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Abstract: Colon cancer is the most frequent neoplasia of the
intestine. This pathology is the third highest cause of death from
cancer with 430,000 deaths globally per year. Estrogen has also
been implicated in the development and progression of colon
cancer. Also sex-specific differences have been suggested to be
involved in the process. Previous studies have shown the estrogen
B receptor to be the dominant receptor type in normal colonic
tissue and its down-regulation along with the progression of
colorectal cancer. The presence of estrogen receptors and
products of estrogen-related genes in the colon suggests that
estrogens have direct effects on the colonic tissue. However, the
specific effect of estrogens on a normal colon and the role in the
colon carcinogenesis are far from clear. The aim of this study is
to analyze by real-time polymerase chain reaction, the relative
quantitative expression of the estrogen receptors 3, 1, f2, and
B5 in colon adenocarcinomas and to compare this expression
with the respective in normal tissues. Moreover, we evaluate
a possible correlation between estrogen’s receptor expressions
and disease stages. Normal tissues show estrogen receptor
B expression greater than pathologic tissues and the estrogen
receptor P result as most expressed in the lower disease stages.
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olon cancer (CC) is the third leading cause of cancer

deaths with an estimated 430,000 deaths per year
world-wide.! The prognosis is dependent on the stage of
the disease at the time of diagnosis, and the mean 5-year
survival rate is relatively poor in most cases.> Evidence
for a dual role of estrogens in gastrointestinal physiology
is accumulating with the high incidence of CC. Age and
sex differences in the incidence of gastrointestinal tumors
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suggest the involvement of sex steroids. The age adjusted
incidence rate is higher in men than in women! and
the protective effect of female hormones is evident in a
number of studies. In addition to their effects on sexual
development and reproductive functions, the cardiovas-
cular system, the central nervous systems, and bone, both
exogenous and endogenous estrogens exert significant
effects on gastrointestinal physiology.> Estrogens have
also been implicated in the development and progression
of CC? and sex-specific differences have been suggested to
be involved in the process.* The lifetime risk seems to be
significantly lower and the survival rates better” in females
than in males. Epidemiologic studies have demonstrated
that colorectal cancer incidence and mortality rates are
lower in women than men.®> Many studies indicate that
estrogen replacement therapy (ERT) exerts a protective
role against CC in postmenopausal women.* The steroid
hormone 17B-estradiol (E2) is a critical regulator
of growth, differentiation, and function in a wide range
of target tissues. The main biologic functions of E2 are
mediated through 2 distinct intracellular receptors, ERa
(estrogen receptor o) and ERP (estrogen receptor PB).°
The ERs mainly act as ligand-activated transcription
factors and they modulate gene expression by interactions
with promoter response elements or other transcription
factors.® In addition to this classic ligand-dependent
pathway, ER function may also be modulated by
extracellular signals in the absence of E2 or a ligand-
independent manner.”-?

ERs are members of the evolutionary conserved
nuclear receptor superfamily of ligand-inducible tran-
scription factors. ERa and ERP exhibit a modular
structure consisting of 6 well-defined functional domains
(A-F).° Unliganded ERs reside in multiprotein complexes
located in the nucleus. Estrogen binding to the “ligand
binding domain™ induces a conformational change that
facilitates receptor homodimerization (ERo/ERa or
ERB/ERP) or heterodimerization (ERa/ERB) and high-
affinity binding to specific DNA recognition sequences
[estrogen response elements (EREs)] in the regulatory
regions of estrogen target genes. In this “classic’” mode
of ER action, ERa and ERP homodimers promote
ERE-regulated transcription in response to 17p-estradiol,
with ER being approximately 30% as efficient as ERa in
most cell systems. Estrogens and their cognate receptors
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also regulate target genes via a ‘“‘nonclassic” mode of
action. These effects are mediated through promoter
elements that bind heterologous transcription factors,
including activating protein-1 (AP-1)-binding sites, cyclic
AMP response elements (CREs), antioxidant elements
and SP-1-binding sites.

Interestingly, ERa and ERP can exert opposite
actions at AP-1 sites in the presence of different ligands.
17B-estradiol increases ERo/AP-1-mediated transcrip-
tion, but represses ERB/AP-1 effects, whereas antiestro-
gens like tamoxifen enhance AP-1-induced transcription
through both ERs.!®!! It is evident that in both the
“classic” and ‘“‘nonclassic” mode of ER action, ERp,
in the presence of estrogen, modulates the proliferating
effects of ERa by suppressing transcriptional activation.
Thus, ERB may protect the cell from uncontrolled
proliferation and malignant transformation. Consistent
with this notion, a progressive decline of ERf expression
has been reported in multistage mammary carcinogen-
esis!? and in prostate cancer.!?

Epidemiologic studies have demonstrated that
colorectal cancer incidence and mortality rates are lower
in women than in men.'* Many studies indicate that ERT
exerts a protective role against CC in postmenopausal
women.!> According to a meta-analysis, recent use of
ERT is associated with a 33% reduction of CC risk and
the relative risk for death from CC in ERT users is
0.72, whereas rectal cancer incidence is not associated
with ERT.!®

ERa, previously regarded as the sole ER, is
minimally expressed in normal and cancerous colons.!”-!3
ERB mRNA has been detected in normal colonic mucosa
by the real-time polymerase chain reaction (RT-PCR)
and subsequent southern analysis,!” whereas ER protein
expression has been documented in the normal colon
tissue by Western immunoblotting.!® No expression
of ERP in colon adenocarcinoma was reported in this
Western-blot analysis,!® whereas an immunohistochem-
ical study in 55 CC patients has demonstrated ER[
expression.?®

The aim of the present study was to assess the
importance of ERP and its isoforms B1, B2, and B5
in colon adenocarcinoma by investigating its mRNA
expression levels in a well-defined patient cohort. We also
sought to correlate its expression with clinical-pathologic
features.

MATERIALS AND METHODS

Patients

Colonic mucosa fragments from 40 consecutive
patients (24 men, 16 women, mean age 73) were obtained
by cold blade cut from the operative specimens of patients
undergoing colon resection for cancer. Specimens were
taken at least 10cm far away from the neoplasm, and
colon mucosa appeared normal at macroscopic evalua-
tion. Patients did not receive preoperative radiotherapy or
chemotherapy and were treated at the Surgical Pathology
1, University of Firenze.
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All samples were microscopically evaluated and
classified as colon adenocarcinoma and normal colonic
mucosa.

All tissue pieces were sectioned to ensure that
all spatial dimensions were <10mm (10 x 10 x 0.3 mm).
All diagnoses were confirmed by examination of 5-pm
hematoxylin and ecosin-stained sections and all colonic
mucosa fragments resulted macroscopically and histolo-
gically whole. The fragments were immersed in RNAlater
(Qiagen, Milan, Italy) and kept overnight at 4°C and
stored at — 80°C until analyzed.

RNA Isolation

The tissues (about 5mg) were defrosted and cut into
small pieces. The samples were resuspended in 200 puL
Nucleic Acid Purification Lysis Solution (Applied
Biosystems, Foster City, CA) and homogenized using
PCR Tissue Homogenizing Kit (PBI International,
Milan, Italy) in microcentrifuge tubes. RNA was isolated
using 6100 Nucleic Acid PrepStation (Applied Biosys-
tems, Foster City, CA) and successively stored at — 80°C.

Real-time Quantitative PCR

All RNA samples (200 ng) were reverse transcribed
to cDNA using iScript Select cDNA Synthesis Kit
(Bio-Rad Laboratories, Hercules, CA) according to the
manufacturer’s protocol. In the real-time reaction,
negative control was performed.

TagMan real-time quantitative PCR was performed
on an ABI PRISM 7000 Sequence Detector System
(Applied Biosystems). PCR products for ER gene was
detected using gene-specific primers and probes labeled
with reporter day FAM (Assay on Demand, Applied
Biosystems, Foster City, CA). PCR products for ERBI,
ERP2, and ERB5 genes were detected using 4 primers and
a probe designed with Primer Express software (Applied
Biosystems). The primers used for the ERP1 gene
expression consisted of “ERp-universal” (5-GCCTGG
CTAACCTCCTGATG-3; forward) and “ERBID” (§-
TTCATGTTGAGCAGATGTTCCAT-3'; reverse); for
the ERP2 gene the primers consisted of “ERp-universal”
and “ERP2D” (5-TCCAAATGAGGTGAGTGTTTG
AGA-3'; reverse). The primers for the ERB5 gene were
“ERp-universal” and “ERB5D” (5-AGACACTTTTCC
CAAATCACTTCAC-3; reverse). The probe (6-FAM-
TGTCCCACGTCAGGCA-MGB) is labeled with reporter
day FAM. Glyceraldehyde-3-phosphate dehydrogenase
gene was used as an endogenous control gene for normal-
ization and was detected using gene-specific primers
and probes labeled with reporter day VIC (Applied
Biosystems).

PCR reaction was carried out in triplicate on
96-well plate with 20 uL per well using 1 x TagMan
Universal PCR MasterMix. After incubating for 2
minutes at 50°C and 10 minutes at 95°C, the reaction
continues for 50 cycles at 95°C for 15 seconds and 60°C
for 1 minute.
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Analysis of Results

At the end of the reaction, the results were evaluated
using the ABI 7000 PRISM software and the Ct values
were exported to Microsoft Excel.

The 2-2ACt method described by Livak and
Schmittgen?' was used to analyze the results. The Ct
values for each set of 3 reactions were averaged for all
subsequent calculations. For each sample of CC, the
specimen of normal colonic mucosa from the same
patient was used as a control sample.

Statistical Analysis

The shift of relative expression level of genes in
CC and normal colonic mucosa was calculated according
to the Wilcoxon test. Data analysis was performed using
the SPSS Version 14.0 (Chicago, IL) statistical package.
A P value <0.05 was considered to be statistically
significant.

RESULTS

We analyzed 80 samples from 40 consecutive
patients: a specimen from colon adenocarcinoma and a
specimen from normal mucosa for each patient.

Twenty samples were tumors of sigma and 20 were
tumors of rectum. All colon adenocarcinoma samples
were classified according to Dukes classification: 5 had
Dukes A stage disease, 17 had Dukes B stage disease, 13
had Dukes C stage disease, and 5 had Dukes D stage
disease (Table 1).

We successfully extracted RNA from all samples.
The RNA concentration and purity were quantitated
spectrophotometrically by measuring their absorbance at
260 and 280 nm. For each patient, the expression of each
gene in CC was compared with the expression in normal
colonic mucosa.

ERp gene expression was present in 38 CCs and in
38 normal mucosa (in a case, it is absent in both of them).
Thirty-one of thirty-seven tumor samples expressed the
ERp gene lower than normal mucosa. The mean of this
gene expression in the CCs was 97% lower compared with
the expression in normal mucosa in cases that express it in
both of them (P <0.001) (Fig. 1).

ERPI expression has been shown in 80% of
adenocarcinomas (32 cases) and in 87% of normal
mucosae (35 cases): in 3 cases, it is absent in both. The
mean of ERB1 expression in tumor tissue was 89% lower
compared with normal colonic mucosa; 6 tumor samples
expressed higher than normal mucosa (maximum: 1.7
times higher), and 24 cases showed lower expression
(maximum: 2.7 times lower) (P < 0.001) (Fig. 2).

ERP2 gene is expressed in all samples except 1 CC
and 2 normal mucosae. Thirty-two cases (89%) showed
lower expression in CC compared with normal mucosa,
with an expression range from 3.8 times lower to 0.8 times
higher (P < 0.001) (Fig. 3).

The expression of ERPS5 gene is present in all
specimens. For this gene, 18 tumor cases showed an
expression higher than the normal mucosa (maximum: 3.5
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TABLE 1. Features of all Clinical Specimens

Patient Sex Stage Site

1 F A Sigma

2 M B Sigma

3 F C Rectum

4 M C Sigma

5 F A Rectum

6 F B Sigma

7 M D Sigma

8 F C Rectum

9 M B Rectum
10 M C Sigma
11 M B Rectum
12 M B Sigma
13 F B Rectum
14 F D Rectum
15 F B Sigma
16 M A Rectum
17 M B Sigma
18 M D Rectum
19 F C Sigma
20 M B Sigma
21 M C Sigma
22 M B Rectum
23 M B Rectum
24 F C Rectum
25 M C Rectum
26 M D Sigma
27 F C Rectum
28 F B Rectum
29 M C Sigma
30 F B Sigma
31 F A Sigma
32 F B Rectum
33 M C Sigma
34 M B Rectum
35 M D Sigma
36 M C Sigma
37 M B Rectum
38 M C Rectum
39 F B Sigma
40 F A Rectum

Sex and sites from where the specimens were resected for analyses, and tumor
stages at operation, according to the Dukes classification.

times higher), whereas 22 cases showed lesser expression
(maximum: 3.7 times lower); the mean of ERPS5 gene
expression was 8% lower in cancer tissues compared with
normal mucosa (P = 0.667) (Fig. 4).

The expression of B, Bl, B2, and B5 ERs were
evaluated in relation to Dukes classification. The patients
were divided into 2 groups: the first group included patients
with Dukes A and B disease stages and the second group
with patients with Dukes C and D disease stages.

There were 21 (51%) patients in the first group and
19 (49%) in the second group. The expression means
of all ERP was higher in the cases with Dukes A and
B stages compared to the cases with C and D stages
(P = 0.068) (Fig. 5).

DISCUSSION

CC is the most frequent neoplasia of the intestine.
This pathology is the third highest cause of death by
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FIGURE 1. Relative expression of ERB gene in colon adenocarcinoma compared with normal colon mucosa. The graphic displays
only the cases which shows expression in both, colon adenocarcinoma and normal colon mucosa.

cancer with 350,000 new cases diagnosed every year in
Europe and 430,000 deaths globally.

Estrogens are members of the steroidal hormone
family and their precursor is the cholesterol (locally
synthesized) ex novo or obtained from low-density
lipoproteins circulating. The steroidal hormones are not
kept in the secreting cell but enter directly in the blood
stream. The majority of steroidal hormones are associated
with specific transport proteins and only a small fraction of
hormones are present in blood circulation. This fraction of
biologically active proteins influence the response of the
target cell and the secretion down-regulation through feed-
back mechanisms. Estrogen synthesis is regulated by the
pituitary-hypothalamic axis, which is the center of a
sophisticated network of connections between nervous,
immune, and endocrine systems.

Estrogens act upon different signaling pathways:
a “classic genomic way,” which activates target genes and
a “‘nongenomic way,” which activates a fast modulation
of intracellular second messengers (without protein
synthesis).

Estrogen effects are mediated by the 2 ERs, ERa
and ER, both of which are present in colorectal tissues
and cell lines.!-17-19-22 Previous studies have shown ERB?
to be the dominant receptor type in normal colonic tissue,
and its down-regulation during the progression of colo-
rectal cancer.!17-1° Issa et al?? suggested that methylation-
associated inactivation of the ER tumor suppressor gene
in aging colorectal mucosa could predispose to CC. The
discovery of ERs and products of estrogen-related genes

2

in the colon suggests that estrogens have direct effects on
the colonic tissue. However, the specific effect of estrogens
on a normal colon and its role in the colon carcinogenesis
are far from clear.

The presence of ERP was first demonstrated in
1996.24 Since then, at least 5 splice variant isoforms of
the ERP gene product (ERB1 to ERPS) have been
described.?> ERB1, ERPB2, and ERPB5 have been demon-
strated in normal colorectal mucosa and at much higher
levels than ERa.!'”!® Of these 3 isoforms, only the
full-length ERp protein, equivalent to the ERB1 isoform
described by Moore and colleagues,>® can activate
estrogen-responsive elements in reporter assays.”® Many
of the ways in which “ER[” has, thus far, been reported
to mediate estrogenic activity are likely to represent
ERf1-based activation. Less is known of the functions of
the other ERP isoforms. However, ERB2 (also known as
ERPcx) shows different and potentially opposing activ-
ities to ERB1 regarding binding of ligand and of ERE and
non-ERE containing promoters.2¢ There is little available
data regarding the function of ERpS.

The tissue expression of the 2 estrogenic receptors
shows a considerable specificity. The ERa preponderate
in the uterus, the liver, the skeletal muscle, the adipose
tissue, the hypophysis, and the hypothalamus, and the
ERBp is the principal ER in the ovary, the prostate, and
in specific cerebral regions (limbic system, cerebellum,
and cortex).

In conclusion, the regulation of target genes
expression in the different tissues depends on the ligand
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FIGURE 2. Relative expression of ER1 gene in colon adenocarcinoma compared with normal colon mucosa. The graphic displays
only the cases that show expression in both colon adenocarcinoma and normal colon mucosa.
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FIGURE 3. Relative expression of ER2 gene in colon adenocarcinoma compared with normal colon mucosa. The graphic displays
only the cases that show expression in both colon adenocarcinoma and normal colon mucosa.

kind, on the relative distribution of 2 estrogenic receptors,
on the promoter type, and on the intracellular action
mechanism of the ligand, but also on the dimerization
type between the 2 receptors.

Formerly, the estrogens have been considered
hormones of the female reproductive system, but in the
last few years, the role of these hormones in development
and control of the male reproductive system seems more
and more evident.

The aim of this study is to analyze by real-time PCR
the relative quantitative expression of the estrogens f3, B1,
B2, and PS5 receptors in colon adenocarcinomas and
compare this expression with the same in normal tissues.
Moreover, we observed a possible correlation between
ER expressions and disease stages.

The ERs showed uniform and statistically significant
(P < 0.003) expression both in adenocarcinoma fragments
and in normal mucosae. Normal tissues showed a receptor
expression greater than pathologic tissues, and the ERfs
were most expressed in the lower disease stages.

The literature is inadequate regarding this subject.
We hypothesize these receptors have a possible protecting
role in colon mucosa regarding cellular turn-over during
tumor development derived from p53 control loss on the
cellular cycle.

There is no doubt about the role of p53 mutations in
the progression of colorectal tumors. Overexpression of
exogenous p53, DNA-damaging agents that activate
endogenous p53, also resulted in reduced B-receptor in
wild-type p53-containing tumor cell lines. The degrada-
tion signal controlling B-receptor levels is inducible by

p53, revealing a link between genotoxic injury responses
and B-receptor degradation.?’

In conclusion, ERf is highly expressed in normal
colonic mucosa. Colon adenocarcinoma cells display
significantly lower ERf expression, which parallels the
loss of their differentiation.

Cancers of the proximal and distal colon may have
different underlying mechanisms, but the decline of ER
expression is independent from the tumor localization.?®
Because ERP is the dominant ER in normal colonic
mucosa, these data can suggest a probable role for ERf} in
preventing the malignant transformation of colonic
epithelial cells. If these data, for now not statistically
significant, are confirmed, selective ER[ agonists could
become important in CC chemoprevention. Moreover,
they could be of interest to evaluate the smaller
expression trend of ERP genes in the advanced adeno-
carcinomas stages (according to Dukes staging), and if
correlated with the other data in this study, could be
an ulterior support of the loss of ERs expression in
development and progression of colon pathology.

The distribution of ERBS isoform expression seems
interesting because it is most expressed in normal tissue in
only 50% of the cases, unlike the isoforms ERf, ERpI,
and ERP2 (even if these 3 isoforms present 15% of
the cases in which the genic expression is greater in the
tumor than in the healthy mucosa). They could be
extremely important in considering how estrogens are not
exclusively a protecting factor in colon cancerogenesis but
also a possible risk factor as evidenced in the mammary
cancer.?%30
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FIGURE 4. Relative expression of ERB5 gene in colon adenocarcinoma compared with normal colon mucosa. The graphic displays
only the cases that show expression in both colon adenocarcinoma and normal colon mucosa.
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FIGURE 5. Mean of relative expression of all ERB genes in
colon adenocarcinoma compared with normal colon mucosa,
subdivided by Dukes stages. The white columns represent the
patients with Dukes A and B disease stages and the gray
columns represent the patients with Dukes C and D disease
stages.

Considering the literature, these data results are
original. However, because of the insufficient sample
number, further conclusions are not possible at this
moment and we evidence only the different biologic
behavior of ERS.
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