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Abstract
Esophageal adenocarcinoma is a cancer with poor 
prognosis, and its incidence has risen sharply over 
recent decades. Obesity is a major risk factor for de-
veloping this cancer and there is a clear male gender 
bias in the incidence that cannot be fully explained by 
known risk factors. It is possible that a difference in 
the expression of estrogen, or its signaling axes, may 
contribute to this gender bias. We undertook a com-
prehensive literature search and analyzed the available 
data regarding estrogen and estrogen receptor expres-
sion, and the possible sex-specific links with esopha-
geal adenocarcinoma development. Potentially relevant 
associations between visceral vs  subcutaneous fat 
deposition and estrogen expression, and the effect of 
crosstalk between estrogen and leptin signaling were 
identified. We also found limited studies suggesting a 
role for estrogen receptor β expression in esophageal 
adenocarcinoma development. The current literature 
supports speculation on an etiological role for estrogen 

in the male gender bias in esophageal adenocarcino-
ma, but further studies are required. 
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INTRODUCTION
Esophageal carcinoma is the eighth most common can-
cer worldwide, and over the last three decades its inci-
dence has risen significantly in all Western countries[1-4]. 

This change is entirely due to an increase in the adeno-
carcinoma subtype, and this has predominantly occurred 
in males[2,5-9]. Recent Western experiences report that the 
male:female ratio for patients undergoing esophagectomy 
for adenocarcinoma now exceeds 8:1. However, the iden-
tified risk factors for esophageal adenocarcinoma, includ-
ing gastroesophageal reflux disease, Barrett’s esophagus, 
obesity, alcohol, and tobacco consumption cannot ad-
equately explain this profound gender difference. The 
dramatic gender difference for esophageal adenocarcino-
ma suggests there should be a gender-related mechanism 
underpinning this phenomenon. Estrogens, the primary 
female sex hormones, are mechanistically linked to as-
pects of  cancer risk and cancer development. Therefore 
it seems reasonable to consider that estrogens might 
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contribute towards the gender difference for esophageal 
adenocarcinoma. 

A link between estrogen-activated signaling and carci-
nogenesis in many organs, including mammary glands[10], 
ovaries and colon[11] has been clearly defined, although 
it is unclear whether a similar connection exists for the 
esophagus, and esophageal adenocarcinoma in particular. 
Additionally, estrogen is actively involved in the regula-
tion of  metabolism in adipose tissues[12], and it can be 
synthesized locally by activated aromatase in adipocytes 
in both men and women[13-15]. Involvement of  estrogen 
signaling in regulation of  adipose tissue metabolism indi-
cates a possible connection between the effects of  estro-
gen and male obesity - one of  the main risk factors for 
esophageal adenocarcinoma. Given the established regu-
latory role for estrogen in carcinogenesis and metabolic 
homeostasis for other cancers, and the strong gender 
differences for the incidence of  esophageal adenocarci-
noma, it is plausible to suggest that the estrogen signal-
ing network is involved in the progression of  this cancer, 
and an understanding of  estrogen and estrogen receptor 
(ER) roles in the regulation of  carcinogenesis, and how 
this might be relevant in the esophagus, could provide a 
basis for developing either preventive measures or new 
treatments.

In this paper we review potential links between estro-
gen signaling and esophageal adenocarcinoma, to deter-
mine whether this might contribute to the dominance of  
esophageal adenocarcinoma in males. Literature perti-
nent to gender specific differences in estrogen synthesis, 
estrogen-regulated carcinogenesis, specific differences 
between ERs and signaling in cancer cells, and available 
information about estrogen signaling in esophageal ad-
enocarcinoma is reviewed. 

ESTROGEN IN WOMEN AND MEN: AGE 
RELATED CHANGES
In premenopausal women the ovaries are the principal 
source of  estrogen[16]. Serum estradiol concentration is 
much higher in premenopausal women, compared to 
men, but decreases substantially after the menopause, 
and ultimately becomes lower than in elderly men[17]. 
Mass spectrometry has shown that average levels of  se-
rum estradiol in elderly men are approximately 73 pmol/
L, whereas levels in postmenopausal women are mark-
edly lower (about 15 pmol/L)[17].

When the ovaries cease to produce estrogens in post-
menopausal women the main characteristics of  estradiol 
function change, and it is produced in extragonadal sites, 
and acts locally at these sites as a paracrine or intracrine 
factor[16-20]. These sites are similar in men and postmeno-
pausal women and include the mesenchymal cells of  adi-
pose tissue[13], osteoblasts and chondrocytes of  bone[21], 
the vascular endothelium and aortic smooth muscle 
cells[22], and numerous sites in the brain[16,17,23]. 

Importantly, in men and postmenopausal women, 
circulating estrogens are not the main drivers of  estro-

gen action, but locally produced estrogens originating 
in extragonadal sites are responsible for the majority of  
paracrine and intracrine effects of  these hormones[20]. 
The total amount of  estrogen synthesized by these 
extragonadal sites may be small, but the local tissue 
concentrations achieved are probably high and exert 
biological influence locally. This might impact on tumor 
biology. For example, it has been determined that the 
concentration of  estradiol present in breast tumors in 
postmenopausal women is at least 20-fold higher than 
in the plasma. Aromatase inhibitor therapy is associated 
with a major decrease in intratumoral concentrations of  
estradiol and estrone and loss of  intratumoral aromatase 
activity, which is followed by downregulation of  cancer 
cell growth[10,24]. Local estrogen biosynthesis has also 
been demonstrated in men, where aromatase expression 
in adipose tissue is greatly increased by this process[25,26]. 
However, with respect to esophageal adenocarcinoma, 
no studies have evaluated whether the amount of  estro-
gen synthesized in abdominal adipose tissue is sufficient 
to exert any paracrine effect in the esophagus.

ESTROGEN RECEPTORS: STRUCTURE 
AND FUNCTIONS 
The effects of  estrogens are mediated by their ligation 
to ERα and ERβ. ERα and ERβ both belong to the nu-
clear steroid/thyroid hormone receptor family and they 
are encoded by two distinct genes [encoding estrogen 
receptor 1 (ESR1) and ESR2] which are located on two 
different chromosomes 6q25.1 and 14q22-24[27,28]. ERα 
and ERβ have distinct cellular distributions and regulate 
separate sets of  genes. ERα is predominantly expressed 
in female sex organs such as the breast, uterus and 
ovaries especially during the reproductive years. ERβ is 
widely expressed in many other tissues in both genders, 
but to a lesser degree in males compared to females[15,29]. 
Although the role of  ERs in male physiology has long 
been neglected, there is growing evidence for estrogen 
involvement in multiple areas of  male physiology[15-17]. 

The mechanism for ER signaling has been widely 
investigated. ERα and ERβ share common functional 
domains, with a conserved central DNA-binding domain 
which is often involved in receptor dimerization[30,31]. 
ERs possess two activation function domains; activation 
function-1 and activation function-2, with the former 
interacting with non-ER transcription factors, and the 
latter containing the ligand binding domain[31,32]. One of  
the most important differences between ERα and ERβ 
is that activation function-1 in ERβ lacks functional ac-
tivity[30]. Also, it has been suggested that the main func-
tion of  ERβ is to bind ERα and suppress its activation, 
so that ERα and ERβ as a dimer might exert inverse 
biological effects. Another difference between ERα and 
ERβ signaling is their interaction with the activator pro-
tein-1[32-35]. The activator protein-1 complex of  Jun/Fos 
hetero- or homo-dimers is a key regulator of  cell prolif-
eration, with one of  its target genes identified as cyclin 
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D1[33]. Depending on whether ERα or ERβ is activated, 
the activator protein-1 complex acts in a reciprocal fash-
ion to stimulate or inhibit cell proliferation[35].

After binding estrogen, the receptor ligand-binding 
domain undergoes a conformational and surface-
charge change that results in receptor dimerization. 
Ligand-binding is accompanied by the dissociation of  
intracellular ER from chaperone proteins, subsequently 
releasing the hormone/ER complex for attachment to 
estrogen response elements in the promoter region of  
target genes. The dimer then binds DNA to regulate 
gene expression at specific regions of  the DNA named 
hormone response elements[31,35]. As a consequence, tran-
scription of  17β-estradiol-responsive genes increases, 
and proliferation or differentiation of  steroid-sensitive 
tissue is augmented. Although most steroid hormone 
receptors primarily localize to the nuclei, additional ERs 
have been identified in the cytoplasm and on the plasma 
membrane. Activation of  cytoplasm signaling cascades 
has been detected after estrogen binding to its plasma 
membrane receptors[36].

Several isoforms of  ERβ able to mediate estrogen 
signaling have also been found. The isoforms can exert 
diverse functions, and significantly complicate under-
standing of  cellular responses to estrogens. ERβ iso-
forms can inhibit ERα transcriptional activity at the es-
trogen response elements and potentially reverse estrogen 
signaling[34]. A splice variant of  ERβ, termed ERβcx, has 
been characterized[37]. ERβcx is expressed in the breast[38], 
the prostate and testis[37], the esophagus[39], and in gastric 
tissue[40]. Interestingly, ERβcx does not bind estrogen[41]. 
Instead it inhibits ERα from binding DNA, whilst it does 
not influence ERβ. The role and mechanism of  ERβcx 
downstream signaling in esophageal tissue is largely un-
clear and needs to be further investigated.

ROLE OF ESTROGEN AND ESTROGEN 
RECEPTORS IN VARIOUS MALIGNANCIES: 
HARMFUL OR HELPFUL?
The biological significance of  ERs in breast tumorigen-
esis has been studied extensively. In breast tumors, ER 
signaling promotes malignancy due to oncogenic muta-
tions, sustained exposure of  ERα with endogenous or 
exogenous estrogen, and abnormal coupling of  estro-
gen-activated cytoplasmic machinery to growth and anti-
apoptosis, all well established causative triggers of  cancer 
in postmenopausal women[41]. Several large prospective 
studies have confirmed the role of  estrogen in stimula-
tion of  breast tumor growth, and have demonstrated 
that the risk of  breast cancer is increased in women tak-
ing estradiol after the menopause[42-44].

In females with breast cancer, ERα is instrumental 
in promoting cell proliferation and cancer progression, 
whereas ERβ exerts anti-proliferative effects by induc-
tion of  cell cycle and growth arrest[34]. For instance, the 

downregulation of  the cyclin D1 gene by ERβ prevents 
cellular progression from the G1 to S-phase of  the cell 
cycle[45]. Loss of  ERβ expression is considered to be a 
common feature in estrogen-dependent breast tumor 
progression[34,35] supporting the hypothesis that ERβ acts 
as a protector against the mitogenic activity of  estrogen 
in breast pre-malignant tissues. 

Estrogen is also critical for the progression of  ovar-
ian cancer[46-48]. A strong association between long-term 
estrogen replacement therapy and increased risk of  ovar-
ian cancer has been detected in several studies[45-47]. Similar 
to breast cancer, the imbalance between ERα and ERβ, 
along with decreasing expression of  ERβ in the ovaries 
can also lead to uncontrolled cellular proliferation, subse-
quent malignancy and metastasis[49,50]. Thus, ERβ appears 
to be pro-apoptotic, facilitating the destruction of  malig-
nant cells, whereas ERα has anti-apoptotic activity, indi-
cating its growth stimulatory role[34,45,49]. Confirming the 
role of  ERβ as a tumor-suppressor, deletion of  chromo-
some 14q, where ERβ co-localizes with some other tumor 
suppressors, is often detected in breast, colon, ovarian and 
prostate malignant tissue[51-54].

In contrast to the cancer-promoting role of  estrogen 
in breast and ovarian cancers, it has been shown that 
estrogen works as a cancer suppressor for several gastro-
intestinal malignancies[41,42,44-56]. The Women’s Health Ini-
tiative study, which included a cohort of  16 608 women 
randomized to hormone replacement therapy (HRT) vs 
no HRT, showed that the risk of  colorectal cancer was 
almost halved in women using HRT[55]. A similar study 
in the United Kingdom of  patients with esophageal and 
gastric cancer concluded that HRT was associated with 
a 50% reduction in the risk of  gastric and colon adeno-
carcinoma, but had no significant benefit for esophageal 
adenocarcinoma[56]. However, due to the relatively small 
number of  females with esophageal adenocarcinoma in 
this study (n = 299), the power of  the study was limited 
and the question remains, thus, unresolved[41,42].  

The male predominance of  approximately 2:1 in 
gastric cancer incidence across the world cannot be ex-
plained on the basis of  gender differences for the pre-
valence of  known risk factors[57]. It has been hypoth-
esized that estrogens play a protective role against gastric 
cancer. This statement has gained further support from 
a clinical study of  a male cohort of  patients with pros-
tate cancer. In this study the risk of  developing gastric 
cancer was lower amongst those who had been treated 
with estrogen than in those without such treatment 
(standardized incidence ratio, 0.87; 95% confidence in-
terval, 0.78-0.98)[58]. Further supporting this argument 
are studies which have shown decreased ERβ expression 
in other gastrointestinal cancers, such as colon can-
cer, compared to benign tumors and normal tissues[59]. 
Tamoxifen exposure has also been shown to be a risk 
factor for gastric cancer[60,61], adding support to the idea 
that estrogen signaling has a protective role against gas-
trointestinal cancer. 
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FAT DISTRIBUTION, LEPTIN AND 
ESTROGEN: IS THERE A LINK? 
There is a growing appreciation that estrogens are not 
only directly involved in the reproductive process and 
in regulation of  carcinogenesis, but also have general 
metabolic roles in both sexes[15-17]. Estrogen signaling has 
a complex relationship with obesity that differs for pre-
menopausal and postmenopausal women[12]. Importantly, 
obesity is a risk factor for esophageal adenocarcinoma in 
both women[62] and men[63]. In a recent study of  23 wom-
en with esophageal adenocarcinoma[63], 21 (91.3%) were 
in the top half  of  the distribution of  the studied cohort 
with regard to waist-to-hip ratio, waist circumference, and 
body mass index. Multiple studies of  male cohorts have 
demonstrated a strong association between increased ab-
dominal diameter and esophageal adenocarcinoma, after 
controlling for body mass index and gastroesophageal 
reflux[63-68]. It is possible that associations between obesity 
and esophageal cancer are similar for both sexes, even 
though the regulation of  adiposity in men and women 
differs significantly. For instance, distribution of  body fat 
in men is characterized by the accumulation of  visceral 
fat, but in women by subcutaneous fat. 

Subcutaneous and visceral fat tissues express variable 
levels of  both types of  ER[69-71]. However, only ERα has 
a significant influence on energy homeostasis. The role 
of  ERα in estradiol regulation of  body weight and obe-
sity is supported by the following observations: (1) both 
male and female mice that have been genetically altered 
to reduce the ability to produce estrogen by knocking 
out aromatase (an enzyme that catalyzes the conversion 
of  androgen to estrogen) became obese when fed the 
same amounts as normal mice[72]; and (2) increased white 
adipose tissue and body fat were seen in both sexually 
mature male and female ERα-knockout mice[73,74]. Fur-
ther supporting a role for estrogen signaling through 
ERα in the regulation of  body weight are the findings 
that abnormal adiposity has been associated with the 
XbaI polymorphism of  the human ERα gene[75,76].

The role of  ERβ in estradiol regulation of  body 
weight and obesity is less clear and somewhat controver-
sial suggesting that ERβ functions more as a modulator 
of  estrogen actions[71].

Estrogen has also been shown to contribute to the 
regulation of  body adiposity and fat distribution through 
ERs in the brain[77], and by interacting with leptin signal-
ing pathways[78]. 17β-estradiol increases leptin mRNA 
levels in adipose tissue[79]. Consistently, estrogen defi-
ciency impairs central leptin sensitivity[77,78]. In women, 
leptin fluctuations during the menstrual cycle correlate 
directly with secretion of  estrogen[79,80]. Estrogen has 
also been found to influence leptin receptor expression 
and hypothalamic sensitivity to leptin driving subcutane-
ous body fat accrual over visceral fat during the estrous 
cycle in rats[81]. Hence, visceral fat varies inversely with 
estrogen levels. Visceral fat accumulates in females when 
circulating estrogen levels become sufficiently low, as 

in postmenopausal women[76,78,82]. The accumulation of  
visceral fat is associated with an increased risk of  vari-
ous gastrointestinal malignancies, including esophageal 
adenocarcinoma[83]. Thus, estrogen regulation of  leptin 
levels in women may play a protective role, directing ac-
cumulation of  subcutaneous in preference to visceral fat. 

The situation for men, however, is less clear, although 
a high level of  leptin is considered to be a risk factor 
for males to develop esophageal adenocarcinoma[63,83]. 
Speculatively, the production of, and sensitivity to, leptin 
in men may be increased in visceral fat, and locally 
in tissues located in close proximity to adipose tissue 
where estrogen synthesis may be increased. However, 
mechanisms of  ER and leptin signaling in males remain 
obscure, mostly because the majority of  laboratory find-
ings and clinical investigations of  leptin and estrogen 
signaling have used tissues from females. To address this 
issue, studies are needed that specifically address the role 
of  estrogen signaling in male adipose tissue.

IMPLICATIONS OF ESTROGEN 
RECEPTOR EXPRESSION IN 
ESOPHAGEAL ADENOCARCINOMA 
In 1998, Lagergren et al[83] hypothesized that high es-
trogen and/or progesterone levels, low testosterone, or 
a combination of  both, might contribute to the lower 
incidence of  esophageal carcinoma in women. Epide-
miological data for esophageal adenocarcinoma dem-
onstrates a profound gender difference, with the male:
female ratio exceeding 8:1, strongly supporting this hy-
pothesis[1-4]. There are no detailed studies that compare 
the expression of  ERs in esophageal tissues between 
males and females, but a limited number of  studies have 
provided some preliminary data comparing ER expres-
sion in esophageal adenocarcinoma and its precursor le-
sion, Barrett’s esophagus. These studies are summarized 
in Table 1.

In contrast to the anti-tumor role of  ERβ in other 
cancers, some studies have identified a positive association 
between ERβ expression and esophageal adenocarcinoma 
development. Akgun et al[84] determined ERβ expression 
in the esophageal mucosa from patients with Barrett’s 
metaplasia negative for dysplasia, Barrett’s metaplasia with 
low grade dysplasia and Barrett’s metaplasia with high 
grade dysplasia. The results of  this study showed signifi-
cant expression of  ERβ (more than 50% of  cells positive) 
in all patients with esophageal adenocarcinoma, and there 
was a trend towards increased expression of  ERβ as the 
esophageal lesions progressed[85]. These results raise the 
possibility of  ERβ as a target of  therapy for esophageal 
adenocarcinoma. Similarly, another investigation showed 
a moderate increase in ER expression in tissue samples 
from men and women with Barrett’s esophagus and 
esophageal adenocarcinoma. However, the subtype of  ER 
was not determined in this study[39].

As ERβ has several isoforms, and these isoforms 
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have different functions, Liu et al[39] identified which 
isoforms of  ERβ were expressed in esophageal adeno-
carcinoma but not in Barrett’s esophagus. All isoforms 
of  ERβ showed much higher expression in esophageal 
adenocarcinoma, than in its precursor lesion, Barrett’
s esophagus. Thus, a possible role for ERβ isoforms in 
the maintenance and evolution of  esophageal adeno-
carcinoma was suggested. Although the study did not 
find a correlation between immunoreactivity and cancer 
proliferative activity, it showed that ERβ1 tended to have 
higher expression in invasive tumors which had penetrat-
ed the full thickness of  the esophageal wall, compared 
to tumors limited to the esophageal wall (P = 0.05), and 
ERβ1 immunostaining tended to be most prominent 
in invasive esophageal adenocarcinoma. Conclusively, 
the study detected the presence of  ERβ isoforms in 
esophageal adenocarcinoma and suggested the potential 
use of  anti-estrogen treatment as a therapeutic target 
for esophageal adenocarcinoma. Manipulation of  ERβ 
signaling may be considered as a potential prevention 
strategy to delay or block progression from dysplasia to 
esophageal adenocarcinoma. Figure 1 summarizes a po-
tential mechanism for interaction between estrogen, ERs 

and esophageal adenocarcinoma.
Another study by Kalayaransan et al[86] determined 

the expression of  ERα and ERβ in esophageal adeno-
carcinoma across various classifications of  tumor stage, 
and compared expression with adjacent normal esopha-
geal mucosa. No significant expression levels of  ERα 
were found in esophageal adenocarcinoma, suggesting 
ERα is unlikely to mediate the growth of  esophageal 
adenocarcinoma. However, immunostaining with ERβ 
antibodies yielded significantly higher results in esopha-
geal adenocarcinoma, compared to normal esophageal 
mucosa[87]. In each group with the same degree of  tumor 
differentiation, tumor samples had significantly higher 
staining scores compared to normal esophageal mucosa. 
Tumors with good or moderate differentiation had lower 
staining scores than those which were poorly differen-
tiated, indicating that the potential effect of  estrogen 
on esophageal adenocarcinoma could be mediated by 
ERβ[84,86,87]. Overall, most studies that have evaluated 
esophageal adenocarcinoma are consistent in suggesting 
a detrimental effect and prognostic value for ERβ.

Unfortunately, these clinical findings have not yet 
been supported by in vitro experiments using esopha-

397 February 7, 2012|Volume 18|Issue 5|WJG|www.wjgnet.com

No. of patients 
with EAC ERα ERβ Conclusion

  Akgun et al[84]         31 Not expressed Increased expression as esophageal lesions 
progressed

ERβ is suggested as a  EAC therapy target

  Tiffin et al[85]         20 (8) Type of ER was not specified; ER were detected in EAC 
patients

ER may be important for further investigation

  Liu et al[39]         33 Not expressed Expressed in EAC, but not in Barrett’s 
esophagus

Anti-estrogen treatment could be a promising 
therapeutic target for EAC

  Kalayaransan  et al[86]         45 (15) Not expressed Detected in all 45 patients; 
Expressed higher in EAC, compared to 
normal esophageal mucosa

ERβ suggested as marker and/or prognostic factor

Table 1  Estrogen receptor expression in patients with esophageal adenocarcinoma

EAC: Esophageal adenocarcinoma; ER: Estrogen receptor.

Estrogen+ ?

ERα - ERβ +

Lost or not 
expressed? +

+

+

+

+

+ +

+ + ?

-

-

-

Specific genes?
Signaling mechanism?

To be confirmed 
(Table 1)

Male esophageal tissue

EAC/males/
neoplastic 

transformation

Obesity/
increased 
visceral 

adiposity

Local production of 
estrogen by adipose 

aromatase; estrogenic 
compounds (?) 
metabolites (?)

Female esophageal 
tissue

EAC/females

Specific genes?
Signaling mechanism?

To be determined

1ERα + 1ERβ +

High circulating level of estrogen in 
premenopausal women

Figure 1  Role of estrogen-activated signaling in the development of esophageal adenocarcinoma: hypothetical pathway. 1Expression level of estrogen recep-
tor (ER) needs to be determined in esophageal tissue from females and compared to expression in males. EAC: Esophageal adenocarcinoma.
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geal adenocarcinoma cells. The few in vitro studies that 
have addressed the role of  estrogen in the regulation of  
esophageal cell growth were conducted using squamous 
cancer cells[87,88]. It has been shown that the growth of  
an ER-positive esophageal squamous carcinoma cell 
line (ES-25C) is significantly inhibited by 17β-estradiol, 
whereas this effect is not observed in an ER-negative 
squamous carcinoma cell line (ES-8C)[87]. A similar find-
ing was seen in another study, in which the prolifera-
tion of  the ER-positive KSE-1 esophageal squamous 
carcinoma cell line was inhibited by 17β-estradiol[88]. In 
addition, in vivo growth of  this cell line in both female 
and male mice was suppressed by the administration of  
17β-estradiol, raising the possibility of  manipulating the 
growth of  esophageal carcinoma by manipulating the 
estrogen-ER system[88]. However, esophageal squamous 
cell carcinoma and esophageal adenocarcinoma are two 
biologically distinct diseases, so estrogen responsiveness 
in squamous cell carcinoma lines does not automatically 
mean that esophageal adenocarcinoma cell lines will also 
respond. Similar experiments need to be performed on 
esophageal adenocarcinoma cell lines in order to explore 
this possibility further.

FUTURE PERSPECTIVES
Current literature provides only limited evidence for a 
link between estrogen and the development of  esopha-
geal adenocarcinoma. Hence, a series of  questions can 
be proposed, and further studies will be needed to de-
termine whether there is any link. It is unclear whether 
there is a gender difference for the expression of  ERβ, 
or correlation between tumor stage and the expression 
of  ERβ. Most previous studies have not compared es-
trogen effects in both genders, and have only addressed 
men and women separately. Detailed comparisons have 
not been done for various esophageal pathologies vs 
normal esophageal mucosa within both gender groups. 
Another limitation of  previous studies is the small num-
ber of  patients studied, and for this reason reported data 
is yet to be verified. A systematic study which includes a 
sufficiently large number of  men and women is needed 
to determine whether, within each gender group, ERβ 
expression is associated with the development and pro-
gression of  esophageal adenocarcinoma. A confirmed 
link might provide support for ERβ to be used as a tar-
get for therapy, or as a prognostic marker.
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