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Abstract

Objectives: To evaluate the immunohistochemical expression

(ER)

(PR) in colorectal adenoma and adenocarcinoma and to

of estrogen receptors and progesterone receptors
correlate this immunohistochemical expression with different
clinicopathological parameters.

Methods: The study was retrospectively designed. A total of
86 tissue samples, including 33 paraffin blocks from patients
with colorectal adenomas, 33 paraffin blocks from patients with
colorectal adenocarcinomas and a control group of 20 samples of
non-tumorous colonic tissue, were included in the study.

Results: The frequency of expression of ER and PR showed a
gradual increase from control through adenoma to carcinoma.
The frequencies of expression of ER in the control, adenoma and
carcinoma were (10%, 15.15% and 42.42% respectively, p<0.001),
while the frequency of expression for PR were (10%, 24.24% and
36.36% respectively, p<0.001). Strong ER and PR staining was
mainly seen in carcinoma cases (42.42%, 36.36%, respectively)
in comparison with adenoma (9.09%, 15.15%, respectively) and
control (0%, 0%, respectively). The three digital parameters of
ER and PR immunohistochemical expression (Area [A], Number
of objects [N], and intensity [I]) were significantly increased in a
sequence of normal mucosa-adenoma-carcinoma. There was a
significant positive correlation between ER and PR in adenoma
(r=0.312, p=0.034) and carcinoma (r=0.321, p=0.0398).
Conclusion: ER and PR expression increased in a sequence
of; normal colonic mucosa-adenoma-carcinoma, and a positive
correlation was observed between ER and PR expression in colonic
adenoma and carcinoma specimen indicating that ER and PR may

play a role in colorectal carcinogenesis.

Keywords: Estrogen receptors; Progesterone receptors; Colorectal

adenoma; Colorectal carcinoma.

Ban Jumaa Qasim EJ, Hussam Hasson Ali, Alaa Ghani Hussein
Department of Pathology and Forensic Medicine, College of Medicine, Al-Nahrain
University, Baghdad, Iraq.

E-mail:dr.banqasim@yahoo.com

Introduction

The estrogen receptors (ER) and progesterone receptors (PR)
belong to a superfamily of nuclear hormone receptors. These
receptor proteins function as transcription factors when they
are bound to their respective ligands. Since the original cloning
of complementary DNAs (cDNAs) for ER8,9 and PR,10; an
explosion of information has transpired in the field of steroid
hormone action. These receptors share a common structural and
functional organization.!

Colorectal cancer incidence has been reported to be 35% lower
in women than in men.” Although the basis for this difference is
unknown, gonadal steroids are considered a contributing factor.
The correlation in mortality data between breast cancer and colonic
cancer, and the increased incidence of colonic cancer in individual
women with breast cancer suggest common factors in their
etiology. The protective effect of increasing parity from colonic
cancer, similar to breast cancer and relatively better prognosis in
women may also imply a common role for sex steroid hormones.
The potential importance of ER and PR is emphasized through
evidence of protection by hormone replacement therapy (HRT)
in women and, by suggesting that the anti-estrogen tamoxifen
may enhance the risk of colorectal cancer. In the Women’s Health
Initiative study; HRT (estrogen and progesterone) conferred
a 40% reduction in colorectal cancer risk in post menopausal
women. HRT also conferred protection against the incidence
and size of adenomas, as well as the colorectal cancer precursor
lesions. All together, these data suggest that estrogens and/or
progestins protect against colorectal cancer.”® ER and PR levels
in colonic cancers are usually lower than in mammary cancers and
it may be difficult to detect immunohistochemical expression in
gastrointestinal cancers with lower levels.*

The Nurses' Health study (NHS) and Polyp Prevention
Trial (PPT) prospectively evaluated the effect HRT on colorectal
adenomatous polyps in postmenopausal women who had ever
used HRT compared to non-users. The NHS reported a 26%

risk reduction for developing large adenomas in current users
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compared with non-users.® Estrogen and progesterone receptors
are higher in concentrations in colon cancers than in adenomas.”
The aim of the present study is to evaluate the

of ER and PR in

adenocarcinoma and to correlate

immunohistochemical  expression
colorectal adenoma and
the immunohistochemical expression with different clinico-

pathological parameters of colorectal adenomas and carcinomas.
Methods

The study was retrospectively designed. A total of 86 tissue
samples (paraffin block and tissue biopsies) were included in the
study. An informed consent was taken from patients and relatives
of control (autopsy) cases.

Of the total number of tissue samples, 66 paraffin blocks
from patients with colorectal tumors were collected from
Gastroenterology and Hepatology Center, Gastroenterology unit
at Al-Khadhmiya Teaching Hospital, Baghdad, Iraq, and private
laboratories for the period 2006-2010, including 33 blocks from
patients with colorectal adenoma and 33 blocks from patients with
colorectal adenocarcinoma. The control group included 20 samples
of non-tumorous colonic tissue taken from autopsy cases from the
Institute of Forensic Medicine. These specimens were processed
and paraffin embedded at the same center. The clinicopathological
parameters were obtained from patients’ admission case sheets
and pathology reports. Absolute confidentiality of the patients’
vital information was maintained for ethical purposes and ethical
approval was obtained from institutions in which the study was
conducted.

From each block; three sections of 5 pm thickness were taken,
one section was stained with Hematoxylin and Eosin (H&E) and
the other two sections were stained immunohistochemically using
three steps; indirect streptavidin method for Monoclonal Mouse
Anti-Human Estrogen Receptor (ER), clone 1D5, manufactured
by DAKO, Denmark and Monoclonal Mouse Anti-Human
Progesterone Receptor (PR), clone PgR 636, manufactured by
DAKO, Denmark. Brown cytoplasmic and nuclear ER and PR
staining was considered a positive reaction in colorectal tissue,
(Figs. 1,2).8 Positive control for ER and PR was considered from
breast carcinoma tissue. Technical negative control was obtained
by omission of primary antibody.

For colorectal adenocarcinoma; H&E slides were revised for the
type, grade and stage (according to Astler-Coller staging system).
Additional histopathological features were studied including;
intratumoral lymphocytic infiltration and lymphovascular
permeation. For colorectal adenoma, H&E slides were revised for
the type and grade of dysplasia.

Scoring of immunohistochemical staining was performed
using specialized automated cellular image analysis system,
Digimizer software, version 3.7.0.° Each immunohistochemically
stained slide was scanned by a light microscope (Proway, China)

for the positive brown immunostaining and the three fields that
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best reflect the overall immunostaining were chosen and captured
using a Sony digital camera (digital still camera DSH-H55).

To determine a cut-off value for intensity of immunostaining;
photomicrographs presented at the website of NordiCQ showing
different grades of brown color intensity (strong (+3) for dark
brown; moderate (+2) for brown; weak (+1) for light brown to
yellow) were analyzed by the digimizer software, and the digital
value of intensity was classed into three categories: weak, moderate
and strong, taking into consideration that the digital value of
intensity of staining is inversely proportional to the digital number

in the digimizer color scale.’ (Table 1)

Table 1: Determination of staining intensity cut-off value.’

Grade of intensity Digital value of digimizer

Strong +3 0.00-0.291
Moderate +2 0.292-0.719
Weak +1 0.720-0.999
Negative 1.000

Data were analyzed using SPSS program (Statistical Package
for Social Sciences) version 16 and Microsoft Office Excel 2007.
Numeric data were expressed as mean+SEM; frequency was
used to express discrete data. ANOVA test was used to analyze
numeric data while Chi-square test was used to analyze discrete
data, while the Benferroni test was used for multiple comparisons.
Scattered graph was used to show the relation between various
markers. A p-value less than 0.05 was considered significant. For
the Digimizer software, the integrated statistics window displayed
statistics (n, mean of area, mean of average intensity, Standard
deviation (SD), minimum and maximum) of the measurements in
the Measurements list; these measurements were saved as a Excel

2007 spreadsheet file.
Results

The results pertaining to clinicopathological parameters assessed
in the studied patients are shown in Table 2.

In comparing the immunohistochemical expressions of ER
and PR in colorectal carcinoma, adenoma and control group;
the results revealed that the frequency of expressions of ER and
PR showed a gradual increase from control through adenoma to
carcinoma. The frequency for ER expression was 10%, 15.15%
and 42.42% respectively, p<0.001, while the frequency for PR
expression was 10%, 24.24% and 36.36% respectively, p<0.001,
(Table 3). The classification of the ER and PR positive cases of
carcinoma, adenoma and control groups into different grades of
intensity (negative, weak, moderate, and strong) according to the
tabulated values of NordiCQ laboratories showed that strong
ER staining was mainly seen in carcinoma cases (n=14; 42.42%)

compared with adenoma cases (n=3; 9.09%) and the control (n=0;
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0%), (Fig. 1). Strong PR staining was mainly observed in carcinoma
cases (n=12; 36.36%) in comparison with adenoma (n=5; 15.15%)
and control (n=0; 0%). (Fig. 2, Table 4)

1C

Figure 1: ER Immunohistochemical expression. (1A) Normal
colonic tissue showing ER-weak positive brown cytoplasmic
staining at the base of the gland (40x). (1B) Tubular colonic
adenoma with mild dysplasia showing ER-positive brown
cytoplasmic staining with moderate intensity (40x). (1C) Well-
differentiated colonic adenocarcinoma showing ER-positive brown

cytoplasmic staining with strong intensity (40x).

Figure 2: PR Immunohistochemical expression. (2A) Normal

colonic showing PR-weak positive brown cytoplasmic staining
at the base of the gland (40x). (2B) Tubular colonic adenoma
with mild dysplasia showing PR-positive brown cytoplasmic
staining with moderate intensity (40x). (2C) Signet ring colonic
adenocarcinoma showing PR-positive brown cytoplasmic staining

with strong intensity (40x).

The three of ER and PR

immunohistochemical expression [Area (A), Number of objects

digital

parameters

(N), and intensity (I)] were significantly increased in a sequence

of; normal mucosa-adenoma-carcinoma. (Table 5)
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Table 2: Clinicopathological parameters of patients studied.

Parameters Adenoma Carcinoma
(33 cases) (33 cases)
Age (Years) Mean+SD 51.12+2.75 56.03+2.37
Range 22 -80 27 - 80
Gender Male 23 (69.69%) 19 (57.57%)
Female 10 (30.30%) 14 (42.42%)
M: F 2.3:1 1.35:1
Site Right colon 14 (42.42%) 10 (30.30%)
Left colon 19 (57.57%) 23 (69.69%)
Size (cm) Mean+SD 0.70+0.10 6.46+0.63
Histopathological types of adenoma Tubular 11 (33.33%) -
Tubulovillous 17 (51.51%) -
Villous 5 (15.15%) -
Dysplasia in adenomas Mild 11 (33.33%) -
Moderate 9 (27.27%) -
Severe 13 (39.39%) -
Number of adenomas Solitary 25 (75.75%) -
Multiple 8 (24.24%) -
Gross morphology of carcinomas Fungating - 20 (60.60%)
Ulcerative - 8 (24.24%)
Annular - 5 (15.15%)
Histopathological types of carcinomas Non-mucinous - 25 (75.75%)
Mucinous - 8 (24.24%)
Grade of carcinoma Well-differentiated - 2 (6.06%)
Moderately-differentiated - 29 (87.87%)
Poorly -differentiated - 2 (6.06%)
Stage of carcinoma(Astler-Coller) B2 - 20 (60.6%).
c1 . 3 (9.09%)
c2 ; 9 (27.27%)
D - 1 (3.03%)
Lymph node involvement in carcinoma Positive - 13 (39.39%)
Negative - 20 (60.60%)
Lymphovascular permeation in carcinoma  Positive - 29 (87.87%)
Negative - 4(12.12%)
Lymphocytic infiltration in carcinoma Positive - 24 (72.72)
Negative - 9(27.27%)

Table 3: Frequency distribution of immunohistochemical expression of ER and PR in patients and control groups.

Adenoma

Carcinoma

Control

Marker Expression No. (%) No. (%) No. (%) p value
ER Positive 5 (15.15%) 14 (42.42%) 2 (10%)
<0.001
Negative 28 (84.84%) 19 (57.57%) 18 (90%)
PR Positive 8 (24.24%) 12 (36.36%) 2 (10%)
<0.001
Negative 25 (75.75%) 21 (63.63%) 18 (90%)
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Table 4: Comparison of digimizer parameters (A, N, I) of ER and PR expression among patients and control groups.

Marker Intensity score Carcinoma Adenoma Control p value
ER Negative 19 (57.57%) 28 (84.84%) 18 (90%)
Weak 0 (0%) 0 (0%) 2 (10%)
<0.001
Moderate 0 (0%) 2 (6.06%) 0 (0%)
Strong 14 (42.42) 3 (9.09%) 0 (0%)
PR Negative 21 (63.63%) 25 (75.75%) 18 (90%)
Weak 0 (0%) 0 (0%) 2 (10%)
<0.001
Moderate 0 (0%) 3 (9.09%) 0 (0%)
Strong 12 (36.36%) 5 (15.15%) 0 (0%)

(A): Area, (N): No. of objects, (I): intensity

Table 5: Comparison of digimizer parameters [Area (A), No. of objects (N), and intensity (I)] of ER and PR among patients and control

groups.
p value
Marker Comparison
A N I
Carcinoma versus adenoma <0.001 <0.001 0.009
ER Carcinoma versus control 0.024 0.010 <0.001
Adenoma versus control <0.001 <0.001 <0.001
Carcinoma versus adenoma 0.029 0.035 0.024
PR Carcinoma versus control 0.027 0.011 0.005
Adenoma versus control <0.001 <0.001 <0.001

With regard to the correlation of ER and PR immunohistochemical expression with different clinicopathological parameters in colorectal

adenomas and carcinomas; there was no significant correlation between the mean of the three digital parameters of the digimizer software

(area [A], number of objects [N], and intensity [I]) of ER and PR with the clinicopathological parameters of colorectal adenomas and

carcinomas, (Tables 6,7). However, there was a significant positive correlation between ER and PR in adenoma (r=0.312, p=0.034) and
carcinoma (r=0.321, p=0.0398). (Fig. 3)

Table 6: Correlations of ER and PR immunohistochemical expression with different clinicopathological parameters in patients with

colorectal adenomas.

Area (A) No. of objects (N) Intensity (I)
Parameter (p value) (p value) (p value)
ER PR ER PR ER PR
Age 0.119 0.915 0.122 0.309 0.756 0.432
Gender 0.532 0.992 0.942 0.284 0.964 0.874
Site 0.430 0.268 0.525 0.090 0.644 0.538
Size 0.522 0.109 0.319 0.743 0.624 0.399
No. of adenomas 0.064 0.162 0.627 0.867 0.057 0.210
Histopathological types 0.332 0.059 0.780 0.229 0372 0.176
Degree of dysplasia 0.129 0.181 0.080 0.051 0.052 0.308
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Table 7: Correlations of ER and PR immunohistochemical expression with different clinicopathological parameters in patients with

colorectal carcinomas.

Area (A) No. of objects (N) Intensity (I)
Parameter (p value) (p value) (p value)
ER PR ER PR ER PR
Age 0.380 0.361 0.903 0.831 0.449 0.191
Gender 0.490 0.705 0.190 0.140 0.204 0.353
Site 0.757 0.962 0.252 0.735 0.732 0.722
Size 0.832 0.648 0.619 0.988 0.949 0.781
Gross morphology 0.281 0.874 0.058 0.797 0.071 0.963
Histopathological types 0.142 0.603 0.108 0.732 0.285 0.645
Grade 0.280 0.473 0.304 0.593 0.256 0.485
Stage 0.249 0.853 0.056 0.691 0.072 0.813
Lymph node involvement 0.165 0.944 0.087 0.285 0.053 0.587
Lymphovascular permeation 0.253 0.544 0.837 0.337 0.156 0.406
Lymphocytic infiltration 0.814 0.340 0.619 0.337 0.782 0.211
" Discussion
14
1 It has recently been discovered that estrogen receptors (ER) and
g progesterone receptors (PR) are expressed both in normal mucosa,
E v malignant colon and rectal tissues. As improvement in techniques
2
g & of the detection technology and investigation deepened gradually,
% & the role of ER and PR in tumorigenesis and development of
“ , colorectal cancer is becoming more evident.!® Recently, a study
= comparing estrogen-only HRT against placebo in women with
* P $ ! previous hysterectomy revealed no difference in the prevalence of
o ' colorectal cancer (CRC) or survival after developing CRC. The
A ! ' : EFt!r!meu:lanhen:Iw ¢ ! f authors postulated that progesterone protected against CRC by
modulating the effects of estrogen on carcinogenesis."
14 To the best of our knowledge, this is the first study
» conducted in Iraq concerning the role of ER and PR in colorectal
4 : carcinogenesis and showed that there is a gradual increase in ER
210 and PR expression from control through adenoma to carcinoma
% 3 in terms of frequency of positive cases and frequency of cases with
] strong intensity of staining, as well as the three digital parameters
g6 of immunohistochemical staining (A, N and I). The frequency of
E a ER and PR expression in colorectal cancer was (42.42%, 36.36%,
respectively), and there was a significant positive correlation of
: 3 ER and PR in both adenoma and carcinoma. Concerning the
o clinicopathological parameters; the present work found a non-
. ! . . . . 12 ¥ significant correlation of ER and PR immunohistochemical
B ER reverse color intensity

Figure 3: Correlations between ER and PR: (A) Significant
positive correlation between ER and PR in adenoma (r=0.312.
p=0.034). (B) Significant positive correlation between ER and PR
in carcinoma (r=0.321, p=0.0398).
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expression with the clinicopathological parameters studied. The
data suggests that these receptors have some role in the process
of colorectal carcinogenesis; however, their expression could not
predict the risk of malignant transformation of premalignant

lesions (adenoma) or the malignant biological behaviors of
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colorectal cancer.

Comparable studies, either biochemically or immuno-
histochemically, revealed contradictory data. By biochemical
methods; ER exhibited a wide range, varying from 20%
to 54%, while PR expression exhibited around 42%.%"
Immunohistochemically; some studies essentially showed
no ER or PR positivity.*'* Moreover, in one of the largest
immunohistochemical studies in which 156 colonic carcinoma
cases were examined; none were positive for ER, and only one case
was reactive for PR.™ On the other hand, ER and PR reactions
were consecutively found in 32% and 23% in colorectal carcinoma
by Kaklamanos et al.’® Also, Wenxi et al. showed that ER was
detected in 75.4% of colorectal carcinoma.” Jun-Yan reported
that positive ER and PR in colorectal cancer were observed in
59.3% and 65.5% of cases respectively and there was a statistically
significant positive correlation between expressions of ER and
PR, this finding is similar to the findings of the present study.'®

In comparing clinicopathological significance of both receptors,
some studies are in good accordance with the present study. Wenxi
et al. investigated the immunohistological expression of ER in 65
patients with colorectal carcinoma and showed that the rates of
positive expression of ER was significantly higher in tumor tissues
than in normal mucosa (p=0.05). ER expression in the tumor was
independent of sex and age of the patients, size, site and Dukes
stage of the tumors."” Zike et al. and Zike et al. also recorded that
the immunohistochemical expression of ER in colorectal cancers
was not related to patients’ age, sex, tumor position, pathological
type, histological type, or stage.'**® While Zhou et al. showed that
ER and PR expression quantitatively measured using radioligand
binding assay (RBA), in CRC tissues were higher than those in
normal mucosa, and there was a positive correlation between ER
and PR expression in tumor tissues. A correlation was detected
between ER expression in tumor tissues and patients age, but
no correlation between tumor tissues PR expression and age was
observed. Moreover, there was no correlation between tumor
tissues ER, PR expression and sex, staging, tumor location,
size, gross and histological type, invasive depth, or lymph nodes
metastasis.”! Other studies that evaluated ER and PR have also
shown that the percentages of ER or PR positive tumors are not
different by tumor location or other tumor characteristics,'>**

In contrast, some studies are in discordance to the present
study. Zavarhei et al. recorded for the first time that PR expression
was significantly correlated with tumor size and stage, and that it
was correlated with venous invasion in females rather than males.®
While Kaklamanos et al. found that the expression of receptors for
sex steroids correlates with advanced stage disease. The expression
of PR by the tumor cells is associated with a shorter patient
survival!® Furthermore, Qi et al. concluded that the combined
expressions of ER, PR, p53 gene and DNA ploidy were correlated
with better prognosis of colorectal cancer patients (p=0.01).?

Review of literature showed few rather old studies on the
expression of ER and PR in colorectal adenomas. Marugo et al.

found that ER and PR were expressed in colonic cancer, in colonic

adenomas (so-called precancerous disease), as well as in normal
mucosa; and suggested that the expression of steroid receptors
could be considered as a marker of a precancerous condition.*
Concolino et al. reported that steroid receptors were usually
found in the cytosol of the large polyps of male rather than female
patients (46% vs. 11%) and in the cytosol of the adenomas with
moderate or severe dysplasia in male patients. Malignant lesions
usually possessed both ER and PR in the cytosol and nuclear
fraction.”” Uehara et al. examined ER immunohistochemically
in 37 specimens from colorectal cancer tissue and 28 specimens
from adenomatous polyp tissue in the colon and rectum. Positive
ER staining was observed in 30% of colorectal cancer tissue and
29% of adenomatous polyp tissue. Hence, no significant difference
was observed in the incidence of positive ER staining according
to sex. Cancer progression did not correlate with the incidence of
positive staining. Tissue from the rectum has a tendency to show
higher incidence of positive staining than that from the right-side
of the colon. It was also noted that the more severe epithelial atypia
in adenomatous polyp tissue had a tendency to show positive ER
staining more frequently.?®

Discrepancies in the results of studies could stem from several
sources, including the source of tissue, methods of detecting ER
and PR, and level of staining at which ERs and PRs are declared
positive. Many studies have relied on fresh tissue, while in the
present study; tissue was obtained from paraffin blocks. Different
techniques to detect ER and PR have also been used by different
studies. In earlier studies using the Dextran-coated charcoal
(DCC) assay, high levels of ER and PR proteins in the cytosolic
and nuclear fractions of both normal and malignant mucosa were
detected.”® Subsequent studies testing fresh and parafinized
specimens by using a more specific monoclonal antibody-based
immunoassay demonstrated low levels of ER and PR .27

The antibodies used in the present study are used on a clinical
basis to detect ER and PR in breast tissue, and have been shown
to be effective in detecting ER- and PR-positive tumors using
paraffin-fixed blocks. It may be possible that using other antibodies
or techniques could yield different results. However, compared
with the manual immunohistochemical method; there are major
benefits of using an image analyzer (Digimizer) to quantify
immunohistochemical staining. First; it converts a qualitative or
semiquantitative assay into a truly quantitative assay. Second; it
can improve assay objectivity and reproducibility. Third; such
image analyzer-assisted immunohistochemical quantification does
not require much additional training and is simple to perform.
Instead of adding a totally new assay to laboratory operation, it
modifies only the quantitation step while keeping the previous
immunohistochemical assay steps unchanged. However, the
implementation of the Automated Cellular Imaging System
(ACIS) is likely to be an expensive process. In addition, the cost
of continuous use and maintenance of such an image analyzer

may be substantial. Software and hardware upgrades also may be

needed.?
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Conclusion

In summary, ER and PR expression was increased in a sequence
of; normal colonic mucosa-adenoma-carcinoma, and there was a
positive correlation between ER and PR expression in adenoma
and carcinoma indicating that ER and PR may play a role in
colorectal carcinogenesis. Further studies are recommended to
determine the role of ER, PR and their isomers in the genesis,
physiology, pathology and pharmacology of the colon and rectum,
which may be promising to provide new ideas for both therapy and

prognostic evaluation of colorectal cancer.
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