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Abstract

Background: Given the fact that viral infections play an important role, either directly or indirectly, in around 20 percent of human
cancers, this study aimed at investigating the potential association of Epstein–Barr virus (EBV) and cytomegalovirus (CMV) infections
in esophageal cancer that is the sixth most common cause of cancer-related deaths.
Methods: In this case-control study, a total of 200 paraffin-embedded biopsies of cancerous and benign esophageal tissues were
gathered from the biopsy bank of Imam Reza Hospital, Tabriz, Iran in 2017. All samples were first deparaffinized, and then subjected
to commercial DNA extraction. The quality of extracted DNA was evaluated by amplification of the beta globulin gene. Identification
of EBV and CMV DNA was performed using primers designed for the EBER region of EBV and the immediate early (IE) region of the
CMV genome, respectively.
Results: The mean age of the subjects in the test and control groups was 52.2 (17.1) and 59.9 (18.9), respectively. The distribution
of gender (male/female) in patient and control groups was 54/46 and 53/47, respectively. Our results showed that the frequency of
EBV (P < 0.001) and CMV (P < 0.001) in cancerous samples was statistically higher than control group. Moreover, in the cancerous
group the rate of EBV was significantly higher in the esophageal adenocarcinomas (EAC) sample (12 out of 70) than esophageal
squamous cell carcinomas (ESCC) (0 out of 30) (P = 0.016) but, in the ESCC group, 17 out of 30 subjects were positive for CMV which
was significantly higher in comparison with EAC patients (1 out of 70) (P < 0.001).
Conclusions: Findings indicated that EBV and CMV might be contributed to the pathogenesis of EAC and ESCC types of esophageal
carcinoma, respectively, although further studies are warranted.
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1. Background

In 2015, 17.5 million patients with cancer and 8.7 mil-
lion cancer related-deaths have been reported globally.
From 2005 to 2015, the number of patients with can-
cer increased by 33% (1). Among different cancer types,
esophageal carcinoma is the eleventh and sixth most com-
mon and life-threatening cancer worldwide, respectively
(1). Indeed, around 482578 new esophageal cancer cases
and 439000 relevant deaths have been just recorded in
2015, worldwide (1).

There are 2 types of esophageal carcinoma, which in-
clude esophageal squamous cell carcinomas (ESCC) and
esophageal adenocarcinomas (EAC) based on histological
features (2). While the exact etiologies behind these carci-

nomas have not yet been further defined, several risk fac-
tors are thought to be involved. Indeed, alcohol and mate
drinking, smoking, red and processed meat consumption,
and human papillomavirus (HPV) infection are reported to
be associated with ESCC. Moreover, smoking, body mass in-
dex, and red and processed meat consumption appear to
be involved in EAC (2, 3).

Viral infections including HPV, Epstein–Barr virus
(EBV), hepatitis B and C viruses, human T-lymphotropic
virus-1, and polyomaviruses are considered as the major
risk factor for about 20% of all cancers (4-6). Thus, some
studies proposed a possible link between viruses such
as EBV, HPV, and cytomegalovirus (CMV) with esophageal
carcinoma (7-9).
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EBV, as a ubiquitous herpes virus, has a widespread dis-
tribution among human populations (10). After primary
infection through saliva, it establishes a persistent and life-
long infection in almost all individuals (10). While the di-
rect role of EBV in several malignancies including Burkitt
lymphoma, nasopharyngeal carcinoma, and gastric can-
cer is well documented, its impact on esophageal carci-
noma development remains controversial.

The carcinogenesis of EBV is mainly driven by some
virus-encoded proteins such as latent membered protein
(LMP)1 and LMP2, which mimic cellular receptors and are
engaged in several signaling pathways that induce mor-
phological and phenotypic changes in the epithelial cells.
Epstein-Barr nuclear antigens (EBNAs) 1 and 3C have also
been implicated in the tumorigenic and metastatic po-
tential of EBV and their role has been evaluated in an or-
thotropic model of murine breast carcinoma (11). Further-
more, EBV-encoded and EBV-regulated miRNAs appear to
play an important role in immune evasion (12). In this re-
gard, EBV Bam-HI A rightward transcripts (BARTs) MicroR-
NAs target multiple proapoptotic cellular genes result in
the promotion of epithelial cell survival (13).

CMV is a member of herpesviridae family and infects a
major part of the human population with lifelong persis-
tence (14). CMV replicates in a spectrum of human cells, es-
pecially endothelial cells and macrophages, and may pro-
duce latency infection (15). Regarding the possible mech-
anisms involved in CMV carcinogenesis, it has been re-
ported that immediate-early protein (IE) 86 prevents the
inhibitory functions of pRb, resulting in the release of E2F
and induction of cell cycle (16). Moreover, IE86 and the
product of the UL44 gene bind to and inhibit p53, which
can prevent apoptosis and increase the mutation rate (17,
18). IE86 may not only function as an immunosuppressive
but also as an inducer of angiogenesis, which has an im-
portant role in tumor growth and survival (16, 19, 20). Al-
though CMV may not exert a direct role in tumor devel-
opment, it triggers tumor progression by cells cycle regu-
lation (20). Thus, CMV may act as an ‘oncomodulator’ in
changing the tumor microenvironment towards the initi-
ation or progression of the tumor (21).

The presence of DNA, RNA, and proteins of CMV was
found in several cancer types including prostate, colorec-
tal, breast, glioblastomas, medulloblastoma, mucoepider-
moid cancer of the salivary gland, and rhabdomyosarcoma
(20). In Iran, the CMV DNA genome has also been de-
tected in several types of cancer including colorectal (22),
oral squamous cell carcinoma (23), and gastric cancers
(24). Data with regards to the plausible role of HCMV in
esophageal cancer development are limited.

2. Objectives

This study was conducted to evaluate the plausible as-
sociation between EBV and CMV infections and esophageal
carcinoma in the Tabriz city, northwest Iran.

3. Methods

A total of 205 paraffin-embedded biopsies of
esophageal specimens including 103 patients with in-
vasive ESCC and EAC as a case group and 102 subjects with
benign esophageal tissues as a control group were gath-
ered from biopsy bank of Imam Reza Hospital, Tabriz, East
Azerbaijan, Iran. The state of disease and relevant tissue
samples had been examined by a specialist pathologist
and were selected based on the pathology reports from
January 2014 to December 2016. The study was approved by
the Ethics Committee of the Shiraz University of Medical
Sciences (IR.SUMS.REC.1395.51123) and informed consent
was obtained before sample collection.

Ten sections (10 µm) of the paraffin-embedded block
were cut and undergo de-paraffinization as previously de-
scribed (5). DNA was extracted using tissue DNA extraction
Minikit (Yektatajhiz, Tehran, Iran) according to the man-
ufacturer’s instruction. The extracted DNA was stored at
-20°C until use. All extracted DNA samples were initially
subjected to PCR with the β-globin gene to confirm the
quality of the extracted DNA. Five negative samples were
excluded from the study. PCR reaction was performed on
qualified samples in a total volume of 25µL by PCR master
mix (Yektatajhiz, Tehran, Iran). The characteristics of the
primers used for amplifying the humanβ-globin gene, the
EBER region of EBV, and the immediate-early region of CMV
are shown in Table 1 (25-27).

In this study, DNA extracted from BC-95 cells and
known CMV DNA positive samples (taken from a patient)
were used as positive controls for EBV and CMV, respec-
tively. PCR amplification was carried out in a thermocycler
using the following cycling programs: For EBV: 1 cycle of
95°C for 2 min; 39 cycles of 94°C for 30 sec, 60°C for 1 min,
72°C for 2 min; 1 cycle of 72°C for 10 min and for CMV: 1 cycle
of 95°C for 4 min; 35 cycles of 94°C for 1 min, 50°C for 1 min,
72°C for 1 min; 1 cycle of 72°C for 10 min. All amplified prod-
ucts were visualized on 1.5% agarose gel and the presence
of a 229 and 240 base pair amplicon considered as EBV and
CMV DNA, respectively. EBV and CMV positive samples were
repeated to double-check the results.

3.1. Statistical Analysis
Statistical analysis was carried out using SPSS (Chicago,

IL, USA) software version 23 for Microsoft Windows®. The
results were statistically analyzed using the chi-square test
and t-test. P-value ≤ 0.05 was considered significant.
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Table 1. The Sequences and Other Characteristics of the Primers Used in This Study

Region Primer Sequence Amplicon Size (bp) References

Beta globin
5’- AACTTCATCCACGTTCACC-3’

250 (25)
5’- GAAGAGCCAAGGACAGGTAC-3’

EBV EBER region
5’-CCCTAGTGGTTTCGGACACA-3’

108 (26)
5’-ACTTGCAAATGCTCTAGGCG-3’

CMV IE region
5’-TCCTCCTGCAGTTCGGCTTC-3’

240 (27)
5’-TTTCATGATATTGCGCACCT-3’

Abbreviations: EBER, Epstein–Barr virus-encoded small RNA; IE, immediate early.

4. Results

4.1. Demographic and Pathologic Characteristics

In the carcinoma group, 70 (70%) samples were EAC and
30 (30%) were ESCC type. The mean age (standard devia-
tion; SD) of study subjects in the case and control groups
was 52.2 (17.1) and 59.9 (18.9) years, respectively (Table 2).
In addition, the mean age of the patients with ESCC and
EAC was 51.1 (20.2) and 52.7 (15.8) years, respectively (Table
3). The mean age of CMV positive and negative samples in
the ESCC group was 55.1 (23) and 45.7 (14) years, respectively.
Moreover, in the EAC group, the mean age of EBV positive
and negative subjects was 50.6 (12) and 53.1 (16) years, re-
spectively, which was not significantly different. The gen-
der distribution of the case group was 54 males and 46 fe-
males (Table 2). Moreover, the gender frequency of the con-
trol groups was 53 males and 47 females (Table 2).

Table 2. Demographic Characteristics and frequency of EBV and CMV in the Patients
and Control Groups a

Patients Group, n
= 100

Control Group, n=
100

P-Value

Age (mean ± SD) 52.2 ± 17.1 59.9 ± 18.9 0.003

Gender 0.887

Male 54 (54.0) 53 (53.0)

Female 46 (46.0) 47 (47.0)

EBV < 0.001

Positive 12 (12.0) 0 (0.0)

Negative 88 (88.0) 100 (100.0)

CMV < 0.001

Positive 18 (18.0) 0 (0.0)

Negative 82 (82.0) 100 (100.0)

aValues are expressed as No. (%) unless otherwise indicated.

4.2. PCR for EBV DNA Genome

According to the results, 12 out of 100 (12%) cancerous
samples were found to be positive for the EBV genome and

Table 3. Demographic Characteristics and Frequency of EBV and CMV in the Patients
(ESCC and EAC) Group a

Patients Group
P-Value

ESCC, n = 30 EAC, n = 30

Mean age 51.1 ± 20.2 52.7 ± 15.8 0.673

Gender 0.872

Male 16 37

Female 14 33

EBV 0.016

Positive 0 (0.0) 12 (17.0)

Negative 30 (100.0) 58 (83.0)

CMV < 0.001

Positive 17 (56.6) 1 (1.4)

Negative 30 (53.4) 70 (98.6)

Abbreviations: ESCC, esophageal squamous cell carcinomas; EAC, esophageal
adenocarcinomas.
aValues are expressed as No. (%) unless otherwise indicated.

none of the samples in the control group was positive, as
shown in Table 2, the difference was statistically significant
(P value < 0.001). Moreover, the rate of EBV positivity was
significantly higher in the EAC group (12 out of 70) when
compared to ESCC patients (0 out of 30) (P value = 0.016)
(Table 3).

4.3. PCR for CMV DNA Genome

While 18 out of 100 (18%) cancerous samples were found
to be positive for the presence of CMV genome, none of the
benign control group were positive and the difference was
statistically significant (P value < 0.001) (Table 2). The rate
of CMV positivity was also significantly higher in the ESCC
group (17 out of 30) than EAC patients (1 out of 70) (P value
< 0.001) (Table 3).
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5. Discussion

There is compelling evidence that supports a direct
and crucial role of EBV infection in developing several
malignancies including Burkitt lymphoma, nasopharyn-
geal carcinoma, gastric cancer, B-cell non-Hodgkin’s, and
Hodgkin’s lymphoma, however, the potential role of EBV
infection in esophageal carcinoma remains controversial
(10, 28).

In the present study, EBV positivity was significantly
higher in cancerous tissues compared to benign tissues. In
addition, the rate of EBV positivity was significantly higher
in patients with EAC than those with ESCC. Regarding the
higher frequency of EBV in cancerous tissues, Wang et al.
detected EBV DNA in 11 (35.5%) cases with esophageal cancer
(29). Furthermore, Zhang et al. reported the association
of EBV and esophageal cancer by showing that 21 (30%) out
of 70 cancerous tissues contained DNA of EBV (28). How-
ever, Chang et al. reported that none of the 103 carcinoma
tissues tested with the immunohistochemical technique
was positive for EBV (30). By using in situ hybridization for
EBER, Sunpaweravong et al. reported that none of the 104
esophageal cancer tissues were positive for EBV (31). In Iran,
Yahyapour et al. showed that the frequency of EBV DNA was
not significant between neoplastic and non-neoplastic tis-
sue (32). While some studies have shown an association
between EBV and esophageal carcinoma, others did not
support these findings. This inconsistency might be, in
part, due to the type of esophageal cancer, genetic back-
ground, environmental effects, sample size, as well as tech-
nical issues including the methods of detection (PCR, im-
munohistochemistry, or transcript analysis), type of sam-
ple (fresh or fixed), and differences in the extraction proce-
dures.

There are 2 types of esophageal cancer including ESCC
and EAC, which differ in the terms of geographical distri-
bution, etiologies, and treatments. Although there is no
published data with regards to the frequency of EBV in
the EAC type of esophageal cancer, in our study the fre-
quency of EBV was significantly higher in the EAC group
than those with ESCC. The expression of EBERs in ESCC tis-
sues has been previously confirmed by Wang et al. using
in situ hybridization and PCR techniques (29). Moradi et
al. have also reported that 6.5% of the samples taken from
Iranian patients with ESCC in Mashhad contained the EBV
genome (33). On the other hand, Anwar et al. reported that
none of the 50 patients with ESCC was positive for EBER
region using in situ hybridization assay in Pakistani pa-
tients (34). EBV DNA has not also been detected by type-
specific PCR-based assay in the Greek population with ESCC
(35). Further studies are warranted to decipher the poten-
tial role of EBV infection in the etiology of different types

of esophageal carcinoma.
The frequency of CMV DNA was also found to be fre-

quently higher in cancerous tissues than benign ones. Fur-
thermore, the frequency of CMV DNA was significantly
higher in patients with ESCC than those with EAC. In Japan,
Megumi et al. reported a patient with esophageal can-
cer with CMV reactivation and significantly high CMV anti-
genemia (36). However, Chang et al. could not find the
presence of CMV in 103 carcinoma tissues tested with im-
munohistochemistry technique (30). Similarly, Zhang et
al. found no CMV DNA in either 70 tissue samples of
esophageal cancer or normal mucosa sample (28).

Although the association of EBV with several types of
cancer is well documented, this association has not been
documented for CMV and only a few studies reported that
CMV might be associated with some cancers in humans. In
this regard, de Melo Silva et al. reported that CMV might
be associated with hematologic malignancies including
myeloid tumors (37). Moreover, CMV has been consid-
ered as a potential causative factor in the development of
colon cancer (38). CMV genes and proteins have also been
detected in different types of human cancers including
prostate cancer, mucoepidermoid carcinoma of the sali-
vary glands, glioblastomas, and medulloblastomas (20). In
Iran, the CMV DNA genome has been detected in several
types of cancers including colorectal (22), oral squamous
cell carcinoma (23), and gastric cancers (24).

Inconsistent results regarding the frequency of CMV in
esophageal cancer tissues in different studies may be due
to several factors including sample size, sample type, de-
tection methods, and different assays. Moreover, dietary,
environmental factors, and genetic background may play
a role in the etiology and pathogenesis of esophageal car-
cinomas (39), which need to be considered in this regard.

This finding increases the importance of EBV and CMV
infection in human that increase the necessity of an ef-
fective vaccine for the prevention of these highly frequent
viruses.

5.1. Conclusions

The data presented in this study indicate the possible
role of EBV and CMV in different types of esophageal carci-
noma. Higher frequency of EBV in EAC samples compared
to ESCC samples may highlight the potential role of EBV
in this type of esophageal cancer. A higher frequency of
CMV in ESCC samples compared to those with EAC may
also indicate the plausible role of CMV in the ESCC type of
esophageal cancer. However, further comprehensive stud-
ies are needed to decipher the potential association be-
tween these viruses and different types of esophageal can-
cer.
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