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ABSTRACT

Colorectal cancer (CRC) is the third most common malignancy in both men and women worldwide.
Colorectal carcinogenesis is a complex, multistep process involving environmental and lifestyle features as
well as sequential genetic changes in addition to bacterial and viral infections. Viral infection has a proven
role in the incidence of approximately 20% of human cancers including gastric malignancies. Accordingly,
Epstein—-Barr virus (EBV) has been recently shown to be present in human gastric cancers, which could
play an important role in the initiation and progression of these cancers. Therefore, this work explores the
prevalence of EBV in 102 CRC tissues from the Syrian population using polymerase chain reaction (PCR)
and tissue microarray (TMA) analysis. We found that EBV is present in 37 (36.27%) of CRC samples.
Additionally, the expression of LMP1 onco-protein of EBV was found to be correlated with Fascin
expression/overexpression in the majority of CRC tissue samples, which are intermediate/high grade
invasive carcinomas. Our data indicate that EBV is present in CRC and its presence is associated with more
aggressive cancer phenotype. Consequently, future investigations are needed to expose the role of EBV in
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CRC initiation and progression.

Introduction

Colorectal, colon and rectal, cancer (CRC) is the third most
common type of cancers, with approximately 1.36 million new
cases diagnosed annually worldwide, accounting for about
9.7% of all cancer cases. Approximately 55% of these cancer
cases occur in more developed regions (WHO). Recent studies
indicate that environmental conditions and lifestyle in addition
to sequential genetic changes and possibly viral components
are major risk factors for colorectal cancer. Epstein-Barr virus
(EBV) is a human gammaherpesvirus that infects more than
90% of the human adult population." Acute infection with EBV
can cause infectious mononucleosis, and its latent state can
evolve to yield several B-cell lymphomas, oral carcinomas
(especially nasopharyngeal), gastric cancer, and other malig-
nancies.>” Cells with EBV infection express the latency III pro-
gram of gene products, including 6 EBV nuclear antigens
(EBNAL, -2, -3A, -3B, -3C and -LP) in addition to 3 latent
membrane proteins (LMP1, -2A, and -2B), and multiple non-
coding RNAs (EBERs and miRNAs).*® These gene expression
patterns define the distinct latency programs linked with the
types of cancers associated with EBV.>* For instance, type II
latency is characterized by a more restricted latent gene expres-
sion pattern (EBNA1, LMP1, -2) and is associated with Hodg-
kin’s lymphoma, nasopharyngeal and other carcinomas

including gastric and probably breast.”” Thus, we recently
reported that EBV is present in ~52% of human breast cancer
samples in the Syrian population. Additionally, our data
revealed that LMP1 of EBV is expressed in these samples and
its expression is associated with invasive breast cancer
phenotype.'’

On the other hand, CRC, like other human carcinomas, is
characterized by a marked propensity for distant metastases
which is a major cause of death in CRC patients."" Cancer
metastasis is a multistep process that initiates with the dissemi-
nation of malignant cells from a primary tumor to colonize dis-
tant organs. This complex process involves early steps of tumor
cell invasion within the microenvironment that eventually
enters the bloodstream. Then tumor cells have to survive
migration, and extravasation into distant organs.'” Conse-
quently, each step in metastasis requires specific genetic and
epigenetic changes. In this regard, numerous studies reported
that the Fascin gene plays an important role in the progression
of several human carcinomas including CRC."”"> Moreover,
earlier investigations demonstrated that Fascin expression is
correlated with poor prognosis in human CRC.'®'® Indeed,
Fascin is an actin-binding protein that is expressed in a large
number of human carcinomas and is usually upregulated in
cancer cells specially during epithelial to mesenchymal
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transition (EMT)."”** More specifically, it has been reported
that Fascin can stabilize actin bundles in invasive foot struc-
tures termed invadopodia, which may confer increased meta-
static potential in cancer cells.”** Additionally, it has been
revealed that Fascin can be regulated by slug along with EMT
and promotes intercalation of filopodia into mesothelial cell
layers and cell invasion.”” On the other hand, earlier studies
pointed-out that LMPIl-mediated upregulation of Fascin
depends on NF-«B where both NF-«B and Fascin contribute to
invasive migration of LMP1-expressing lymphocytes.** Based
on these studies, it is evident that there is a strong relation
between EBV infection, Fascin expression and malignancy
progression of several human carcinomas especially intermedi-
ate and high grades (moderately and poorly-differentiated);*
nevertheless, there have been no investigation of this important
topic in CRC. Thus, this study aims to identify the presence of
EBV in CRC in the Syrian population and its association with
Fascin expression and cancer phenotype in accordance with
our recent investigation of EBV in breast cancer in the Syrian
population.'

Results

The presence of EBV infection was explored in a cohort of 102
CRC samples from Syria by PCR and IHC analysis using spe-
cific primers for LMP1 and/or EBNA1 genes of EBV (Table 1)
and a monoclonal antibody for LMP1, as described in the
Materials and Methods section. Our data revealed that 37
(36.27%) of the 102 samples are EBV positive; in contrast, 65
(63.72%) cancer tissues were negative for EBV (Table 2).
Subsequently, we investigated the expression of the LMP1
onco-protein of EBV as well as Fascin gene expression and
their association with cancer phenotype, using histological and
IHC analyses as well as tissue microarray. We found that the
LMP1 expression, a cytoplasmic dot staining pattern, is associ-
ated with Fascin strong and diffused expression in intermediate
to high grade invasive colorectal carcinomas (moderately to
poorly differentiated adenocarcinomas) in approximately 91%
of our samples as opposed to 9% of low grade cancer tissues
which are well-differentiated adenocarcinomas (Table 3 and
Fig. 1A, B and Fig. 2); while we assume that EBV-positive cases
might progress to high grade invasive carcinomas under the
effect of EBV onco-proteins. On the other hand, in general,
cancer cells in our samples are positive for LMP1 and express/
overexpress Fascin in comparison with adjacent normal colo-
rectal epithelial cells, which are negative for LMP1 and Fascin

Table 1. The specific primer sets for LMP1 and EBNAT genes of EBV used for PCR
amplification.

Genes Primers

LMP1 5'-TTGGAGATTCTCTGGCGACT-3'
5'-AGTCATCGTGGTGGTGTTCA-3'

EBNA1-297 5'-AAGGAGGGTGGTTTGGAAAG-3'
5'-AGACAATGGACTCCCTTAGC-3'

EBNA1-207 5'-ATCGTGGTCAAGGAGGTTCC-3'
5'-ACTCAATGGTGTAAGACGAC-3'

GAPDH 5'-GAAGGC-CATGCCAGTGAGCT-3'

5'-CCGGGAAACTGTGGCGTGAT-3'

Table 2. EBV detection in CRC by PCR. The incidence of this virus was found in 37
samples out of 102 examined using specific primers for LMP1 and EBNAT genes of
EBV (please refer to Table 1).

Tested cases EBV-Positive Percentage

Colorectal cancer tissues 102 37 36.27

(Fig 1A, B and Fig. 2). The IHC data were confirmed by the
presence of both LMP1 and EBNA1 in our samples using PCR
analysis with all the necessary controls including Mecl and
HT?29 cell lines as well as normal colorectal cells (Tables 2 and
3; Fig. 3). Accordingly, we were able to prove that EBV is pres-
ent in the majority of intermediate and high grade invasive
colorectal adenocarcinomas, in comparison with low grade
CRC:s in the Syrian population (Table 3; Fig. 1A, B and Fig. 2).
Thus, we can conclude that EBV infection can play an impor-
tant role in the progression of human colorectal cancer.

Discussion

This is the first report regarding the presence of EBV and its
association with cancer phenotype and Fascin expression in
CRC in the Arab world. Due to the increasing interest in
exploring the possible role of viral infection in human cancers,
including CRC, we have recently reported that approximately
54% of human CRC samples are positive for high-risk HPVs in
the Syrian population.”® In addition, our study revealed that
the presence of high-risk HPVs is correlated with an invasive
and metastatic CRC phenotype. More importantly, we were
able to show that E6/E7 onco-proteins of high-risk HPV type
16 convert non-invasive and non-metastatic human cancer
cells into invasive and metastatic ones.”” Regarding the pres-
ence of EBV in CRC worldwide, several recent investigations
reported that 20-50% of these cancer cases are positive for
EBV?*? however, a small number of studies were unable to
detect EBV in colorectal carcinomas but in their infiltrated lym-
phomas.”>** Meanwhile, it is important to emphasize that the
presence of EBV in the Middle East region is limited to 2 con-
flicting studies from Iran, as Tafvizi et al.,** revealed that 38%
(19/50) of human CRC cases are positive for EBV in the Iranian
population; however, the second study was unable to detect the
presence of EBV in only 15 CRC samples.” It is important to
mention that both of these studies used only one methodology,
PCR, to detect the presence of EBV in their samples. Yet, in this
investigation, we report that EBV is present in 37 of 102 CRC
cases, which is a good number of specimens; moreover, PCR as
well as IHC analyses using specific primers for 2 genes of EBV

Table 3. Correlation between the expression of the LMP1 onco-protein of EBV and
Fascin in CRC tissues using Tissue Microarray analysis. The expression of LMP1 is
associated with Fascin expression in 91.89% (P<0.001) of our samples which are
intermediate to high grade invasive colorectal carcinomas. We noted that there is
no association between LMP1 and Fascin in only 3 cases.

Number of CRC reviewed Number of positive samples

LMP1
102 37/102

Fascin
41/102




LMP1 Fascin

Figure 1A. Representative IHC case revealing LMP1 and Fascin co-expression in a
high grade invasive CRC cancer tissue sample. Magnification value is 40X. This
analysis was performed using TMA methodology; and the presence of EBV was
confirmed by PCR using specific primers for LMP1 and EBNA1 genes in all our sam-
ples with all the necessary controls, as described in the Materials and Methods
section.

Fascin

Figure 1B. LMP1 and Fascin co-expression in a high grade invasive CRC cancer
sample (Magnification 100X).

LMP1

Fascin

Figure 2. lllustrative case of LMP1 and Fascin expression in an intermediate grade
invasive CRC sample. Magnification value is 40X. We note that the left zone of the
sample is normal tissue which is negative for both LMP1 and Fascin; however, the
lower-right zone shows cancer cells that are positive for LMP1 and Fascin.

NCPC 1 2 3 45 6 7 8 9 10 11 12

Figure 3. Representative PCR reactions for LMP1 of EBV in 12 colorectal cancer
samples. Human normal colorectal cells were used as negative control (NC); and
chronic B leukemia cells were used as positive control (PC).
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and monoclonal antibody for LMP1 onco-proteins, respectively,
were used in our study. Therefore, our data point-out clearly and
for the first time that EBV can be present in CRC in the Middle
East area; However, we believe that more studies on a larger
number of cases is still necessary to confirm the presence of EBV
in human CRC worldwide including the Middle East region.

Regarding the association between EBV and tumor aggres-
siveness, recent studies, including ours, have reported that the
presence of EBV, in human nasopharyngeal as well as breast
cancer, is correlated with invasive phenotypes (intermediate
and high grades).">'*%*® Moreover, it was noted that the pres-
ence of EBV in human CRC could stimulate the progression of
the malignancy.”® On the other hand, it has been shown that
Fascin is overexpressed in several human invasive carcinomas
including CRC."****! In our study, we found that the expres-
sion of LMP1 gene of EBV is associated with Facsin overexpres-
sion and an invasive form of CRC which are in their majority
moderately to poorly differentiated adenocarcinomas. Earlier
investigations reported that LMP1 and EBNA1 onco-proteins
of EBV enhance cancer progression and metastasis of nasopha-
ryngeal malignancy through the initiation of the epithelial-mes-
enchymal transition (EMT) phenomenon.'>*** Therefore, we
believe that the presence of EBV in CRC could enhance cancer
progression through the initiation of EMT event via EGF-
receptor and/or Akt signaling pathways, as described previously
in nasopharyngeal carcinomas.*>*> Moreover, we postulate that
Whnt/B-catenin signaling can be linked with this event since it
has been demonstrated that LMP1 of EBV regulates this path-
way in nasopharyngeal carcinomas;*® thus potentially deregu-
lating the expression patterns of several key genes of cell
adhesion and invasion such as E-cadherin and Fascin as well as
others and subsequently enhance colorectal cancer progression.

In conclusion, we hereby show that EBV is present in
human CRC in the Syrian population. In addition, EBV infec-
tion was detected in approximately 36% of CRC samples, which
is similar to its presence in CRC specimens worldwide***"*
including the Middle Eastern region, as reported by Tafvizi et
al.** Additionally, we demonstrate that the presence of EBV in
CRC is associated with more aggressive malignancy phenotype.
However, further studies are required to elucidate the exact
role and pathogenesis of EBV in human malignancy and the
importance of the upcoming EBV vaccine.

Materials and methods
Samples, DNA extraction

In this study, a total of 102 blocks from CRC patients, (53
females and 49 males) with a median age of 49 years, were
used. Formalin fixed (buffered neutral aqueous 10% solution),
paraffin embedded tumor materials were obtained from the
department of Pathology/University of Aleppo and its hospi-
tals. The Ethics Committee of the Faculty of Medicine of
Aleppo University approved the use of the collected samples.

DNA was extracted using the QIAamp DNA FFPE Tissue
Kit (Qiagen, Toronto, ON, Canada). DNA concentration and
purity was assessed spectrophometrically using a NanoDrop
ND-100  spectrophotometer (NanorDrop Technologies,
Wilmington, DE, USA).
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EBV Detection and PCR analysis

Five pug of purified DNA (from each sample) was analyzed for
EBV by nested PCR using specific primers for LMP1 (Table 1)
and EBNA1 genes as described by Bialek et al.,*® and Aboulkas-
sim et al,,'” respectively. Briefly, LMP1 gene amplification was
obtained by 35 cycles of 95°C for 30s, 60°C for 30s, and 72°C
for 30s. While EBNA1 was amplified in 2 rounds as illustrated
by Aboulkassim et al.'” DNA from the chronic B cell leukemia,
Mecl, and HT29 cell lines as well as specific primers for the
GAPDH gene were used as controls for the presence of EBV
genes and PCR analysis, respectively, as shown in Table 1.
Meanwhile, DNAs from human normal colorectal cells were
used as negative controls for our PCR analysis.*

Tissue microarray

The tissue microarray (TMA) construction was performed as
described by our group.” Briefly, tissue cylinders with a diame-
ter of 0.6 mm were punched from representative tumor areas
of the tissue block. Two sections of the TMA blocks were trans-
ferred to an adhesive coated slide system (Instrumedics Inc.,
Hackensack, NJ, USA). Slides of the finished blocks were used
for immunohistochemistry analysis.

Immunohistochemistry (IHC) analysis

IHC analysis investigating the expression of LMP1 and Fascin
were performed using standard procedures as described previ-
ously by our group.'®*® Primary LMP1 and Fascin antibodies
were obtained from Dako (clone 1-4 and 55K-2; Dako, Can-
ada). The sections were analyzed by Leica DMLB microscopy
equipped with a Leica DFC-480 Camera (Leica Microsystems,
Germany). Immuno-staining analysis of human normal colo-
rectal cells was used as control for LMP1 and Fascin expression
using the same antibodies.

Statistical analysis

Statistical analysis was performed using SPSS (version 22) and
R. The data were assessed as nonparametric files. We used
x’test with Yates correction to assess the significance of the
relationship between tumors aggressiveness, Fascin expression
and the presence of EBV.
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