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Abstract
Background: Colorectal cancer (CRC) is one of the most common malignancies worldwide. Despite the
great progress made in clinical treatment, the morbidity and mortality of CRC remains high. Aberrant
expression of BCL2 and CDX2 have been implicated in several cancer types including CRC. In this
review, we elaborated on the diagnostic utility of CDX2 and BCL2 in Colorectal adenocarcinoma.
Aim & Objectives:
1. Perform and interpret CDX2 and BCL2 staining on all diagnosed cases of colorectal adenocarcinomas
by H&E staining.
2. Infer the rate of positivity and negativity of CDX2 and BCL2 expression in all these colorectal
lesions, thereby aiding in prognostication.
3. Compare the present study with literature available.
Materials & Methods: This study was conducted in the department of pathology MGM hospital,
Warangal, TELANGANA during a period between 2018 to 2021. A total of 62 cases were studied, after
routine tissue processing by standard operating procedures, H and E staining was done for
histopathological examination. CDX2 and BCL2 (DAKO) immunohistochemical staining was done on
all diagnosed cases included.
Results & Discussion: The present study includes 62 surgically resected and biopsy specimens of
colorectal cancer at Mahatma Gandhi Memorial (MGM) hospital, Kakatiya Medical college, Warangal.
Out of 62 patients of colorectal carcinoma cases male patients were 29 (46.7%) and female patients were
33 (53.3%). Incidence of colorectal carcinoma is more in females when compared to males in our study.
Out of the 62 cases 51 were positive for BCL2 and 56 were positive for CDX2. In present study 36
(97.2%) of well differentiated, 13(86.6%) of moderately differentiated and 1(14.2%) poorly
differentiated adenocarcinomas were positive for BCL2 over expression, while CDX2 positivity was
seen in 36 (97.2%) of well differentiated, 14 (93.3%) of moderately differentiated and 4(57%) poorly
differentiated adenocarcinomas. There is a significant correlation between grade and BCL2 and CDX2
expression. There is a significant correlation (P<0.00001) between BCL2 and CDX2 expression and
grade of colorectal adenocarcinoma. Higher scores are seen in well to moderately differentiated
carcinoma than poorly differentiated carcinoma.
Conclusion: In the present study, well and moderately differentiated colorectal adenocarcinomas gave a
score of 3+ and 2+ on immunostaining with CDX2 and BCL2 and poor to no staining in poorly
differentiated adenocarcinomas. This shows a correlation between the grade of tumors and
immunostaining, thus agreeing with previous studies and literature. Recent results suggest that CDX?2
and BCL2 are independent prognostic factors associated with favourable outcome, extensive studies are
required to validate the same.
Keywords: Colorectal carcinoma (CRC), CDX2, BCL2, IHC

Introduction

Colorectal carcinoma (CRC) is a major cause of mortality and morbidity worldwide. It is a malignant
epithelial tumour of the colon or rectum. Only tumours that have penetrated through muscularis mucosae
into sub mucosa are considered malignant at this site "', In developed countries it is the second most
common cancer after Lung cancer. Incidence rates range from 25.3 per 100,000 in Eastern Europe to
45.8 per 100,000 in Australia®. Incidence rates in India are quite low about 2 to 8 per 100,0003.
Incidence in males-4.3 /1, 00,000, in females-3.4/ l,OO,OOOBJ. It is the third most commonly diagnosed
cancer in males and the second in females, with more than 1.4 million new cancer cases every year ..
The age standardized rate (ASR) for CRC in India is low at 7.2 per 100,000 population in males and 5.1
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per 100,000 population in women !, India has a very low 5-year survival rate of less than 40%. The
CONCORDE-2 study also revealed falling five year survival rate in India '°. This points towards
shortcomings in diagnostic and treatment pathways in CRC in India.

Role of CDX2 in colorectal adenocarcinoma

In adults CDX2 is found exclusively in intestinal epithelial cells, most abundantly in the proximal colon.
The protein (CDX2) is normally present throughout embryonic and postnatal life within the nuclei of
epithelial cells of the intestine from the proximal duodenum to the distal rectum, using molecular
techniques, expression of CDX2 mRNA has been found to be highly restricted to intestinal epithelium.
CDX2 expression in colorectal adenocarcinomas has been widely varied in numerous previous studies.
Some studies have reported its expression in 98% to 100% of cases, while others have observed loss of
CDX2 expression in 14% to 37% of cases " ®!. Loss of CDX2 expression in colorectal cancer has been
found to correlate with high tumor grade, microsatellite instability or advanced tumor stage ' '\
Recently, Dalerba et al. showed that lack of CDX2 expression was associated with a worse outcome in
stage II and III patients of colon cancer, and that patients with high-risk stage II colon cancer lacking
CDX2 appeared to benefit from adjuvant chemotherapy as compared with their CDX2 positive
counterpart. Loss of CDX2 is also more frequently encountered in mismatch repair-deficient colorectal
cancer "1, CDX2 loss was associated with high overall mortality among patients with a family history of
colorectal cancer "', This implies the importance of CDX2 in the suppression of tumorgenesis in a
subset of colorectal cancers and its potential for use as a prognostic marker in identifying high risk
patients.

Role of BCL2 in colorectal adenocarcinoma

The BCL2 family of proteins play a central role in regulating cell death, of which the BCL2 gene is an
important component, and is known gatekeeper to the apoptotic response !'"“. The BCL2 gene is located
at chromosome 18q21 and is present at the mitochondrial level, the endoplasmic reticulum and the
nuclear envelope. It codes for an oncoprotein which serves as a programmed cell death inhibitor (anti-
apoptotic), thereby increasing the life span of the cell ">,

In the normal colon, BCL2 has been found to be positive in the cells at the base of the crypts "', It has
been reported that the expression of BCL2 is both frequent and abnormal, early in the carcinogenesis of
colorectal carcinomas ',

Aims and Objectives

1. To perform and interpret BCL2, CDX2 immunostaining on all diagnosed colorectal carcinomas.

2. To infer the score of positivity and negativity of the BCL2 and CDX2 expression in the colorectal
lesions.

3. To correlate the BCL2 and CDX2 expression with the grades of the colorectal carcinomas.

4. To indicate the prognostic value of BCL2 and CDX2 expression in colorectal adenocarcinomas.

Materials & Methods

A present study was done for duration of 3 yrs (2yrs Prospective and 1yr Retrospective) i.e., 2017- 2020
in MGM Hospital, Warangal. All the colorectal biopsies and resection specimens in all age groups,
received in the pathology department during this period were considered.

Inclusion criteria
1. Only samples with definite histopathological diagnosis of carcinoma were considered.
2. Representative areas in the biopsies are only included.

Exclusion criteria

1. Non-neoplastic lesions

2. Congenital lesions like Hirschsprungs disease are excluded.
3. Inadequate samples are excluded.

Specimen handling

Colorectal biopsies and the resection specimens were fixed in 10% formalin and then sent for routine
histopathological processing. After a histopathological diagnosis of the lesion was made, the paraffin
blocks of the samples which had met the criteria of inclusion are collected. Details of the each case like
the biopsy no, age and sex, clinical details, histopathological diagnosis are recorded. Sections were made
from the paraffin embedded tissue block as follows:

1. One 5-micron section taken for staining with H&E.

2. Two 5-micron sections taken on the polylysine coated slides stained for CDX2 and BCL2 THC.
Immunostaining using BCL2 and CDX2 antibody (DAKO)

1. Sections underwent histologic evaluation to select blocks without necrotic and hemorrhagic areas.
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2. Consecutive 3-4um sections were taken on polylysine coated slides at the next stage, sections were
deparaffinized and Antigen-retrieval procedure was performed by trilogy solution using microwave
method. Sections are thoroughly washed with wash buffer in between every step.

3. Endogenous peroxidase blocking is done by horse raddish peroxidase. Then, monoclonal antibody
against BCL2 and CDX2 protein was applied to the sections and incubated for 30 minutes at room
temperature.

4. Then, secondary antibody is added and incubated for 20 minutes.

5. Then freshly prepared diaminobenzidine (DAB) was added to the sections for 10 minutes and the
sections were lightly counterstained with Hematoxylin, slides were then dehydrated, cleared and
mounted.

Interpretation

Immuno reactivity for BCL2 and CDX2 was evaluated semiquantitatively according to the percentage of
positive tumor nuclei, scored as follows:

1. None (<5%).

2. Weak (+, 5-25%).

3. Moderate (++, 25-50%).

4. Strong (+++, >50%).

All tumors showing BCL2 and CDX?2 immunoreactivity (at least +) were considered to be positive.

Results and Observations

In present study we have evaluated colorectal resections and few number of biopsies in 62 patients
between age groups 20 years to 70 years from 2017 to 2020 (2yrs prospective 1yr retrospective) in MGM
hospital, Warangal.

Out of 62 patients of colorectal carcinoma cases male patients were 29 (46.7%) and female patients were
33 (53.3%). Incidence of colorectal carcinoma is more in females when compared to males in our study.
Highest incidence of colorectal carcinoma in this study is found in the 7™ decade which constitutes 37%
of which majority (12 cases) are female patients. In the age group of 20-29 yrs only 2 cases are seen and
all of them are male patients. In our study, most patients are in 60 to 69 years age group.

SEX DISTRIBUTION

FEMALES m MALES

Graph 1: Sex Distribution
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AGE DISTRIBUTION IN COLORECTAL CARCINOMAS
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Graph 2: Age Distribution

Table 1: BCL2 and CDX2 expression in colorectal carcinomas

Type Total CDX 2 +| BCL 2+
Conventional 54 52 48
Mucinous 8 4 3
Total 62 56 51

In the present study most frequent site is rectosigmoid, consisting of 33 cases (53.2%), with about 20
cases (32.2%) in descending colon. Least number of cases (3) werefound in transverse colon, It
constitutes around 4.8%, while ascending colon has 6 cases (9.6%). Most common site in present study is
recto-sigmoid region with 33 cases (53.2%). In both sex, rectosigmoid is the most common site followed
by descending & ascending colon.
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Graph 3: Site Distribution

Table 2: Grading of Colorectal Carcinoma

Grade No of Cases | Males Females Total
Well-differentiated 37 18 19 59.7%
Moderately-differentiated 15 07 08 24.2%
Poorly-differentiated 07 02 05 11.2%
Undifferentiated 03 01 02 4.8%
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BCL2 and CDX2 immunostaining results on colorectal carcinomas
Out of the 62 cases 51 were positive for BCL2 and 56 were positive for CDX2.

Table 5: BCL2 Score in Relation to Histological Grade

Histological Grade BCL2 Score TotalTotal Positive & Percentage,
1+|2+|3+|4+
Well-differentiated |01]|06]14|16| 37 97.2% (36)
IModerately-differentiated 02|02|03|08| 15 86.6% (13)
Poorly-differentiated [06{01] 0|0 | 07 14.2% (01)
Undifferentiated 02/0]0]0]| 03 33.3% (01)

Table 6: CDX2Score in Relation to Histological Grade

Histological Grade CDX2 Score TotalTotal Positive & Percentage|
0 |1+]2+|3+
Well-Differentiated  |01/03|06(27| 37 97.2% (36)
IModerately-Differentiated|01|03|03]|08| 15 93.3% (14)
Poorly-Differentiated |[02{03|01| 0 | 07 57% (04)
Undifferentiated 03]0{0|0| 03 0% (0)

Grade Wise Expression of BCL-2 and CDX-2

g TOTAL wCDX-2 BCL-2

UNDIFFEREMTIATED a

POORLY DIFFERENTIATED 4

B
MODERATELY DIFFERENTIATED 14
13

WELL DIFFEREMTIATED 36
36

0 5 10 15 20 25 30 35 a0

Grade 4: Grade Wise Expression of BCL2 and CDX2
A score of atleast 1+ is considered positive. Higher scores are seen in well to moderately differentiated

carcinomas than poorly differentiated carcinomas, while poorly differentiated and undifferentiated
carcinomas show low to absent staining.
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Picture 4: H&E 40x: Poorly Differentiated Adenocarcinoma-Signet Ring Type
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Picture 8: Grade 1 Adenocarcinoma: CDX2 Positive Score 3 IHC: 40X
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Picture 9: Grade 3 Moderately Differentiated Adenocarcinoma: CDX2 Positive Score 2

Discussion

Colorectal carcinoma is by far most common and most curable cancer of GIT. More than 90 % of
cancers in this region are adenocarcinomas. In this study age group ranges from 20-80 years and highest
incidence found between 60-69 years. Most of colorectal carcinomas exhibited ulceroproliferative
growth grossly.

In our study, BCL2 immunoreactivity was more frequent in well differentiated than moderately or poorly
differentiated adenocarcinomas but no relationship was found between tumor site within the colon.

There is a significant association (P<0.00001) between bcl2 expression and grade of tumor, hence the
role of bcl2 in colorectal carcinoma is a favorable prognostic factor.

CDX2 immunoreactivity was more frequent in well differentiated than moderately or poorly
differentiated adenocarcinomas, corresponding to the presence of CDX2 marker in mature
gastrointestinal (especially colonic) epithelium, and thus Presence of CDX2 is considered generally as a
good prognostic factor. But, no relationship was found between tumor site within the colon as is the case
with BCL2 expression in the present study.

Table 7: Comparision of BCL2 Expression in Colorectal Adenocarcinomas in Present Study with AJM Watson et al.

Study
Variables AJM Watson et al. Study Present study (P value <0.0001)
CasesBCL2 PositiveBCL2 NegativeCaseshSCLZ PositiveBCL2 Negative|
Well differentiated 12 8(66.4%) 4 (33.3%) 37 | 36(97.2%) 1(2.8)
Moderately differentiated| 34 9(26.4%) 25(73.5%) 15 | 13(86.6%) 2(13.4%)
Poorly differentiated 2 0 (0%) 2 (100%) 7 1(14.2%) 6(85.8%)
undifferentiated 1 0(0%) 1(100%) 3 1(33.3%) 2(66.6%)
Table 8: Comparision of CDX-2 Expression in Colorectal Adenocarcinomas in Present Study with Reyhan Bayrak
et al. Study
Variables Rehyan Bayarak et al. Study Present study (P value <0.00001)
Cases|CDX2 Positive| CDX2 Negative |Cases| CDX2 Positive| CDX2 Negative
Well-differentiated 48 47(97.9%) 1(2.1%) 37 36(97.2%) 1(2.8%)
Moderately differentiated| 91 87(95.6%) 4(4.4%) 15 14(93.3%) 1(6.7%)
Poorly differentiated 5 2(40%) 3(60%) 7 4(57%) 3(43%)
undifferentiated 3 1(33.3%) 1(66.6%) 3 0(0%) 3(100%)
Table 9: Comparision of BCL. 2 Expression and the Association with Grade of Adenocarcinoma among Various
Studies
Previous studies on Results BCL2 Expression
BCL2 Expression Association with grade
AJM Watson et al. | Showed BCL2 over expression in 66% of well differentiated | Showed significant association
study and 24% moderately differentiated colorectal lesions with grade of adenocarcinoma
AL Temini et al. Showed high positivity fotrOBg(I;I;iZe_f;)r grade-1 when compared Showed significant association

Showed 79.3% cases with strong BCL2 positivity in grade-1

MIA Ouyang et al. and grade-2 lesions. Showed significant association
Ban Qasim ef al. Showes BCL2 cytoplasmic pO.SIUVlty in 67% cases of Showed no mgmflcant
colorectal carcinomas. association.

Showed high BCL2 positivity in grade 1 and 2

. PR Showed significant association
adenocarcinoma and low positivity in grade 3 and 4. W &

Present study
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Table 10: Comparision of CDX2 Expression and the Association with Grade of Adenocarcinoma among Various

Studies
Previous Studies on Results CDX2 expression association
CDX.2 Expression with grade
CDX2 was positive in 97% cases of colorectal L _ .
. . . Showed significant association with
Bayak et al. carcinomas, most of them were well differentiated
lesions grade of tumor

CDX2 shows a positivity in about 95% cases, i which
about 60% cases are either 2+ or 3+
Tanaka and Saito et | CDX2 showed 80% positivity with well differentiated

Werling et al. Showed significant association

Showed significant association

al. lesions of colorectal adenocarcinomas.
Mao Be and Hun Lee| loss of CDX2 is associated with poor prognosis in . L
- Showed significant association
etal. colorectal cancer patients.
Present stud Grade 1 and 2 adenocarcinoma showed higher positivity Showed very significant association
y with CDX2, while grade 4 showed no positivity like other previous studies

There was no significant association between BCL2 and CDX2 positivity and sex in this study. Al
Temini et al. and Reyhan Bayrak et al. also found no significant association between BCL2 and CDX2
positivity and sex in their respective studies.

Conclusion

In present study we have 62 cases of colorectal carcinoma of which 51 cases are BCL2 positive and 11
cases are BCL2 negative, and 56 cases are CDX2 positive while 6 cases are CDX?2 negative. Majority of
well-differentiated and moderately-differentiated cases show BCL2 and CDX2 expression.

There is significant expression of BCL2 and CDX2 in well differentiated and moderately differentiated
carcinomas, when compared to poorly-differentiated colorectal adenocarcinomas and undifferentiated
carcinomas. Hence BCL2 and CDX2 markers have a definite role in colorectal cancer differentiation.
Therefore, there is significant correlation between BCL2 and CDX2 expression and grade of tumour (P
value <0.00001), since grade is a proven prognostic marker, BCL2 and CDX2 expression and scoring
will also be another good prognostic marker in colorectal carcinomas.

But there is no association between BCL2 and CDX2 expression and other variables like Age, gender,
site of tumour.

Recent results suggest that BCL2 and CDX2 expression could both be considered as independent
prognostic factor associated with favorable clinical outcome in colorectal adenocarcinomas and that their
expression is higher in low grade variants in comparison with high grade.
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