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Abstract

Background: Colorectal cancer (CRC) can be considered as a result of multiple risks factors, and the significant role
of infectious ones, especially viral diseases could not be underestimated. Despite endorsed attempts to identify the
accelerating effects of different herpes viridea, such as HSV-1, HSV2, VZV and CMV on the deterioration of different
kinds of malignancy, the relationship between these viruses and CRC have not successfully been understood.
Taking advantages of these facts, we assessed the role of these viruses on CRC progression.

Methods: In this case-control study, 88 cancerous specimens and 70 their adjacent paraffin-embedded tissues from
Modares Hospital between 2011 and 2019 were collected. We extracted the DNA of each tissue and investigated
the presence of HSV-1, HSV2, VZV and CMV.

Results: Our data indicated the presence of HSV-1 DNA in the three control samples; however, we could not find
an obvious relationship between HSV2, VZV, CMV infection and this type of cancer. The presence of HSV-1 DNA in
control tissues introduced HSV-1 as a probable factor for the killing of colorectal cancer cells.

Conclusions: we supposed that HSV-1 can function as an inhibitor of colon cancer progresion, but it is required to
studied more in order to find the role of this virus on CRC.

Keywords: HSV-1, HSV-2, VZV, CMV, Colorectal cancer, Viral infectious

Introduction
Colorectal cancer (CRC) is one of the most daunting
health problems in the word. In 2012, it was reported,
1.4 million new cases were suffering from CRC, and
more than 700,000 patients died due to this type of
cancer [1]. Unfortunately, the symptoms of CRC are
usually silent until the mass reaches a large size. The
prevalence of CRC is high-frequency in America, North-
Western Europe, Australia, Japan, China, Singapore, and
Canada, and the lower one is reported in African and
Asian countries, including Iran (third common malig-
nancy in Iran) [2–4]. The National Colorectal Cancer
Roundtable in 2015 suggested, there was an upward

tendency in the CRC prevalence, and it could reach up
to 80% [5]. Some kinds of therapeutic trends, such as
surgery, radiation and chemotherapy have considerable
outcome for these patients. Three forms of adenomatous
polyps, such as tubular histology, villus, and tubular
villus can convert into CRC. Along with genetic risk
factors, environmental ones may involve in CRC patho-
genesis [6–8]. These environmental risk factors are
included in, high fat diet, obesity, family history, red
meat consumption, smoking, alcohol consumption, k-
RAS mutation, inactivation of tumor suppressor genes,
MLH1 and MSH2 mutations, perturbation in DNA
methylation, microsatellite and last but not least, infec-
tious diseases [9–11].
Nowadays it is supposed, there is a strong relationship

between infectious risk factors and different kinds of
cancers [12]. it is well-established that Helicobacter
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pylori infection is associated with gastric cancer develop-
ment [13]. Moreover, Herpes viridea may has accelerat-
ing effects on gastric cancer progression [14]. In 90.2%
of stomach cancer cases, the DNA of Epstein–Barr virus
(EBV) was detected; however, 11% of them have EBV-
encoded small RNAs (EBERs) [15–17]. Herpes viridea is
classified as double-stranded DNA family viruses and
with different mechanisms is able to escape from im-
mune system [18]. Varicella zoster virus (VZV), Herpes
simplex virus type 1 (HSV-1), type 2 (HSV-2) and cyto-
megalovirus (CMV) are the most known members of
this virus family, and have a potential to infect and es-
tablish persistent infections in the host. Herpesviridae
family has different proteins, including EBNA-1 which
can deregulate the cell proliferation control [19]. Re-
searchers have studied on different mechanisms of virus
and cancer progression, but the relationship between
herpes viridea and CRC is not clear. In this study, it was
tempting to assess the prevalence of these viruses in
CRC tissues.

Materials and methods
Sample information
In this case-control study, we enrolled 88 adenocarcin-
oma tumor and 70 normal adjacent tissues (10 cm away
from tumor) at Modaress Hospital, Tehran, Iran. Table 1
is demonstrated all data. At least two expert resident
pathologists confirmed the stage of cancer tissues.
[IR.SBMU.RETECH.REC.1397.455 (Grant no 12860)].

DNA extraction
To extract DNA from each sample, phenol-chloroform
procedure was used. At the first step, 1 ml xylene for 3 h
removed paraffin. Then, the digesting buffer containing
proteinase K digested specimens at 37οC overnight. After
that, phenol (CinnaClon Co., Iran), phenol-chloroform
and chloroform employed to discharge protein, and fi-
nally ethanol caused DNA precipitation.

PCR for β-globin gene
We evaluated the quality of DNA extraction by PCR
with β-globin gene. In 25 μl containing 12.5 μl master
mix, 1 μl forward and reverse primer (10 pmol), 1 μl
DNA and 8.5 μl sterile water, PCR reaction was done,
and in 5 min in 95οC as first denaturation, 30 cycles of
95οC for 30s, 55οC for 30s, 72οC for 30s and 72οC for 7
min., all samples were incubated. The PCR product was
100 bp, and every positive human β- globin gene tissue
was taken to detect HSV-1, HSV2, CMV and VZV.

PCR
We detected CMV, HSV-1,2 and VZV by Bio Intellectica
PCR. For amplifying CMV DNA, 12.5 μl master mix
PCR, 1 μl of CMV forward and reverse primer, 3 μl
DNA, and 7.5 μl sterile water were mixed to make PCR
reaction. The PCR schedule template was: 5 min at 95οC,
then 30 cycles of 95°C for 30s, 55°C for 30s, 72°C for 30s
and 72°C for 10 min. Furthermore, to detect HSV-1 and
HSV2, we combined 25 μl master mix, 0.5 μl forward
primer, 0.5 μl reverse primer, 21 μl sterile water and 3 μl
sample DNA in final 50 μl. We employed schedule tem-
plate in 5 min initial denaturation at 95 °C, 35 cycles of
denaturation at 95 °C for 1 min, annealing at 55 °C for 1
min, extension at 72 °C for 1 min, and final extension at
72 °C for 7 min. Also to evaluate the existence of VZV in
the DNA of extracted samples, in final 25 μl, 12.5 μl mas-
ter mix, 1 μl forward primer, 1 μl reverse primer, 7.5 μl
sterile water and 3 μl sample DNA were mixed. 5min ini-
tial denaturation at 94 °C, 40 cycles of denaturation at
94 °C for 1min, annealing at 55 °C for 1min, extension at
72 °C for 1min, and final extension at 72 °C for 7 min was
employed as PCR schedule template. After that the PCR
products of CMV, HSV-1, HSV-2, VZV with the size of
921, 240, 715 and 934 bp, respectively, was run into 1.5%
gele electrophoresis primers are presented in Table 2.

Statistical analysis
To analysis the results obtained from the present study,
IBM SPSS Statistics software version 22 and Chi-square
test to evaluate the correlation between the prevalence
of HSV-1 and patient’s sex and age were used.Table 1 Samples characteristics of patients

Pathologic site Tumor samples Control samples

Gender

Male 50 29

Female 38 41

Differentiation

Well adenoma 22

Moderate adenoma 38

Poor adenoma 28

Positive HSV 0 3

Negative HSV 88 67

Table 2 The primers of PCR

PCR-HSV1-F GACTCTCCCACCGCCATCAG

PCR- HSV1-R TGTCTTCGGGCGACTGGTCT

PCR- HSV2-F TATGCCTATCCCCGGTTGGA

PCR - HSV2-R CGTGCCATCCGAATAAACGTG

PCR-VZV-F TTGTGTCGGTCTCTCCAAGC

PCR-VZV-R TACGTCTTCAACCTCACGCC

PCR-CMV-F TGGCTTTTCTTGAACGTGCG

PCR-CMV-R CCTTGACGCTGGTTTGGTTG

Tavakolian et al. Translational Medicine Communications            (2019) 4:20 Page 2 of 6



Moreover, to confirm the relation between age and
HSV-1 infection, ANOVA test was performed. Experi-
mental data were expressed by mean ± standard
deviation of three independent assays. P-value less than
(P < 0.05) was used as statistically significant.

Results
To find the relationship between herpes viridea, such as
HSV-1, HSV-2, VZV, CMV and CRC, we detected these
viruses in colorectal embedded paraffin tissues in Iran.
Our samples included, 50 male and 38 female, with the
mean ages of 55 years old for men and 51 years old for
women (Table 1). The quality of extracted DNA was
confirmed by β-globin, as an internal control. (Fig. 1)
Different PCR temperature profiles for detecting CMV,
HSV-1, HSV-2 and VZV were used. We found the DNA
of HSV-1 in 3 normal tissues (adjacent of the 2 moder-
ate and 1 poor adenocarcinoma tissues - mean age of 55
years old). The pathologic data shown, there were 22
patients with well adenoma, 38 moderate and 28poor
adenocarcinoma were diagnosed (Table 1). Our results
indicated none of the CMV, HSV-2 and VZV may have
significant association with CRC. (Fig. 2).

Discussion
CRC is one of the major health problems worldwide,
and responsible for the high mortality in the world. Al-
though considerable numbers of studies were focused on
CRC, myriad mechanisms of CRC progression are yet-
to-be known. It has reported, many risk factors, espe-
cially infectious one, can contribute to CRC progression.
Different oncovirus proteins are supposed to intercept
some biologic mechanisms in cell with the effects span-
ning from deregulation of cellular growth to significant

roles in the primary step of wide range of human can-
cers [12]. In this study, 88 adenocarcinoma tumor and
70 normal adjacent tissues were collected to detect the
prevalence of CMV, VZV and HSV-1,2. The limitation
of this study is the low number of sample.
Previous studies have described that herpes viridea can

induce some types of cancers, and authorities have indi-
cated, CMV genes may be able to deregulate the cell
cycle mechanisms. Although some investigations indi-
cated the role of this virus on colorectal cancer, some
different studies shown, the prevalence of this virus in
CRC tissues are too low, which was similar to our results
as we did not find any CMV DNA. In the study of
Akintola-Ogunremi et al. there was no CMV DNA in
23, 65, and 51 cases of colorectal hyperplastic polyps,
colorectal adenomas and colorectal adenocarcinomas,
respectively [20]. Sahar Mehrabani-Khasraghi who
studied on CRC in Iran also did not diagnose any DNA
of this virus [21]. Knösel and et al. studied on 57 primary
tumors and 20 metastases, by PCR and immunohisto-
chemistry, and only four primary tumors indicated the
CMV infection [22]. In the another study conducted by
Rüger, CMV DNA in cancerous and normal tissues were
same, and they did not find any relationship between
CRC and CMV [23]. Additionally, Hart and et al. investi-
gated on the association of this virus and Frozen
sections of 14 specimens by in situ hybridisation using
3H-labelled CMV-DNA as a probe, but their results
shown this virus may not have a link with CRC [24].
With the method of nested-PCR that amplifies part of
the gB gene of CMV, (57.1%) of enteric tissue samples of
patients with UC were infected by CMV, yet there is no
CMV DNA in cancerous tissues [25]. On the other hand
the other studies conflict with these results, and reported

Fig. 1 We evaluated the quality of DNA extraction by PCR with β-globin gene (100 bp), as an internal control to confirm the accuracy of DNA
extraction procedure
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that CMV DNA may be presented in CRC tissues. Huang
and Roche detected CMV DNA in 4 out of 7 in colonic
cancerous samples [26]. Also it was reported that the
DNA of CMV was detected in adenomatous polyposis,
but not found in normal tissues [27]. By nested PCR, 6 of
the 56 CRC tissues were infected by CMV DNA; further-
more, there were 6 CMV infected cases of adenoma and
moderately differentiated adenocarcinoma, but it was not
detected any CMV DNA in well and poorly differentiated
adenocarcinomas [28]. In the study on the cancerous and
paired normal tissue from Swedish and Vietnamese CRC
patients, CMV DNA was found in 39.8% of Vietnamese
patients and 15.1% in Swedish ones [29]. Chen HP de-
tected CMV by PCR in CRC tissues (42.3%) higher than
in normal colorectal specimen (5.6%) [30]. Among 95 ul-
cerative colitis samples which were analyzed, 33 tissues
were indicated the presence of CMV and 62 specimen
were CMV negative [31].
Varicella-zoster virus is classified as one of the mem-

bers of herps viridea that able to hide in nerve cells and
resume activity in times of stress [32]. In this study, we
investigated the presence of VZV DNA by PCR, and it

was not find in any CRC samples and normal ones.
Mahale P claimed the prevalence of this virus in CRC
was (aOR, 1.10; 95% CI, 1.02–1.19), in elderly patients
[33]. In 2003 it was reported, 5 out of 131 patients who
had gastrointestinal or colon cancer indicated the VZV
DNA [34]. Since more therapies, such as radiation, treat-
ment with arsenic trioxide, chemotherapy in different
types of cancers can stimulate the cell, and ultimately,
increase the reactivity of this virus, investigations were
focused on the role of this virus in different kind of can-
cers, in the stress time. In the study of Nouri, it was re-
ported in patients who was treated with arsenic trioxide,
VZV can reactivate and contribute myeloma and colon
cancer [32]. Yo-Liang Lai declared, there was an increase
in the risk of varicella-zoster virus infection in patients,
suffering from breast cancer after adjuvant radiotherapy
[35]. However some studies claimed VZV is able to
cause Inflammatory bowel disease (IBD), or more severe
disease in colon. It is supposed, the prevalence of VZV
in immunosuppressed IBD patients (particularly men
aged 35–44/65 years and over) is considerable [36]. Also
it was reported, there is more chances to diagnose VZV

Fig. 2 (a) The final PCR production for HSV-1 was 240 bp. Glycoprotein gG was considered as positive control (b) VZV final PCR production was
934 bp. In this study, there was no positive VZV sample. Glycoprotein gB was selected as positive control (c) There was no positive HSV-2 tissue.
Glycoprotein gG was considered as positive control(d) The final PCR production for CMV was 921 bp. We used Glycoprotein gB as positive
control. All negative controls have no DNA
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in patients with the symptoms of Crohn’s disease (CD)
and ulcerative colitis (UC) [37].
In our study, we detected the presence of HSV-1 in 3

control tissues, which is similar to the results of others.
Actually different studies suggested, HSV can lead to ne-
crosis in tumor cel [38]. Many investigations even dis-
cussed about the role of this virus in treatment of colon
cancer [39]. The combination of interleukin IL-18 and
herpes simplex virus-thymidine kinase (HSV-TK) can in-
crease in the human telomerase reverse transcriptase
(hTERT) promoter activity in a murine, and finally
eradicate the colorectal tumor [40]. NV1023 (multi mu-
tant HSV) and NV1042, formed by insertion of the mIL-
12 gene into NV1023, may have a antitumor activity
[41]. Using disks containing this virus (DISC-HSV), as a
vector, may result in killing the tumor cell, and ultim-
ately cause decrease in cancer progression [42]. The sub-
stitution rate for HSV-1 is approximately 1.38 × 10(− 7)
subs/site/year in six clades, which Preferentially targets
Human Colon Carcinoma [43]. Furthermore, collagen
and mucin molecules in healthy colon tissues are able to
limit the HSV-1 infection, but the lack of expression of
these molecule in cancerous tissues results in activation
of HSV-1 [44]. Fong Y and et al. found Multi mutated
HSV (NV1020) is able to replicate in colon cancer tis-
sues, and reduce the tumor marker carcinoembryonic
antigen (CEA) with the rate of (median % drop = 24%;
range 13–74%; P < 0.02) [45]. The combination of (HSV-
TK)-suicide gene therapy and interleukin-21 (IL-21) may
be one of the best gene therapy in colon tumors [46].

Conclusion
In conclusion according to the above mentioned con-
tent, we supposed some different mechanisms of HSV
which can be involved in the reduction of CRC progres-
sion, and kill the colon tumor cells, but further investi-
gation is needed to warrant, and provide valuable clues
to consider this virus as a factor of treatment process.
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