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ABSTRACT

Infection of the gastric mucosa with Helicobacter pylori (H. pylori) results in a number of
disease outcomes including gastritis, which precedes the development of peptic ulcer disease,
gastric cancer, and lymphomas of the mucosa associated lymphoid tissue lymphoma. The aim
of this study was to assess association of colorectal cancer with H. pylori infection in Guilan
province of Iran. Fifty-eight patients with colorectal cancer were enrolled in our study.
Soecific polymerase chain reaction assays were used for three genes. gimM, vacA and cagA.
Of the 20 glmM PCR-positive bacterial colonies, 15 (75%) had the vacA signal sequence
genotype s1, and 5 (25%) had subtype s2. The vacA mid- region analysis revealed that 13
(65%) were vacA ml and 7 (35%) were m2. The cagA gene was present in 13 (60%) of
colorectal cancer specimens. These results show that H. pylori can be detected in the tumor
tissues specimens of some patients with colorectal cancer by polymerase chain reaction
(PCR). vacA sl is important virulence determinant of H. pylori in patients with colorectal
cancer.Further studies are necessary to assess the potential role of H. pylori in the
development of colorectal cancer.
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INTRODUCTION

Colorectal cancer is the fourth most common caircéan [1]. Epidemiological studies have
suggested that colon cancer is a manifestationmafnaber of inherited cancer predisposition
syndromes, including familial adenomatous polypokisreditary non-polyposis colorectal
cancer, and personal or family history of colorectncer and/or polyps and inflammatory
bowel disease [2]. Furthermore, other factors saglobesity, lack of exercise, smoking,
alcohol consumption, diet rich in high fat, red gwdcessed meats and inadequate intake of
dietary fiber, fruits and vegetables are also dasedt with increased colon cancer risk [3-5].
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Helicobacter pylori infection has been associated with an increasskl for colorectal
neoplasia in some studies [6, 7]. However, theltesd these studies remain controversial.

Helicobacter pylori is a spiral-shaped gram-negative bacterium and idexstified as the
cause of chronic active gastritis, peptic ulceedse [PUD), and is considered to be a risk
factor for the development of gastric adenocarcim@amd mucosa-associated lymphoid tissue
lymphoma [8, 9]. The clinical outcome &f. pylori induced pathology is likely to be
determined by a combination of factors including thathogen virulence factors, host
immune responses, and capacity for colonizing nest miches [10]. The vacuolating
cytotoxin VacA [11] and thecagA pathogenicity island [12] are two identified vieakce
factors that are considered to have an importal@ mo the pathogenesis df.. pylori
infection. VacA, whichin vitro induces vacuolation in epithelial cells, is enabdbg vacA,
which has distinct allelic types [13]. TwacA genotype is determined by a combination of
two main regions within the gene: a midregion (giga) and the signal sequence (s region).
H. pylori strains with s1/m1 or sl/mZacA gene subtypes were able to produce high or
moderate levels of VacA, respectively, whereasirgravith s2/m2 subtype were not. The
vacA s1/m1l genotype is thought to be associated witlersevere pathologies [11- 13].

The cag pathogenicity islandcégA) is one of the major virulence determinantgHofylori.

It encodes a type IV secretion system (T4SS), aimallecular complex that mediates the
translocation of bacterial factors into the hodt {&. The cagA gene encodes the CagA
protein and has been used as a marker for thermesd# thecag PAI. Persons colonized

with cagA-positive strains are at increased risk for devel@gpeptic ulceration and distal

gastric cancer compared to person harboragf\-negative strains [14].

The aim of this study was to investigateH#licobacter pylori DNA could be detected in
colorectal cancer biopsy specimens. Since condiiergeographic diversity in the
prevalence oH. pylori virulence factors has been reported, we have algestigated the
vacA genotypes andagA status irH. pylori positive samples.

MATERIALSAND METHODS

Subjects

Fifty-eight patients with colorectal cancer referia the Gastrointestinal and Liver Diseases
Research Center of Guilan University of MedicaleBces, Iran, during December 2008 and
November 2009 were recruited into the study. Catoopy was performed with standard
colonoscop (Olympus, Japan). The specimens werainglot by using sterilized biopsy
forceps cleansed with a detergent, disinfected W% ethanol, and rinsed with sterile water
after each examination. Different forceps were usedcach biopsy. One biopsy specimens
was obtained from the mucosa at a distance of 50rom the tumor as a control. The
institutional ethics committee approved the studhtqrol and all the patients gave informed
consent to participate in the study. In additiortaded information on clinical features,
including the exact location, stage, and histolofyhe tumors, was obtained from hospital
charts and pathology reports. Patients taking emidis, proton pump inhibitors and/or non-
steroidal anti-inflammatory drugs in the precedmgnth, with a history of chemotherapy or
radiation therapy before surgery were excluded ftioenstudy.

Cultureof H. pylori from biopsy specimens
Colorectal biopsy specimens obtained from of atiguéis and were cultured as described
previously [15]. Briefly, specimens placed in 1 aflnormal saline (0.9% sodium chloride)
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were dissected and spread on Skirrow agar contpibi¥b horse blood and Skirrow’s
antibiotic supplement under microaerobic conditionsan anaerobic jar at 37°C for a
minimum of 7 days. The cultured bacteria were aefito beH. pylori if they formed typical
colonies on the medium, were negative Gram staih wurved or spiral shape, and positive
for urease and catalase production [16].

Molecular detection of H. pylori

The presence ofH. pylori DNA was confirmed using PCR amplification of the
phosphoglucosamine mutase gergdmM (ureC). The oligonucleotide primers were
synthesized in an automated DNA synthesizer an@ werified with high-performed liquid
chromatography. Primers GLMF and GLMR amplified 2§4product from thglmM gene.
PCR reaction was carried out as described [15].

vacA genotypes

Primers VA1-F and VA1-R have been described [13] gaenerate a fragment of 259 bp for
sl variants and a fragment of 286 bp for the s2amts. For analysis of mid region (m
region), PCR was performed with VA3-F, VA3-R VA4-#&hd VA4-R. These primers

generate a fragment of 290 bp for m1 variants afndgaent of 352 bp for m2.

cagA status

PCR amplification otagA was carried out with primers CagA/ConF and CagAfR.oPCR
reaction was carried out as described [14]. Theseeps generate a fragment of 402 bp. A 10
pl of PCR product was then analyzed by electrogi®m 2% agarose gel run in TBE buffer
and stained with ethidium bromide. The PCR produas examined in parallel with 100 bp
DNA ladder.

Statistical Analysis

Statistical analysis was performed using tife test (Web Chi Square Calculator;
http://hg.wustl.edu/info/linkage/web-chi/web-chiHi5.htm) and the Med Calc version 9.3.
A value ofP < 0.05 was considered statistically significant.

RESULTS

Subjects

The general characteristics of the cases are shiowiable 1. The most common
manifestations were anemia and rectal bleedingrelanere 40 (%69) men and 18 (%31)
women. As expected, most colorectal cancer patigate aged over 50 years. The mean age
was 58.7 + 4.6 years (range 43- 72 years). Theetamas found in the rectum of 23 patients
(%39.6), in sigmoid of 20 patients (%34.5), in saerse colon of 9 subjects (%15.5), in
descending colon of 2 patients (%3.4) and in asognmblon of 4 patients (%6.9).

Histopathology

Sections of biopsy specimens were examined witkootvledge of the experimental PCR
results by one experienced histopathologist. Allhplgical samples were classified in
accordance with the Americgmint committee on cancer [17]. Only 20.6 % and92®f the
cases were diagnosed at stage | and stage llleatsgly, whereas 50% of the cases were
diagnosed with a stage Il cancer.
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Prevalence of H. pylori infection

By using primers GLMF and GLMR to amplify tiggmM gene, the expected PCR product of
294 bp was obtained in 20 (34.5%) patients (FigreThe Fifty-eight normal mucosal
specimens were all negative farpylori DNA.

Deter mination of vacA genotypes

All H. pylori positive specimens were positive for th&A gene, as evidenced by PCR
product sizes, which enabled to differentiatend m alleles (Figures 2, 3). Among the
samples, 15 (75%) were found to hameA s1, followed by s2 (5, 25%). In the m-region, m1
was most commonly found (13, 65%) followed by m2 86%). ThevacA genotype
combinations were as follows: s1/m1, n=10; s1/m25ns2/m1, n=3; s2/m2, n= 2 (Figure 4).

Detection of cagA in colonic biopsy specimens

Of the 20gimM PCR-positive biopsy specimens, 13 (60%) also gawmplified DNA
fragments incagA PCR. Figure Sshows that when theagA gene was amplified, a 402-bp
PCR product was visualized as a unique and homaogedmand.
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Figure 1. Agarose gel electrophoresis of gimM PCR product obtained from the clinical isolates of four
patientsusing the primer pair gimM F/gImR (Lanes 1-4, 294 bp amplicon). Lane M, molecular size
marker.
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Figure 2. Detection of sl and s2 alleles. Lane M, DNA marker; lanes 1, 2, sl allele (259 bp); lanes 3, 4, s2
allele (286 bp).
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Figure 3. Detection of m1 and m2 alleles. Lanes 1, 5, m1 allele (290 bp); lanes 2, 3 and 4, m2 allele (352
bp). The molecular weight marker isshown in theleft part of the gel.
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Relationship between cagA status and vacA genotypes

After H. pylori genotyping, 7 (40%) were classified as infectethwag-A negativeH.
pylori, 13 as infected witbhagA-positiveH. pylori and 38 as uninfected. The genotype s1/ml
cagA-positive was the most frequent among patients wotbrectal cancer (16/28<0.001).
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Figure 4. Distribution of vacA genotypes and allelesin patientswith colorectal cancer.
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Figureb5. Agarose gel electrophoresisafter PCR amplification of cagA gene. Lanes. M, molecular marker;
1 and 2, cagA negative; 3 and 4, cagA positive.

DISCUSSION

Helicobacter pylori infection of the human stomach is the most impurtask factor for
development of gastric cancer. The exact mechanibatslead to cancer induction are not
clear, but study of the bacterial factors importimtcolonization and the host responses to
the infection are starting to yield important cluidspylori infection has been associated with
an increased risk for colorectal neoplasia in s@tglies. However, the results of these
studies remain controversial. In Iran, the roleHofpylori infection has been implicated in
peptic ulcer disease, but the occurrenceHofpylori infection has not been examined in
colorectal cancer, which is one of the most commemmses of cancer-related death in iran
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The prevalence of. pylori infection is about 50% of the world's populatiardéas been
reported to be 60-90% in Iran [15, 18].

In this study, theglmM gene was used for detection léf pylori in biopsy samples, using
PCR. We detected th¢. pylori genomic DNA in 20 (34.5%) tumor tissues but nob@ammal
colonic mucosa. There is a significant correlatlmetween the presence Bif pylori and
colorectal cancer (odds ratio= 30.52; 95%Cl= 3.93-23; P<0.005). Numerous
Helicobacter spp. have also been isolated from the intestimatsrof humans, animals, and
birds. Of particular interest akéelicobacter bilisandHelicobacter hepaticus because of their
association with hepatitis and inflammatory bowiskdse in several strains of mice [19, 20].
In an investigation foH. pylori 16S rDNA with PCR in colon cancer biopsies, Grahml.
revealedH. pylori in 27% of cancer tissue specimens [8]. Howevestudy conducted in 83
patients with colorectal cancer, the overall premak ofH. pylori infection, assessed by PCR
in biopsy specimens from tumor tissue, was 1.2% [7]

Our results also demonstrate an association betiheeracA sl allele and the presence of
colorectal cancer. It has been reported Hhatylori isolates withvacA s2 fails to induce cell
vacuolationin vitro [13]. It has been shown that s1 allele was rel&bgoeptic ulcer disease
such as duodenal and gastric ulcer [21]addition, we have previously shown that theA

sl is the most common allele in Iranian patientk WiUD [22].

Gastric carriage dfl. pylori particularlycagA positive strains, is known to be a risk factor for
peptic ulcer disease and gastric cancer and mag hasimilar etiologic relationship with
colon cancer. AlthougHi. pylori infection occurs worldwide, there are significdifferences

in its prevalence both within and between countf&3. The cagA positivity in Iranian
isolates has been reported to vary from 44% to @i%ifferent reports [15, 24, 25]. We
found that 13 (60%) oH. pylori positive samples amplifiedagA constant region. The
presence ofagA gene showed a strong correlation with colorecater (odds ratio=105.85;
95% Cl1=11.96-936.632<0.0001). Three serologic studies have shown tiatiion withH.
pylori significantly increases risk for development ofococancer. Shmuely et al. reported
that H. pylori CagA+ seropositivity is enhanced in gastric ancdratancer (odds ratio =
10.6; 95% CI = 2.7-41.3; P = 0.001) [26], whiledfiran et al. demonstrated a correlation
betweerH. pylori seropositivity and CA19-9 elevation in patientshagcolon cancer [27]. In
the evaluation by Mizuno et al. of the colon patigoes of 332 patients with high-resolution
colonoscopy, the increase in the incidence of adetous polyps inH. pylori IgG
seropositive patients and diminution of normal colecopy findings was found more
significant than in seronegative patients [28].

The pathogenic mechanisms by whighpylori exerts its malignant potential are unknown.
However, gastrin might be a key factor triggeredoxxtal tumor development [29]. A

number of studies have shown that pylori infection may induce hypergastrinemia in
patients with duodenal ulcers [30, 31]. Hypergasimia may be involved in the increased
risk of colorectal tumor development lih pylori-infected subjects [32]. Additional factors,

including intestinal flora, ammonia levels, vaculg toxin VacA and CagA could also lead
to increased risk of colorectal cancer [33, 34].

CONCLUSION

In conclusion, this pilot study carried out in Irémcused on 58 patients with colorectal
cancer. A strong association betweéemylori infection and colorectal cancer was confirmed
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overall. The presence of tltagA gene correlated withacA signal type s1. Further studies
with larger sample size, host genetic suscepfjbibacterial variants and dietary habits and
different types of colorectal neoplasm are neededtxamine the role oH. pylori in
colorectal carcinogenesis.

Acknowledgements

The authors would like to thank everyone at theddolar Genetics Laboratory, Department
of Biology, University of Guilan, Rasht, Iran, ab&partment of Endoscopy, Razi Hospital,
Rasht, Iran for their help.

REFERENCES

[1] Sadjadi A, Malekzadeh R, Derakhshan MH, SepAhrNouraie M, Sotoudeh M,
Yazdanbod A, Shokoohi B, Mashayekhi A, Arshi S, idapur A, Babaei M, Mosavi A,
Mohagheghi MA, Alimohammadian Mt J Cancer. 2003, 20, 113-8.

[2] Rowley PT.Annu Rev Med. 2005, 56, 539-54.

[3] Cappell MS Minerva Gastroenterol Dietol. 2007, ;53, 351-73.

[4] Papapolychroniadis O.ech Coloproctol 2004, 8, s7-9.

[5] Kim YS, Milner JA.J Nutr. 2007, 137, 2576S-2579S.

[6] Grahn N, Hmani-Aifa M, Fransén K, SoderkvistN®onstein HJ.J Med Microbiol. 2005,
54, 1031-5.

[7] Bulajic M, Stimec B, llle T, Jesenofsky R, Keanovic D, Pavlov M, Ceranic M,
Schneider-Brachert W, Lowenfels A, Maisonneuve &hrLJ.Priloz. 2007, 28, 25-38.

[8] Covacci A, Telford JL, Del Giudice G, ParsondeRappuoli RScience 1999, 21, 1328-
33.

[9] Marshall BJ. Helicobacter pylori: a primer f0994.Gastroenterologist. 1993, 1, 241-7.
[10] Covacci A, Censini S, Bugnoli M, Petracca Ryr®ni D, Macchia G, Massone A,
Papini E, Xiang Z, Figura N, Rappuoli Rroc Natl Acad Sci U SA. 1993, 15, 5791-5.

[11] Atherton JC, Peek RM Jr, Tham KT, Cover TLag&r MJ.Gastroenterology. 1997,
112, 92-9.

[12] Akopyants NS, Clifton SW, Kersulyte D, Craldr@E, Youree BE, Reece CA, Bukanov
NO, Drazek ES, Roe BA, Berg DElol Microbiol. 1998, 28, 37-53.

[13] Atherton JC, Cao P, Peek RM Jr, Tummuru MKad&r MJ, Cover TLJ Biol Chem.
1995, 28, 17771-7.

[14] Blaser MJ, Perez-Perez GlI, Kleanthous H, CoVér, Peek RM, Chyou PH,
Stemmermann GN, Nomura Bancer Res. 1995, 15, 2111-5.

[15] Salehi Z, Jelodar MH, Rassa M, Ahaki M, Mo#&=hi H, Mashayekhi FDig Dis Sci.
2009, 54, 608-13.

[16] Dore MP, Sepulveda AR, El-Zimaity H, Yamaoka @sato MS, Mototsugu K, Nieddu
AM, Realdi G, Graham DYAm J Gastroenterol. 2001, 96, 1396-401.

[17] Greene FL, Page DL, Fleming ID, Fritz A, BaléiM, Haller DG, Morrow M.Cancer
staging Manual, 6™ed, New York: Springer- Verla@002.

[18] Siavoshi F, Malekzadeh R, Daneshmand M, Agtalktdd.Dig Dis Sci. 2005, 50, 2075-
80.

[19] Cahill RJ, Foltz CJ, Fox JG, Dangler CA, Pavk, Schauer DBnfect Immun. 1997,
65, 3126-31.

[20] Fox JG, Li X, Yan L, Cahill RJ, Hurley R, LesvR, Murphy JClnfect Immun. 1996,
64, 1548-58.

[21] van Doorn LJ, Figueiredo C, Sanna R, PlaisieBchneeberger P, de Boer W, Quint W.
Clinical relevance of the cagA, vacA, and ic&¥astroenterology. 1998, 115, 58-66.

38
Scholars Research Library



Zivar Salehi et al Annals of Biological Research, 2011, 2 (1):32-39

[22] Salehi Z, Abadi AS, Ismail PB, Kqueen CY, J&o MH, Kamalidehghan BDig Dis
ci. 2009, 54, 2399-403.

[23] Mendall MA. Semin Gastrointest Dis. 1997, 8, 113-23.

[24] Jafari F, Shokrzadeh L, Dabiri H, Baghaei KanYaoka Y, Zojaji H, Haghazali M,
Molaei M, Zali MR.Jpn J Infect Dis. 2008, 61, 290-3.

[25] Talebkhan Y, Mohammadi M, Mohagheghi MA, VaziR, Eshagh Hosseini M,
Mohajerani N, Oghalaei A, Esmaeili M, Zamaninialig Dis Sci. 2008, 53, 925-32.

[26] Shmuely H, Passaro D, Figer A, Niv Y, Pitlik Samra Z, Koren R, Yahav Am J
Gastroenterol. 2001, 96, 3406-10.

[27] Fireman Z, Trost L, Kopelman Y, Segal A, Stezrg A.lsr Med Assoc J. 2000, 2, 6-9.
[28] Mizuno S, Morita Y, Inui T, Asakawa A, Ueno M\ndo T, Kato H, Uchida M,
Yoshikawa T, Inui Alnt J Cancer. 2005, 20, 1058-9.

[29] Smith AM, Watson SAGut. 2000, 47, 820-4.

[30] Peterson WL, Barnett CC, Evans DJ Jr, FeldMafarmody T, Richardson C, Walsh J,
Graham DY AmJ Gastroenterol. 1993, 88,2038-43.

[31] Moss SF, Calam &ut. 1993, 34, 888-92.

[32] Fujimori S, Kishida T, Kobayashi T, Sekita Seo T, Nagata K, Tatsuguchi A, Gudis K,
Yokoi K, Tanaka N, Yamashita K, Tajiri T, Ohaki 8akamoto C. Gastroenterol. 2005, 40,
887-93.

[33] Venturi M, Hambly RJ, Glinghammar B, Rafter Rbwland IR.Carcinogenesis. 1997,
18, 2353-9.

[34] Hambly RJ, Rumney CJ, Cunninghame M, Fletchst, Rijken PJ, Rowland IR.
Carcinogenesis. 1997, 18, 1535-9.

39
Scholars Research Library



