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ABSTRACT
We recently performed two studies exploring the presence of Epstein–Barr virus (EBV) and high-risk
human papillomaviruses (HPVs) types 16, 18, 31, 33 and 35 in human colorectal cancers from the Syrian
population. Herein, we report that EBV and high-risk HPVs are co-present in colorectal cancers from Syria.
We reveal that 17 (~17%) of 102 cancer samples are positive for both EBV and high-risk HPVs and their co-
presence is associated with high/intermediate grade invasive carcinomas. These data suggest that EBV and
high-risk HPVs are co-present in human colorectal cancers where they might cooperate on the initiation
and/or progression of these cancers. Thus, we believe that future studies are necessary to confirm the
co-presence of these oncoviruses and their cooperative role in human colorectal carcinogenesis.
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Introduction

Colorectal cancers are the most frequent cause of cancer-
related deaths worldwide with approximately 2 million new
cases diagnosed annually; approximately 55% of these cancer
cases occur in more developed regions (WHO).1 On the other
hand, it has been indicated that environmental conditions and
lifestyle in addition to sequential genetic changes and possibly
viral components are major risk factors for colorectal cancers.
Meanwhile, it is well known that the majority of cancer deaths
are the result of metastasis, either directly due to tumor
involvement of critical organs or indirectly due to therapeutic
resistance and the inability of available therapy to control
tumor progression.

Approximately 20% of human cancers are linked to virus
infections including Epstein–Barr virus (EBV) and high-risk
human papillomaviruses (HPV) especially types 16, 18 and 33,
which cumulatively infect 80–90% of the population
worldwide.2,3 Accordingly, we have recently explored the pre-
sence of EBV in a cohort of 102 colorectal cancer samples
from a Syrian population. Our study showed that 37 (36.27%)
of the 102 samples are EBV positive. Additionally, we
reported that LMP1 oncoprotein expression of EBV is corre-
lated with invasive colorectal cancer phenotype in the major-
ity of examined cases.4 Several recent studies showed clearly
that EBV is present in ~20–52% of human colorectal
cancers,5-12 while some investigations could not detect EBV
in human colorectal cancer samples.6,7,13 Thus, studies con-
firming the presence of EBV in CRCs are important, espe-
cially given the well-known biological actions of EBV-derived
oncoproteins. Moreover, it is possible that EBV infection

alone and/or in cooperation with other oncoviruses can play
an important role in the initiation and/or progression of this
malignancy. This is based on our own studies as well as other
investigations about the possible role of EBV oncoproteins in
the progression in several types of human carcinomas includ-
ing oral, colorectal and cervical.4,14-16

On the other hand, the presence of high-risk HPVs in
human colorectal cancer was proven by several recent meta-
analysis studies, which showed that the incidence of HPVs
varies between 40 to 50%.17-20 Moreover, studies report
a high incidence of HPV-associated colorectal cancer espe-
cially in South American/Latin regions of Brazil and Cuba.
According to studies, high-risk HPV types 16,21,22 33,22 and
5821 are the most prevalent. In the Middle East, the largest
number of studies are reported from Iran, and they confirm
the presence of HPV in colorectal cancer. Most of these
studies report that high-risk HPV types 16,23,24 18,23,24

51,25 5625 and 5821 are the most frequently observed. More
specifically, in one of our earlier studies26 on the presence of
HPV in colorectal cancer samples in Syria, we observed that
46%, 38%, 8%, 46% and 19% of the samples were positive for
high-risk HPV types 16, 18, 31, 33 and 35 respectively.
While, it is important to highlight that there are only few
studies in the Middle East covering four countries, Syria,
Iran, Turkey and Israel, on the presence of HPVs in color-
ectal cancer;24,26-29 nevertheless, there are no studies regard-
ing the co-presence of EBV and high-risk HPVs in colorectal
cancer cases in the ME; thus, we herein explore, for the first
time, the co-presence of these oncoviruses in Syrian color-
ectal cancer samples.
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Materials and methods

Colorectal cancer samples

In this investigation, formalin-fixed, paraffin-embedded (FFPE)
tumor samples were obtained from the Department of Pathology
of the University of Aleppo and its hospitals. A cohort of 102
FFPE blocks from colorectal cancer patients, (53 females and 49
males) with a median age of 49 years, were used for viral
detection of EBV and HPV by PCR, tissue microarrays and
immunohistochemistry as mentioned below. The use of these
specimens and data in research was approved by the Ethics
Committee of the Faculty of Medicine of Aleppo University.4,26

EBV and HPV detection by PCR

Twenty-five nanograms of purified genomic DNA from each
sample was analyzed for EBV and HPV by polymerase chain
reaction (PCR) as previously described30 using specific primers
for LMP1 (Forward Primer: 5ʹ-TTGGAGATTCTCTGGCGACT
-3ʹ and Reverse Primer: 5ʹ-AGTCATCGTGGTGGTGTTCA-3ʹ)
as well as E6/E7 of HPV types: 16, 18, 31, 33, 35, 45, 51, 52 and
58. MY09/MY11 and GP5+/GP6+ primers were also used to
amplify the L1 region of the viral genome which is commonly
used for HPV detection in clinical and histological studies.30,31

GAPDH primers (Forward Primer: 5ʹ-GAAGGC-
CATGCCAGTGAGCT-3ʹ and Reverse Primer: 5ʹ-
CCGGGAAACTGTGGCGTGAT-3ʹ) were used as an internal
control. Primers and analysis were performed as previously
described by our group.30,33

Briefly, LMP1 and E6/E7 genes were amplified for an initial
denaturation at 95°C for 10 minutes followed by 40 cycles of 95°
C for 30 s, 61°C for 1 min, and 72°C for 1 minute. In parallel,
HPV gene was amplified for an initial denaturation at 95°C for
10 minutes followed by 40 cycles of 95°C for 30 s, annealing at
temperatures ranging from 50 to 62°C for 1 min depending on
each primer’s melting temperature as previously described,30

and 72°C for 1 min. Samples were finally incubated for 10
minutes at 72°C for a final extension. The PCR product from
each exon was resolved by using 1% agarose gel electrophoresis.

Tissue microarray (TMA)

Tissue microarray construction was performed as described
previously by our group.33-34 Briefly, colorectal samples were
embedded into a virgin paraffin TMA block using a manual
tissue arrayer (Beecher Instruments, Silver Spring, MD, USA).
All FFPE samples were de-identified and assembled without
any previous knowledge of linked clinical or pathological
staging information. Next, slides of the completed blocks
were used for immunohistochemistry (IHC) assays (against
LMP1 and E6 of EBV and high-risk HPV, respectively).

Immunohistochemistry (IHC)

Immunohistochemical analysis investigating the expression
of LMP1 and E6 of EBV and high-risk HPVs, respectively,
were performed using procedures as previously described.30

Briefly, TMA slides were further incubated for 35 minutes at

37°C with primary monoclonal antibodies for LMP1 of EBV
and E6 of HPV (clone 1–4; Dako and clone C1P5;
Calbiochem, Canada) using a fully automated immunostai-
ner (Ventana Medical System, Tuscon, AZ). The fully auto-
mated Ventana Medical System uses an indirect biotin–
avidin system with a universal biotinylated immunoglobulin
secondary antibody. The slides were counterstained with
hematoxylin prior to mounting. The staining procedures
were completed according to the manufacturer’s recommen-
dations. Negative controls were obtained by omitting speci-
fic primary antibody for LMP1 and E6 as well as specific
blocking solution. Normal colorectal mucosa served also as
a negative control while HPV-positive cervical cancer and
lymphatic tissue adjacent to cancer served as positive con-
trols for HPV and EBV respectively. The tumors were con-
sidered positive for LMP1 and E6 if cancer cells exhibited
any positivity ≥1% of the cells.34 The intensity of expression
was graded on the scale from 0 (no expression) to 3+
(intense positivity) and was compared with the intensity in
the controls (HPV+ cervical cancer and lymphatic tissues
and tumor infiltrating lymphocytes).

Statistical analysis

Statistical analysis was performed using IBM Statistical
Package for the Social Sciences (version 25) and R. Data
were calculated as non-parametric files. Spearman
Correlation Rank test was used to assess the significance of
EBV and HPV association. We utilized χ2 test with Yates
correction to assess the significance of the association between
clinic-pathological data (patient’s age, cancer grade and tumor
stage) and the co-presence of EBV and HPVs. Statistical
significance was achieved at p < .05.

Results

In this study, we investigated the co-presence of EBV and
high-risk HPVs in colorectal cancer samples from the Syrian
population. We report that 17 (~17%) of the 102 samples
from colorectal cancer cases in Syria are positive for both
EBV and high-risk HPVs (Table 1); the co-presence of EBV
and high-risk HPVs was confirmed for all17 samples by PCR
and IHC analysis using specific primers for LMP1 and E6/E7
as well as monoclonal antibodies for LMP1 and E6 of EBV
and high-risk HPVs, respectively.

More significantly, we found that the co-expression of
LMP1 and E6 oncoproteins of EBV and high-risk HPVs in
all 17 positive cases is associated with high-/intermediate-
grade invasive carcinoma phenotypes in comparison with
60% of EBV+/HPV-, 74% of EBV-/HPV+, or 48% of EBV-/
HPV- samples, with P values of 0.0031, 0.0155 and 0.0002 for
the co-expressed group of 17 samples vs. each of the latter
three groups. respectively. Correspondingly, 85%, 79% and
93% of EBV+/HPV-, EBV-/HPV+ and EBV-/HPV- samples
are revealed to be low-/intermediate-grade with P-values vs.
the co-expressed group of 0.0056, 0.0020 and 0.0001, respec-
tively (Table 1).

More specifically, we noted that in moderately-differen-
tiated and high-grade (Grades 2 and 3) intestinal
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adenocarcinomas, E6 protein expression by IHC (Figure 1a) is
predominantly diffused (90–100% of cancer cells positive) and
strong (2–3+ intensity on the scale 0–3+), while there is lack
of E6 positivity in adjacent cancer stroma (Figure 1b).
Similarly, moderately-differentiated/high-grade carcinomas
overexpress LMP1 oncoprotein in predominantly diffused
nuclear pattern (>75% of the cells positive at 1–2+ intensity
on the scale 0–3+) with occasional positivity in stromal cells
(tumor infiltrating lymphocytes), which served as positive
control (Figure 1c,d). In contrast, normal colorectal mucosa
and epithelial cells, which served as controls, were negative for
both EBV and high-risk HPVs.

Discussion

This is, to the best of our knowledge, the first report on the
co-presence of EBV and high-risk HPVs in human colorectal
cancer and the relation of this co-incidence with cancer phe-
notypes in the Middle East area. However, based on several
recent investigations including ours, it has been revealed that
EBV and high-risk HPVs can be co-present in several types of
human cancers.30,31 These data raise the possibility that onco-
proteins of EBV and HPVs might be able to cooperate in the
initiation and/or progression of human carcinomas via the
crosstalk of oncoproteins and their pathways since they share

Table 1. EBV and high-risk HPVs detection in human colorectal cancer cases and their association with tumor grade.

EBV/HPVs Statusa EBV+/HPVs+ EBV+/HPVs− EBV−/HPVs+ EBV−/HPVs−

Number of Samplesb 17 (17) 20 (20) 38 (37) 27 (26)
Tumor Grade
High 10 (59) 3 (15) 8 (21) 2 (7)
Intermediate 7 (41) 9 (45) 20 (53) 11 (41)
Low 0 (0) 8 (40) 10 (26) 14 (52)
High & Intermediatec 17 (100) 12 (60) 28 (74) 13 (48)
p-value .0031** .0155* .0002**
Intermediate & Lowd 7 (41) 17 (85) 30 (79) 25 (93)
p-value .0056** .0020** .0001**

aThese two methodologies, PCR and IHC, were used to detect the presence of EBV and high-risk HPVs.
bThe total number of samples examined in this study is 102.
() percentage
cHigh & Intermediate indicate the number of the samples of high and intermediate grade and their respective EBV/HPVs statuses and P value as follows: .0031 for
EBV+/HPVs−, .0155 for EBV−/HPVs+ and .0002 for EBV−/HPVs−.

dIntermediate & Low show the number of the samples of intermediate and low grade with their respective EBV/HPVs ranks as well as P value: .0056 for EBV+/HPVs−,
.0020 for EBV−/HPVs+ and .0001 for EBV−/HPVs−.

a b

c d

Figure 1. (a-d) Representative IHC images of moderately differentiated (Grade 2) intestinal adenocarcinoma with co-expression of E6 of high-risk HPVs (a-b,
magnifications 10x and 20x) and LMP1 of EBV (c-d, magnifications 10x and 20x). Note a diffused (100% of cancer cells positive) and strong (3+ intensity on the scale
0-3+) E6 protein expression in cancer cells and lack of E6 positivity in adjacent cancer stroma (a and b). In case of LMP1 (c and d), protein expression was
predominantly observed in cancer cells (nuclear expression in 75% of the cells at 1-2+ intensity on the scale 0-3+) with occasional positivity in tumor infiltrating
lymphocytes. Co-presence of both viruses was confirmed by PCR using specific primers for LMP1, EBNA1 and E6/E7 genes.4,26
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β-catenin, JAK/STAT/SRC, PI3k/Akt/mTOR, and/or RAS/
MEK/ERK signaling pathways.32,33

In our present study, we demonstrated that the co-
presence of EBV and high-risk HPVs is associated with
high/intermediate grade invasive carcinomas in all positive
cases in comparison with EBV or HPVs positive samples
alone in addition to EBV and HPVs negative, which are low/
intermediate grade carcinomas. Accordingly, we presume
that oncoproteins of EBV (LMP1 and/or EBNA1) might
interact with those of high-risk HPVs (E5 and E6/E7) in
human carcinoma development and consequently in their
metastasis via the acceleration of the epithelial-mesenchymal
transition event, as suggested earlier by our group.32 Thus,
we consider that further studies are necessary to elucidate
the cooperative role of EBV and high-risk HPVs in the
development of human colorectal malignancy; especially
since EBV and HPVs nonavalent vaccines are presently
under clinical trials and available, respectively.35,36 In addi-
tion, further reports on the intricate mechanisms involved in
the crosstalk between the oncoproteins expressed during the
co-infection of different oncoviruses will be beneficial in
providing an in-depth understanding of malignant transfor-
mation and its progression to metastasis. Such information
is necessary for future drug development that might selec-
tively target the signaling pathways and other molecular
mechanisms that are modulated through co-infecting
oncoviruses.

Finally, it is important to highlight that our investigation in
the Syrian population, is limited to a small number of cases that
are confined to a single region in Syria; therefore, it is essential
to perform larger scale studies that would involve samples from
different regions of the country and ultimately several studies
from the Middle East in general in order to confirm our find-
ings. This may identify as one of the limitations of this study.

In conclusion, our data pointed out for the first time the
possibility of co-presence of EBV and high-risk HPVs in color-
ectal cancers, and that their co-presence is associated with high/
intermediate grade invasive carcinoma phenotypes. This under-
standing has the potential to contribute to the eventual devel-
opment of drugs that target signaling of viral oncoproteins,
paving the way for a long-term goal of altering the course of
carcinomas development; thereby preventing their progression
to a metastatic form and decreasing cancer-related deaths.
Ultimately, these data suggest that, for at least some popula-
tions, colorectal cancer incidence and biology could be even-
tually altered using public health programs that would include
viral infection associated preventive measures.
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