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Abstract Differences between men and women in the inci-
dence and biological mechanisms of colorectal cancer (CRC)
suggest that estrogens may play a role in the pathogenesis of
this disease. The identification of the human estrogen receptor
beta (ERβ) and its expression in the intestinal mucosa led to
further studies that revealed that estrogens have a protective
function against CRC mediated by the activation of ERβ.
However, ERβ expression and its role in CRC is controver-
sial. The purpose of this study was to determine the distribu-
tion and prognostic value of ERβ expression in the intestinal
mucosa of patients diagnosed and surgically treated for CRC,
and its association with other known prognostic factors. A
total of 109 paraffin-embedded samples of the wild-type ERβ
isoformwere analyzed by immunohistochemical nuclear staining
in patients with colorectal adenocarcinoma. Clinical/pathological
and survival data were collected. Immunohistochemical quanti-
fication was performed using the category scoring system, which
has been validated for assessing estrogen receptor alfa. The wild-
type ERβ isoform –also called ERβ1– was positive in 101

patients (92.7%) and negative in nine patients (7.3%).
Univariate analysis revealed that the absence of expression of
the ERβ1 gene was correlated with mucinous adenocarcinoma
(p < 0.05). Also, a non-significant tendency was observed for
ERβ expression to be down-regulated in advanced tumors. With
a median follow-up of 47 months, the overall survival and
progression-free survival were not found to be associated with
ERβ1 expression (p= 0.2). Although thewild-type ERβ isoform
was expressed in most study patients with colorectal cancer, it
does not seem to have any prognostic value for the course of the
disease. Further studies should be conducted to investigate
whether the down-regulation of ERβ expression has any biolog-
ical function in mucinous colorectal cancer.
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Background

Colorectal cancer (CRC) is the third most common type of
cancer and the second leading cause of cancer-related death in
western countries both in men and women [1, 2]. In the recent
years, a slight increase has been observed in the incidence of
CRC in women [3], although it is still more prevalent in men
(1.5:1 ratio). The oncogenic effect of estrogens has been as-
sociated with differences between sexes in the incidence of a
large number of neoplasms such as breast cancer, where es-
trogen receptor alfa modulators are essential for the manage-
ment of this type of tumors. The role that estrogens may play
in the pathogenesis of CRC is mediated by their binding an
estrogen receptor identified in the 60s and known as Bestrogen
receptor beta^ (ERβ) [4, 5]. Some studies performed in the
past revealed that it is the ERβ gene rather than the ER alfa
gene which is more highly expressed in the intestinal mucosa.
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Also, it has been demonstrated that, unlike in breast cancer,
ERβ expression has a protective effect [6]. This evidence led
to further studies that investigated the role of ERβ in intestinal
carcinogenesis.

Some studies in vitro have demonstrated that the presence
of ERβ in intestinal crypts seems to have a protective effect
against the development of cancer. Thus, the down-regulation
of ERβ expression in the intestinal mucosa is associated with
the development of CRC [7]. Barone M. et al. performed a
study where male ApcMin/+ mice received a combination of
the ERβ-selective agonist silymarin and/or lignin and ob-
served that the resulting up-regulation of ERβ expression
counteracted the development of CRC [8]. Additionally, pro-
spective epidemiological studies have demonstrated that es-
trogen replacement therapy plays a protective role against the
development of CRC in postmenopausal women [9, 10]; spe-
cifically, the risk for CRC was observed to decrease when
ERβ was expressed in the tumor [11].

There is evidence that a relationship exists between low
expression of ERβ, advanced stages of the tumor and lower
survival rates [12, 13]. Therefore, it has been suggested that
ERβ may have a potential prognostic value for CRC.
However, the only prognostic tool currently available is based
on the TNM classification proposed by the American Joint
Committee of Cancer [14]. Nevertheless, this staging system
does not reveal either the biological profile of the underlying
tumor or the molecular heterogeneity associated with CRC.
This added to the scarce evidence available on the prognostic
value of ERβ support the performance of our study.

The purpose of this study was to determine the distribution
and prognostic value of ER beta expression in the intestinal
mucosa of patients diagnosed with and surgically treated for
CRC and investigate its association with other known prog-
nostic factors.

Methods

Study Design and Patient Selection

This is a retrospective cohort study involving patients who
received the same treatment and were monitored for a mini-
mum follow-up of at least three years. This study was per-
formed in compliance with the principles of the Declaration
of Helsinki. Informed consent was obtained from all partici-
pants. This study was approved by the Ethics Committee of
the Virgen de la Victoria Hospital, Málaga, Spain, where the
study was performed.

The study involved patients >18 years-old diagnosed with
colon or rectal carcinoma of any stage undergoing radical
surgery of the primary tumor (en bloc resection plus lymph-
adenectomy). We excluded patients who had undergone other
histological tests, had received neoadjuvant therapy such as

chemotherapy –or radiotherapy in the case of rectal neo-
plasms– or had a history of other tumors (except for non-
melanoma skin cancer).

All patients with high-risk stage II or III cancer received
adjuvant chemotherapy with fluoropyrimidines in combina-
tion with oxaliplatin. Patients with rectal tumors received ad-
juvant radiotherapy with fluoropyrimidines. Patients were
considered to have high-risk stage II colon cancer if they
met some of the following criteria: having less than 12 lymph
nodes analyzed; poorly differentiated; lymph node, vascular
or perineural involvement; tumor presentation with perfora-
tion or obstruction; or stage T4 cancer.

Variables Analyzed

ERβ expression in the primary tumor was measured by im-
munohistochemistry (IHC). The following demographic and
clinical data were collected: age, sex, tumor site, histology,
cancer stage at diagnosis (as determined by the 6th Edition
of the AJCC) [14], date of diagnosis and treatment adminis-
tered for local and metastatic disease. Other data were gath-
ered such as whether or not the patient had undergone surgery
for their metastatic disease and the antiangiogenic or anti-
EFGR treatment received (epidermal growth factor receptor).
Overall survival (OS) –defined as the time from diagnosis to
death– was calculated according to the patient status and date
of last follow-up visit. As to patients with a no metastatic
disease, other data–such as the date when disease progression
was observed– was collected in order to calculate disease-free
survival (DFS)–defined as the time from diagnosis to first
relapse.

ERβ Analysis

ERβ expression levels were measured by immunohistochem-
istry, since it is the technique most widely employed in recent
studies as compared to RT-PCR [12, 13, 15, 16].

For IHC, we used an antibody from Serotec®, clona PPG5/
10 which recognizes the isoform 1 or wild-type of ERβ
(ERβ1). Nuclear expression was assessed because no
cytoplasmatic immunostaining was seen for the isoforms in
other study [14–20].

The procedure was as follows:
Formalin-fixed, paraffin-embedded tissue sections (3

micres) were obtained from 109 primary colorectal cancer
specimens (all samples submitted for the assays were obtained
from the primary lesions). After routine deparaffinization in
xylene, the sections were hydrated through a series of graded
alcohols, distilled water, and phosphate-buffered saline (PBS)
at pH 7.2–7.4. Antigen retrieval was performed using
Tris–EDTA (pH 9). The slides were put in DAKO autostainer
PLUS which performed the following steps:
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– Incubation in 3% H2O2 for 5 min.
– Incubation over night with monoclonal rabbit anti-human

estrogen receptor ß diluted 1:5.
– Applying the EnVision PT-Link optimized for DAKO

cytomation automated systems for 20 min.
– Applying 3,3′-di-amino-benzidine tetrahydrochloride as

chromogen for 5 min
– Rinsing well in distilled water for 5 min.

The slides in the autostainer were removed and hematoxy-
lin counterstaining was performed. Slides were dehydrated in
ascending grades of alcohol and were cleared in xylene for
three changes and cover slips were applied. Sections from
normal ovarian tissue were used as positive controls.
Negative controls were processed by substituting the primary
antibody with non-immune mouse serum.

The REβ stained sections were assessed by two observers
each using the category scoring system, which has been well
validated for assessing estrogen receptor alfa IHQ [17] and
takes into account intensity of staining (1 = weak; 2 = moder-
ate; 3 = strong) and proportion of positively stained tumor
cells (1 = 0–1%; 2 = 2–10%; 3 = 11–33%; 4 = 34–67%;
5 = 68–100%). Addition of the intensity and proportion scores
provided the final category score used for further analysis. To
allow comparisons with previous immunohistochemical stud-
ies of REβ in CRC negative expression of ERβ1 was defined
as final score less than or equal to 3 and positive if it was 4 or
more.

Given that the objective of our study was to determine
ERβ1 expression in the mucosa of CRC and its prognostic
value, ERβ1 expression was not analyzed in normal tissue. In
addition, ERβ1 is known to be highly expressed in normal
tissue of the intestinal mucosa [15, 18].

Statistical Analysis

Descriptive analysis of study variables was performed.
Qualitative variables are grouped by frequency distribution.
Quantitative variables are expressed as central tendency, posi-
tion and dispersion. Univariate analysis was performed using
ERβ1 and mortality from disease as dependent variables.
Qualitative variables were compared by Chi-squared test or
Fisher’s exact test (for observations expected to be <5), and
quantitative variables were compared using UMann-Whitney
test (two categories) or Kruskal-Wallis test (three or more
categories). Finally, disease-free survival and overall survival
were calculated by the Kaplan-Meier test. Differences be-
tween groups were evaluated by the long-rank test.
Multivariate analysis of the influence of different factors on
survival was performed using the Cox regression model
(Hazard Ratio was included with a 95% confidence interval).
Survival functions were represented for both analyses. A

p < 0.05 difference was considered statistically significant.
Statistical analysis was performed using SPSS v.15 software.

Results and Discussion

Results

Of the 120 patients initially recruited, four refused to
participate and seven did not meet the inclusion criteria.

Table 1 Clinico-pathological characteristics of the study cohort (n = 109)

Age Median: 66 years (R: 57–73)

Sex

-Man 60 (55%)

-Woman 49 (45%)

Stage

-Stage I 12 (11%)

-Stage IIA 26 (23.9%)

-Stage IIB 7 (6.4%)

-Stage IIIA 4 (3.7%)

-Stage IIIB 24 (22%)

-Stage IIIC 12 (11%)

-Stage IV 24 (22%)

Histology

-Adenocarcinomas 98 (89.9%)

-Mucinous adenocarcinoma 11 (10.1%)

Stage–T-

-Tx 1 (0.9%)

-T1 3 (2.8%)

-T2 15 (13.7%)

-T3 64 (58.7%)

-T4 26 (23.9%)

Stage–N-

-Nx 3 (2.8%)

-N0 52 (47.6%)

-N1 32 (29.4%)

-N2 22 (20.2%)

Stage–M-

-M0 85 (78%)

-M1 24 (22%)

Histological Grade

-Grade I 75 (68.8%)

-Grade II 26 (23.9%)

-Grade III 7 (6.4%)

-Unknown 1 (0.9%)

Site

-Right (ascending) colon 32 (29.3%)

-Left (descending) colon 55 (50. 5%)

-Rectum 22 (20.2%)
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Therefore, 109 patients with stage I-IV CRC who were
initially treated with radical surgery of the primary tumor
between 2004 and 2008 were finally included in the
study. The number of male patients included was slightly
higher than that of women and the mean age was
66 years. Most tumors (78%) were diagnosed at initial
stage of development. The most frequent histology was
non-mucinous adenocarcinoma. Up to 58.7% of patients
had T3 cancer and 48% had not lymph node involvement
(N0). In total, 70% of patients had left-sided lesions (left
colon/rectum), and the most frequent histological grade
was grade I (68.8%) followed by grade II (23.9%) (see
Table 1). ERβ1 was expressed in 92.1% (n = 101) of
tumors, whereas 7.9% of cases were negative (n = 8)
(Fig. 1).

The distribution of ERβ1 expression according to the
clinical variables was similar in both sexes. ERβ1 was
not expressed mostly in advanced-stage tumors (IIIB-IV),
although differences were not statistically significant.
Similarly, ERβ1 expression was not found to be associ-
ated with extent of tumor differentiation or tumor site
(Table 2). Conversely, a statistically significant relation-
ship was observed between loss of ERβ1 expression and
histological type (p = 0.03).

During a median follow-up of 47 months (range: 25–
61), 24 (28.3%) local and/or distant relapses were ob-
served. Also, 30 patients died (27.5%) because of meta-
static disease.

Disease-free survival (DFS) was significantly associated
with the depth of bowel wall tumor infiltration (Stage T,
p = 0.05) and regional lymph node involvement (stage N,
p = 0.013). Conversely, DFS was not found to be correlated
with other clinical variables or with ERβ1 expression (Table 3).

A statistically significant relationship was observed
between overall survival (OS) and stage (p = 0.0001),
stage T (0.001), stage N (p = 0.0001) and the presence
or absence of metastasis (p = 0.0001). Also, OS was
poorer in patients with mucinous adenocarcinoma, as

compared to patients with non-mucinous adenocarci-
nomas, with differences almost reaching statistical signif-
icance (p = 0.07).

OS was higher in ERβ1-positive patients as compared
to ERβ1-negative patients. Differences in survival be-
tween ERβ1-positive and ERβ1-negative patients ranged
from 76 to 40 months for DFS (p = 0.3) and from 73 to
63 months for OS (p = 0.2) (Fig. 2) (Table 3) .

Multivariate analysis revealed that only tumor stage
was significantly related to DFS and OS (Table 4).

Discussion

This study sheds light on the prognostic value of ERβ1
in CRC. The main findings of this study are: A) ERβ1 is
expressed in most patients with CRC, which is consistent
with the literature. B) ERβ1 is less frequently expressed
in patients with mucinous adenocarcinoma. C) ERβ1 is
less frequently expressed in patients with advanced tu-
mors (differences being not statistically significant). D)
ERβ expression seems to have a limited prognostic value
in CRC.

The ERβ1 levels observed in our study are consistent
with the maximum levels (the interval ranging from
57.5% to 89.4%) reported in other case-series studies
using the same score for ERβ1 quantification but differ-
ent antibodies. Thus, on the one hand, Fang et al. [13]
and Xie et al. –who employed antibodies against all ERβ
isoforms– [18] found that ERβ was expressed in 67.7%
and 57.5% of patients, respectively. On the other hand,
Elbanna et al. [16] and Grivas et al. –who, as in our
study, used antibodies against the ERβ isoform 1– [15]
observed that ERβ was expressed in 65% and 84.9% of
patients, respectively. Although the evidence available is
not conclusive, the five ERβ isoforms identified so far in
CRC seem not to have the same mechanism of action.
Thus, the ERβ isoform 1 is the most frequent ERβ

A Nega�ve expression of ER 1
B Posi�ve expression of ER 1

Fig. 1 a. Negative expression of
ERβ1. b. Positive expression of
ERβ1
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isoform in CRC and might have a protective role in the
intestinal mucosa [19].

In other studies where a different quantification score
was used, ERβ was not expressed in a higher proportion
of patients, as compared to our study. Such is the case of
the study by Jassam et al. (12), where 21% of patients of
their series of 91 patients were negative for ERβ.
Conversely, Taggarshe D. et al.(20), Rudolph A et al.
[21] and Rath-Wolfon L et al. [22) used the score

proposed by Konstantinopoulos in 2003 [23], which es-
tablishes three levels of ERβ expression: negative, mod-
erate and high. Thus, ERβ expression was found to be
moderate to high in 52.4% of the 1101 CRC patients
included in the study conducted by Rudolph A. et al.
[21] vs. 63.4% of the 72 patients included in the study
by Taggarshe D. et al. [20]. In the latter, ERβ was de-
tected by IHC using an antibody that only detected ERβ
isoform 1.

In our study, we also assessed the potential association
between ERβ expression and the prognostic factors tra-
ditionally used. As to ERβ expression by stage –T or
N–, we observed that most ERβ-negative patients had
T3–4 or N+ cancer. Multivariate analysis, however, re-
vealed that ERβ expression and tumor stage were not
correlated. No correlation was found either in our study
between ERβ1 expression and metastasis. As to the lit-
erature, ERβ1 expression was determined by IHC by
Grivas et al. [15] in a cohort of 113 patients, and no
significant differences were found between ERβ1 expres-
sion and the prognostic factors T, N or M. As mentioned
above, although these authors used the same score to
quantify ERβ1 levels, they used an antibody that was
sensitive to all ERβ1 isoforms. Fang et al. [13] deter-
mined the expression of all ERβ isoforms using the same
score as in our study. All 423 patients included in this
study had stage I-III tumors (IV-stage tumors were ex-
cluded). A statistically significant difference was found
between ERβ expression and lymph node involvement,
but not between ERβ expression and TNM. Conversely,
Castiglione et al. [24] demonstrated that the expression
levels of the ERβ isoforms 1, 2 and 5 was down-
regulated in advanced tumors as assessed by RT-PCR,
and differences were just below significance. Rudolph
A et al. [21] observed that the loss of ERβ expression
was associated with increased tumor extention (stage T)
and advanced stages, along with a higher risk of

Table 3 Relationship between ERβ1 and SLE and OS

ERβ-Positive ERβ-Negative

n (%) 101 (92.7) 8 (7.3)

95%CI 87.3–98 2–12.7

n (%) relapse* 22 (27.5) 2 (40.0)

DFS** [median] 76 40

n (%) deaths 27 (26.7) 3 (37.5)

OS*** [median] 73 63

*85 patient values for relapse

**DFS: Disease-Free Survival

***OS: overall survival (months)

Table 2 Relationship between ERβ1 expression and the clinico-
pathological characteristics of the cohort

ERβ1-Positive ERβ1-Negative P
Total 101 (92.7%) 8 (7.2%)

Sex

-Man 56 (93.4%) 4 (6.6%) 0.28
-Woman 45 (91.8%) 4 (8.2%)

Stage

-Stage I 12 (100%) 0 (0%) 0.57
-Stage IIA 25(96.2%) 1 (3.8%)

-Stage IIB 7 (100%) 0 (0%)

-Stage IIIA 4 (100%) 0(0%)

-Stage IIIB 22 (91.7%) 2 (8.3%)

-Stage IIIC 10 (83.3%) 2 (16.7%)

-Stage IV 21 (87.5%) 3 (12.5%)

Histology

-Adenocarcinoma 93 (94.9%) 5 (5.1%) 0.03
-Mucinous adenocarcinoma 8 (72.7%) 3 (27.3%)

Stage–T-

-Tx 1 (100%) 0 (0%) 0.8
-T1 3 (100%) 0(0%)

-T2 14 (93.3%) 1 (6.7%)

-T3 58 (90.6%) 6 (9.4%)

-T4 25 (96.2%) 1(3.8%)

Stage–N-

-Nx 3 (100%) 0 (0%) 0.4
-N0 50 (96.2%) 2 (3.8%)

-N1 29 (90.6%) 3 (9.4%)

-N2 19 (86.4%) 3 (13.6%)

Stage–M-

-M0 79 (92.9%) 6 (7.1%) 0.3
-M1 22 (91.7%) 2 (8.3%)

Histological Grade

-Grade I 68(90.7%) 7 (9.3%) 0.2
-Grade II 26(100%) 0(0%)

-Grade III 6 (85.7%) 1 (14.3%)

-Unknown 1 (100%) 0 (0%)

Site

-Right (ascending) colon 28 (87.5%) 4 (12.5%) 0.92
-Left (descending) colon 53 (96.4%) 2 (3.6%)

-Rectum 20 (90.9%) 2 (9.1%)
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recurrence and death, which is not supported by the re-
sults obtained by Taggarshe D. et al. [20] (Table 5).

On univariate analysis, differences in ERβ expression
by sex were slight and non-significant. Gender and ERβ
expression were not found to be correlated in previous
studies [13, 15, 18], except for the study by Jassam et al.
[12], who observed a significant loss of ERβ expression
in female patients with rectal cancer. Also, Taggarshe D
et al. [20] and Campbell-Thompson et al. [19] found that
female patients presented lower ERβ expression levels as
compared to males. Concerning the remaining patholog-
ical variables analyzed in our study (degree of differen-
tiation, tumor site and histological type), we only found
significant differences between loss of ERβ expression
and the mucinous histological type. Among the studies
mentioned above, the one conducted by Elbanna et al.
[16] revealed that the down-regulation of ERβ expres-
sion was associated with a loss of tumor differentiation,
which is not supported by the results obtained in our
study. In their study, Wong et al. [25] demonstrated that
ERβ expression levels were higher in low-grade non-

mucinous tumors, which is not consistent with the results
obtained in our study.

For the primary endpoint of the study –the prognostic
value of ERβ1 in CRC– we selected an homogenous
sample of patients, as follows: patients treated from
2004 with combination therapies with fluoropyrimidines
and oxaliplatin monitored for a minimum follow-up of 3
years. DFS and OS were higher in ERβ1-positive pa-
tients, as compared to ERβ1-negative patients, although
differences were not statistically significant.

Regarding other studies, Fang et al. [13] found that
OS and DFS were higher in patients with higher ERβ1
expression levels. Although the type of treatment admin-
istered (either adjuvant or for disseminated disease) was
not specified in the study, the proportion of patients with
T1–3 N0 cancer with a good prognosis was very high.
Consistently, Elbanna et al. [16] reported higher OS rates
for ERβ1-positive patients, although differences were not
statistically significant. It should be noted that this study
involved only 40 patients with all-stage tumors (30%
were IV-stage tumors) and the duration of follow-up
was only 2 years. Conversely, Grivas et al. [15] quanti-
fied ERβ1 levels in a cohort of 113 patients, but their
results do not match ours. Thus, they report lower
progression-free survival rates for ERβ1-positive pa-
tients. Nevertheless, it is worth mentioning that patients
prevailingly had stage III cancer and 6% had stage VI
cancer. Finally, the study conducted by Rudolph A et al.
[21] –which involved all-stage cancer patients– reported
that a correlation exists between down-regulated ERβ1
expression and lower OS and DFS rates.

Conclusions

In light of the encouraging results obtained in our study
and supported by the literature, further studies should be
conducted to assess how ERβ expression influences the

A Expression of ERβ1 and probability of relapse
B Expression of ERβ1 and probability of survival

Fig. 2 a. Expression of ERβ1
and probability of relapse. b.
Expression of ERβ1 and
probability of survival

Table 4 Cox Regression

Cox Regression - Dependent variable: disease-free survival

p HR CI95% lower CI95% upper

Stage

I - IIA 0.03 1.00

IIB - IIIC 2.78 1.10 7.04

Cox Regression - Dependent variable: overall survival

p HR Lower CI95% Upper CI95%

Stage

I - IIA <0.01 1.00

IIB - IIIC 3.21 0.86 12.01

IV 17.28 5.03 59.38
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Table 5 Review of studies

Study And Year n Stage Score IHC ERβ
Antibody

Relationship With
Clinicopathological Variables

Correlation With OS Or DFS

Konstantinopoulos
et al.(2003) [23]

90 No date 0 < 10% tumor cell was
staining.

Isoforms
1,2 and
3

↑ REβ in well differenciated
tumors

No date

(+)Weak nuclear staining
intensity OR 10–50% of cells
with nuclear staining

(++):Moderate nuclear staining
intensity AND >50% of cells
with nuclear staining

(+++): Strong nuclear staining
intensity AND >50% of cells
with nuclear staining

Xie et al. (2004)
[18]

40 Duke A-B
(62.5-
%)

Positive >10% of cancer cells
stained for REβ

All ERβ
iso-
forms

Age, sex, N, Duke’s type,
histological grading were
not significant.

No date

Duke C
(17.5-
%)

Duke D
(7.5%)

Unknown
(12.5-
%)

Wong et al.(2005)
[25]

91 pT1–3
(85.7-
%)

Positive >10% of cancer cells
stained for REβ

IsoformEs
1,2 and
5

↑ ERβ1 and lower pT and
mucinous

No date

pT4
(14.3-
%)

↑ REβ2 in right-sided carci-
nomas and N+

N0 (33%) No relation with age.
N+ (67%)

M+ (0%)

Jassam et al.(2005)
[12]

91 Duke A-B
(45%)

Score = Staining intensity (0–3)
+

All ERβ
iso-
forms

↓ REβ if increased Duke’s
stage

No date

Duke C
(47.3-
%)

Proportion of positively stained
(0–5)

↓ REβ in left site

Duke D
(7.7%)

Positive = Score 4 o more ↓ REβ in female

No relationship with age.

Castiglione
et al.(2008) [24]

40 Duke A-B
(55%)

No IHC. It was used PCR Isoforms
1,2 and
5

> REβ in Duke A-B than
Duke C-D but p = 0.06

No date

Duke C
(32.5-
%)

Duke D
(12.5-
%)

Grivas et al.(2009)
[15]

113 Stage I-II
(38.9-
%)

Positive >10% of cancer cells
strong stained for REβ

ERβ1 No correlation with age, stage,
grade, gender, site,
histological type or T,N,M

No correlaTion with OS

Stage III
(55.8-
%)

↑ ERβ1 correlation with
↓DFS

Stage IV
(5.3%)

Fang et al.(2010)
[13]

423 Stage I-III Score = Staining intensity
(0–3) + Proportion of
positively stained (0–3)

All ERβ
iso-
forms

Correlation with N stage ↓ REβ in patient with ↓ OS
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biology and natural course of colorectal cancer. The first
step should be to validate the different antibodies used to
quantify ERβ expression and establish the appropriate
cut-off point for determining that a patient is positive
or negative to ERβ.

In agreement with other studies, we observed that the
wild-type ERβ isoform was expressed in most CRC pa-
tients. Although we observed that OS was higher in
ERβ-positive patients, differences were not significant,
which suggests that ERβ has a limited prognostic value
in CRC. It could be interesting to study the relationshipt
of ERβ and others drive-mutation as RAS in colorectal

cancer because our study and other demostrated that
ERβ is lossed in advanced cancer and it could indicated
that ERβ is a step in a signaling pathway. Their presence
in normal mucose could have taken into account in a
preventive options.

Acknowledgements This work was funded by the Andalusian
Oncology Society (SAC).

Compliance with Ethical Standards This study was performed in
compliance with the principles of the Declaration of Helsinki (Seul
2008). Informed consent was obtained from all participants. This study

Table 5 (continued)

Study And Year n Stage Score IHC ERβ
Antibody

Relationship With
Clinicopathological Variables

Correlation With OS Or DFS

Elbanna
et al.(2012) [16]

40 Stage I-II
(40%)

Positive >10% of cancer cells
stained for REβ

ERβ1 ↓ ERβ1 in vascular invasiOn
and high-grade tumors

↓ ERβ1 in patient with ↓ OS
but the correlation was no
significantStage III

(30%)

Stage IV
(30%)

Rudolph et al.
(2012) [21]

1101 Stage I-II
(52.2-
%)

Equal that Konstantinopoulos
et al.

All ERβ
iso-
forms

↓ REβ in higher stage and
greater pT

↓ REβ associated with ↓ OS
and DFS

Stage III
(33.8-
%)

Stage IV
(14%)

Taggarshe
et al.(2012) [20]

72 Stage I-II
(27.8-
%)

Score = Staining intensity (1–3)
x Percentage of positively
stained

All ERβ
iso-
forms

↓ REβ in women No correlation with OS and
DFS

Stage III
(38.9-
%)

Stage IV
(13.9-
%)

Unknown
(19.4-
%)

Rath-Wolfson et al.
(2012) [22]

55 Stage
II-III
(44%)

Score = Staining intensity (1–3)
x Percentage of positively
stained

ERβ1 ↑ ERβ1 in patient with M+
than M-

↑ ERβ1 in patients dead than
alive

Stage IV
(55%)

Pérez-Ruiz
et al.(2015)

109 Stage I-II
(41.3-
%)

Score = Staining intensity
(0–3) + Proportion of
positively stained (0–5)

ERβ1 ↓ ERβ1 in mucinous tumors ↓ ERβ1 in patient with ↓ OS
and DFS but the correlation
was no significant

Stage III
(36.7-
%)

Positive = Score 3 o more No correlation with age, stage,
grade, gender, site, or
pT,N,M

Stage IV
(22%)

n: number of patients; IHC: immunohistochemical analysis; REβ: estrogen receptor beta; OS: overall survival; DFS: disease free-survival; PCR:
polimerase chain reaction; pT: tumor extent; N: lymph node; M: metastasis;
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