
Original article Pathology 63
Bcl-2 expression and image analysis of premalignant and
malignant colonic lesions
Sonia L. El-Sharkawy, Naglaa F. Abbas, Wafaa E. Abdelaal, Manal A. Badawi
Department of Pathology, Medical Research

and Clinical Studies Institute, National

Research Centre, Cairo, Egypt

Correspondence to Manal A. Badawi, MD,

Department of Pathology, Medical Research

and Clinical Studies Institute, National

Research Centre, Cairo, Postal Code: 12622,

Egypt. Tel.(Office): 0233371615 (1214);

e-mail: badawimanal@yahoo.co.uk

Received: 7 September 2023

Revised: 20 November 2023

Accepted: 3 December 2023

Published: 10 June 2024

Journal of The Arab Society for Medical
Research 2024, 19:63–72
© 2024 Journal of The Arab Society for Medical Researc
Background/aim
Colorectal cancer is the third malignancy worldwide with high mortality. The
development of colorectal carcinoma is a multiple step process that turns
normal cells into malignant ones. One of these steps is inhibiting apoptosis. Bcl-
2 is the key regulators of apoptosis and thus inhibits programmed cell death. The
relationship between cell death and cell proliferation is balanced through apoptosis.
This study aimed to evaluate immunohistochemical bcl-2 expression, nuclear
morphometric parameters, and cell cycle values in premalignant and malignant
colon lesions.
Material and methods
Sixty colonic paraffin blocks (10 normalmucosa, 20 adenomas, and 30 carcinomas)
from private laboratories and the Pathology Department, National Research
Centre, Cairo, Egypt, were included in this study. Bcl-2 expression was
evaluated by immunohistochemistry. Nuclear morphometric parameters and cell
cycle values were studied using an image analysis system.
Results
Immunohistochemical results showed expression of bcl-2 in the lower half of normal
colonic crypts. Bcl-2 positivity was detected in 53% of carcinomas and 85% of
adenomas with significant difference. The percentage of bcl-2 positive cells in
carcinomas was significantly decreased with increasing grades. In carcinomas,
nuclear area showed significant increase with increasing grades. Nuclear area
showed significant difference between high-grade dysplastic adenomas and
carcinomas. Carcinomas showed high proportion of aneuploid cells with
significant difference than adenomas. Inverse correlation was detected between
aneuploidy and bcl-2 positivity.
Conclusion
Bcl-2 protein has a role in early event of colorectal carcinogenesis. The acceptable
reliability of immunohistochemical, nuclear area, and cell cycle analysis may serve
as diagnostic and prognostic indicators in benign and malignant colorectal lesions.
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Introduction
Colorectal cancer (CRC) is the third malignant tumor
with high mortality accounting for about 881.000
deaths worldwide [1,2]. This tumor is the second
cancer in women and the third in men [3]. Its
incidence in developed countries is increasing among
persons less than 50 years old [4]. Limited clinical signs
are demonstrated in early stages of CRC and patients
are diagnosed with metastasis, rendering difficult
therapy, therefore early diagnosis is a challenge [5,6].

Bcl-2 family of proteins which regulate apoptosis, and
disturbance of this regulation can lead to many
pathological consequences including formation of
malignant tumors [7]. The antiapoptotic bcl-2 gene
is 26-kD protein which blocks apoptosis and controls
the release of preapoptotic factors. These factors are
responsible for stabilizing the mitochondrial
membrane and activation of caspase [8].
h | Published by Wolters Klu
Aberrant expression of bcl-2 is closely related to
carcinogenesis in most malignant tumors, including
CRC [8]. Bcl-2 family members are classified into
three subgroups: the antiapoptotic/prosurvival
proteins, the proapoptotic proteins, and the
multidomain proapoptotic proteins [9]. The
proapoptotic proteins are characterized by the
presence of the N-terminal BH4 domain. This
domain can bind other proteins which are not from
bcl-2 family proteins, forcing them to play a role in
inhibiting apoptosis by functions such as, autophagy,
proliferation, DNA repair differentiation, and
angiogenesis [10]. The antiapoptotic protein group
makes their prosurvival role by binding and
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inhibiting the proapoptotic protein which are the
effectors of apoptosis and the sensors of cellular
stress [11].

Aberrant expression of bcl-2 proteins has been detected
in malignant tumors from different origins. Other
studies have shown that high levels of antiapoptotic
proteins have an action in modulating apoptosis,
response to therapy, tumor initiation, and
progression [10,12]. Several studies detected that
bcl-2 expression is associated with cancer
progression including colon cancer. Some studies
found a correlation between Bcl-2 expression and
better prognosis [13,14]. Others demonstrated that
bcl-2 was a bad prognostic for patients having
malignant tumors [15–17].

Morphometry has a great role in many areas of
diagnostic histopathology. Computer-assisted image
morphometric analysis has been introduced to
quantitate various grading systems. Increasing
abnormalities in morphology of nuclei correlates
with the advanced grade of tumor as well as poor
prognosis in many cancers. Nuclear morphometry
correlates with mitotic activity, tumor size, and
lymph node metastasis. Nuclear morphometry can
be added to clinical and histopathological features
and used to prognosticate and classify cancer cases
into low-risk and high-risk groups [18].

Cellular growth and cell preparation for division
between cell divisions is called the cell cycle. The
cell cycle is divided into four phases; the length of
cell cycle phases is an important characteristic of cell
life. They are the G1 (gap 1), S (DNA synthesis), G2
(gap 2), and M (mitosis) phases [19].

Information about cell cycle is very helpful for
predicting tumor development. Cancer cells show
unscheduled proliferation, genomic instability, and
chromosomal instability [20]. Dysregulation of the
cell cycle is the first step in carcinogenesis, tumor
invasion, and metastases [21].

The progression of cells in the cell cycle has highly
organized steps related to intracellular and extracellular
signals and controlled by endogenous and exogenous
factors. Various approaches are used to identify cell
cycle phases. The most frequently used approach is
based on the analysis of DNA. The cells in G1 and G0
have half DNA content as compared to G2 and M
cells. The DNA histogram enables the estimation of
the percent of cells in G1/G0, S, and G2/M phases
[19].
This study aimed to evaluate immunohistochemical
expression of bcl-2 and image analysis of nuclear
parameters in premalignant and malignant tumors.
Material and methods
Samples and the study design
The present study retrospectively obtained paraffin
blocks and reviewed the database of 60 cases that
underwent curative surgery for CRC from private
laboratoriess and the Pathology Department,
National Research Centre. The used material was
derived from anonymous archival tissue samples
embedded in paraffin blocks. So, no consent was
obtained.

The 60 colonic paraffin blocks included in this study
were 10 normal mucosa, 20 adenomas, and 30
carcinomas. The adenoma cases were 10 with low-
grade dysplasia and 10 with high-grade dysplasia. The
carcinoma cases were 10 grade I adenocarcinoma, 10
grade II adenocarcinoma, and 10 grade III
adenocarcinoma.
Inclusion criteria
Cases of CRCwith no other cancers or chronic diseases
and cases did not receive radiotherapy or
chemotherapy.
Exclusion criteria
Cases with other cancers or received radiotherapy or
chemotherapy and cases with chronic diseases were
excluded from this study.
Ethical consideration
The present study was conducted with the Code of
Ethics of theWorld Medical Association, according to
the principles expressed in the Declaration of Helsinki.
This study was approved by the Local Ethics
Committee of National Research Centre, Cairo,
Egypt with approval number 16/308. The used
materials were derived from archived tissue samples
embedded in paraffin blocks. The personal data of the
patients were replaced by numerical codes for privacy
and confidentiality.
Methods
Three sections (4 μm thick) were cut from each block.
One section was stained with hematoxylin and eosin
for histopathologic evaluation and morphometric
analysis. The second section was stained with
Feulgen stain for measurement of cell cycle
parameters. The third section was mounted on a
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positively charged glass slide for immunohistochemical
staining using anti-bcl-2 antibody.
Immunohistochemistry
For immunostaining, the sections were deparaffinized
and rehydrated through a graded series of alcohol.
Endogenous peroxidase activity was blocked by
freshly prepared 0.3% hydrogen peroxide in
methanol for 20min. Then microwave antigen
retrieval was used, followed by incubation with bcl-2
antibody. The Ultravision LP polymer system (Lab
Vision, Fremont, California, USA) and the chromogen
diaminobenzidine were used to amplify and visualize
the antigen–antibody complex. The expression of bcl-2
was evaluated in the entire section at a magnification of
×400. Bcl-2 showed cytoplasmic staining. The bcl-2
was determined as the percentage of positively stained
cells to the total number of cells. The percentage
positivity was graded as low (>25%), medium
(25–50%), and high (<50%) [22].
Image analysis
The image analysis was performed at the Pathology
Department, National Research Centre, using the
Leica Qwin 500 Image analyzer (LEICA Imaging
Systems Ltd, Cambridge, UK) which consist of a
Leica DM-LB microscope with a JVC color video
camera attached to a computer system.
Morphometric analysis
Nuclear morphometric analysis was performed on
hematoxylin and eosin-stained slides. A 100–150
nonoverlapping nuclei were evaluated per case by a
trained pathologist who was blinded of the
histopathological diagnosis. Images were captured at
×400 magnification. Calibration was performed before
each measuring session. Nuclei were outlined using the
mouse of the computer. These outlines were refined
automatically and automatic measurements were made
by the software. After measurement, the data were
transferred to the Excel sheet for further analysis.
Nuclear morphometric parameters analyzed included
nuclear area, diameter, perimeter, roundness (4πA/P2),
texture (amount of local intensity variation in the
digitized image of a nuclear profile) and mean grey
(the sum of grey values for each pixel within the
nucleus/number of pixels measured).
Cell cycle analysis
Two of the most popular cytometric applications are
the measurement of cellular DNA content and the
analysis of the cell cycle. The cell cycle profile was
determined by staining the DNA with a specific dye
and measuring its intensity. The Feulgen stain is not
only specific for the localization of DNA in
chromosomes, but at the same time the intensity of
the reaction may be considered as an index of the
amount of DNA present in the cell [23].

Analysis was performed first on the normal control
specimens to determine the reference values. Selection
of nuclear boundaries is usually performed automatically
by the image analysis system; however, some degree of
interaction or editing is usually needed for optimal
nuclear selection ‘Touching’ nuclei can be ‘Cut’ from
each other, and cellular fragments or extraneous cells can
be erased prior to measurements. Only separate, intact
nuclei were measured. Distorted or overlapping nuclei
and nuclear fragments were manually eliminated from
measurement.All these facilitieswere suppliedas editing
functions in the LeicaQwin 500 image analysis systems.

Care was taken tomeasure various nuclei representative
of the examined lesion, so that measurements were not
biased toward the degenerated, bizarre, or anaplastic
nuclei. Each field was focused before the measurement
to exclude cut nuclei and blurred ones. The optical
density of the selected nuclei in each microscopic field
is then measured and automatically converted by the
system into cell phase in the life cycle. We select many
fields until the desired number of nuclei 100–150 has
been measured. Percentages of cells in the first growth
phase (G1), proliferating cells (S), and second growth
phase (G2) were calculated and determined
automatically by the system. All collected data were
stored to be reanalyzed. The proliferating cell
percentage was calculated by summation of
percentage of cells in synthesis phase (S) and cells in
gap 2 (G2) phase of the cell cycle.
Statistical analysis
All data were collected, revised, coded, and entered into
the Statistical Package for the Social Sciences (version
23.1; IBM SPSS, Armonk, New York, USA). The
quantitative data were presented as mean±SD. The
comparison between groups regarding quantitative
data was done using the analysis of variance test.
The qualitative variables were presented as number
and percentages. The comparison between groups
regarding qualitative data was done using the χ2 test.
P values of less than 0.05 were considered to indicate
statistical significance.
Results
Bcl-2 immunoreactivity
Normal colonic mucosa showed bcl-2
immunoreactivity in the lower half of colonic crypts.
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The epithelial cells lining the upper half of the crypt
and surface epithelium were negatively stained for bcl-
2. Out of 20 adenoma cases, 17 (85%) cases showed
positive staining for bcl-2. Nonsignificant correlation
was detected between bcl2 expression and degree of
dysplasia in adenomas where 90% of low-grade
dysplasia and 80% of high-grade dysplasia were
positively stained for bcl-2 (Table 1).

The carcinoma cases had a significantly lower rate of
bcl-2 positivity than adenomatous cases where it was
Table 1 Bcl-2 expression in studied groups

Bcl-2 +ve [n (%)]

Adenomas

Low grade dysplasia 9 (90)

High grade dysplasia 8 (80)

Total 17 (85)

Adenocarcinoma*

Grade I 8 (80)

Grade II 5(50)

Grade III 3 (30)

Total 16 (53.3)
*Significant difference at P value less than 0.05 using the χ2 test.

Figure 1

Bcl-2 imunohistochemical expression; (a) normal colonic mucosa revealin
adenoma showing high percetage of positively stained cells (×100), (c) gr
and (d) grade II colonic adenocarcinoma revealing negative expression
detected in only 53.3% of cases (vs. 85% of adenoma
cases). Bcl-2 was expressed in 80% of grade I, 50% of
grade II, and 30% of grade III showing significant
negative correlation between bcl-2 expression and
tumor differentiation. Semiquantitative
determination of the percentage of bcl-2
immunoreactive tumor cells revealed a significant
difference between colonic adenomas and carcinoma
where most of the positive adenoma (65%) showed
high staining (<50%), while majority of the positive
carcinoma (68.9%) displayed low immunoreactivity for
Bcl-2 −ve [n (%)] Total

1 (10) 10

2 (20) 10

3 (15) 20

2 (20) 10

5 (50) 10

7 (70) 10

14 (46.7) 30

g positive expressin in lower half of colonic crypts (×200), (b) colonic
ade I colonic adenocarcinoma showing moderate expression (×100),
(×200).
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bcl-2 (>25%). Nonsignificant correlation was detected
between the degree of dysplastic changes in adenoma
and the proportion of positively stained cells. On
contrary a significant inverse correlation was
detected between the proportion of bcl-2 positively
stained cell and histologic grades of carcinoma on
comparing grade I and grade II with grade III. All
cases of grade III and only 61.9 of grade I and grade II
cases showed low staining. None of grade III cases and
15.5% of grade I and grade II cases showed high
staining, as shown in Fig. 1 (Table 2).
Nuclear morphometry
Adenoma cases revealed significantly higher values of
nuclear area than those of normal colonic mucosa
Table 2 Proportion of bcl-2 positively stained cells in studied grou

Low >25% [n (%)] Moder

Adenomas

Low-grade dysplasia 1 (11.1)

High-grade dysplasia 1 (12.5)

Total 2 (10)

Adenocarcinoma*

Grade I 4 (57.2)

Grade II 4 (66.6)

Grade III 3 (100)

Total 11 (68.9)

*Significant difference at P value less than 0.05 using the χ2 test.

Figure 2

Nuclear morphometry: (a) normal colonic mucosa, (b) adenoma with dysp
(hematoxylin and eosin, ×400).
(P>0.05). All nuclear morphometric parameters
showed insignificant difference between low-grade
and high-grade dysplasia (P<0.05). In cases of
adenocarcinoma, nuclear area showed significant
increase with increasing histologic grade (P>0.05),
as shown in Fig. 2 (Table 3).
Cell cycle analysis
Table 4 showed that the examined cells in the gap 1
(G1) phase significantly decrease from control cases,
low grade dysplasia, high grade dysplasia to carcinoma
cases with higher grades (P>0.05). The percentage of
proliferating cells increased significantly in adenomas
than control. However, carcinomas showed decreased
number of proliferating cells than adenomas. As regard
ps

ate 25–50% [n (%)] High <50% [n (%)] Total

2 (22.2) 6 (66.7) 9

2 (25) 5 (62.5) 8

4 (25) 11 (65) 17

2 (28.5) 1 (14.3) 7

1 (16.7) 1 (16.7) 6

0 0 3

3 (18.8) 2 (12.3) 16

lasia, (c) grade I adenocarcinoma, and (d) grade III adenocarcinoma
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cells in S phase and gap 2 (G2), there was insignificant
difference between the studied groups (P<0.05). There
was a significant increase of the percent of aneuploid
cells between studied groups where they increase from
low grade dysplasia to high grade dysplasia to
carcinoma cases with increasing grades (P>0.05)
(Fig. 3).
Table 3 Nuclear morphometric parameters of the studied cases

Area (μm2) Diameter (μm) Pe

Normal colonic mucosa 12.9±1.5a 5.1±0.2a

Adenomas

Low-grade dysplasia 18.5±2.2b 6.0±0.4a

High-grade dysplasia 20.4±1.3b 6.4±0.1a

Adenocarcinoma

Grade I 23.7±2.1c 6.8±0.4a

Grade II 29.9±0.7d 7.5±0.0a

Grade III 35.2±3.2e 8.2±0.5a

All data are presented as mean±SD. All data with different super script
the analysis of variance test.

Figure 3

Histogram of cell cycle indices: (a) normal colonic mucosa, (b) adeno
adenocarcinoma.

Table 4 Cell cycle indices of the studied groups

G1cell % S c

Normal colonic mucosa 72.0 2

Adenomas*

Low-grade dysplasia 35.8 3

High-grade dysplasia 19.0 4

Adenocarcinoma*

Grade I 7.0 2

Grade II 1.7 1

Grade III 1.0 8

*Significant difference at P value less than 0.05 using the χ2 test.
Correlation between Bcl-2 expression and nuclear
parameters
There was nonsignificant correlation between nuclear
area and proportion of bcl-2 positive cells in cases of
adenomas with low-grade and high-grade dysplasia. In
carcinoma cases, there was a significant converse
correlation between nuclear area and proportion of
bcl-2 positive cells with different histologic grades.
rimeter (μm) Roundness Texture Mean grey

14.3±0.7a 1.23±0.06a 48.1±7.1a 234.8±1.2a

17.0±1.2a 1.20±0.02a 118.2±21.7a 219.0±6.2a

17.9±0.5a 1.20±0.02a 69.6±30.9a 231.5±7.9a

19.2±0.9a 1.19±0.01a 62.8±19.4a 233.6±6.1a

21.4±0.2a 1.18±0.03a 62.7±22.2a 232.5±8.9a

23.2±1.3a 1.17±0.005a 101.1±13.6a 230.4±6.8a

letters (a, b, c, d, e) are significant at P value less than 0.05 using

ma with dysplasia, (c) grade I adenocarcinoma, and (d) grade III

ell % G2 cell % Aneuploid cell %

2.0 6.0 0.0

6.8 18.4 9.0

2.5 22.5 16.0

9.7 32.0 31.3

4.3 29.7 54.3

.4 18.3 72.3
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In adenoma cases both of proliferating cells % (S+G2)
and proportion of bcl-2 positive cells increased
with significant correlation in low-grade and high-
grade dysplasia. In carcinoma cases both parameters
decreased with significant correlation in different
histologic grades. As regard aneuploidy cells %, there
was a significant inverse correlation with proportion of
bcl-2 positive cells in dysplastic adenoma and carcinoma
cases with different histologic grades (Table 5).
Discussion
Bcl-2 gene is a 26-kD protein that inhibits apoptosis
and may lead to accumulation and propagation of cells
having genetic mutation [8]. Apoptosis is a form of
programmed cell death that happens in normal tissue
development and regeneration. It can be activated by
stress signals such as nutrient deprivation, reactive
oxygen species and excessive mitogenic signaling
associated with tumor initiation [24].

Increased proliferation which occurs due to oncogenic
mutations is promoted by alterations in apoptotic
pathways that finally lead to tumor growth. Colon
apoptosis has a crucial role in intestinal turnover, so
that the disruption of balance between apoptosis and
Table 5 Correlation between bcl2 expression and nuclear paramete

Low
>25%

Nuclear area

Adenomas

Low-grade dysplasia 20.4

High-grade dysplasia 21.9

Adenocarcinoma*

Grade I 25.6

Grade II 30.6

Grade III 37.6

Aneuploid cells

Adenomas*

Low-grade dysplasia 11

High-grade dysplasia 23

Adenocarcinoma*

Grade I 37

Grade II 61

Grade III 81

Proliferating cell

Adenomas*

Low-grade dysplasia 36

High-grade dysplasia 55

Adenocarcinoma*

Grade I 58

Grade II 38

Grade III 19

*Significant difference at P value less than 0.05 using the χ2 test.
proliferation facilitate tumor development and
progression [25].

On the other hand, nuclear morphometry and the
study of cell cycle by image cytometric analysis are
very useful in understanding and predicting tumor
development. Dysregulation of the cell cycle is the
primary step in carcinogenesis and have an
important role in tumor invasion and metastases [21].

This study aimed to evaluate immunohistochemical
expression and image analysis of nuclear parameters in
premalignant and malignant colon tumors.

In our study, normal mucosa of colon showed bcl-2
positive staining in the lower half of colonic crypts and
surface epithelium were negatively stained for bcl-2.
These results were also shown by previous studies
[26,27]. They demonstrated that bcl-2 is normally
expressed in the basal portion of colonic crypts which
correspond to theprogenitor cells. These cells are known
to protect the regenerative compartment from cell death.

In the present study, 85% of the colon dysplasia (low
and high grades) is positive for bcl-2 expression,
however, its expression showed nonsignificant
rs

Proportion of bcl-2 positively stained cells

Moderate High
25–50% <50%

19.2 16

19.7 19.5

24.1 21.3

30 29.1

36.4 31.5

11 5

14 13

31 26

51 51

69 67

64 65.5

69 69

60 67

47 47

29 32
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correlation with the degree of dysplasia. These results
were in accordance with Elsharkawy [22] that showed
61% of cases of colon dysplasia showed bcl-2
immunopositivity with nonsignificant relation with
the degree of dysplasia. On the other hand, 65% of
colon dysplasia in our study showed high percentage of
bcl-2 immunoreactivity (>50%) staining, while 25%
had moderate staining (25–50%), and the remaining
15% showed low percentage of bcl-2 staining (<25%)
with nonsignificant correlation between percentage of
bcl-2 positivity and degree of dysplasia.

The prognostic significance of bcl-2 expression is
controversial in colon cancer. While some reports
showed a favorable prognostic role of bcl-2 [16,28],
others demonstrated that bcl-2 is a poor prognostic
marker formalignant tumors including colon cancer [29].

In the current study, bcl-2 positivity was detected in
about 53% of CRC with a significant difference
between its expression in carcinoma cases and cases
of dysplastic adenoma. The percentage of positive cells
decrease from low to high grade with inverse
correlation with tumor differentiation. These results
were in agreement with the study of Patil et al. [30]
which showed that well-differentiated cases had
greater bcl-2 immunoreactivity than poorly
differentiated cases. However, a previous study
demonstrated that bcl-2 overexpression was
associated with high histological grades, resulting in
aggressive tumor [29]. Other study did not detect any
correlation between bcl-2 expression and
histopathological grade [31]. This study showed that
the percentage of bcl-2 positivity in grade III is
significantly lower than that in grade I and grade II.
Similar results were demonstrated by previous studies
which showed increased of expression bcl-2 in
adenomas than carcinomas indicating its role in the
early stages of carcinogenesis [27,32]. Moreover, lack
of bcl-2 expression has been associated with invasion,
metastases, and recurrence of CRC [28].

The consonance between the antiapoptotic and
proapoptotic bcl-2 family proteins is responsible for
cell’s fate. Studies have been performed to identify bcl-
2 inhibitors, and to evaluate the clinical value of using
bcl-2 antiapoptotic members as therapeutic targets for
many malignant tumors [33].

Various methods can be used for analysis of cell cycle;
however, in the present study we used image analysis
for nuclear morphometry and cell cycle progression in
colon adenoma and carcinoma. Morphometric analysis
comprises measuring and counting to obtain accurate
data for cell and tissue components that are important
for diagnosis and prognosis of several tumors.
Quantitative assessment of nuclear morphometry
with computerized image analysis was done in many
studies and correlated with prognostic factors of various
malignancies including colon cancer, breast cancer, and
renal cell carcinoma [34–36].

In the present study, all nuclear parameters showed
nonsignificant increase in values with increasing
dysplastic changes in cases of adenomas, while in
colon carcinoma only nuclear area showed significant
increase with increasing histologic grade (P<0.01). On
the other hand, nuclear area showed statistically
significant difference (P<0.01) between adenoma
with high-grade dysplasia and grade I colon
adenocarcinoma. This is in accordance with Yassen
et al. [37] who suggested that nuclear area has a
considerable role in prediction of carcinoma. They
added that nuclear morphometry has also an
important role in screening of patients with colon
cancer who are at risk of metastases or recurrence after
curative surgery.

Nuclear morphometric studies were verified in previous
studies of various malignancies [38–40]. Mendaçolli
et al. [41] detected significant changes in nuclear
morphometric and chromatin texture pattern
between basal cell carcinoma and normal basal
epithelium. Other studies showed a significant
difference in nuclear morphometric parameters
including perimeter, circularity, and major and
minor axes ratio between hepatocellular carcinoma
and adjacent tissue hepatocytes with high sensitivity
and specificity for discrimination between neoplastic
and nonneoplastic hepatocytes [42,43]. They
determined that the incorporation of technological
digital histological analysis for nuclear morphometry
can help the pathologists in quantifying parameters
that may not be detected by a subjective analysis.

The cell cycle is divided into four phases; the length of
these cell cycle phases is an important characteristic of
cell life [19]. The cell progression through these phases
is controlled by endogenous and exogenous factors. On
the other hand, the relationship between cell division
and cell death represents a link between cell cycles and
cell death programs that is present in all cells. Cancer is
characterized by aberrant regulation, leading to
uncontrolled proliferation and replicative immorality
[44].

In our study of cell cycle by image cytometry, the
examined cells in G1 phase showed significant
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decrease (P<0.01) from control cases, low-grade
dysplasia, high-grade dysplasia to cases of
carcinomas with increasing grades. In adenomas
there is a significant increase in the percentage of
euploid proliferating cells than in normal colonic
mucosa. However, in carcinomas, the percentage of
euploid proliferating cells decreases with advanced
tumor grade, this was shown as large percent of cell
population shift to the aneuploid category outside the
normal cell cycle. Both S phase and G2 values increase
significantly in carcinomas.

Previous flow cytometric study of DNA [45] in CRC
suggested that DNA content of tumor cells is
important for prognosis. The flow cytometric results
showed that high S-phase values indicate that a large
proportion of cells are proliferating, resulting in rapid
growth of tumor. The study also demonstrated that
DNA content, S-phase fraction, and tumor ploidy
determination reveal important information about
the biological behavior of colon cancer.

In accordance with our study, Elsharkawy [22]
observed that DNA aneuploidy was more frequently
detected in CRC than adenomas with statistically
significant difference. They also demonstrated that
there was a significant correlation between
aneuploidy and degree of dysplasia in adenomas and
increasing histological grades of carcinoma, suggesting
the role of aneuploidy in predicting the malignant
potential of adenoma.

Other studies showed that S-phase values also have a
prognostic role in tumors of lymphatic system and
breast and may be useful in predicting response to
treatment in head and neck malignancies [46,47].

Cell death initiated by cell cycle checkpoint proceeds
through apoptosis. Apoptosis is the form of cell death
during development. It is clear that, the link between
cell death and proliferation, is between apoptosis and
the cell cycle [48]. In the present study, the percentage
of proliferating cells (S+G2 phases) increased and
showed significant correlation with the proportion of
bcl-2 positive cells in cases of colon adenoma (low-
grade and high-grade dysplasia). On the contrary both
parameters decrease in cases of colon carcinoma with
significant correlation between the percentage of
aneuploid cells and proportion of bcl-2 positive cells.
These results point toward the role of altered
expression of bcl-2 that occurs in the sequence of
molecular events of cell cycle leading to colon
carcinoma. Therefore, many preclinical studies
supported the clinical potential of bcl-2 inhibitors as
single factor or in combination with other standard
therapies to improve treatment responses and patient
survival [33,49–52].

Finally, early diagnosis and prediction of patients at
high risk for developing CRC is important. Therefore,
data from computerized morphometry and cell cycle
analysis together with immunohistochemistry have a
considerable role in detecting the ability of high
dysplastic colon cells to be turned into malignant cells.
Conclusion
Bcl-2 protein immunoreactivity play an important role
in early event of colorectal carcinogenesis and its
inhibitor may have a potential use in management of
colon cancer. The acceptable reliability of
immunohistochemical, nuclear area, and cell cycle
analysis may serve as diagnostic and prognostic
indicators in benign and malignant colorectal lesions.
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