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Abstract

Background: EBV infection in tissue micro-environment is challenged by the precisely regulated survival
and apoptosis mechanisms. Abnormal bcl-2 proto-oncogene expression in colonic carcinomas allows
accumulation and propagation of these genetically altered cells.

Objective: To analyze the relevant concordance of BCL-2 gene , EBNA1 s and LMP-1-EBV expression in
issues from a group of Iraqi patients with colonic adenocarcinomas.

Patients and Methods: One hundred (100) tissue biopsies, belonged to (40) patients with colorectal
cancers, (40) patients with benign colon tumors, and (20) apparently normal colorectal control tissues,
were enrolled in this study. The detection of EBNA1 s and LMP-1-EBV as well as BCL-2 was done by
immunohistochemistry (IHC).

Results: The positive-IHC results of EBNAT1 detection in 40 tissues with malignant colonic tumors were
57.5%, while in 40 colonic benign tumors tissues were 32.5 %. In those apparently healthy colonic control
tissues, EBNA1 detection was 20%. The positive results of LMP-1 —EBV -IHC detection where 45 % from
colonic carcinoma group, while the percentage of benign colonic tumors was 30%(12 out of 40). Lastly, in
AHC was15% showed positive signals. Malignant colonic tumors showed 47.5% positive results of Bcl-
2-IHC detection while benign colonic tumor tissues showed 40% positive bel-2-IHC reactions and in the
colonic control tissues was 20%.

Conclusion: It concluded from the present high rates of EBV infection in colonic adenocarcinoma along
with the concordance bcl-2 expression that they could played an important role in the development and
progression of both malignant and benign colonic tumors in our group of Iraqi patients.

Keywords: malignant and benign colonic tumors, Colonic carcinogenesis, EBNAI; LMP-1-EBV; Bcl-2;
Immunohistochemistry.

Introduction

Colonic cancers are one of the major cancer
problems worldwide that ranking the third most
common cancers and third leading cause of cancer-
related deaths in both men and women. Worldwide, the
annual newly diagnosed cases are approximately 1.36
million, constituting about 9.7% of all cancer cases.
WHO stated that approximately 55% of colonic cancers
were reported in more developed regions (V.

Previousstudies found thatenvironmental conditions,
lifestyles, sequential genetic changes and viral agents are
the major risk factors for colorectal cancers ®. Among
others, microbial-epithelial interactions have proposed
as a potential oncogenic trigger for the development of
colonic cancers @)

(In contrast to gastric carcinoma and MALT-
type lymphoma where both were strongly associated
with Helicobacter Pylori infection , a direct causal
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link between various microbial infections (as,
Helicobacter pylori, Streptococcus bovis, Escherichia
Coli, Bacteroides, JC virus, cytomegalovirus, human
papillomavirus, Epstein-Barr virus (EBV)) and CRC has

not been established yet ¥,

Previous data regarding the role of EBV expression
in colorectal cancer are sparse as well as contradictory
and without a clear evidence of the active role of EBV
in colorectal carcinogenesis (4). In addition, the EBV
detection assays vary significantly across these studies,
having a significant impact on the obtained results ).

The expression patterns of the 6 EBV nuclear
antigens (EBNAI, -2, -3A, -3B, -3C and -LP), 3 latent
membrane proteins (LMP1, -2A, and -2B), and multiple
non-coding RNAs (EBERs and miRNAs) define the
distinct latency programs linked to the types of cancers
associated with EBV infection

revealed that LMPIl-mediated
upregulation of Fascin was depending on the NF-kB,

Earlier studies
where NF-kB and Fascin have both contributed to an
invasive migration of LMP1-expressing lymphocytes
@7, Tt is evident, and based on these studies, that
EBV infection and Fascin expression have a strong
correlation with malignancy progression in several
human carcinomas especially moderately- and poorly-

differentiated grades (7).

The deregulation of Bcl-2 family proteins can
cause various pathological consequences including the
development of cancer. The anti-apoptotic protein Bcl-
2 (B-cell lymphoma-2) is an important member in that
family that controls the release of pro-apoptotic factors
which are responsible for the activation of caspases
(by stabilizing the mitochondrial outer membrane) ).
An aberrant expression of Bcl-2 has been implicated
in several cancers, including CRC®. However, the
data obtained from different researches were often in

disagreement ).

Neither the function nor the prognostic value of
Bcl-2 expression in patients with CRC is clear. This was
evidenced from the contradictories in data from many
studies that have found expression of Bcl-2 to correlate
with better prognosis ©'?, while many other investigators
demonstrated that Bcl-2 was a poor prognostic marker
for cancer patients (!) or Bel-2 expression in CRC has
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no prognostic significance 1),

Under physiological conditions, the pro-apoptotic
members (like Bax and Bak) are sequestered and
inhibited by anti-apoptotic relatives (like Bcl-xL, Bcl-
2 or Mcl-1). It was found that anti-apoptotic proteins
are overexpressed in different cancers, supporting the
avoidance of cell death. In CRC, high expression of these
anti-apoptotic members has been shown to correlate
with lower tumor differentiation (!,

Materials and Methods

This research was designed as a retrospective
one. The study groups collectively comprised of (100)
colonic tissue which have processed as formalin-fixed
and paraffin embedded blocks and retrieved from the
archives of the period from 2014 till 2020 from many
hospitals and private histopathological laboratories in
Baghdad, Babylon, Kerbela, and Al-Najaf provinces
and enrolled in this study as both patients and control
samples from patients whom their age ranged from 17
to 75 years.

These blocks included 40 biopsies from patients
with colonic cancers, 40 biopsies from patients with
benign colonic tumors and 20 biopsies from patients
with apparently normal colonic tissues and used as an
age- and sex- matched control group.

Trimming process and tissue sectioning of the
tissue blocks were conducted in the histopathological
department of Teaching laboratories at the Baghdad
Medical City Complex where one paraffin embedded (4
mm) thick-tissue section was stained with hematoxyline
and eosin, while other tissue sections were stuck on
positive- charge slides for EBV-EBNA 1 and LMP
1 antigens as well as Bcl-2 detection by using Mouse
and Rabbit Specific HRP/DAB immunohistochemistry
detection kit (purchased from Abcam, UK). The details
of techniques for performing IHC reaction as well as
these antibodies conducted according the instructions of
that manufacturing company and done in the Research
Laboratories of the Clinical Communicable Diseases
Research Unit, at College of Medicine, University
of Baghdad as well as in the Advanced Microbiology
Research Laboratory at College of Science, University
of Babylon.
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The specification of this IHC kit after proper use
of the detection system gives an intense brown signals
at the specific sites of the expressed proteins in tissues
with a positive test. These signals evaluated under light
microscopy using x 100 lens for counting the positive
cells, where given intensity and percentage scores based
on the counted in 10 different fields of 100 cells in each
sample where their averaged percentage within 10 fields
was determined and given a scale of 0-3 for relative
intensity where 0 corresponding to no detectable IHC
reaction, and 1, 2, 3 equivalents to low, moderate, and
high intensity, respectively. Reactions assigned to one of
the following percentage scores where 1%—-25% = score
1, 26%—50% = score 2 and r > 50% = score 3.

Statistical Analysis

T test, ANOVA test, and Chi square applied by using
the SPSS program (version-22) and Excel application.

Results

I. Study Group Characteristics
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The archival specimens collected in this study were
related to patients with colonic tumor whom ages were
ranged from seven years to eighty five years. The mean
age of patients in colonic carcinoma (CC) (56.7 years)
was higher than the mean age of the benign colonic
tumors (BCT) (52. 3 years), whereas the mean age of
apparently healthy control(AHC) was (49.8 years).
The distribution of gender frequency in this study
where 52.5%, 55% & 60% were males in CC, BCT &
AHC, respectively; while, 47.5% ,45%& 40% were
females in CC, BCT & AHC, respectively. This study
has revealed that well differentiated carcinomas were
seen in 47.5% of CC group, while 37.5% and 15% of
CC have moderately and poorly differentiated grade
carcinomas, respectively. Anatomically, 6 cases of
colonic carcinoma were in the cecum (15%), 11 cases
in the transverse colon (27.5%), 2cases in the ascending
colon (5%), 2 cases in the descending colon (5%), 11
cases in the sigmoid (27.5%), and 10 cases in the rectum
(25%) (Table 1).

Table 1. The Study Group Characteristics

Malignant .
Benign s
colonic tissues .. Healthy colonic tissues (AHC)
colonic tissues(BCT),
(CO), N = 40(% N=20(%)
N= 40 (%) ()
Mean of Age (Years) 56.7 523 49.8
Age
Range of Age 17 -85 24 -74 38-75
Male 21 (52.5) 22 (55) 12 (60)
Gender 2 (40
Female 19 (47.5) 18 (45) (40)
Poorly 6(15)
Grade Moderately 14 (37.5)
18(47.5
Well (47:5)
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Cont... Table 1. The Study Group Characteristics

Cecum 6 (15)
Transverse colon 11 (27.5)
L
3 Ascending colon 2(5)
=
E .
5 Descending colon 2(5)
Sigmoid 11(27,5)
10 (25
Rectum 25)

II. EBV-EBNALI1 - Associated Colonic Tumors:

Twenty- three out of forty (57.5%) tissues
with colonic carcinoma showed  positive
immunohistochemical (IHC) reactions for EBV-EBNA1
in this study. The highly signal scores were found in
moderate grade score (Score 1) (25%; 10/40). While the
highly intensity signals were found in weak (Intensity
I) 22.5% (9/40) (Table 2 and Figure 1). The benign
colonic tumors group revealed 32.5% positive signals
which represented 13 out of 40 tissues in this group. The

highly signal scores was found in low grade score (Score
I) (17.5% ; 7/40).While the highly intensity signals was
found in moderate (Intensity II) 17.5% (7/40) Lastly,
20% (4 out of 20 cases )of colonic control tissues group
presented positive signals for EBV-EBNA1 —IHC test.
However, in comparison to the percentage of EBNALI
—IHC in healthy colonic control group as well as in the
group of benign colonic tumors, the differences between
the percentages of EBNA1 —IHC in tissues of patients
with colonic carcinoma and each of these groups are
statistically significant (P value = < 0.004).

Table 2: The percentage of EBNA1 —IHC score and intensity signaling in colonic tumors

Colonic carcinoma N GG A.H control
EBNA1 -IHC 40 tumors —20 P-value
=) (n=40) (0=20) (test)
No. % No. % No. %
Negative 17 42.5 27 67.5 16 80
0.004
Positive 23 57.5 13 32.5 4 20
I 6 15 7 17.5 2 10
Signal Score 1 10 25 4 10 1 5 0.007
111 7 17.5 2 5 1 5
Weak 9 22.5 5 12.5 3 15
s 1gne}l Moderate 8 20 7 17.5 1 5 0.009
Intensity
Strong 6 15 1 2.5 0 0.00
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A

Figure (1): Colonic Carcinoma Showing The Results of Immunohistochemistry Staining Protein Over
Expression Using Biotinylated Anti —-EBNA1 Protein Antibody; Stained By DAB-Chromogen (Brown) and
Counter Stained By Mayer’s Hematoxylin (Blue).A- Colonic cancers with negative EBNA1-IHC reactions

(40X).
B- Positive EBNA1-IHC reaction with low score and high signal intensity (40X).

III. The Results of LMP-1 —-EBV -IHC Signal score
and intensity signaling in colonic tumors.

Table (3) shows the positive results of LMP-1 —
EBV -THC detection where 45 % (18 out of 40 tissues)
from colonic carcinoma group showed positive signals
including 27.5 % (11 out of 40 tissues) in the low
score (score I), while the percentage of benign colonic
tumors was 30%(12 out of 40 ) showed positive signals
including 12.5% (5 out of 40 tissues) in the moderate
score (score II) .Lastly, in AHC was15% (3 out of 20
cases) showed positive signals including 10 % (2 out of
20 tissues) in the low score (score I) ( Fig. 2).

The percentage of LMP-1 —EBYV expression in cells
that were evaluated for the intensity of LMP-1 ~EBV
-IHC reactions showed 30 % (12 out of 40 tissues) in
the weak intensity(I), while the percentage of benign
colonic tumors was (30%) showed positive signals
intensity including 17.5 % (7 out of 40 tissues) in the
moderate score (score II). Lastly, in AHC was15% (3
out of 20 cases) showed positive signals including 10
% (2 out of 20 tissues) in the weak score (score I) Fig.
(2). Statistically, significant differences were noticed
between scoring and intensities of tissues at (P<0.05) in
colonic tumors group.

Table 3: The percentage of LMP-1 —-EBV-IHC score and intensity signaling in Colorectal Tumors

Colonic carcinoma Benign colonic A.H control
LMP-1 -EBV -IHC tumors
(n=40) (n=40) (n=20) P-value (y2test)
No. % No. % No. %
Negative 22 55 28 70 17 85
0.007
Positive 18 45 12 30 3 15
1 11 27.5 4 10 2 10
Signal Score II 5 12.5 5 12.5 1 5 0.04

il 2 5 3 7.5 0 0.00

Weak 12 30 4 10 2 10
Signal Intensity Moderate 5 12.5 7 17.5 1 5 0.03
Strong 1 2.5 1 2.5 0 0.00
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B

Figure (2) : Infiltrative Colonic Carcinoma Showing Results of Inmunohistochemistry Staining Protein
Over Expression Using Biotinylated Anti - LMP-1 -EBV Protein Antibody; Stained By DAB-Chromogen
(Brown) and Counter Stained By Mayer’s Heamatoxylin (Blue).

A- Colonic Cancer with negative staining for LMP-1 -EBYV (40x). .
B- LMP-1 -EBYV -IHC-reaction with high signal score and strong signal intensity (40x).

IV. The Results of BCL2 -IHC Signal score and
intensity signaling in colonic tumors.

Table (4) shows the positive results of bel-2 -IHC
detection where 47.5 % (19 out of 40 tissues) from colonic
carcinoma group showed positive signals including 20
% (8 out of 40 tissues) in the low score (score I), while
the percentage of benign colonic tumor was 40%(16 out
of 40) showed positive signals including 17.5% (7 out
of 40 tissues) in the moderate score (score II). Lastly,
in AHC was 20% (4 out of 20 cases) showed positive
signals including 10 % (2 out of 20 tissues) in the low
score (score I) ( Fig. 2).

The percentage of bcl-2 expression in cells that were
evaluated for the intensity of bel-2 -IHC reactions showed
25 % (10 out of 40 tissues) in the weak intensity(I), while
the percentage of benign colonic tumors was (40%)
showed positive signals intensity including 20 % (8 out
of 40 tissues) in the moderate score (score II). Lastly,
in AHC was 20% (4 out of 20 cases) showed positive
signals including 10 % (2 out of 20 tissues) in the weak
score (score I) (Figure 2). Statistically, significant
differences were noticed between scoring & intensities
of tissues at (P<0.05) in colonic tumors group.

Table 4: The percentage of BCL-2-IHC score and intensity signaling in colonic tumors

Colonic carcinoma LB GO A.H control
BCL-2 -IHC tumors

(n=40) . (n=20) P-value
(n=40) (2test)

No. % No % No. %

Negative 21 52.5 24 60 16 80

0.008
Positive 19 47.5 16 40 4 20
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Cont... Table 4: The percentage of BCL-2-IHC score and intensity signaling in colonic tumors

I 8 20 6 15 2 10
Signal Score 11 7 17.5 7 17.5 1 5 0.009
11T 4 10 3 7.5 1 5
Weak 10 25 3 7.5 2 10
Signal Moderate 6 15 8 20 1 5 0.007
Intensity
Strong 3 7.5 5 12.5 1 5

B

Figure 2: Infiltrative Colonic Carcinoma Showing The Results of
Immunohistochemistry Staining Protein Over Expression Using Biotinylated Anti — bcl-2 Protein Antibody;
Stained By DAB-Chromogen (Brown) and Counter Stained By Mayer’s Hematoxylin (Blue).

A- Colonic Cancer with negative staining for bcl-2 (40x).

B- bel2 -IHC-reaction with high signal score and strong signal intensity (40x).

V. Spearman’s Rho Statistical Testing of Age,
Grade, EBNA1 -EBV; LMP1-EBYV and BCL-2- IHC
to Evaluate the Studied Markers in Colonic Tissues.

A strong positiverelationship (with highly significant
correlation) was found between EBNA1 -EBV; LMP1-
EBVand BCL-2- markers in colonic tissues (r = 0.648,

P = 0.008) and (r = 0.564, P = 0.006), respectively.
Similarly, there is a strong positive relationship (with
highly significant correlation) between BCL2 and grade
of colonic tissues (r = 0. 683; p=0.009). However, there
are no significant correlations among EBV and other
markers (as illustrated in table 5).
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Table 5: Spearman’s Rho Statistical Testing of Age, Grade, EBNA1 EBV; LMP1--EBV and BCL-2 -IHC to
Evaluate the Studied Markers in Colonic Tissues.

A
Spearman’s rho Sy Grade EBV-EBNA1 EBV-LMP-1
(years)
r -0.149
Grade
P 0.377
r 0.070 0.123
EBV-EBNA-1
P 0.862 0.512
r 0.080 0.153
EBV-LMP-1
P 0.794 0.449
r 0.165 0.683 0.648 0.564
BCL-2
0.008* 0.006*
P 0.371 0.009*

*Correlation is highly significant (P<0.01).

Discussion

CRC, like other human carcinomas, is a complex
multistep process that involves early steps of tumor
cell invasion within the microenvironment and then
an eventual entering the bloodstream. Consequently,
specific genetic and epigenetic changes are required to
fulfill these metastasis steps (!, Several studies had
reported that the Fascin gene (produces an actin-binding
protein that is upregulated in cancer cells specially
during epithelial to mesenchymal transition) plays an
important role in the progression of human carcinomas,
including CRC and has correlated with poor prognosis
in human CRC ¢ 15,10,

In the present study, twenty- three out of forty
(57.5%)and 45 % (18 out of 40 tissues) tissues with colonic
carcinoma showed positive immunohistochemical
(IHC) reactions for EBV-EBNAland EBV-LMP-I,
respectively.

Epstein-Barr virus by alternating its envelop proteins
has exhibited a dual tropism to both B and epithelial
cells. As such, this viral infection commonly associated

with Burkitt and Hodgkin lymphoma (as B-cell
lymphomas) as well as nasopharyngeal, gastric and
probably rectal carcinomas (as an epithelial malignancy
(7)), An activation of clearly blown colorectal cancers by
Epstein-Barr virus can result by the viral wide- ranged
effects that result in cell damage by various processes
such as metabolism, cell cycle regulation, apoptosis,

protein synthesis, angiogenesis and cellular connections
(18)

Boguszakova and associates study on patients with
colonic adenocarcinoma and adenoma failed to show
EBV DNA in the investigated biopsies (). Similar
no positive findings were reported by Yuen et al. and
Cho et al. who tested the presence of EBV in colorectal

carcinomas from Chinese patients using ISH for EBERs
(20,21)

In Karpinsky et al. study on 186 colorectal cancer
specimens by PCR, 19% positive samples for EBV-
DNA found. (16). In addition, Samaha et al. and Kon et
al. (10, 12) concluded that rectal lymphoepithelioma-like
carcinoma probably related to EBV. However, Yanai
and co-workers by using ISH for EBER-1 found that
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EBV infection may be related to 60% of IBD diseases
such as Crohn’s disease and ulcerative colitis cases 22,

During EBV latent infection enhances the
oncogenic properties via compromising immune system
and enhancing chronic inflammatory microenvironment.
This virus encodes 6 viral nuclear antigens (EBNA-
1, -2, -3A, -3B, -3C and LP), 3 viral latent membrane
proteins (LMP-1, -2A and -2B), 2 small viral non-coding
Ribonucleic acids (EBER-1 and -2) and rightward
transcripts of BamHI-A, where the main function of
these proteins is to evade immune surveillance and to
play as “oncogenes” in EBV - infected cells, by silencing
the anti-EBV effect of INF-y and modulating anti-viral
cytokines (TNF-a, IL-1p and IL-6 ) and mimicking the
IL-10 characteristics 329

Bcl-2 is well documented as a key inhibitor of
apoptosis that play a major role to maintain normal
balance between both apoptosis and cellular survival.
The defects in the apoptotic pathway in mitochondria
are tightly related to carcinogenesis. In addition,
abnormal activation of Bcl-2 has been implicated for
the CRC evolution, yet, and to date, the exact role of
Bcl-2 expression as well as its prognostic value in CRC
patients has not been consistently established .

Positive results of bcl-2 -IHC detection were
detected in 47.5 % of tissues from colonic carcinoma
group, including 20 % with low score (score I), while
the percentage of bel-2 -IHC detection in benign colonic
tumor was 40% including 17.5% with moderate score
(score II) and in AHC was 20% including 10 % with low
score (score I).

One eligible meta-analysis that investigated the
prognostic value of Bcl-2 in CRC found that high
expression of Bcl-2 has significantly increased survival
of CRC patients and this is contradictory to the anti-
apoptotic function of Bcl-2, and might be related to the
interactions of other proteins enrolled in the apoptotic
pathways such as p53(9). Highly expressed Bcl-2 was
more frequently correlated to highly differentiated
and A/B Ducks’ staged in tumors. As such, down-
regulation of bcl-2 has been associated with higher risk
of malignant transformation of colorectal adenoma, and
was proved that lacking of Bcl-2 expression correlated
with invasion, metastasis and recurrence of CRC 29,
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Many previous studies have tested the prognostic
significance of the counteracting expression levels of
Bcl-2 and Bax with clinicopathological parameters of
colorectal cancers (27, 28), and found that Bax/Bcl- 2
ratio determines the cell susceptibility to apoptosis,
where lower ratio lead to resistance of cancer cells to
apoptosis result in poor prognosis and more infiltrative
growth and tumor progression and aggressiveness ?%).

Other study ©%, and regarding the location of
primary tumors from where resected, have demonstrated
a critical role in determining tumor characteristics and
prognosis of the cancer.

The finding of GV study indicated that abnormal
bcl-2 gene activation is an early event in neoplastic
development or progression of colorectal carcinoma,
since higher levels of bcl-2 expression in dysplastic and
malignant than non-neoplastic cells were found.

However, several other studies 233 reported
higher rates of bcl-2 expression in adenoma than
carcinoma, indicating an important role of bcl-2 to play
in the early stage of the adenoma-carcinoma sequence
and being followed by other genetic changes, such as
p53 accumulation.
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