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Abstract 
Background: Colorectal cancer is one of the most common malignancies worldwide with

more than one million new cases diagnosed each year. The aim of this study is to investigate
the prevalence of herpes simplex virus and Epstein-Barr virus in patients with colorectal
carcinomas and polyps in comparison with healthy subjects by using the polymerase chain
reaction technique.
Methods: In this analytical case-control study, we selected 15 patients with colorectal cancer,

20 patients with colorectal polyps and 35 patients without malignancy as controls. Biopsy
specimens were frozen under sterile conditions at -20ºC. After DNA extraction, analysis of
polymerase chain reaction to detect herpes simplex virus and Epstein-Barr virus DNA in tissue
samples was performed. Statistical analysis was performed with the χ2 test.
Results: We observed herpes simplex DNA in 33.3% of tumor samples (5 of 15) and 20%

from the non-malignant control group (7 of 35). There was no herpes simplex DNA in the
polyp tissues (0 of 20). Epstein-Barr DNA was found in 60% of tumor samples (9 of 15), 35%
of polyp samples (7 of 20), and 40% of the non-malignant control group (14 of 35). Statistical
analysis showed no significant association between the prevalence of herpes simplex and Epstein-
Barr viruses and the incidence of colorectal cancer and polyps compared with the control group. 
Conclusion: The results demonstrate a lack of direct molecular evidence to support an

association between herpes simplex and Epstein-Barr viruses with human colorectal
malignancies. These results do not exclude a possible oncogenic role of these viruses to infect
different colon cells.
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Introduction
Colorectal cancer (CRC) is the most common gas-

trointestinal cancer and the leading cause of cancer
deaths in Iran.1 Colorectal cancer is third in incidence
among women after lung and breast cancers, and in men
after lung and prostate cancers. According to the World
Health Organization, each year 875,000 new cases of
CRC are recorded.2 The incidence of CRC varies
throughout the world.  America, North-Western Europe,
Australia, Japan, China, Singapore and Canada have the
highest rates whereas African and Asian countries such
as Iran have the lowest rate.3 The majority of CRC
(regardless of the etiology) originate from adenomatous
polyps. Adenomatous polyps may be pedunculated or
sessile. Cancer is more common in the sessile types.
Adenomatous polyps may have a tubular histology,
villus and tubular-villus. Although many risk factors for
development of CRC have been identified, such as viral
infections, the inherited genetic predisposition and
molecular mechanisms related to CRC remain under
investigation.4, 5 Viral etiologies of human malignancies
are an intriguing subject. With the exception of hepatitis
C virus (HCV), all known human tumor viruses contain
DNA as their genetic material.6 The oncogenic role of
a few viral agents is recognized in human tumors,
such as HTLV-1 (a T-cell leukemia virus), Epstein-Barr
virus (EBV), human herpes virus type 8 (HHV8),
HCV, hepatitis B virus (HBV), and human papilloma
virus (HPV). Herpes simplex virus (HSV) and EBV are
member of the Herpesviridae family, which includes
cytomegalovirus, varicella-zoster, and herpes viruses
6, 7 and 8.7 Herpes simplex virus and EBV are
ubiquitous herpes viruses that infect and establish

persistent infections in the host. Epstein-Barr virus
infection can occur in immunocompetent individuals,
but it most frequently occurs in immunocompromised
patients such as organ transplant recipients, patients
undergoing hemodialysis, those receiving immuno-
suppressive drugs, and in patients with acquired immune
deficiency syndrome. A potential role of HSV and
EBV in human carcinogenesis has also been
investigated. Yang et al. have reported that HSV is
associated with cervical and oral tumors. Their results
suggest that HSV is a risk factor in cervical and oral
cancers.8 Recent studies report that EBV-transformed
lymphoblastoid cell lines have demonstrated alterations
in methylation patterns when compared to peripheral
blood leukocytes.9 These findings raise the question of
whether persistent HSV and EBV infections can include
oncogenic pathways that result in colorectal carcinomas.
Detection of an infectious agent in human cancers
might have important implications in cancer treatment
and prevention. Give the importance of CRC as the most
common gastrointestinal cancer and the possible role
of oncogenic viruses in tumorigenesis, the present
study intends to investigate the prevalence of HSV
and EBV in patients with CRC and polyps in
comparison with healthy subjects by the polymerase
chain reaction (PCR) technique.

Materials and Methods
Patients

In this analytical case-control study, informed
consent was received from all patients admitted to the
Endoscopy Clinic of Toos and Firoozgar Hospitals in
Tehran, Iran, between January 2013 and June 2013. We
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Figure 1. PCR analysis of β-globulin. DNA extracted from tissue samples
was amplified for β-globulin gene using primers described in Materials
and Methods. Amplification yielded a band of 106 bp. As positive control
(+), we used human DNA from fresh tissue; the negative control (N) was
PCR master mix without DNA. Clinical samples, lanes 1-3. DNA
molecular weight marker, M. 

Figure 2. PCR analysis for the detection of herpes simplex virus (HSV)
from tissue samples. DNA extracted from tissues was amplified with
specific primers. Amplification of fragment yielded a band of 465 bp.
Positive control (+); negative control (N); clinical samples, lanes 1, 2 and
3; DNA molecular weight marker, M. 
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enrolled 15 patients with CRC, 20 with colorectal
polyps and 35 without malignancy as the controls.
Sampling was performed by endoscopic biopsy and a
tissue sample size of 25-50 mg was calculated for each
patient. All collected tissues were kept frozen at -20ºC
until analysis. 

DNA extraction
DNA was extracted using the KiaSpin® Tissue Kit

(Kiagen CA, Iran) according to the manufacturer’s
instructions. The concentration of the sample absorbance
at a wavelength of 260 nm was determined by the
Biophotometer System (Eppendorf, Germany).
Absorbances at 280/260 nm and 230/260 nm were used
to determine sample purity.

Polymerase chain reaction (PCR)
We performed PCR amplification of the human β-

globulin gene (Table 1) to determine the quality of
extracted DNA.10 The PCR amplification was
performed in a 20 µL reaction volume contained 10 µL
prime Taq premix (2x; Kiagen CA, Iran), 3 µL of
sterile distilled water, 1 µL of forward and reverse
primers (TAG Copenhagen, Denmark), and 5 µL of
DNA template. The PCR reaction was carried out as
follows: an initial denaturation at 95ºC for 5 min,
followed by 35 cycles at 95ºC for 50 sec, 55ºC for 45
sec, 72ºC for 40 sec and a final elongation at 72ºC for
5 min. 

Specific primers listed in Table 1 were used to
reproduce the HSV genome of the samples.10 The
PCR amplification was performed in a 20 µL reaction
volume contained 10 µL prime Taq premix (2x; Kiagen
CA, Iran), 3 µL of sterile distilled water, 1 µL of
forward and reverse primers (TAG Copenhagen,
Denmark), and 5 µL of DNA template. The PCR
reaction was carried out as follows: an initial
denaturation at 95ºC for 5 min, followed by 35 cycles
at 95ºC for 50 sec, 64ºC for 45 sec, 72ºC for 40 sec and
a final elongation at 72ºC for 5 min. 

We used specific primers to reproduce the EBV
genome from the samples (Table 1).10 The PCR
amplification was performed in a 20 µL reaction
volume contained 10 µL prime Taq premix (2x; Kiagen
CA, Iran), 3 µL of sterile distilled water, 1 µL of
forward and reverse primers (TAG Copenhagen,

Denmark), and 5 µL of DNA template. The PCR
reaction was carried out as follows: initial denaturation
at 95ºC for 5 min, followed by 35 cycles at 95ºC for 40
sec, 65ºC for 40 sec, 72ºC for 40 sec and a final
elongation at 72ºC for 5 min. Then, 5 µL of the PCR
product was analyzed on a 1.5% agarose gel. 

Statistical analysis 
Statistical analysis was performed using the SPSS-

20 (SPSS, Inc., Chicago, IL, USA) software package.
We used the t- and χ2 tests to analyze the relationship
between the prevalence of HSV and EBV and
occurrence of CRC and polyps in addition to a
comparison with control group tissue samples. Statistical
significance was accepted at the 0.05 level.

Results
Herpes simplex virus DNA was found in 33.3% (5

of 15) of CRC tumor samples. There was no HSV DNA
observed in any of the colorectal polyp tissues (0 of 20).
Herpes simplex virus DNA was found in 20% (7 of 35)
of patients in the control group. Statistical analysis
showed no significant association between the
prevalence of HSV and the incidence of CRC and
polyps compared to the control group (P=0.254). 

Epstein-Barr virus DNA was detected in 60% (9 of
15) of CRC tumor cases. In patients with colorectal
polyps, EBV DNA was found in 35% (7 of 20) of polyp
tissues. Epstein-Barr virus DNA was found in 40% (14
of 35) of patients in the control group. Statistical
analysis showed no significant association between
the prevalence of EBV and incidence of CRC and
polyps compared to the control group (P=0.161). 
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Figure 3. PCR analysis for the detection of Epstein-Barr virus (EBV) from
tissue samples. DNA extracted from tissues was amplified with specific
primers. Amplification of fragment yielded a band of 102 bp. Positive
control (+); negative control (N); clinical samples, lanes 1, 2 and 3; DNA
molecular weight marker, M.
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We observed the highest prevalence of HSV in
CRC patients older than 55 years (26.6%) of age and
in the non-malignant control group participants who
were over 55 years of age (8.6%; Table 2). The highest
prevalence of EBV was observed in two groups of CRC
patients, those 35-55 years (26.6%) and over 55 years
(26.6%) of age. In patients with colorectal polyps, the
highest prevalence of EBV was observed in 35-55
years old (20%) participants. In the control group,
individuals 35-55 years (14.3%) and those over 55
years (14.3%) had the highest prevalence of EBV
(Table 3). Statistical analysis showed no significant
association between the prevalence of HSV and EBV
in terms of age in patients with CRC and polyps
compared to the control group (P>0.05; Tables 2, 3). 

In terms of gender, the highest prevalence of HSV
was observed in male CRC patients (20%) and in non-
malignant control group women (11.4%; Table 2). We
observed the highest prevalence of EBV in male CRC
patients (53.3%), in women patients with colorectal
polyps (25%) and in non-malignant control group
women (22.9%; Table 3). Statistical analysis showed
no significant association between the prevalence of
HSV and EBV and gender in CRC patients and those
with polyps compared to the control group (P>0.05;
Tables 2, 3).

The highest prevalence rate according to anatomic
location for HSV in CRC patients was the proximal
colon (20%) and the distal colon (20%) in the control
group (Table 2). The highest prevalence rate according
to anatomic location for EBV in CRC patients was the
proximal colon (33.3%). In patients with polyps, the
highest prevalence was the distal colon (20%). The
highest prevalence for the control group was the distal
colon (40%; Table 3). Statistical analysis showed no
significant association between the prevalence of HSV

and EBV and anatomic location in CRC patients and
those with polyps in comparison with the control group
(P>0.05; Tables 2, 3).  

In all tissue samples, we observed a 106 bp band that
represented amplification of the human β-globulin
gene (Figure 1). Due to the quality and reliability of
DNA extracted, PCR analysis with HSV specific
primers was performed where we observed 465 bp
bands that represented the replication (Figure 2). PCR
analysis with EBV specific primers was performed. A
total of 102 bp bands that represented the replication
were observed (Figure 3).

Discussion
We investigated CRC, polyp and non-malignant

tissues for the presence of HSV and EBV DNA by the
PCR method. In CRC patients we detected HSV DNA
in 33.3% of samples; EBV DNA was detected in 60%
of samples. In patients with colorectal polyps, HSV
DNA was not observed, whereas EBV DNA was
found in 35% of samples. In the control group, 20% had
HSV DNA and 40% had EBV DNA. There was no
association between viral presence and occurrence of
CRC and polyps compared to control group tissue. 

Since the discovery by Gross of a viral cause for
murine leukemia, the search for oncogenic viruses in
human malignancies has increased rapidly. Based on
the current understanding, it is estimated that
approximately 15% of the global cancer burden can be
linked to oncogenic tumor viruses.11 Oncogenic viruses
may contribute to human carcinogenesis favoring
genetic instability and inducing chromosomal
aberrations.12 Genetic instability is a feature common
to many human malignancies that seems to play a role
in tumor progression, allowing the emergence of cell
clones with growth advantages over normal cells.6
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Table 1. Primers sequences and base pair (bp) length.
Primer Sequence (5´-3´) Size (bp)
b 2- F TCCAACATCAACATCTTGGT 106
b 2- R TCCCCCAAATTCTAAGCAGA

HSV-1/2 F CAGTACGGCCCCGAGTTCGTGA 465
HSV-1/2 R TTGTAGTGGGCGTGGTAGATG

EBV-F1 GTGTGCGTCGTGCCGGGGCAGCCAC 102
EBV-R1 ACCTGGGAGGGCCATCGCAAGCTCC
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The role of EBV in gastric cancer is well known and
has been reported to range from 4% to 18% of gastric
carcinomas.13Although there are many similar features
in histology and pathogenesis between gastric and
CRC, there are few papers about the relationship of EBV
with CRC. However, a tremendous amount of evidence
supports an etiologic role for EBV in carcinogenesis in
patients with EBV-positive gastric carcinomas.14-16

Epstein-Barr virus can be expressed in transcripts to
activate the proto-oncogene c-Myc, resulting in cell
damage in various processes such as metabolism, cell
cycle regulation, apoptosis, protein synthesis,
angiogenesis and cellular connections. However, the role
of HSV in patients with gastrointestinal cancers,
particularly CRC, has yet to be reported in the literature.
This is the first study that has investigated the prevalence
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Table 2. Clinical and pathological features of the colorectal cancer (CRC), polyp and control group patients related to the presence of herpes simplex
virus (HSV).
Patients HSV DNA P-value Total

Positive Negative
CRC
Age groups >0.05
Under 35 years 0 (0%) 1 (6.7%) 1 (6.7%)
35-55 years 1 (6.7%) 4 (26.7%) 5 (33.4%)
Over 55 years 4 (26.6%) 5 (33.3%) 9 (59.9%)
Gender >0.05
Male 3 (20%) 8 (53.3%) 11 (73.3%)
Female 2 (13.3%) 2 (13.3%) 4 (26.7%)
Location >0.05
Proximal colon (C.A.T)a 3 (20%) 3 (20%) 6 (40%)
Distal colon (D.S)b 2 (13.3%) 2 (13.3%) 4 (26.7%)
Rectum 0 (0%) 5 (33.3%) 5 (33.3%)
Total 5 (33.3%) 10 (66.7%) 15 (100%)
Colon polyp
Age groups >0.05
Under 35 years 0 (0%) 0 (0%) 0 (0%)
35-55 years 0 (0%) 7 (35%) 7 (35%)
Over 55 years 0 (0%) 13 (65%) 13 (65%)
Gender >0.05
Male 0 (0%) 7 (35%) 7 (35%)
Female 0 (0%) 13 (65%) 13 (65%)
Location >0.05
Proximal colon (C.A.T)a 0 (0%) 9 (45%) 9 (45%)
Distal colon (D.S)b 0 (0%) 8 (40%) 8 (40%)
Rectum 0 (0%) 3 (15%) 3 (15%)
Total 0 (0%) 20 (100%) 20 (100%)
Control group 
Age groups >0.05
Under 35 years 2 (5.75%) 7 (20%) 9 (25.75%)
35-55 years 2 (5.75%) 11 (31.4%) 13 (37.15%)
Over 55 years 3 (8.6%) 10 (28.5%) 13 (37.1%)
Gender >0.05
Male 3 (8.6%) 12 (34.3%) 15 (42.9%)
Female 4 (11.4%) 16 (45.7%) 20 (57.1%)
Location >0.05
Proximal colon (C.A.T)a 0 (0%) 0 (0%) 0 (0%)
Distal colon (D.S)b 7 (20%) 28 (80%) 35 (100%)
Rectum 0 (0%) 0 (0%) 0 (0%)
Total 7 (20%) 28 (80%) 35 (100%)
a C: Cecum; A: Ascending colon; T: Transverse colon; b D: Descending colon; S: Sigmoid colon
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of HSV and EBV in CRC and polyps in Iran. Although
some studies have detected EBV DNA in colorectal ade-
nocarcinomas, others failed to demonstrate the presence
of EBV by the use of various laboratory techniques.9,

13, 17-25 Boguszakova et al. examined biopsy specimens
from 13 patients with adenocarcinoma of the colon and
10 with endoscopic polypectomies for colon adenoma
for the presence of the EBV DNA. Their results failed

to detect viral DNA in the biopsy specimens tested.17

Yoen et al. used in situ hybridization (ISH) and an
anti-sense EBER probe to investigate the presence of
EBV in 74 cases of gastric adenocarcinoma and 36 cases
of colorectal adenocarcinoma in Chinese patients.
None of the CRC had positive signals.18 Cho et al. also
reported the lack of an association between EBV and
colorectal tumors.19 In a study by Karpinski et al. on
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Table 3. Clinical and pathological features of the colorectal cancer (CRC), polyp and control group patients related to the presence of Epstein-Barr
virus (EBV). 
Patients EBV DNA P-value Total

Positive Negative
CRC
Age groups >0.05
Under 35 years 1 (6.7%) 0 (0%) 1 (6.7%)
35-55 years 4 (26.6 %) 1 (6.7%) 5 (33.3%)
Over 55 years 4 (26.6 %) 5 (33.3%) 9 (60%)
Gender >0.05
Male 8 (53.3%) 3 (20%) 11 (73.3%) 
Female 1 (6.7%) 3 (20%) 4 (26.7%)
Location >0.05
Proximal colon (C.A.T)a 5 (33.3 %) 1 (6.7%) 6 (40%)
Distal colon (D.S)b 1 (6.7%) 3 (20%) 4 (26.7%
Rectum 3 (20%) 2 (13.3%) 5 (33.3%)
Total 9 (60%) 6 (40%) 15 (100%)
Colon polyp
Age groups >0.05
Under 35 years 0 (0%) 0 (0%) 0 (0%)
35-55 years 4 (20%) 3 (15%) 7 (35%)
Over 55 years 3 (15%) 10 (50%) 13 (65%)
Gender >0.05
Male 2 (10%) 5 (25%) 7 (35%)
Female 5 (25%) 8 (40%) 13 (65%)
Location >0.05
Proximal colon (C.A.T)a 2 (10%) 7 (35%) 9 (45%)
Distal colon (D.S)b 4(20%) 4 (20%) 8 (40%)
Rectum 1 (5%) 2 (10%) 3 (15%)
Total 7 (35%) 13 (65%) 20 (100%)
Control group 
Age groups >0.05
Under 35 years 4 (11.4%) 5 (14.3%) 9 (25.7%)
35-55 years 5 (14.3%) 8 (22.8%) 13 (37.1%)
Over 55 years 5 (14.3%) 8 (22.8%) 13 (37.1%)
Gender >0.05
Male 6 (17.1%) 9 (25.7%) 15 (42.8%)
Female 8 (22.9%) 12 (34.3%) 20 (57.2%)
Location >0.05
Proximal colon (C.A.T)a 0 (0%) 0 (0%) 0 (0%)
Distal colon (D.S)b 14 (40%) 21 (60%) 35 (100%)
Rectum 0 (0%) 0 (0%) 0 (0%)
Total 14 (40%) 21 (60%) 35 (100%)
a C: Cecum; A: Ascending colon; T: Transverse colon; b D: Descending colon; S: Sigmoid colon 
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the presence of EBV DNA in 186 sporadic CRC cases,
after PCR analysis there were 19% of the tumor samples
positive for EBV. These results indicated no association
between EBV and sporadic CRC.9 Our results
confirmed the results of Boguszakova et al.,17 Yoen et
al.,18 Cho et al.,19 and Karpinski et al.9 where no
correlation existed between EBV infection and
progression of CRC. However, Yanai et al. found that
EBV was detected in 63.3% of Crohn’s disease cases
and 60% of ulcerative colitis cases using ISH for EBV-
encoded small RNA 1 (EBER-1). This indicated a
possible relation between EBV and IBD colon
diseases.20 Samaha et al. and Kon et al. reported that
lymphoepithelioma-like carcinoma of the rectum was
probably related to EBV.21, 22 Ruschoff et al. used PCR
to detect EBV DNA in 20 cases of colorectal adeno-
carcinomas. They identified EBV DNA in 3 cases.
These findings suggested that EBV might be associated
with colorectal tumors.23 Kim et al. investigated the
presence of EBV in 20 cases of colorectal adenocarci-
nomas and found 2 EBER-positive cases.24 Grinstein
et al. reported that the EBV might play an oncogenic
role in epithelial cancers such as CRC. In addition, EBV
could be involved in hyperplasia and dysplasia.25 In
another study, Liu et al. detected EBV in CRC patients
from China by PCR. EBV DNA was detected in 26
samples from of 130 CRC cases. In addition, the
prevalence of EBV in men with cancer was observed
compared to women. These researchers introduced
EBV carcinogenic factors in CRC.13 

The results presented herein have demonstrated a
lack of direct molecular evidence to support an
association of HSV and EBV with human colorectal
malignancies. These results do not exclude the
possibility of an oncogenic role for these viruses to infect
various colon cells. The carcinogenesis mechanism
needs to be clarified further.  
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