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Abstract

Background: Worldwide, colorectal cancer is the fourth most common cause of cancer-related deaths. Infectious agents have long
been associated with development of gastrointestinal malignancies including colorectal cancer. Therefore, the aim of this study
was to detect Streptococcus gallolyticus subsp. gallolyticus andHelicobacter pylori in colorectal cancer tissue specimens in comparison
with healthy tissue specimens.
Methods: A total of 210 tissue samples including 70 adenocarcinoma colorectal tissue, 70 adenomatous polyposis colorectal tis-
sues, and 70 normal colorectal tissues were subjected to DNA extraction. The quality of the extracted DNA was confirmed by the
amplification of a β-globin fragment using polymerase chain reaction (PCR). The presence of sod and glm genes were evaluated as
Streptococcus gallolyticus and H. pylori presence markers by PCR method, respectively.
Results: Out of 210 subjects, 112 were male and the rest were female. The age of our patients ranged from 22 to 87 with an average of
54 years. None of the samples in two studied groups were positive for the sod and glm genes.
Conclusions: According to our results, S. gallolyticus subsp. gallolyticus and H. pylori might not be involved in colorectal cancer
pathogenesis. More investigation on huge sample in different area might be clarified this results.
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1. Background

Worldwide, colorectal cancer is one of the main prob-
lems for healthcare systems, accounting for approximately
one million of new cases yearly (1). Epidemiological studies
have shown that colorectal cancer is the fourth most com-
mon cancer in Iran (2, 3). It has also been reported that the
incidence of colorectal cancer in Iran is rapidly increasing
(4). The development of malignancy is associated with sev-
eral hereditary and environmental factors (2, 5, 6). Environ-
mental factors, including infectious agents, have been esti-
mated to be attributed for 20% of all cancers (1, 6).

The association between bacteria and colorectal can-
cer has been studied over four decades by using serological
and molecular hints albeit the results were controversial
(7). All these studies demonstrated that bowel bacterial in-
fection is related to increased risk of colorectal cancer in
certain individuals. These studies may also provide new
aspects for more effective cancer prophylactic strategies
and survival. Unlike stomach cancer development, which
is mainly related to a single bacterial agent, various organ-

isms including viruses, bacteria and parasitic agents have
been postulated to contribute in colorectal cancer estab-
lishment (7). The tumorgenesis of bacteria might be at-
tributed to overexpression of inflammatory cytokines as
well as production of carcinogenic metabolites (8). Most
of them induce chronic inflammation that will result in a
competent procarcinogenic microenvironment (7, 9). The
results of previous studies have revealed that the majority
of colorectal cancers arise from adenomatous polyps (10).
There are several bacteria that have been postulated as the
causative agents of colorectal cancer including: Streptococ-
cus gallolyticus subsp. gallolyticus (S.bovisbiotype I) andHe-
licobacter pylori (7). The prevalence of H. pylori infection in
the world population is around 50% (9). It has also been
reported that 60% - 90% of Iranian population are infected
by H. pylori (11).

H. pylori is a Gram-negative spiral shaped and motile
bacterium that usually represents a major cause of gas-
tric cancer, gastric lymphoma, gastric autoimmunity and
peptic ulcer diseases (12). Induction of oxidative stress,
carriage of cagA gene and DNA/RNA editing enzyme de-
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creased apoptosis, and increased cell proliferation which
are among factors responsible for H. pylori carcinogenesis
(9, 12). Previous studies have revealed that H. pylori might
slightly increase the risk of colorectal cancer (2, 13). H. py-
lori are also associated with an increased risk of pancreatic
and esophageal/gastric cancer (14).

On the other hand, other bacterial agents that have
been reported to be ambiguously associated with colorec-
tal cancer is S. gallolyticus subsp. gallolyticus (7). As a gut
commensal bacterium, it is thought to be resident in 2.5%
- 15% of individuals (5). Moreover, infectious endocarditis
from S. gallolyticus subsp. gallolyticus associated with col-
orectal cancer has been reported (15). It has been proposed
that an increase in concentrations of cyclo-oxygenase2, in-
terleukin 8 and cell proliferation might be involved in S.
gallolyticus subsp. gallolyticus carcinogenesis (7).

Results from epidemiological studies are controver-
sial, suggesting the association of colorectal cancer with
many environmental factors such as high-fat diets and obe-
sity. These findings maximally reveal the modest risk of
these factors in colorectal cancer (16). Although over the
past 30 years, direct evidences regarding the role of infec-
tious causes in human cancer has been reported relevantly,
but slight consideration has been given to the role of bac-
terial infection in the pathogenesis of colorectal cancer.

2. Objectives

Therefore, the aim of this study was to investigate the
presence of S. gallolyticus subsp. gallolyticus and H. pylori
in colorectal cancer tissue specimens in comparison with
normal tissue in order to reveal the possible contribution
of these bacteria in the etiology of colorectal cancer in Shi-
raz, south of Iran.

3. Methods

3.1. Study Population

From January 2012 to December 2013, 70 adenocar-
cinoma colorectal tissues, 70 adenomatous polyposis
colorectal tissues, and 70 normal colorectal tissues as
paraffin-embedded biopsy specimens were collected and
included in this study. Samples were collected from
Faghihi hospital, a major teaching hospital affiliated to Shi-
raz University of Medical Sciences. The study was approved
by the medical ethics committee of the University and in-
formed consent was obtained before sample collection.

3.2. Histopathology Examination

Colonoscopy and surgical biopsies of the normal
colonic mucosa and colorectal cancer tissue were pro-
cessed for molecular analysis and histopathology. Histo-
logical examination of Hematoxillin and Eosin-stained sec-
tions were performed by pathologists blinded to infection
status using a standard Zeiss Axiophot microscope for the
presence of malignant cells (Figure 1).

3.3. DNA Extraction

Seven sections (10 µm) of paraffin-embedded block
were cut and placed in a 1.5 mL micro tube. A first step
of de-paraffinization was performed by adding 1.2 mL of
xylene to the 1.5 mL tubes containing the tissue section.
After vortex and incubation of the tubes for 5 minutes at
room temperature, the tubes underwent centrifugation at
14000 rpm for 5 minutes. Subsequently, the supernatant
was removed and 1 mL of absolute ethanol was added to
each tube and incubated for 5 minutes at room tempera-
ture. Finally, the tubes underwent centrifugation at 14000
rpm for 5 minutes and the supernatant was removed. Both
steps were repeated once. In the next step, the tubes were
incubated at 37°C on a heating block until the total evap-
oration of the ethanol. The DNA was then extracted using
a QIAamp DNA minikit (Qiagen, Düsseldorf, Germany) ac-
cording to the manufacturer’s instructions. The extracted
DNA was stored at -20°C until testing.

3.4. PCR Analysis

All extracted DNA samples were initially subjected to
PCR with consensus primers PCO3/PCO4 (β-globin) to ver-
ify the quality of the extracted DNA. PCR was performed in a
total volume of 25µL, containing 1 mM MgCl2 (CinnaGene,
Iran), 200 µM (each) deoxyribonucleotide triphosphates
solution (dNTPs) (CinnaGene, Iran), 1X reaction buffer (Cin-
naGene, Iran), 1U Taq DNA polymerase (CinnaGene, Iran),
and 1 µM each specific primers (Table 1). PCR tests for β-
globin were carried out as follows: 10 minutes initial de-
naturation at 94°C, 35 cycles of denaturation at 94°C for
45 seconds, annealing at 44°C for 45 seconds, extension at
72°C for 1 minute, and final extension at 72°C for 10 min-
utes. The detection of sodandglmgenes were performed in
samples which were positive for β-globin gene using spe-
cific primers (Table 1). The following PCR conditions were
used for sod gene of S. gallolyticus subsp. gallolyticus: 5 min-
utes initial denaturation at 94°C, 50 cycles of denaturation
at 94°C for 1 minute, annealing at 48°C for 30 seconds, ex-
tension at 72°C for 1 minute, and final extension at 72°C
for 7 minutes. The PCR reactions using specific glmF/glmR
primers were performed using the following steps: 5 min-
utes initial denaturation at 95°C, 50 cycles of denaturation
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Figure 1. Photomicrograph of Human Colorectal Tissue

A, a photomicrograph of human colorectal normal tissue; B, a photomicrograph of human colorectal adenomatous polyposis tissue; C, a photomicrograph of human colorec-
tal adenocarcinoma tissue.

at 95°C for 45 seconds, annealing at 50°C for 45 seconds, ex-
tension at 72°C for 35 seconds, and final extension at 72°C
for 10 minutes. Then PCR products were loaded into 1.5%
agarose gel and stained with 1% ethidium bromide and vi-
sualized under UV light (Figure 2).

To ensure reliability of test, positive controls including
S. gallolyticus subsp. gallolyticus (ATCC 49475) and H. pylori
(ATCC 26695) were also enrolled in each run.

4. Results

A total of 210 patients participated in the study. There
were 112 males (53.0%) and 98 females (47.0%). The patients’
age ranged between 22 and 87 years and the mean age was
54 years. Out of 140 subjects in the study group, 77 were
male and 63 were female. Out of 70 cases in the control
group, 35 were male and the rest were female. The age of
most patients was between 40 and 60 years. The sub-site
anatomic distribution of the tissues based on anatomic po-
sition was classified as colon (n = 89), rectum (n = 28), sig-
moid (n = 24), and others (n = 69).

Molecular detection of H. pylori and S. gallolyticus
subsp. gallolyticus revealed interesting finding. All of sam-
ples including 70 adenocarcinoma colorectal tissues, 70
adenomatous polyposis colorectal tissue and 70 normal
colorectal specimens were negative for H. pylori and S. gal-
lolyticus subsp. gallolyticus as revealed by no signal from
sod and gml PCR amplifications.

5. Discussion

Colorectal cancer is one of the most common types of
cancer worldwide (1). Sporadic occurrence and heteroge-
netic nature of colorectal cancer, including many factors,
may be involved in colorectal cancer (7). It has been re-
ported that infectious agents including bacteria might be

associated with some malignancies such as colorectal can-
cer (1). During the past three decades, many studies have
been performed to reveal the association between bacte-
rial agents and this disease (13, 17). Among them, espe-
cially there are several studies that have shown the asso-
ciation between S. gallolyticus subsp. gallolyticus and H. py-
loriwith colorectal cancer (13, 17). The heterogenetic nature
of colorectal cancer has led to many epidemiological as-
sociations with causes of this disease. As our understand-
ing about the molecular mechanism of colorectal cancer
pathogenesis is growing fast, the microbe-epithelial inter-
actions is a possible mechanism underlying tumor devel-
opment (7).

Previously, we reported a low frequency of papillo-
mavirus infection in colorectal cancer (18). In our new
study, the study population was also evaluated for bacterial
infection. Regarding PCR results, none of the colorectal tis-
sues from patients and healthy subjects were positive for
S. gallolyticus subsp. gallolyticus. The growth of S. gallolyti-
cus in samples obtained from colorectal mucosa in a study
performed by Potter et al. (19) did not show increased fre-
quency in patients compared to the normal control group.
In a study performed by Norfleet and Mitchell (20), the
prevalence of S. gallolyticus infection was 3% (1 out of 33) in
adenomas biopsies, 0% (0 out of 6) in adenocarcinomas,
0% (0 out of 14) in non-neoplastic polyps and 2.5% (1 out of
40) biopsies from normal mucosa. The results of both stud-
ies are inconsistent with our study which found no statis-
tically significant association between S. gallolyticus infec-
tion and colorectal cancer. In contrast, Abdulamir et al. (17)
reported a significant association between S. gallolyticus
and colorectal cancer. Using molecular techniques, they
showed a frequency of 48.7% (19 out of 39) for S. gallolyti-
cus DNA sequences in colorectal tissue samples versus 4%
(2 out of 50) in the normal mucosa of the control subjects.

In agreement with our results, Darjee et al. (21) re-
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Table 1. The Sequences and Other Characteristics of Primers Used in This Study

Locus Primers 5′ to 3′ Sequence Size, bp

β-globin
PCO3 5′ -ACACAACTGTGTTCACTAGC-3′

110
PCO4 5′ -CAACTTCATCCACGTTCACC-3′

Sod
sod-F 5′ -CAATGACAATTCACCATGA-3′

408
sod-R 5′ -TTGGTGCTTTTCCTTGTG-3′

Glm
glm-F 5′ -AGCTTTTAGGGGTGTTAGGGGTTT-3′

294
glm-R 5′ -AAGCTTACTTTCTAACACTAACGC-3′

Figure 2. Photographs of Gel Electrophoresis

A, PCR analysis of DNA samples extracted from colorectal tissue using glmM primers for H. Pylori; B, PCR analysis of DNA samples extracted from colorectal tissue using sod
primers for S. gallolyticus subsp. gallolyticus.

ported no association between the seroprevalence of spe-
cific S. gallolyticus IgG in colorectal cancer patients and
healthy control group. In a recent study from Malaysia,
Al-Jashamy et al. (22) showed that 24.7% (41 of 166) of can-
cer cases were infected by S. gallolyticus. They also reported
that in 48.6% (19 out of 41) of the stool specimens from
the patients with colonic polyps, adenocarcinomas and
inflammatory bowel diseases S. gallolyticus isolates were
present. Moreover, Abdulamir et al. (23) showed higher lev-
els of serum IgG antibodies against S. gallolyticus in the sera
of colorectal cancer patients in comparison with the con-

trol subjects.

According to the above mentioned studies, the associ-
ation between S. gallolyticus and colorectal cancer remains
controversial. This controversy may arise from genetic
background as well as geographical differences of studied
cases from different areas. Besides, discrepancies may also
be related to the different methods used for detection of S.
gallolyticus, as well as the different specimens used in dif-
ferent studies. Indeed, S. bovis is one of the normal flora of
human gastrointestinal tract.

In the present study, 70 adenocarcinoma colorectal tis-
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sues, 70 adenomatous polyposis colorectal tissues and 70
normal colorectal specimens were all negative for the pres-
ence of H. pylori glm gene sequence. In a study by Buha-
jic et al. (24), 1.2% and 6% of the tissue samples from pa-
tients with colorectal cancer and tissues from healthy con-
trol group were positive forH. pylori infection, respectively.
Statistically, these results showed no correlation between
H. pylori PCR positivity and colorectal cancer. In another
study performed in Kashmir, 9.3% (8 out of 86) of cases
were positive for H. pylori DNA sequences (25). Salehi et al.
(2) reported the presence of glmgene sequence in 34.5% (20
of 58) of colorectal cancer tissues but not in normal tissues.
In an investigation performed by Grahn et al. (26), 16S rDNA
sequences of H. pylori was identified in 26% (11 out of 42)
and 29% (10 out of 35) of colon and rectum cancer biopsies,
respectively. The frequency of Helicobacter DNA sequences
between the colon and rectum tumor biopsies were not
significantly different.

Regarding the above-mentioned reports, the results of
our study is consistent with those of studies performed by
Buhajic et al. and Sameer et al. (24, 25) showing not a sta-
tistically significant association between the presence of H.
pylori and colorectal cancer neoplasia. Although in studies
conducted by Salehi et al. and Grahn et al. the association
betweenH. pylori and colorectal cancer acclaimed to be sig-
nificant, this association may be due to the type of samples
(fresh versus paraffin-embedded samples). Furthermore,
in two different sero-epidemiologic studies for investiga-
tion onH. pylori IgG prevalence and colorectal cancer, there
was not any statistically significant association between
H. pylori seropositivity and colorectal neoplasia (27, 28).
These findings are consistent with our results which did
not show a significant association between H. pylori expo-
sure and colorectal cancer.

In contrast, in a large study performed by Zhang et al.
in Germany, 46.1% (790 out of 1712) and 40.1% (669 out of
1669) of colorectal cancer cases and control subjects were
positive for specific IgG against H.pylori. Also, in another
study conducted by Zumkeller et al., 51% (195 of 384) of can-
cer patients and 44% (205 of 467) of matched control sub-
jects were positive for antibodies toH.pyloriand CagA. Both
studies showed that this bacterium may be related to small
but clinically relevant risk for development of colorectal
cancer (29, 30). In a large cross-sectional study in South Ko-
rea, Hong et al. (13) showed that the prevalence of colorec-
tal adenoma and advanced adenoma in the H.pylori posi-
tive group was significantly higher than in H. pylori nega-
tive group. They also showed that the presence of H. pylori
is an important risk factor, but with limited importance in
colorectal cancer. Although serology is the most common
approach used to assess the association between H. pylori
infection and colorectal cancer, it is to be noted that the in-

crease in IgG antibody serum levels should be the results of
colorectal H. pylori infection, not other sites such as stom-
ach. Serologic assays do not identify the site of infection, so
doing site-specific tests for evaluation of the etiologic rela-
tionship between infectious agents and colorectal cancer
is necessary. This issue supports the difference in our find-
ings versus others, done by serological methods. Such con-
troversy may also arise from the differences in genetic and
geographical background.

In conclusion, our study does not support the associa-
tion between S. gallolyticus andH. pylori infections with col-
orectal cancer. More studies with more cases in different
areas are needed to clarify the association between S. gal-
lolyticus and H. pylori infection and colorectal cancer.
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