response with 

splenocytes and least response with peripheral blood lymphocytes. The authors obtained 

good response with tonsil cells. 

Generally. protein antigens stimulate IgG, and IgG-, production and carbohydrate 

antigens increased IgG; production in vitm conditions. It was well documented that this 

pattern of subclass response were mainly against protein antigens of pathogens 

(Normansell. 1987). 

The hot-phenol water extract antigens caused increased production of IgG; by 

tonsillar mononuclear cells when compared to control. Phenol-water extraction procedure 

was mainly used for extraction of lipopolysaccharides from bacteria (Westphal and Jann. 

1965). There are reports showing the preferential expression of lgGz subclass in response 

to LPS or other cell polysacchandes (Mayumi et al., 1983). Siber et al. (1980) noted a 

positive correlation between serum IgG; concentration and the response to pneumococcal 

polysaccharide antigens. 



Among whole cell sonicate antigens; isolate 3 and 9 showed significant increase in 

IgG, and lgGS production. The protein profile of these preparations does not show any 

major bands above 68 kD. Whole cell sonicate antigens from isolate No. 5 showed 

significant protein bands above 68 kD and it caused higher production of IgG: compared to 

control. 

Fangrat et al. (2003) reported IgG, and lgGj response in children infected with 

H. pylon. Specific proteins, such as CagA also induced IgG, and lgG3 response in these 

children. No extensive reports are available on the human IgG subclass response against 

H. pylon. 

Many immunization studies with different antigen preparations or whole H. pylon 

organism in animal models revealed some aspects of murine IgG subclass expression. 

Oral immunization of mice with a mixture of whole cell sonicate antigen and cholera toxin 

induced a greater production of IgG, specific to H. pylon than lgGza in sera of protected 

mice (Shirai et al.. 2000). Vaccination with attenuated Salmonella enterica serovar Typhi 

expressing H. pylon urease caused an increase in IgG, and lgGza anti-urease antibody 

titres in mice (Arcila et al.. 2002). Watanabe et al. (2004) demonstrated increasing ratio of 

IgG,/IgG2a in serum of mice following infection with H. pylon. 

In children, the initial antibody response to H. pylon infections were to small 

molecular size antigens, but in adults the initial responses were to larger molecular size 

antigens (Mitchell et al., 1996). Karvar et al. (1997) divided the protein antigens of H. pylon 

into 3 major groups depending on the molecular size. Low molecular-mass proteins 

(LMMPs) comprise proteins ranging in mass from 22-33 kD, medium moleculr-mass 

proteins (MMMPs) ranging molecular mass from 43-66 kD and high molecular- mass 

proteins (HMMPs) ranging in molecular mass from 87-128 kD. In their study, 93% of 

patients showed IgG antibodies against LMMPs and 81% had detectable IgG levels 



against HMMPs. Nearly all patients with anti-LMMP antibodies and anti-HMMP antibodies 

were found to have IgG against MMMPs. Many proteins in MMMPs were proved to be 

cross-reacting with other pathogens (Johansen et al., 1995). 

It is well known that H. pylon can effectively modulate the host immune response. 

which facilitate the chronic persistence of the organism in human host. lmmunoassays 

were widely accepted as simple non-invasive method for diagnosing H, pylon infections. 

IgA detection has no significant diagnostic value (Jaskowski, 1997). IgM titres in patients 

did not show any correlation with pathological findings (von Wulffen and Grote. 1988). 

However, IgG immunoassays are widely used in the diagnosis of infection. The wide 

variations in sensitivity and specificity of different products for detection of anti-H. pylon 

IgG available commercially points for the necessity for identifying IgG inducing 

immunodominant antigens of H. pylon. 

H. pylon infection acquire during early childhood (Malaty et al., 2002). Invasive 

procedures will not be possible in children for diagnosis of H. pylon infection. Enzyme 

immuno assays (EIA) for detection of anti-H. pylon antibodies were highly useful in this 

regard. But the patterns of antigen recognition of children sera were different from that of 

adults. So the kits for diagnosis of H. pylon infection in paediatric population must be 

evaluated independently. 

Thus, from the above study it can be concluded that proteins of H. pylon induces 

IgG, andlor lgGS subclasses secretion and lipopolysaccharide stimulates the IgG: subclass 

secretion. However, these results cannot be used as indication of H. pylon diagnosis. 
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CHAPTER V 

IMMUNOGLOBULIN G SUBCLASSES IN GASTRIC CANCER PATIENTS 

One half to one third of worlds' population harbour H. pylon (Blaser, 1996). The 

association of H. pylon.with gastritis was accepted without any dispute. Several authors 

reviewed the role of H. pylon in the pathogenesis of various gastroduodenal conditions 

(Blaser, 1990; Blaser, 1992; Collins, 1992). Many events caused by H. pylon 

colonization in gastric mucosa alters mucosal integrity, which ultimately lead to 

inflammation and ulcerations. The major factor include enzymatic and toxic reactions 

related to H. pylon infection. which may further trigger immunological reactions in 

gastric mucosa and epithelium, as well as the local production of ammonia from 

endogenous urea. and the production of free radicals (Sipponen, 1992). 

H. pylon infection is chronic. The acquisition of the organism in the body occurs 

during the childhood and the infection risk is quite low in adulthood (Sipponen. 1995). 

The role of H. pylon in chronic gastritis has led to the hypothesis that this infection 

could be involved in the pathogenesis of gastric cancer (Sipponen, 1994). The main 

factors that support the hypothesis include: (i) more than 80% of chronic gastritis were 

caused by H. pylon infection. (ii) in a large proportion of infected persons chronic 

gastritis develop into atrophic gastritis and intestinal metaplasia, (iii) the gastric cancer 

development risk is high in patients with chronic gastritis and particularly in those with 

atrophic gastritis. Later studies revealed significantly increased incidences of gastric 

cancer development in patients with chronic non-atrophic gastritis also (Sipponen et al.. 

1994). In a prospective study. Uemura et al. (2001) clearly showed the development of 

gastric cancer in H. pylon positive persons. 

Satoh et al. (1995) observed more extensive atrophic gastritis in younger age 

group of H. pylon positive patients than H. pylon negative patients. Atrophic sequelae of 

H. pylon infection constituted a background factor in the etiology of gastric cancer 



(Sakaki et al., 1995). Several reports from various countries showed close association 

between H. pylon infection and its progression to atrophy and intestinal metaplasia. the 

background lesions for gastric cancer development (Nogueira, et al., 1993; Kuipers 

et al., 1995; Asaka et al.. 1994; Ching and Lam, 1994). These reports supported the 

suggestion that H. pylon as the missing general worldwide environmental factor in the 

pathogenesis of gastric cancer and in the world epidemiology of gastric cancer 

(Sipponen, 1992). 

Several authors reviewed the associations of H. pylon infection with gastric 

cancer development (Nomura and Stemermann, 1993; Munoz, 1994; Goldstone et al.. 

1996). Based on the accumulated reports from various regions of the world. 

IARCNVHO identified H. pylon as a group 1 (definitive) carcinogen (Anonymous. 1994). 

The hypothesis regarding the association of H. pylon infection came from the 

development of intestinal metaplasia as a result of the pathologic consequence of 

infection. Many seroprevalence and histological studies proved the association of 

H. pylon infection with gastric cancer (Asaka et al., 1994; Guamer et al., 1993: 

Nogueira et al., 1993). 

H. pylon might be causing gastric carcinoma by converging effects of several 

events including inflammatory response leading to mutational events in gastric 

epithelial cells and direct effects on gastric epithelial cell by H. pylon organism or 

released bacterial products. 

A 150 kD protein produced by H. pylon was found to promote neutrophil 

infiltration in gastric mucosa and induce production of reactive oxygen radicals (Evans 

Jr. et al., 1995). ROS (reactive oxygen species) up-regulate IL-8 production in gastric 

mucosa, which can further promote inflammatory response. In vitm studies with live 

H. pylon, culture supematant and water extracts of H. pylon showed significant 

increase in the production of IL-8 by cultured cells (Yakabi et al., 2000). ROS can 



induce DNA damage with the accumulation of mutations, thus contributing to the 

pathogenesis of gastric cancer (Grisham et al., 2000). 

H. pylon infection may be contributing to the increased proliferation of cells in 

antrum and corpus of gastric epithelium (Lynch et al., 1995a, b). H. pylon and bile 

appear to have a synergistic effect on gastric cell proliferation (Lynch and Axon, 1995). 

The increased expression of proliferating cell nuclear antigen (PCNA) proved the high 

epithelia1 cell turn over in long standing untreated H. pylon positive chronic gastritis 

(Panella et al.. 1996) and this could be an indicator of increased risk of neoplastic 

changes in H. pylon infection. 

Initially, the analysis of the association of H. pylon infection with gastric cancer 

was based on seroepidemiological studies. Most of these studies compared the level of 

anti-H. pylon antibodies in the serum samples of the patients with gastric cancer and 

other neoplastic conditions or normal healthy population (Eurogast study group, 1993: 

Rudi et al., 1995; Asaka et al., 1994) 

The expression of specific antigens on cancers depending on the nature of its 

induction is well documented. Several antigens, such as antigen CA72-4 (Hamazoe 

et al.. 1992). antigen NCC-SG-007 (Kusama et al., 1987) an asialoglycoprotein antigen 

(Adachi et al., 1987) were also reported to be present on gastric cancer cells. 

Humoral immune response have inevitable role in protection of body from 

infectious diseases and tumours. Several mechanisms of action of antibodies are 

relevant in this protective role, such as complement activation, opsonization. 

neutralization of viruses and toxins, induction of ADCC, etc. All these activities of 

immunoglobulins favour the elimination of antigens from the body. 

Human immunoglobulins are a family of glycoproteins that confer humoral 

immunity and perform vital roles in cellular immunity in man (Goodman, 1987). On the 

basis of structural. biological and antigenic differences human immunoglobulins were 

divided into five classes - IgG. IgA, IgM, IgD and IgE. By using polyclonal antisera 



prepared against human IgG myeloma proteins, four distinct heavy chain subgroups 

were identified (Ballieux et al.. 1964; Grey and Kunkel, 1964; Terry and Fashey, 1964). 

Subsequently these subtypes were classified as IgG subclasses 1, 2, 3, and 4 on the 

basis of their concentrations in normal serum and the frequency of their occurrences as 

myeloma proteins (WHO report. 1966). 

Wide ranges of the concentration of IgG subclasses in normal human sera were 

reported. Shakib et al. (1975) reported 71.5% IgG1, 19.4% lgG2, 8.4% lgG3 and 0.7% 

IgG4 in normal human serum. Papadea and Check (1987) reported the concentration of 

each subclasses as 1.8-7.8 g/L IgG1, 1.0-4.6 g/L IgGz, 0.3-1.4 g/L IgG3, and 

0.08 -1.8 g/L IgG4 in normal human sera. The IgG and IgG subclass levels in healthy 

children of various ages were given by Ochs and Wedgewood (1987). Even though 

there was wide differences in the reported data regarding the levels of IgG subclasses 

in normal healthy humans, the following general agreement on the actual percentage of 

the each subclass was accepted: lgGl - 60.3-71.5%, lgG2-19.4-31 .0%, IgGJ- 5.0-8.4%. 

and IgG4 - 0.7-4.2% (Shakib et al.. 1975; French, 1986). The wide range of IgG 

subclass distribution may be due to differences in the assay procedures, and in the 

populations studied. 

Several authors reported differential expression of IgG subclasses in response 

to various antigens. T-cell dependent responses to viral and bacterial proteins were 

mainly restricted to lgGl and IgG3 subclasses (Samesto et al., 1985; Morrel et al.. 

1983). The IgG response to carbohydrate antigens including dextran, teichoic acid 

(Yount et al., 1968) group A streptococcal polysaccharide (Siber et al.. 1980: 

Hammerstrom and Smith. 1983) is restricted to lgG2 subclass. IgG4 is associated with 

atopic allergy (Stanworth. 1983). Chronic antigenic stimulation with common allergens 

such as grass pollen. house dust, and bee venom causes significant increase in lgG4 

(Alberse et al., 1983; Urbanek et al., 1986). High IgG4 titres were reported to in 

parasitic infections (Iskander et al.. 1981 : Ottesen et al., 1985). 



Deficiency of IgG is generally associated with increased risk of infections. In 

most patients with IgG subclass deficiencies, more than one subclass may be affected. 

A lack of lgGl is usually associated with hypogammaglobulinemia. Other IgG subclass 

deficiencies may not indicate a reduction in total IgG below normal level. 

The rationale for measuring each IgG subclasses in serum is based on the 

belief that identification of IgG subclass deficiencies that often are marked by normal 

total IgG can be clinically useful. The production of murine monoclonal antibodies 

specific for unique determinants on the four human IgG subclasses ushered a new era 

in the detection and quantitation of IgG subclasses in the clinical immunology 

laboratory (Hamilton. 1987). 

Human immune system has the ability to mount specific immune response 

against tomour antigens. Since there is a strong association between H. pylon infection 

and gastric cancer development. there could be some immunological changes in 

patients who have H. pylon induced gastric cancer. Many seroepidemiological studies 

showed increased prevalence of total anti-H. pylon IgG in gastric cancer patient sera 

(Asaka et al., 1994). No detailed reports were available on the levels of human IgG 

subclasses in gastric cancer patients positive for H. pylon infection. 

RESULTS 

Serum samples from 79 gastric cancer patients of the age between 24-75 were 

collected for the analysis of anti-H. pylon IgG and IgG subclasses. These patients were 

grouped into five age groups such as group 1: 21-40, group 11: 41-50, group 111: 51-60 

group IV: 61-70 and group V: 71-80. The age matched control group consisted pooled 

serum of 50 healthy individuals. These control serum samples were negative for 

anti-H. pylon IgG. 

Table 5.1 shows the levels of anti-H. pylon IgG in sera of gastric cancer 

patients. 72.15% of gastric cancer patients were positive for anti-H. pylon IgG. This 

includes 75.4% men (46161) and 61 . l  1 % of women (1 1/18). 



The analysis of anti-H. pylon IgG in the sera of gastric cancer patients of 

different age groups showed that 80% of the serum samples in the age-group 1. 66.6% 

in group 11, 62.5% in group 111, 69.56% in group IV and 69.56 % in group V were 

anti-H. pylon IgG positive. The levels of anti-H. pylon IgG were at the range of 55-65 

EUIml (as per the experimental protocol) among these age groups. 

The standard graphs plotted for each IgG subclass were given in Figures 5.1 to 

5.4. The concentrations of each subclasses in serum samples were expressed in 

mglml. 

The total IgG (IgG1+IgG2+1gG3+IgG4) in the control sera was 7.312 mglml. The 

analysis of total IgG in patient sera revealed no significant variation in comparison to 

control sera. The maximum level of IgG was observed in patients of age group IV 

(8.0435 mglml) (Table 5.2). This increase was observed in both anti-H. pylon IgG 

positive and negative patients of age group IV (8.0863 mglml and 7.9457 mglml 

respectively) (Table 5.3 and 5.4). In contrast, although not significant, a decreased level 

of total IgG was observed in age group I and age group V as compared to the control. 

This decrease in the total IgG pattem was noted in the sera of gastric cancer patients of 

the age group V irrespective of anti-H. pylon IgG antibody positivity or negativity 

The normal control sera contained 4.414k0.2488 mglml IgG1, 2.5013fl.3566 

mglml IgG2. 0.3754_+0.1803 mglml lgG3, and 0.0213+0.0117 mglml IgG4. 

All age groups showed decreased lgGl levels when compared to normal control 

sera. It was observed that there was significant decrease of IgG, in all age groups. 

except group V (Pc0.05). Maximum decrease in lgGl level was observed in age group I 

(2.74521.4793 mglml) when compared to the control (Table 5.2). In contrast to this an 

increase in the lgG2 levels were observed in the sera of gastric cancer patients (Figure 

5.5). Since a reverse pattem of lgGl and lgG2 levels was observed in gastric cancer 

patients. it was of great interest to check IgG subclasses in anti-H. pylon IgG positive 

and negative sera (Table 5.3 & 5.4). 



Concentration of IgG, (nanograms) 

Figure 5.1 Standard curve of lgG, (Semi-log graph) 
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Figure 5.2 Standard curve of lgGz (Semi-log graph) 
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Figure 5.3 Standard curve of lgG3 (Semi-log graph) 
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Figure 5.4 Standard curve of IgG, (Semi-log graph) 



Figure 5.5 Levels of IgG subclasses in gastric cancer patients 



The same pattern of decrease in lgG, was observed in anti-H. pylon IgG 

positive sera and negative sera when compared to control sera (Figure 5.6 8 5.7). All 

age groups, except group V, showed significant decrease in lgG, level (Pc0.05) in anti- 

H. pylon IgG positive gastric cancer patients. Among the H. pylon negative gastric 

cancer patients the significant decrease was observed only in age group Ill 

(3.2144H.9824 mglml; P<0.05). 

The analysis of gastric cancer patient sera showed an increase in lgG2 level. 

except in group V. The increase in the lgG2 level was significant in groups 11, Ill, and IV 

(PcO.05). 

A significant increase in the level of lgG2 (Pc0.05) in anti-H. pylon IgG positive 

samples was noted in the age groups Ill and IV. In contrast, significantly increased lgG2 

level was noted only in age group IV of the anti-H. pylon IgG negative gastric cancer 

patient sera. 

No definite pattern of increaseldecrease in lgGJ levels in gastric cancer patients 

was observed. IgG4 levels were relatively remain unchanged in the patients when 

compared with the controls. 

The percentage of each subclass in the normal control and patient sera was 

calculated. It was found that normal sera contain 60.366% IgG1, 34.20% IgG2. 5.13% 

IgG3. and 0.292% IgG4. In the case of gastric cancer patients pattern of decrease in the 

percentage of lgGl in all age groups was observed and this was maximum in group I 

(Figure 5.8). 

On the contrary, a reverse pattern in the percentage of lgG2 was observed in all 

age groups. except in group V. of the gastric cancer patients (Figure 5.9). 

When G1/G2 ratio in the patient sera was analyzed, it was noted that the 

younger age groups showed maximum decrease and when age increases, the ratio 

tends to be increased (Figure 5.10). This pattern was same when anti-H. pylon IgG 

positive and negative sera were analyzed separately. 



Table 5.1 Levels of anti-H. pylon IgG in gastric cancer patients 

Age-Groups Anti-H. pylori IgG EUlml 

Group I 55.745k14.740 

Group II 65.757k23.843 

Group I l l  60.952k14.581 

Group IV 55.572k16.073 

Group V 62.178f 19.623 

Table 5.2 IgG subclasses in gastric cancer patients sera 

Age lgG1 lgG2 lgG3 lgG4 Total IgG 
Groups (mglml) (mglml) (mglml) (mglml) (mglml) 

Group I 
(n= 10) 

Group I I  
(n= 12) 

Group Ill 
(n=24) 

Group IV 
(n=23) 

Group V 
(n= 1 0) 

Control 
(n=50) 



Table 5.3 IgG subclasses in anti-H. pylon IgG positive gastric cancer patient sera 

Age lgG1 lgG2 lgG3 lgG4 Total IgG 
groups (mglml) (mglml) (mglml) (mglml) (mglml) 

Group I 
(n=8) 

Group II 
(n=8) 

Group Ill 
(n= 1 5) 

Group IV 
(n= 1 6) 

Group V 
(n=7) 

Control 
(n=50) 

Table 5.4 IgG subclasses in anti-H. pylon IgG negative gastric cancer patient sera 

Age lgGl lgG2 lgG3 lgG4 Total IgG 
groups (mglml) (mglml) (mglml) (WlIml) (mglml) 

Group I 3.420k 4.635+ 0.2615 0.0124k 8.3280 
(n=2) 1.03 2.354 0.224 0.0062 

Group II 3.765+ 3.2912 0.31 33+ 0.0294k 7.3987 
(n=4) 1.208 1.336 0.144 0.0152 

Group 111 3.2144f 3.7355k 0.5249f 0.0223f 7.4971 
(n=9) 0.9824 1.7657 0.2291 0.0132 

Group V 3.92005 2.59665 0.47335 0.02522 7,01 51 
(n=3) 1.3487 1.2550 0.1360 0.0123 

Control 4.414f 2.5013+ 0.37542 0.0213f 7.3120 
(n=50) 0.2488 0.3566 0.1803 0.01 17 



Group 11 GroupIfl 

Age Groups 

Figure 5.6 Levels of IgG subclasses in anti-H. pylon lgG positive gastric cancer patients 



Contrd Group I 

Figure 5.7 The levels of IgG subclasses in anti-H. pylon IgG negative gastric cancer 

patients 
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Figure 5.8 Percentage of lgGl in patient sera (GC - 
H. pylon IgG Positive Gastric Cancer; HPNGC - an1 

Cancer) 
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Age Groups 

Figure 5.9 Percentage of lgGz in patient sera (GC - Gastric Cancer; HPPGC - anti- 

H. pylon lgG Positive Gastric Cancer; HPNGC - anti-H pylon IgG Negative 

Gastric Cancer) 





DISCUSSION 

Anti-H. pylon IgG in serum samples were detected by using commercially 

available enzyme immunoassay kits supplied by UBI ~ a g i w e l ~ ~  . The results were 

interpreted as negative (less than 30 EU/ml), equivocal (30-40 EUIml), and positive 

(greater than 40 EUIml). Publications are also available in the literature based on the 

above mentioned kits (Khanna et al., 2002). 

72.15% of gastric cancer patient sera were positive for anti-H. pylon IgG. The 

male patients showed higher percentage of seropositivity (75.4%) when compared to 

female patients (61.11 %). Several studies from different countries reported variable 

results regarding the anti-H. pylon IgG prevalence. Case-control studies from high-risk 

countries such as Japan (Igarashi et al., 1992), Portugal (Estevans et al., 1993), Italy 

(Miglio et al., 1992). and Taiwan (Lin et al., 1994) showed 73%, 70%, 53% and 62.2% 

anti-H. pylon IgG prevalence in gastric cancer patients respectively. Asaka et al. (1 994) 

reported 88.2% prevalence of anti-H. pylon IgG in Japanese gastric cancer patients. 

A study in India on gastric cancer patients showed 68% seropositivity for H. pylon 

infection (Khanna et al.. 2002). 

When anti-H. pylon IgG was analyzed among different age groups of gastric 

cancer patients, the maximum prevalence was observed among younger patients 

(Group I - 80%). Other groups (11, Ill, IV and V) showed 66.6%, 62.5% 69.56% and 

69.56% respectively. This observation is in agreement with the findings of Kikuchi et al. 

(2000). Their study showed higher prevalence of anti-H. pylon IgG among younger 

patients. Klaamas et al. (1 996) reported 10O0/0 H. pylon seropositivity in youngest group 

of gastric cancer patients and Khanna et al. (2002) reported 75% prevalence of 

anti-H. pylon antibodies in gastric cancer patients below the age of 45 and 63% in older 

patients. The present study did not show any significant difference in the level of 

anti-H. pylon IgG among different age groups of patients. 



The level of total IgG (IgG1+IgG2+1gG3+1gG4) in control sera (7.312 mgtml) was 

similar to the data available in the literature (Papadea and Check, 1987). There is no 

major change in the total IgG level in the different age groups of gastric cancer patients. 

This observation is in agreement with the earlier observations from this laboratory 

(Anilkumar, 1993). The level of total IgG was similar in anti-H. pylon IgG positive and 

negative sera 

The results showed a general pattern of decrease in lgGl and an increase in 

lgG2 in gastric cancer patients when compared to controls. The decrease in lgGl was 

significant in all age groups, except for group V (P<0.05) and this was similar when 

anti-H. pylon IgG positive samples and negative samples were analyzed separately. 

In contrast to the level of IgG1, an increased level of IgG2 was observed in 

gastric cancer patients, except in age group V, when compared to the normal control. 

The increase in lgGz was similar in anti-H. pylon IgG positive group and anti-H. pylon 

IgG negative groups. 

Among total immunoglobulin producing cells in normal gastric body and antrum. 

14% and 12% were IgG producing cells, respectively (Sartor, 2002). Increase in lgG2 

production was reported in diseases like Crohn's disease (Mac Dermott et al., 1988). 

and inflammatory bowel disease (Scott et al., 1986). This was due to the increased 

number of intestinal lymphocytes and plasma cells. This phenomenon of the increased 

number of lymphocytes and plasma cells may also applicable to the gastric epithelium 

of the gastric cancer patients. 

Symptomatic IgG subclass deficiencies were reported. Selective deficiencies of 

one or more of the IgG subclasses may increase the susceptibility to pyogenic 

infections (Schur et al., 1970). The development of serum sickness and the presence of 

IgG1 antibody and immune complexes were closely related (Bielory et al., 1990). 

Children who were evident for IgG2 deficiency was more prone to infections like 

sinusitis, pneumonia and bacteriaemia (Shackelford et al., 1986). Stanley et al. (1984) 



reported decreased serum lgGz concentrations in adults with recurrent acute chest 

infections or chronic purulent sputum production. 

lgGz deficiencies alone or in combination with IgG4 or IgA were reported 

(Oxelius et al., 1981). In ataxia-telangiectasia patients lgGz deficiency was recorded 

(Oxelius et al., 1982). 

Granoff et al. (1988) studied Haemophilus influenzae b vaccine failures in 

children and the results showed an lgGz deficiency. The lgGz response was found to be 

sluggish in children immunized with tetanus toxoid and diphtheria toxoid and the lgGl 

response was vigorous (Stevens et al., 1983). 

The mean lgG4 subclass levels were elevated in patients with cystic fibrosis 

(Shakib et al., 1976). atopic dermatitis (Shakib et al., 1977): and asthma (Gwynn et al.. 

1 978). 

In patients with rheumatoid arthritis and in autoimmune thyroiditis, anti-lgG1 and 

anti-lgG4 antibodies were predominant. Some patients with lupus erythematosus 

showed increased levels of lgGl and IgG3. Thus IgG subclasses may be associated 

with pathological sequelae of chronic inflammatory diseases (Papadea and Check. 

1987). In leprosy patients lgGz antibodies were elevated across the disease spectrum 

and lgG3 levels were higher in lepromatous than in tuberculoid patients (Buria et al.. 

1 998). 

The percentage of lgGl decreased in all age groups, while the percentage of 

lgGz increased in the patients. This also showed no relation to H. pylon seropositivity. 

The GI/Gz ratio was decreased in younger age groups and as the age increases an 

increasing tendency of G1/G2 ratio observed (Figure 5.10). 

The increased production of lgGz occurs in human body in response to bacterial 

polysaccharide antigens (Siber et al., 1980). Hammarstrom et al. (1984) confirmed 



predominance of antibodies to Staphylococcal teichoic acid in the lgG2 subclass in 

normal subjects, and absent or low titres in lgGn deficient subjects. 

H. pylon infection can induce strong humoral response systemically and locally 

(Mattson et al., 1998). Although the data presented here did not show any significant 

variation in total IgG among different groups of patients when compared to controls, a 

preferential expression/secretion of lgGz subclass was noted. Moreover, a decrease in 

lgGl level with concomitant increase in lgG2 was noted. Therefore, both patients and 

control sera exhibited more or less similar levels of IgG. 

Fangrat et al. (2003) reported lgG, and lgGJ predominant response stimulated 

by H. pylon in peptic ulcer patients. But the in vitm studies with different antigen 

preparations of clinical isolates of H. pylon showed reduction in the induction of IgG1 

with most of the protein antigens and increased lgGz production with phenol-water 

extracts (See chapter IV). Even though the level of lgG, is decreased and level of IgG2 

increased in gastric cancer patients, the present study could not differentiate H. pylon 

positive gastric cancer from H. pylon negative gastric cancer on the basis of IgG 

subclasses. The data presented here is based on the analysis of total IgG subclasses. 

but not IgG subclasses specific to H. pylon. This could be the reason for the lack of 

differentiation. 

Several conclusive evidences were established regarding the causative role of 

H. pylon in gastric carcinogenesis. There are reports showing the deficiency of DNA 

mismatch repair induced by H. pylon (Kim et al., 2002). This may increase the risk of 

mutation accumulation in gastric mucosal cells and risk of gastric cancer development 

during chronic H. pylon infection. Genetic alterations occur in onwgenes, tumour 

suppressor genes. cell adhesion molecules, and genetic instability. Asaka et al. (2001) 

summarized the genetic alterations observed in well-differentiated and poorly 

differentiated gastric carcinomas. Studies in Indian population showed high prevalence 



of H. pylon infection that leads to premalignant conditions (Kumar et al, 20021 

Mukhopadhyay et al., 1992). 

The study of Matsui et al. (1995) suggested the inhibition of growth of gastric 

cells in presence of ammonia and ammonium chloride. Some studies supported the 

role of cyclin-dependent kinase (cdk) inhibitors in the G1 cell-cycle arrest exerted by 

H. pylon and its involvement in changing the regulatory proteins p35, p21 and cyclin E 

in the cell cycle (Ahmed et al.. 2000). 

The prevalence of H. pylon infection is reported to be much higher among 

subjects with a parental history of stomach cancer (Brenner et al., 2000). Increased 

prevalence of pre-cancerous gastric abnormalities in relatives of patients with gastric 

cancer was mainly confined to those with H. pylon infection. These findings partially 

explain the familial clustering of gastric cancer. 

Final proof for the association of H. pylon infection with the gastric cancer 

development was evidenced from animal model experiments. In Mongolian gerbils. 

Sugiyama et al. (1 998) demonstrated the increase in the development of MNU-induced 

gastric cancer in presence of H. pylon. In the same year, Watanabe et al. (1998) 

reported the induction of gastric adenocarcinoma in Mongolian gerbils due to long term 

H. pylon infection. 

Many immunization studies in mice models revealed the induction of lgG, and 

lgGza subclass in response to whole H. pylon organism or antigens derived from 

H. pylon (Arcila et al., 2002: Shirai et al., 2000). Coutelier et al. (1988) reported the 

virally modulated murine IgG subclasses response to IgG2a instead of lgGl and IgG3 

subclasses. These observations indicated that pathogens can actively influence the 

switch of immunoglobulins and selectively stimulate the production of specific IgG 

subclasses. 



Several reports demonstrated the selection of Thl  pathway of immune 

response in patients with H. pylon infection (Reviewed by lbrahimov and Papo, 2000). 

This may be modulating the humoral response against the organism in the human host. 

Thus, it is concluded that gastric cancer is multifactorial in origin and H. pylon 

plays a role in the initial step as a causative agent for chronic inflammation. The levels 

of IgG subclasses could not differentiate H. pylon positive and H. pylon negative gastric 

cancers. 



C h a p t e r  VI 

ACTIVATION OF MACROPHAGES 



CHAPTER VI 

ACTIVATION OF MACROPHAGES 

Inflammation is the primary process through which the body repairs tissue 

damage and defends itself against infection. Both immune pathways and non-immune 

pathways initiate inflammation. In vivo effects of immune activation underlying the 

inflammation are determined by amplification mechanisms. Rather than the specific 

immune reaction alone, the amplification mechanisms are largely responsible for the 

tissue lesions actually observed. As a physiological process to injury, inflammation 

clears and restores damaged tissue and as a pathological process, inflammation 

produces tissue damage (lesions). 

The cellular components in the process of acute inflammation include mast 

cells: neutrophils, platelets and eosinophils, while in chronic inflammation lymphocytes, 

macrophages and plasma cells: collectively termed as mononuclear cells, were playing 

major role (Sell, 1987). Marshal1 and Warren (1984) noted the presence of H. pylon 

almost always in polymorphonuclear cell infiltrated mucosa and in the absence of 

inflammation, the bacteria were rarely observed. 

Several studies followed after the announcement of Marshal1 and Warren 

proved definite association of H. pylon infection with gastric inflammation and 

development of ulcer. The multiplication of the organism in close proximity to the 

surface of epithelia1 cells results in mucin depletion, cellular exfoliation and 

compensatory regenerative changes. During this acute phase of infection 

polymorphonuclear cell infiltration into foveolar and surface epithelium, and lamina 

propria edema are conspicuous. Collections of polymorphs in the foveolae and 

adherent neutrophil exudates on the surface may also be present (Dixon, 2001). 

The major mediators of acute response include bacterial lipopolysaccharide and 

chemotactic factors (Slomiany et al., 1998; Crabtree, 1994). H. pylon stimulate IL-8 



production by gastric epithelium, which is up regulated by TNF-a and IL-l released by 

activated macrophages in response to lipopolysaccharide (Crabtree, 1994). Soluble 

H. pylon proteins caused additional IL-8 release by polymorphs themselves (Kim et al.. 

1998). Mast cell activation by H. pylon leading to the release of acute inflammatory 

mediators contributes to the acute phase of infection (Graham, 1992). 

Failure to clear the pathogen by acute phase response leads to the 

accumulation of chronic inflammatory cells into the gastric mucosa. Persistent antigenic 

stimulation leads to the development of follicles and follicles will always be found in 

H. pylon infected stomachs (Genta et al., 1993). Follicle formation seems to be a 

universal response to H. pylon infection. 

The inflammatory cells are activated by exposure to bacterial 

lipopolysaccharides. peptidoglycan-polysaccharide complexes and proinflammatory 

cytokines. The relative balance of proinflammatory and protective cytokines and 

inflammatory mediators determines tissue injury versus protection (Sartor, 2002). 

Mutually exclusive, well-demarcated Th l  versus Th2 lymphokine profiles characterizes 

chronic inflammation. Th l  cells are generally considered to be "proinflammatory' in the 

context of the digestive tract as the production of the IFN-y and TNF-a contributes to 

the chronic inflammation including gastritis associated with H. pylon' infection (Wang 

et al.. 2001). Th2 cells serves to keep Th l  response in check. 

Romagnani et al. (1996) detected Thl  dominated response in the gastric 

antrum of H. pylon infected subjects with peptic ulcer. Majority of Th l  cells present in 

the biopsies showed specificity to H. pylon antigens. CD4' T-cells are both necessary 

and sufficient for gastritis. IFN-y contributes to the CD4' T-cell induced gastritis, while 

IL-10 suppress it (Eaton et al., 2001). H. pylon' preferentially induced IL-12 rather than 

IL-6 or IL-10 in human dendritic cells (Guinea et al., 2003). Helical form of H. pylon 

induced higher amount of IL-8 secretion from cultured MKN-45 cells compared to 

coccoid forms (Osaki et al.. 2002). In response to purified H. pylon urease stimulation. 



IL-6 and TNF-a predominated rather than IL-8 (Tanahashi et al., 2000). It was assumed 

that an evolutionarily conserved strategy to disrupt a Th2 response and evasion of the 

host immune system allows H. pylon for successful chronic infection (Ceponis et al.. 

2003). 

CD4' T-cell dependent H. pylon gastritis leads to epithelial damage with 

attendant proliferative and metplastic response (Peterson et al., 2003). The local TNF- 

a, IL-6 and 11-8 concentrations in antral biopsy samples of H. pylon infected persons 

were higher than those in H. pylon negative persons (Klausz et al., 2003). 

Nitric oxide is one of the soluble mediators of inflammation. Nitric oxide 

synthase (NOS) oxidizes arginine to nitric oxide, which has multiple biologic properties 

relevant to mucosal inflammation (Kubes and McCafferty, 2000). Inducible nitric oxide 

synthase (iNOS) is produced in intestinal epithelial cells, macrophages, and 

mesenchymal cells in response to lipopolysaccharide, IL-l, TNF, IFN-y and invasive 

bacteria through the nuclear factor KB (NFKB) signal transduction pathway (Jobin and 

Sartor, 2000). Patients infected with H. pylon expressed more iNOS and higher levels 

of iNOS were induced by infection with CagA positive strains (Li et al., 2003). Increased 

levels of iNOS and cyclooxygense-2 were demonstrated in H. pylon associated gastritis 

(Fu et al., 1999). 

An in vitro study by Watanabe et al. (2000) proved the role of increased iNOS 

expression in response to H. pylon and the authors suggested the role of NO in gastric 

cell apoptosis and the consequent cell injury. Mizuki et al. (2000) suggested increased 

mucosal DNA damage as a result of increased neutrophil oxidative burst stimulated by 

H. pylon. 

Some studies demonstrated the presence of neutrophil activating protein. which 

increased adhesion of neutrophils to endothelial cells in vivo and in vitro in presence of 

H. pylon water extracts (Yoshida et al., 1993). Later this protein (HP-NAP) was isolated 

and found to be a 150 kD multimeric protein (Evans Jr. et al., 1995). Moreover. 



anti-phagocytic activity of H. pylon was demonstrated both with murine and human 

macrophages (Ramarao and Meyer, 2001). This activity was dependent on cagPAl. 

Thus, H. pylon is able to activate the infiltrating phagocytic cells, at the same time it is 

able to inhibit its own uptake by activated cells. These effects may intensify the 

pathological events in the infected gastric mucosa. 

Keeping in mind the above information, the activation of murine macrophages in 

presence of different H. pylon antigens was carried out. 

RESULTS 

Among the various concentrations of antigens and mitogens tested, maximum 

stimulation of mauophage activity was obtained with 10 pglml of antigens and 50 pglml 

of mitogens (ConA and PHA). Therefore, these concentrations were taken as optimum 

concentration. The results of NO generated and lysosomal enzyme activities after the 

stimulation of murine macrophages with antigens from H. pylon isolate strains and 

mitogens are shown in Figures 6.1 to 6.3. 

The enzyme activities and nitric oxide (NO) generated in the cell lysates after 

the cells were incubated in presence of antigens from H. pylon isolate strains and 

mitogens was compared with the control. In control wells 3.7196 nM ~ 0 1 1 0 ~  cells/24 h. 

1.59 nM p-nitrophenoll l~~ cellslh, and 0.223 nM phenolphthaleinll~~ cellslh were 

obtained. These values correspond to the NO generated, acid phosphatase activity. 

and P-glucouronidase activity. respectively. in un-stimulated macrophages in vitro. 

The amounts of NO generated in presence of different antigens of H. pylon 

isolate strains were compared with control and it was found that the maximum amount 

of NO was generated in presence of whole cell sonicate antigens. In fact the NO 

generated by these antigens was higher than the NO generated in presence of PHA 

and ConA (Figure 6.1). 



Figure 6.1 Levels of nitric oxide generated in response to the stimulation with 

H. pylon antigenslmitogens [Phenol water extract (LPS), AG (Acid- 

glycine extract), NOG (n-octyl-P-D-glucopyranoside extract), and WCS 

(Whole cell sonicate) preparations of strains 3, 5, and 91 



Figure 6.2 Levels of acid phosphatase activity obtained in response to the stimulation with 

H. pylon antigendmitogens [LPS (Phenol water extract), AG (Acid-glycine 

extract), NOG (n-octyl-P-D-glucopyranoside extract), and WCS (Whole cell 

sonicate) preparations of strains 3, 5, and 91 



Figure 6.3 Levels of P-glucouronidase activity obtained in response to the 

stimulation with H. pylon antigenslmitogens [LPS (Phenol water 

extract), AG (Acid-glycine extract), NOG (n-octyl-P-D-glucopyranoside 

extract), and WCS (Whole cell sonicate) preparations of strains 3, 5, 

and 91 



The ratio of the enzyme activities and NO generation between the experiment 

and the control cells was calculated (Table 6.1). The data obtained reveals that there 

was an increase in NO generation by the macrophages when the cells were incubated 

with various antigens of H. pylon isolates and this was more than the NO generated in 

presence of known mitogens like ConA and PHA, except in presence of phenol-water 

extract antigens and acid-glycine extract of strain No. 5. 

The level of activities of lysosomal enzymes, acid phosphatase and 

f3-glucouronidase, from the lysates of in vitro cultured macrophages were estimated by 

using specific substrates of the enzymes. The data obtained is presented in the Figure 

6.2 and 6.3. It was observed that the level of activities of these enzymes was 

increased when compared to control. All the antigens from the H. pylon isolate strains 

showed increase in the acid phosphatase activity. When the ratio of activity with control 

was analysed, it was observed that there was more than 1.5-fold increase in the acid 

phosphatase activity. except for acid-glycine extract, n-octyl-P-D-glucopyranoside 

extract and whole cell sonicate antigens of isolate strain 5. In the case of 

P-glucouronidase activity, more than 1.5-fold increase in the P-glucouronidase activity 

was observed with the antigens of the H. pylon, except n-octyl-P-D-glucopyranoside 

extract of isolate 9. This increase in activity was higher than that induced by ConA and 

PHA. The mitogens ConA and PHA induced only 1.37-fold and 1.49-fold increase in 

P-glucouronidase activity. respectively. 

From the above data it can be concluded that the H. pylon isolate strains were 

highly efficient in stimulating macrophages. The concentration of different antigens 

required for macrophage activation was lower than the concentrations of mitogen. The 

optimum concentration of the mitogens required to stimulate macrophages was 

50 ~ g l m l  as compared to 10 pglml of antigen. 



Table 6.1 Ratio of the Nitric oxide generation and enzyme activities in comparison with 

control 

Antigens' NO generation Acid phorphatase ~glucouronidase Mitogens 

LPS3 

LPS5 

LPS9 

AG3 

AG5 

AG9 

NOG3 

NOG5 

NOG9 

WCS3 

WCS5 

WCS9 

ConA 

PHA 



DISCUSSION 
In developing countries, H. pylon induced gastric cancer development occurs in 

only a minority of infected individuals, and the majority remain asymptomatic through 

out their life (Blaser, 1992: Valle et al., 1996). There are differences in the mucosal 

injury developed in H. pylon infected individuals. This could be probably due to the 

differences in the virulence between strains, variation in host immunity, situation of acid 

secretion and differences in the timing of infection (Kuipers; 1998). 

H. pylon infection is characterised by infiltration of inflammatory cells into gastric 

mucosa. H. pylon has well-developed mechanism for modulation of immune response 

towards Thl phenotype in the mucosa (Ceponis et al., 2003). This ThlTTh2 paradigm 

of immune response may be useful to explain the inflammatory reactions involved in 

the pathogenesis of gastrointestinal disorders (Romagnani et al., 1996). 

The main function of the inflammation is to deliver plasma and cellular 

components of the blood to extravascular tissue. The consequent oedema causes 

dilution of toxic materials: infiltrated phagocytic cells destroy pathogens and other 

materials. 

Inflammatory macrophages were larger, display more ruffling of the plasma 

membrane and have increased protein content in the cell. They exhibit increased 

pinocytosis and phagocytosis. In every 15 to 30 min, activated macrophages internalise 

the equivalent of their entire surface area (Steinman et al., 1983). This marked increase 

in macrophage endocytic activity is associated with coincident increase in numbers of 

lysosomes and lysosomal fusion vacuoles. Levels of more than 40 hydrolytic lysosomal 

enzymes necessary for digestive function rise 5-fold to 20-fold (Meltzer and Nacy. 

1989). 



For identifying lysosomes various cytochemical techniques are used. Most 

important among these are cytochemical detection of acid phosphatase. 

P-glucouronidase. aryl sulphatase, N-acetyl-P-glucosaminidase and 5-bromo-4- 

chloroindoleacetate-esterase (De Robertis and De Robertis Jr., 1995). In the present 

study the levels of acid phosphatase and P-glucouronidase activities were analysed to 

assess lysosomal activity in cultured macrophages in response to antigen stimulation. 

The relationship between macrophage cytotoxicity and enhanced production of 

reactive nitrogen and oxygen intermediates is well established. Nitrite is a stable 

oxidative end product of the antimicrobial effector nitric oxide produced by phagocytic 

cells (Green and Nacy, 1993). Reactive nitrogen and oxygen intermediates are two 

types of effector molecules, which are extensively evaluated in immunologically 

activated macrophages. 

H. pylon infection is associated with chronic inflammation and several authors 

reported inflammation mediated tissue damage in the pathogenesis of the organism 

(Marshall and Warren. 1984; Blaser, 1990). Strong activation of neutrophils by strains 

of H. pylon was reported (Rautelin et al., 1993). Ability to stimulate the neutrophil 

oxidative burst varies among H. pylon strains (Mizuki et al., 2000). 

The data obtained in the present study shows that all antigens from the H. pylon 

isolate strains stimulate murine macrophages efficiently. When NO generation was 

analysed, it was seen that the whole cell sonicate antigens induced maximum level of 

NO when compared to other antigens. This data is in agreement with the results of 

Noorgaard et al. (1995). who observed increased neutrophil oxidative burst with 

sonicate antigens of H. pylon. 



The phenol-water extract antigens showed the least induction of NO. Several 

workers demonstrated the low biological activities of H. pylon lipopolysaccharides 

(Perez-Perez et al., 1995; Nielsen et al., 1994). 

Even though, phenol-water extract antigens have low-level activity, the surface 

proteins of the organism are efficient in stimulating macrophage activities. Mai et al. 

(1991) reported the lipopolysaccharide independent mononuclear cell activation by 

surface proteins of H. pylon. The present data agrees with this finding. 

The lysosornal enzyme activities were increased in the presence of different 

antigens. This also indicates activation of murine macrophages in presence of H. pylon 

antigens. 

The evidence for the infiltration of inflammatory cells into the gastric mucosa 

was explained by the presence of various cytokines which are acting as chemokines. It 

has been proved that the early stages of H. pylon infection induces the production of 

chemokines RANTES. GRO a. MIP l-a. ENA-78, MCP-1 and IL-8, as well as secretion 

of the proinflammatory cytokines IL-l, IL-6, and TNF a (Bodger and Crabtree, 1998). 

Thus infiltration of rnacrophages, neutrophils, mast cells, and T and B-lymphocytes to 

the infected gastric tissue occurs. The increased production of IL-8, a potent neutrophil 

activating chemokine. by epithelial cells in response to H. pylon infection have been 

observed (Osaki et al., 2002). Animal experiments proved the infiltration of neutrophils 

in gastric mucosa in parallel to the expression of IL-8 due to H. pylon infection (Rossi et 

al.. 2000). Purified H. pylon urease induced IL-6 production from cultured human 

epithelial cells (Tanahashi et al., 2000). 

One major consequence of the increased phagocytic activity in the infected 

tissue is the production of reactive nitrogen intermediates. Both lipopolysaccharide and 

cytokines were shown to stimulate NO production (Leaf et al., 1991). The studies of 
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Watanabe et al. (2000) indicated that inducible nitric oxide synthase (iNOS) expression 

plays an important role in gastric cell injury. 

NO is known to decompose rapidly in the presence of O2 to yield a variety of 

nitrogen oxides and potent N-nitrosating agents capable of forming endogenous 

carcinogenic N-nitrosocompounds. Additionally, NO may react with superoxide radicals 

to form the peroxynitrite ion, which may decompose further to form the highly 

mutagenic hydroxyl radical (Esumi and Tannenbaum, 1994). The hydroxyl radicals 

were important in gastric cancer development (Salim, 1994). Some reports showed 

enhanced nitric oxide synthase (NOS) gene expression in macrophage lines in 

response to soluble proteins from H. pylon (Chi et al., 1994). Increased neutrophil 

oxidative burst stimulated by H. pylon may play a role in enhanced gastric mucosal 

DNA damage (Mizuki et al.. 2000). Thus, the infection may contribute to the 

development of gastric cancer. 

Ramarao et al. (2000) observed the ability of H. pylon to inhibit its own uptake 

by freshly isolated neutrophils and monocytes. Later studies proved that H. pylon not 

only inhibits its own phagocytosis, but in trans it can inhibit the phagocytosis of co- 

infecting Neissena gononhoeae by human and murine macrophages (Ramarao and 

Meyer, 2001). This antiphagocytic activity of the organism was depended on the cag 

pathogenicity island (cagPAl). Thus the organism is able to activate the infiltrated cells. 

at the same time it can resist phagocytosis. Consequently, the degranulation and the 

release of proteolytic enzymes may occur in the infected tissues. It is believed that 

degranulation of neutrophils and the resultant release of proteolytic enzymes could be 

contributing factor in the tissue damage and this is evident in other chronic 

inflammatory disorders (Wendling et al., 1991). The leakage or secretion of proteolytic 

enzymes outside of the phagocytic cells occurs either during phagocytosis or after 

exposure of the phagocytes to the antibody-coated surface or a soluble stimulus. 
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Outside the cell, within the tissues, they can attack extracellular targets 

(Klebanoff, 1998). 

In the present study, increased levels of acid phosphatase and 

$-glucouronidase activities were obtained in presence of various antigens of H. pylon 

isolate strains. This indicates the increased number of lysosomes within the 

macrophages. Thus, the possibilities of tissue damage mediated by lysosomal 

enzymes in H. pylon infected tissues were anticipated. 

When all parameters were taken together, it is found that H. pylon antigens 

were highly efficient in inducing macrophage activation. Especially low molecular 

weight soluble proteins are showing high efficiency when compared to LPS 

preparations. So it is concluded that the inflammatory response and consequent events 

such as secretion of lysosomal enzymes and increased production of NO due to 

H. pylon infection may contribute to the pathogenesis of infection. 
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ANALYSIS OF LlPlD PROFILE IN GASTRIC CANCER PATIENT SERA 

Several biochemical changes were reported to be associated with H. pylon 

infection. In persons with active H. pylon infection an increased level of fasting and 

meal-stimulated serum gastrin was observed (Graham et al., 1990; Levi et al., 1989). 

Elevated levels of serum pepsinogen were correlated with H. pylon infection (Asaka 

et al.. 1992; Mertz et al., 2000). H. pylon eradication therapy caused reduction in the 

levels of serum gastrin and pepsinogens (AI-Assi et al., 1999). The level of 

anti-oxidants, such as vitamin C, was found to be lower in H. pylon infected persons 

and eradication therapy improved the level of antioxidants (Rokkas et al., 1995). But 

the level of ghrelin. a peptide produced mostly in the stomach of rodents and humans 

and is secreted into the blood stream. does not influence by H. pylon infection 

(Gokeel et al., 2003). 

The studies in acute myocardial infarction in humans revealed the association of 

infectious diseases as risk factors. Pasceri et al. (1998) reported association of virulent 

H. pylon strains with ischaemic heart disease. Several recent reports confirmed this 

association. Anti-H. pylon IgA antibody positivity was higher in acute myocardial 

infarction patients (Hara et al., 2001). The CagA positive strains were reported to be 

highly associated with atherosclerotic stroke (Pietrisusti, et al., 2002). 

The cytotoxin producing strains of H. pylon might enhance the atherosclerotic 

process by inducing a persistent, low-grade inflammatory response in arterial wall with 

enhanced synthesis of acute phase reactants (Pieniazek et al., 1999). 

Increased cholesterol is a causative factor in the aetiology of atherosclerotic 

disease. The accumulation of free and esterified cholesterol in the aorta, coronary 

arteries, and cerebral vessels were the cause of atherosclerotic stroke and the rate of 

accumulation these lipid components varies among individuals. The incidence and 

prevalence of coronary heart disease (CHD) are high when total cholesterol 

concentration is high (Gordon et al.. 1981). The risk of coronary heart disease 

increases as the cholesterol level increases. and at concentrations of 200-240 mg/dL. 



the risk begins to accelerate at a greater magnitude. On average, each 1% reduction in 

cholesterol (2-3 mg/dL) results in about 2% reduction in coronary heart disease 

incidence (Lipid research clinic coronary disease primary prevention trial result I & Ill). 

A modified lipid profile was reported in H. pylon infected subjects (Chimienti 

et al., 2003). Increased levels of cholesterol. LDL-cholesterol and cholesterol-HDL- 

cholesterol atherogenic index was observed in H. pylon positive non-cancerous 

patients. Significant differences in the level of Lipoprotein (a) were observed between 

infected and uninfected subjects. Earlier. Laurila et al. (1999) reported significantly 

increased levels of triglycerides and total cholesterol in male patients who were positive 

for IgG and IgA antibodies to H. pylon than in the males with no signs of infection. 

The above reports supports the findings in seroepidemiological studies showing 

significant association between H. pylon infection and coronary heart disease. 

Evaluation of the anti-H. pylon IgG and anti-CagA IgG antibodies showed increased 

risk of coronary heart disease in H. pylon positive patients (Pieniazek et al.. 1999). 

Zito et al. (1 999) reported increased levels of fibrinogen in H. pylon infected myocardial 

infarction patients and controls. This may be the possible mechanism by which H. pylon 

increases myocardial infarction and the concomitant conditions, like genetic 

predisposition in increasing fibrinogen levels, seem to further increase the effect of 

H. pylon on myocardial infarction risk. 

H. pylon have been considered as group 1 (definite) carcinogen by IARC. and 

several experimental models and seroepidemiological studies gave evidences for the 

causative role of the organism in gastric cancer development. The lipid profile analysis 

of gastric cancer patient sera showed hypocholesterolemia (Anilkumar, 1993). which 

was consistent with the results. reported elsewhere (Alexopoulose et al., 1987). Many 

authors considered H. pylon infection as the risk factor for the development of acute 

myocardial infarction (Hara et al.. 2001: Pellicano et al., 2002). There were no reports 

available on the analysis of lipid profile in gastric cancer patients in relation to H. pylon 

infection. Therefore. the analysis of lipid components in the serum of gastric cancer 

patients in relation to H. pylon infection was of great interest of the present study. 



RESULTS 

The results of lipid profile analysis in the sera of gastric cancer patients are 

shown in Table 7.1. The patients were grouped into five age groups as in the case of 

IgG subclass analysis (Chapter V). 72.15% of the patient serum samples were positive 

for anti- H. pylon IgG. 

The levels of total cholesterol, HDL-cholesterol and LDL-cholesterol were more 

or less same or lower in gastric cancer patient sera than the control sera (Table 7.1). 

However. the levels of triglycerides and VLDL-cholesterol were higher in all age groups 

when compared to the control. 

A significant reduction in the total cholesterol and LDL-cholesterol was noted in 

all age groups (P<0.05) (Figure 7.1). except age group II. Similarly, a significant 

reduction in HDL-cholesterol was observed in all age groups (Pc0.01) and the 

maximum reduction was observed in age group IV (24.607k4.343 mg/dL) (Figure 7.1). 

In the case of triglycerides and VLDL cholesterol the significant increase was noted 

only in age groups Ill and IV (Table 7.1). 

When anti-H. pylon IgG positive and negative sera analysed separately. the 

level of total cholesterol was decreased significantly (Pc0.01) in anti- H. pylon IgG 

positive sera only (except in group II and group V) (Figures 7.2 and 7.3). Although there 

was a reduction in the total cholesterol in anti-H. pylon IgG negative sera, this reduction 

was not significant when compared to the control sera. 

The HDL-cholesterol was significantly reduced (P<0.01) both in anti-H. pylon 

IgG positive and negative serum samples. 

When the LDL-cholesterol was analysed in anti-H. pylon IgG positive and 

negative sera (Figure 7.2 and 7.3), it was observed that there was a significant 

reduction in LDL-cholesterol in anti-H. pylon IgG positive sera as compared to the 

control (P<O.Ol). except in age group V. and this significant reduction was not observed 

in anti-H. pylon' IgG negative serum samples (Table 7.2 and 7.3). 



Table 7.1 Lipid profile in gastric cancer patient sera 

Total HDL VLDL LDL 
Age Cholesterol Cholesterol Group Triglyceride Cholesterol Cholesterol 

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) 

Group I 149.137k 
(n= 1 0) 35.1 94 

Group II 177.6952 
(n= 12) 42.081 

Group 111 158.1482 
(n=24) 30.992 

Group V 144.9692 
(n= 1 0) 45.293 

Control 178.120k 
(n=30) 27.392 



Figure 7.1 Levels of total cholesterol, LDL cholesterol and HDL cholesterol in gastric 
cancer patients 



Table 7.2 Lipid profile in anti-H. pylon IgG positive gastric cancer patient sera 

Total HDL VLDL LDL 
Age Cholesterol Cholesterol Group Triglycerides Cholesterol Cholesterol 

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) 

Group 1 143.200+_ 29.5472 
(n=8) 30.267 5.583 

Group 11 176.6032 30.673+ 
(n=8) 34.446 4.469 

Group 111 155.5922 25.813+ 
(n=15)1 31.062 5.029 

Group V 148.1642 24.220k 
(n=7) 51.528 4.300 



Figure 7.2 Levels of total cholesterol, LDL cholesterol and HDL cholesterol in anti- 

H. pylon lgG positive gastric cancer patients 



Table 7.3 Lipid profile in anti-H. pylon IgG negative gastric cancer patient sera 

Total HDL Triglycerides VLDL LDL Age Cholesterol Cholesterol Group (mg/dL) Cholesterol Cholesterol 
(mg/dL) (mg/dL) (mg/dL) (mg/dL) 

Group I 172.882 
(n=2) 57.66 

Group II 179.882 
(n=4) 60.946 

Group 111 162.408f 
(n=9) 32.254 

Group IV 156.451f 
(n=7) 34.555 

Group V 137.5132 
(n=3) 33.861 

Control 178.1202 
(n=30) 27.392 



Figure 7.3 The levels of total cholesterol, LDL cholesterol and HDL cholesterol in anti- 

H. pylon' lgG negative gastric cancer patients 



DISCUSSION 

The mean concentrations of total cholesterol, HDL-cholesterol and triglycerides 

in control samples were within the normal range. 

It was observed 72.15% of gastric cancer patient sera were positive for 

anti-H. pylon IgG antibodies (Chapter V), and the lipid profile in anti-H. pylon IgG 

positive and negative sera were analysed and compared with the control. 

There was a significant reduction (P<0.01) in total cholesterol, HDL-cholesterol 

and LDL-cholesterol in all age groups of anti-H. pylon IgG positive serum samples. 

except in age group II (Figure 7.2). There are several reports showing lower serum 

cholesterol levels in cancer patients (Beaglehole et al., 1980; Williams et al., 1981: 

Rose and Shipley, 1980). Similar observations were also made by Alexopoulose et al. 

(1987) in all types of cancers studied, except breast cancer. 

Analysis of lipid profile in anti-H. pylon IgG negative sera showed that there was 

no significant reduction in the total cholesterol level when compared to the normal sera 

(Figure 7.3). A significant reduction in total cholesterol was noted in all age groups of 

anti-H. pylon IgG positive sera, except in age groups II and V, although a pattern of 

reduction was noted in these age groups. The level of LDL-cholesterol was significantly 

reduced (Pc0.01) in anti-H. pylon IgG positive patients, while anti-H. pylon IgG negative 

patients did not showed significant reduction. 

It was generally observed that H. pylon infection alter the lipid profile in non- 

cancerous patients. Chimienti et al. (2003) observed increased lipid profile in H. pylon 

infected subjects. Laurila et al. (1999) also noted higher levels of total cholesterol. 

HDL-cholesterol and triglycerides in H. pylon positive male patients when compared to 

the males with no signs of infection. However, no data is available in the literature 

regarding the lipid profile in H. pylon positive gastric cancer patients. 



Cancer cells require more cholesterol than normal cells. This requirement may 

be fulfilled by higher hydroxymethyl glutaryl CoA reductase activity, the rate-limiting 

enzyme in the biosynthesis of cholesterol, or LDL-receptor expression or both. Caruso 

et al. (2002) observed significantly higher levels of hydroxymethyl glutaryl CoA 

reductase activity in neoplastic tissue than normal mucosa and LDL receptor 

expression dependent on the phenotype of the neoplastic tissue. They observed 

significantly higher expression of LDL receptors in intestinal type gastric cancer tissue 

than in diffuse type gastric cancer tissue. Vitols et al. (1985) showed that leukaemia 

cells from patients with acute myelogenous leukaemia have elevated levels of 

LDL-receptor activity. Later studies revealed the increased receptor mediated uptake of 

plasma LDL-cholesterol by human leukaemia cells (Vitols et al., 1990). 

de Sanjose et al. (1996) observed reduced levels of serum cholesterol and 

triglycerides in stomach cancer patients before and after surgery. On the contrary. an 

Indian study revealed elevated levels of total cholesterol, free-cholesterol and 

HDL-cholesterol in plasma and erythrocyte membranes (Manoharan et al., 1997) in 

stomach cancer patients and it was speculated that this increase may be due to the life 

style of subjects such as alcohol consumption and cigarette smoking. 

LDL (low density lipoprotein) carries about 70% of total plasma cholesterol to 

the cells and very little triglycerides. HDL (high density lipoprotein) contains about 

20-30% of plasma cholesterol (Rifai et al., 1999). In the present study, decreased levels 

of LDL- and HDL-cholesterols and an increased triglyceride level was observed when 

compared to the normal control. Lowered levels of LDL- and HDL-cholesterols were 

reported in cancer patients previously (Alexopoulose et al., 1987). Many studies 

showed relatively unchanged levels of triglycerides in cancer patients (Nydegger and 

Butler. 1972: Alexopoulose et al., 1987). There was no significant variation in the levels 

of triglycerides in anti-H. pylon IgG positive and negative gastric cancer patient sera. 





CONCLUSIONS 

1. The present study revealed that about 54% of the gastro duodenal pathologies in 

patients were due to H. pylon infection, as assessed by rapid urease test. H. pylon 

were successfully isolated from human gastric biopsies of the patients. The 

isolation of H. pylon from the specimens has important clinical significance. 

Presently, gastric ulcer and associated conditions were proved to be infectious 

disease and the organism survives in the peculiar ecological niche in the stomach is 

H. pylon. Different mechanisms through which the organism develops gastric 

disorders including ulcer and cancer were elucidated. So treatment for gastric 

ulcers and associated conditions were switched to antimicrobial therapy, rather than 

therapy with agents for curing the symptoms. But rate of treatment failures were 

increased due to the increasing antimicrobial resistance developed by H. pylon. 

2. The antimicrobial resistance in H. pylon may be either primary resistance or 

acquired resistance during the progression of infection. Both sensitive and resistant 

strains to antimicrobials have been isolated from the same patients (Loivukene et 

al., 2000). These points to the necessity of antimicrobial susceptibility testing of 

H. pylon strains isolated from each patient before commencing the treatment, thus 

the chance of treatment failures can be avoided. The method of isolation described 

in the present study is very simple and even clinical laboratories can isolate 

H. pylon from human biopsies provided they have facilities for microaerophilic 

condition and trained microbiologist for the purpose. 

3. The protein profile analysis of the clinical isolates of H. pylon revealed strain 

variations. Depending on the production of VacA and CagA, H. pylon strains were 

grouped into type I strains and type I1 strains, of which the type I strains are the 

most virulent form of the organism. The clinical outcome of the infection depends on 

the type of strain causing the infection. One of the easy non-invasive methods for 



the diagnosis of H. pylon infection is the serological detection of anti-H. pylon 

antibodies in patients. Since, IgA and IgM antibody detections have no clinical 

significance in H. pylon infection, anti-U. pylon IgG detection is mostly employed. 

The subclasses of human IgG and the preferential induction of these subclasses 

against different types of antigens were established. To find out the most useful 

antigen for the detection of anti-H. pylon IgG, in vitro proliferation and IgG subclass 

secretion by tonsillar mononuclear cells in response to the antigens prepared from 

isolate strains of H. pylon were performed. 

4. In the present study. no significant in vitro cell proliferation using tonsillar 

mononuclear cells was observed when cells were stimulated with H. pylon antigens. 

Low biological and immunological activities of H. pylon lipopolysaccharides were 

reported. The proteins, such as VacA produced by H. pyloncan inhibit mononuclear 

cell proliferation (Gebert et al., 2003; Knipp et al., 1996). Since the antigens used 

were not purified. it may contain components like VacA, which may inhibit cell 

proliferation. 

5. All protein antigens used in the present study induced higher levels of IgG, except 

whole cell sonicate antigens of all strains and acid-glycine extract and n-octyl-P-D- 

glucopyranoside antigens of isolate strain 3. The predominant subclasses in these 

secretions were lgGl and IgG3, even though there was a reduction in lgGl secretion 

when compared to the control. The inductions of lgGl and lgGs in response to 

protein antigens were well established. Thus, the results obtained with H. pylon 

antigens were consistent with the previous reports (Sundqvist et al., 1984). The 

decrease in IgG secretion in presence of the antigens of some isolates reflects the 

strain variation among the isolates. 

6. The phenol-water extract antigens caused increased secretion of IgG by tonsillar 

mononuclear cells in vitro. The predominant subclass in these secretions was lgGz 



when compared to control. This finding is in agreement with the observations that 

carbohydrate antigens of bacterial pathogens preferentially induce lgGz secretion 

(Mayumi et al.. 1983). Phenol-water extraction method is commonly used for the 

isolation of lipopolysaccharides from bacterial cell walls (Westphal and Jann, 1965). 

7. The study on secretion of IgG subclasses by tonsillar mononuclear cells in 

response to H. pylon antigens has much clinical significance, because most of the 

serological methods for the diagnosis of H. pylon infection detect anti-H. pylon IgG. 

Many products available for this purpose show variability in sensitivity and 

specificity due to the type of antigens employed. The present study reveals that 

n-octyl-P-D-glucopyranoside extract antigens were most useful, since it induced 

maximum level of IgG in vitm. 

8. The H. pylon acquisition occurs early in the childhood and the infection is chronic in 

nature. So early detection and eradication of the organism will be useful for 

preventing the development of gastro duodenal pathologies and gastric cancer. But 

invasive procedures like endoscopy will not be possible in children. So non-invasive 

methods like serology is useful for this purpose. There are reports showing the 

differences in the initial humoral response against H. pylon infection in children and 

adults. Mostly, initial antibody production in children was directed against low 

molecular weight antigens of H. pylon, while it was against high molecular weight 

antigens in adults (Mitchell et al.. 1996). The present study showed that 

acid-glycine extract antigens mainly contain low molecular weight proteins and 

n-octyl-P-D-glucopyranoside preparations contain intense bands of high molecular 

weight proteins. So it was speculated that purified specific proteins of acid-glycine 

extract and n-octyl-BD-glucopyranoside extract would be useful for detecting 

anti-H. pylon IgG in children and in adults with more sensitivity. 



9. The analysis of IgG subclasses in gastric cancer patient sera has immense 

significance since the association of H. pylon infection in the development of gastric 

cancer was proved undoubtedly. 72% prevalence of H. pylon infection was detected 

in sera of gastric cancer patients by the analysis of anti-H. pylon IgG. The mean 

lgGl level was decreased in all age groups and the maximum decrease was 

observed in age group I. In contrast, the mean lgGz level was decreased in all age 

groups, except group V of the patients. Therefore, there was no significant variation 

in total IgG concentrations. The maximum increase was observed in age group IV. 

These findings were in agreement with the earlier observations of this laboratory 

(Anilkumar, 1993). When anti-H. pylon IgG positive and negative patients were 

analyzed separately. a reverse pattern in the levels of lgGl and lgG2 observed. 

There was no significant variation in the levels of lgG3 and IgG4 in different age 

groups of the patients. 

10. lncreased lgG2 production occurs in human body in response to carbohydrate 

antigens (Siber et al. 1980). In vitro studies with the antigen preparations from 

clinical isolate strains of H. pylon showed that phenol-water extract antigens caused 

increased production of lgG2 by tonsillar mononuclear cells, when compared to 

other antigen preparations. So it was speculated that carbohydrate antigens. 

including lipopolysaccharide antigens of H. pylon, might induce the significant 

proportion of lgGz in gastric cancer patients. But the patterns of change in IgG 

subclasses were similar in anti-H. pylon IgG positive and negative sera. Therefore. 

there may be other factors that contribute to the secretion of elevated levels of lgG2 

subclass in gastric cancer patients. More over, the analysis of IgG subclasses was 

not specific to H. pylon antigens. 

11. All H. pylon isolate strains induced increased murine macrophage activation. when 

the cells were stimulated with different antigen preparations. Increased levels of 



nitric oxide (NO) generation and lysosomal enzyme activities were the markers 

used for macrophage activation. The data showed that many antigens caused more 

than 1.5-fold increase in the activation of macrophages. Phenol-water extracts 

showed the least induction of NO in the stimulated macrophages. The lower 

biological activities of H. pylon lipopolysaccharides were noticed (Perez-Perez 

et al., 1995). Mai et al. (1 991) demonstrated the lipopolysaccharide independent 

mononuclear cell activation by surface proteins of H. pylon. 

12. The present data showed increased levels of lysosomal enzymes in antigen- 

stimulated macrophages. The increase of more than 40 hydrolytic enzymes in 

activated macrophages was reported (Meltzer and Nacy, 1989). Thus the present 

study supports the enhanced activation of inflammatory cells in H. pylon infection 

and this could be one of the major pathogenic processes in the manifestation of 

clinical outcomes of H. pylon infection. 

13. In the context of the reports showing increased levels of lipid profile in H. pylon 

infected non-cancerous patients (Chimienti et al., 2003) the analysis of lipid profile 

in gastric cancer patients with respect to H. pylon infection becomes significant. The 

gastric cancer patients showed a significant reduction in total cholesterol in all age 

groups. except group II (P~0.05). The reduction was maximum in age group IV. 

HDL- and LDL-cholesterol were also decreased in gastric cancer patients. But 

increased levels of triglycerides and VLDL-cholesterol were observed in the 

patients. 

14. Anti-H. pylon IgG positive and negative serum sample analysis separately showed 

similar pattern in the lipid profile. But the reduction of total cholesterol and 

LDL-cholesterol were not significant in anti-H. pylon IgG negative serum samples 

(P<0.01). The reduction in HDL-cholesterol was independent of the presence or 

absence of anti-H. pylon IgG in the patients. 



15. The increased uptake of cholesterol by transformed cells could explain the 

hypocholesterolemia observed in the tumour patients. This increased uptake may 

be via increased expression of LDL-receptors and hydroxymethyl glutaryl CoA 

reductase activity in tumour cells (Caruso et al., 2002; Vitols et al., 1990). 

Enhanced uptake of oxidized-LDL by macrophages was reported (Steinberg and 

Witztum. 1990) and many events leading to the oxidation of LDL were documented 

in H. pylon infections. such as increased levels of reactive oxygen species. Thus. it 

was speculated that the pronounced decrease in the total cholesterol and LDL 

cholesterol in anti-H. pylon IgG positive gastric cancer patients may be due to the 

increased inflammatory response in H. pylon infected persons. Further studies are 

required to find out the cause of pronounced reduction of total cholesterol and other 

lipids in the H. pylon positive gastric cancer patients. 
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