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ABSTRACT

Estrogen plays an important role in the development of some cancers. However, previous studies on the influence of
estrogen on colorectal cancer (CRC) have had conflicting conclusions, and there have been few reports on estrogens
and liver metastasis. The aim of this study was to explore the prognostic impact of estrogens on CRC with liver metas-
tasis. Eighty-six patients with CRC including 43 synchronous liver metastases were studied. Estrogen receptor f (ERp)
levels were assayed by immunohistochemistry in liver metastasis, CRC and adjacent normal tissues. Serum estrogen
levels were measured by radioimmunoassay. The correlation between staining, clinicopathological parameters, and
prognostic power were analyzed statistically. Significant differences were found in ERS expression between liver me-
tastasis (P = 0.012) and CRC (P = 0.002) compared to adjacent normal tissues. Serum estrogen levels in patients with
liver metastases were significantly lower than those without liver metastasis (P = 0.012). The 1-, 2-, 3- and 5-year sur-
vival rates were 80%, 40%, 33% and 22%, respectively for the 43 patients with liver metastasis; and 94%, 63%, 49%
and 49%, respectively for patients with positive ERS in liver metastasis tissues, and 68%, 21%, 21% and 10%, respec-
tively for those with negative ERfS (log-rank; P = 0.018). Cox regression test showed that ER beta (P = 0.029) were
detected as the independent prognostic factors for liver metastasis of colorectal cancer. In conclusion, the present study

suggests that ERfS may be a prognostic factor for synchronous liver metastasis of colorectal cancer.
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1. Introduction

Worldwide, colorectal cancer (CRC) is the third most
commonly diagnosed cancer in males, and the second in
females, with over 1.2 million new cancer cases and
608,700 deaths estimated to have occurred in 2008 [1].
Although the survival rates in individuals with CRC have
increased substantially in the past decade, possibly as a
result of early diagnosis and improved treatment [2], the
pathogenesis of this cancer remains poorly understood,
and the overall survival is still not satisfactory. The main
reasons for poor survival are local recurrence and distant
metastases. While the liver is the most common site of
metastasis, only about 35% to 55% of patients with CRC
develop liver metastases [3]. Most of these patients do
not survive for more than 12 months with a median sur-
vival of about 8 months without treatment [4]. Surgical
resection is the main management approach to cure co-
lorectal liver metastases at present. However, only 10% -
25% of patients are amenable to surgery [5].

Gender differences in the incidence and prognosis of
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CRC have been investigated. For example, Nelson et al.
studied 38,931 cases of CRC and found that regarding
the development of CRC anywhere in the colorectum,
male incidence rates adjusted for age and race were
greater than rates for females [6]. Koo ef al. analyzed
2050 patients (44% women) with CRC and showed that
in a young group (aged 50 years and below) women had
significantly better overall survival than men (log-rank; P
= 0.04) [7]. Moreover, observational epidemiological
studies and controlled clinical trials had showed that
women who used hormone replacement therapy (HRT)
after menopause were at lower risk of developing both
colon and rectal cancer [8-10]. Our previous study ana-
lyzing 1312 patients with CRC found that compared to
females, males were more apt to develop liver metastases
from CRC (the ratio 1.9:1, P = 0.006) [11]. All these
studies indicate that hormones may be involved in CRC
and liver metastasis.

Estrogen receptor (ER) consists of are two forms, «
and f, which are part of the nuclear hormone receptor
family. They have both been identified in CRC and nor-
mal mucosa tissues, but ERf is the predominant ER. In
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1996, Kuiper et al. [12] first found a second estrogen
receptor, ERfS, encoded by a gene on chromosome 14q.
Since then, at least 5 splice variant isoforms of the ERfS

gene product (ERS1 to ERf5) have been describedm [13].

ERp expression was first characterized in prostatic and
ovarian tissues [12]. Estrogen diffuses freely from serum
through the lipid bilayer to the intracellular milieu where
estrogen receptors are maintained in a state of transcrip-
tional silence within the cell through interaction with
co-repressor molecules [14]. Binding of estrogens causes
a conformational change allowing disassociation from
co-repressors and recruitment of coactivator molecules
[15]. Further investigation of tissue expression in colonic
mucosal epithelium found the over-expression of Erf
[16-18]. Although ERp has been widely investigated in
CRGCs, little data are available on ERf expression in liver
metastasis from CRC. Moreover, there are no reports are
found on the influence of ER on survival in liver metas-
tasis from CRC.

Therefore, the aim of the current study was to evaluate
ERp levels in adjacent normal, CRC and liver metastasis
tissues and explored their possible correlations with clini-
copathologic features, and prognostic impact on CRC
with liver metastasis.

2. Materials and Methods
2.1. Patients

Exclusion criteria: Taking hormone drugs within one
year, lesions too small for adequate pathological exami-
nation and experimental studies, preoperative radiother-
apy and chemotherapy.

A total of 86 patients with CRC including 43 syn-
chronous liver metastases cases in the First Affiliated
Hospital of Guangxi Medical University from January
2005 to December 2006 were enrolled. In the non-liver
metastasis group, all patients underwent radical resection
and those patients with stage II and III received adjuvant
chemotherapy and/or radiotherapy after surgery. In the
liver metastasis group, 28 patients underwent curative-
intent liver resection and there were 34 cases receiving
adjuvant chemotherapy. All patients were confirmed by
histological diagnosis. Pathologic staging was determined
according to the International Union Against Cancer
TNM classification of malignant tumors [19]. All per-
sons gave written informed consent prior to their inclu-
sion in the study. The study was approved by the medical
ethics committee of the First Affiliated Hospital of
Guangxi Medical University.

2.2. IHC of ERp

Formalin-fixed (10%) and paraffin-embedded tissue sec-
tions from the CRC, adjacent normal and liver metastasis

Copyright © 2012 SciRes.

tissues were stained with hematoxylin and eosin using
standard histological techniques. IHC staining was per-
formed using a streptavidin-peroxidase technique (Ready-
To-Use SP kit, Fuzhou Maixin Biotechnology Company,
China), following the manufacturer’s instructions. Anti-
body dilutions for IHC were 1:50 for ERS (monoclonal
mouse, Setotec Company, UK). Phosphate-buffered sa-
line (PBS) instead of antibody was used as a negative
control. A section of breast carcinoma with ERf expres-
sion was used as a positive control. The staining was
semi-quantitatively examined by two independent pa-
thologists who were blinded to the clinical data. The de-
gree of staining was scored for intensity of staining (A)
(0 = negative, 1 = weak, 2 = moderate, and 3 = strong)
and proportion of positive cells (B) (0 = <5%, 1 = 5% -
25%, 2 =26% - 50%, 3 = 51% - 75%, 4 =>75%) [20,21].
The score for each section was measured as A x B, and
the result was defined as negative (-, 0), weakly positive
(+, 1 - 4), positive (++, 5 - 8), and strongly positive (+++,
9 - 12). Representative images of nuclear ERf in adja-
cent normal, carcinoma and liver metastasis tissues are
depicted in Figure 1.

2.3. Radioimmunoassay for Serum Estrogens

All the serum samples were collected following an over-
night fast of at least 8 hours, and were immediately cen-
trifuged and stored at —80°C. Serum estrogens were
measured using a radioimmunoassay (RIA) technique
(Estradiol Radioimmunoassay Kit, Beijing North Bio-
technology Institute. A GC-911 type y RIA counter
(Zonkia Co., China) was used following the manufac-
turer’s instructions.

Figure 1. Immunohistochemical (IHC)1 analyses: IHC analy-
ses of colorectal cancer, adjacent normal and liver metasta-
sis tissues were carried out using mouse anti-human ERp
monoclonal antibody. (a) ERg positive staining in normal
intestinal epithelial; (b) ERA positive staining in colon ade-
nocarcinoma cells; (c) ERf positive staining in adenocarci-
noma cells of liver metastasis; (d) ERp positive staining in
adenocarcinoma cells of liver metastasis (All panels taken at
400x).
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2.4. Follow up

The patients were followed every 3 months for the first 2
years and then every 6 months for the next 3 years and
then annually. Follow-up visits included physical ex-
amination, rectodigital examination, carcinoembryonic
antigen (CEA) level, chest X-ray, abdominal sonogram,
and/or abdominal CT scanning. Patients were followed
up in the outpatient department or by telephone. The last
contact was in May 2012. Survival time was calculated
from the date of surgery to the date of the last follow up
or death. Patients who died from diseases other than
CRC or from unexpected events were excluded from the
study. There were 51 men and 35 women; and their ages
ranged from 23 to 83 years (means: 56.9 = 13.3 years,
median: 58 years). According to the TNM classification,
there were 11 stage I patients, 10 stage Il patients, 22
stage III patients and 43 stage IV patients. The following
clinicopathological features were recorded: gender, age,
primary tumor site, histological type, tumor differentia-
tion, lymph node metastasis, depth of invasion, TNM
stage and liver metastasis.

2.5. Statistical Analysis

The Chi-square test or Fisher’s exact probability test was
used to calculate the rates and examine the association
between ERf expression and various clinicopathological
characteristics when appropriate. Comparisons between
related groups in serum estrogen levels were performed
using a two-sample Student’s s-test. Life table analyses
were carried out and the Kaplan-Meier method was used
to estimate survival. Univariate analysis of factors thought
to influence survival was then made using the Log rank
test. Multivariate analysis of the significant univariate
factors was conducted using Cox regression analysis. P
values of less than 0.05 were considered to indicate sta-
tistically significant differences. All statistical analyses
were carried out with the SPSS statistical software ver-
sion 13 (Chicago, Illinois, USA).

3. Results

3.1. ERg in Tissues and the Relationship with
Clinicopathological Characteristic

The positivity rates of ERS expression in CRC tissues
were 39.5% (34/86), equal to those of liver metastasis

tissues, 39.5% (17/43). Both groups had less ERf ex-
pression than in normal mucosa 62.8% (54/86), and the
differences were statistically significant (P = 0.002, P =
0.012, respectively) (Table 1). The correlation between
ERp expression in CRC tissues and the clinicopathologic
findings are listed in Table 2. Correlations were found
between ERf expression and preoperative CEA, TNM
stage and liver metastasis (P = 0.034, 0.003 and 0.009,
respectively). Serum estrogens levels were lower in CRC
patients with synchronous liver metastases compared to
CRC patients without liver metastases (103.44 + 53.96
pg/mL vs. 164.23 + 68.49 pg/mL, P =0.012). The gender
differences in the two groups were not statistically sig-
nificant (P = 0.431) (Table 3).

3.2. ERf Expression and Survival

The median survival time for the entire population was
52 months (range: 5 - 73 months). The 1-, 2-, 3- and
S-year survival rates were 80%, 40%, 33% and 22%,
respectively for the 43 patients with liver metastasis, and
the median survival time was 22.0 months. The factors
affecting survival which were found to be significant on
univariate analysis included number of liver metastasis
(P = 0.033), diameter of liver metastasis (P = 0.045),
chemotherapy (P = 0.005) (Figure 2), liver metastasis
resection (P = 0.001) (Figure 3) and ER beta expression
(P =0.018) (Figure 4). The 1-, 2-, 3- and 5-year survival
rates were 94%, 63%, 49% and 49%, respectively for
patients with positive ERf (n = 17 cases) in liver metas-
tasis tissues, and 68%, 21%, 21% and 10%, respectively
for those with negative ERf (n = 26 cases). ERf positive
patients had a significantly higher survival rate compared
with negative patients (log-rank; P =0.018).

In the Cox regression test, chemotherapy (P = 0.037),
liver metastasis resection (P = 0.006) and ER beta (P =
0.029) were detected as the independent prognostic fac-
tors (Table 4).

4. Discussion

An increasing number of epidemiological studies and
controlled clinical trials have suggested a possible pro-
tective role of sex hormones against CRC development
[8,22-24]. In a large randomized trial (16,608 post-
menopausal women), the use of estrogen plus progestin
was associated with a statistically significant decrease in

Table 1. The expression of ERg in colorectal cancer lesions, adjacent normal mucosa and liver metastasis lesions.

Tissue type Positive Negative Total P value

n (%) n (%) n
Adjacent normal mucosa 54 (62.8) 32(37.2) 86 0.002*
Colorectal cancer lesions 34 (39.5) 52 (60.5) 86 1.000°
Liver metastasis lesions 17 (39.5) 26 (60.5) 43 0.012°

“adjacent normal mucosa vs. colorectal cancer lesions; “colorectal cancer vs. liver metastasis lesions; ‘liver metastasis lesions vs. adjacent normal mucosa.

Copyright © 2012 SciRes.
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Table 2. Relationship of ERf expression in primary CRC tissues to clinicopathological characteristics.

Feature All cases - ERp —
Negative Positive P value
Total no. 86 52 34
Gender 0.942
Female 35 21 14
Male 51 31 20
Age 0.451
<60 years 54 31 23
>60 years 32 21 11
Primary site 0.727
Colon 41 24 17
Rectum 45 28 17
Histological type 0.236
Adenocarcinoma 79 46 33
Mucinous adenocarcinoma 7 6 1
Tumor differentiation 0.694
Well/Mod 73 43 30
Poor 13 9 4
Preoperative CEA
0.034
<10 ng/mL 52 28 26
>10 ng/mL 34 24 8
TNM stage
I +1 o1 ; " 0.003
I+ 65 45 20
Liver metastasis
No 43 17 26 0.009
Yes 43 35 8
Table 3. Levels of serum estrogens in 86 study patients (pg/mL).
Group n Minimum Maximum Mean
Metastases * 43 30.59 195.38 103.44 + 53.96
Male 27 30.59 195.38 94.41 £ 58.00
Female 16 58.23 192.32 119.68 + 48.00
Non-metastases 43 39.02 278.17 164.23 £ 68.49
Male 24 39.02 237.65 144.57 +72.00
Female 19 115.9 278.17 183.88 = 62.00

“Metastases vs. Non-metastases group (P = 0.012). The gender differences in the two groups were not statistically significant

(P=0.431).

the incidence of CRC among post-menopausal women
[25]. Another study showed that the use of oral hormone
replacement therapy (HRT) was associated with a 63%
relative reduction in the risk of CRC in post-menopausal
women after adjustment for other known risk factors [10].
This beneficial effect seems to be specifically mediated
by ERp.

ER a and f have both been identified in CRC and
normal mucosa tissues, but ERf is the predominant ER
[26-28]. In 1996, Kuiper et al. first found a second es-
trogen receptor, ERfS [12]. Then further investigations
demonstrated that ERS was expressed in CRC [16-18,27].

Copyright © 2012 SciRes.

More recent studies also found that ERfS was detected in
CRC by immunohistochemistry (IHC) [29-31]. In the
current study, ERfS expression was found to be signifi-
cantly lower in CRC tissues compared with normal tis-
sues (P = 0.002). This finding is consistent with data
from a previous study made by Foley et al., which re-
ported that colon tumor tissue showed a selective loss of
ERp protein expression when compared to normal colon
tissue in the same patient [28]. A reduction of ERf ex-
pression occurred in colon cancer compared with normal
colonic epithelium and lower expression was signifi-
cantly correlated with the degree of tumor differentiation
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Figure 2. Cumulative survival rates of 43 CRC with liver
metastasis patients compared by chemotherapy (P = 0.005).
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Figure 3. Cumulative survival rates of 43 CRC with liver
metastasis patients compared by liver metastasis resection
(P =0.001).

[17]. ERS mRNA was detected in both normal colon mu-
cosa and tumors by RT-PCR [18,27]. Campbell-Thompson
et al. showed that decreased levels of ERS1 and ERp2
mRNA were associated with colonic tumorigenesis in
females [27]. These findings suggest a protective role for
ERp against colorectal carcinogenesis.

In current study correlations were found between ERf
expression and preoperative CEA, TNM stage and liver
metastasis (P = 0.034, 0.003 and 0.009, respectively).The
reduction in number of ERf receptors in colorectal can-
cer might relate to worsening stage and grade of the tu-

Copyright © 2012 SciRes.
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Figure 4. Kaplan-Meier survival curve correlating survival
with positive or negative expression of ERf in liver metas-
tasis tissues (P = 0.018).

Table 4. Significant factors affecting survival by Cox Re-
gression analysis.

Factors OR 95% CI for OR P
Liver metastasis 3.211 1.402 - 7.352 0.006
resection
Chemotherapy 2.503 1.058 - 5.924 0.037
ER beta 2.677 1.108 - 6.471 0.029

OR odds ratio, CI confidence interval.

mour [17,32].

The important finding in the current study was that
there was positive expression of ERf in the liver metas-
tasis tissues (17/43). However, compared to adjacent
normal tissues, the ERf positivity rate was lower in liver
metastasis tissues (P = 0.012). We searched the literature
and found few studies on the association between CRC
with liver metastasis and ERf protein. However, one
study found that there was no ERa positivity expression
in 14 CRC with liver metastasis as determined by IHC
[33]. Therefore, the current results suggest that ERfS is
expressed in primarily liver metastasis.

Many studies have reported that the ERf status in pri-
mary tumors was a significant prognostic predictor in
hepatocellular carcinoma [34], breast cancer [35,36] and
gastric cancer [37]. But there have been few studies on
the association between liver metastasis and ERf gene
expression. In the liver metastasis group of the current
study, Kaplan-Meier analysis showed that negative ERf
expression of metastatic liver tissues was related to de-
creased survival (P = 0.018). Chemotherapy, liver me-
tastasis resection was an independent prognostic factor
on multivariate analyses as already known [4,38-41].
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Both univariate and multivariate analyses showed that
ER beta was an important prognostic factor in patients
with synchronous liver metastases. To our knowledge,
this is the first study to investigate the prognostic impact
of ERp levels on CRC with liver metastasis. In a previ-
ous study, we analyzed 1312 patients with CRC and
found that compared to females, males were more apt to
develop liver metastasis [11].

In addition, from the current data we also found that
serum estrogens levels in patients with liver metastases
was significantly lower than those without liver metasta-
sis (P = 0.012), which suggested that endogenous estro-
gen levels may be closely related with liver metastasis.
Estrogen action is believed to be mediated through ERp,
and high levels of estrogen may be able to induce an in-
crease in ERp protein levels [42,43]. After 17 beta-es-
tradiol (E2)-induced ERp up-regulation in DLD-1 colon
cancer cells, ERf mRNA was found to be increased in
the short term (2 and 4 h after stimulation) and was fol-
lowed by a late (24 h after stimulation) enhancement of
transcription [44]. This suggests that estrogens exert a
protective action by ERf against CRC with liver metas-
tasis mediated by ERp. Therefore, low or negative estro-
gen levels in CRC patients may affect the incidence of
liver metastasis.

In conclusion, the present study suggests that CRC
liver metastasis patients who have ERf positive metas-
tatic tumors have a better survival, and that ERfS may be
a prognostic factor for synchronous liver metastasis of
colorectal cancer.
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