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Abstract 
 

To investigate the effect of surgical treatment of hydrosalpinx on the expressions of estrogen 
receptor (ER) and progesterone receptor (PR) in the endometrium in implantation window, a 
total of 60 patients with hydrosalpinx and 30 patients with fallopian tube obstruction were re-
cruited. In the implantation window, immnohistochemistry was carried out to detect the ex-
pressions of ER and PR in the endometrium of the hydrosalpinx patients before and after sur-
gery and of patients with fallopian tube obstruction. In the implantation window, the expres-
sions of ER and PR in the endometrium of hydrosalpinx patients before surgery were signifi-
cantly lower than those in patients with fallopian tube obstruction (P<0.05). However, there 
were no significant differences in the expressions of ER and PR in the implantation window 
between hydrosalpinx patients after surgical intervention and fallopian tube obstruction pa-
tients (P>0.05). Furthermore, for patients with hydrosalpinx, the expressions of ER and PR in 
the implantation window were dramatically increased after surgery (P<0.05). Hydrosalpinx 
reduces the expressions of ER and PR in the endometrium in the implantation window, which 
can be improved by surgical intervention.  
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Introduction 
 
Under the influence of steroid from the ovaries, the en-
dometrium undergoes periodical changes. Embryos can 
implant in the endometrium only in proper phase [1]. The 
blastocyst implantation is shared by all mammals in na-
ture and usually occurs between 3 days and 6 days after 
fertilization, which is corresponding to the days 21~24 or 
5~8 days after the LH peak. The embryos enter the uterus 
in the implantation window. The embryos and endo-
metrium secret some related proteins and cytokines in a 
strictly spatial-temporal sequence. These proteins and 
cytokines recognize each other and cooperate leading to 
the implantation [2]. The endometrial receptivity refers to 
the maximal acceptance of the implantation of embryos 
by the endometrium in the implantation window. The im-
plantation is characterized by a series of cellular and mo-
lecular events occurring in sequence, which are regulated  
 
by some cytokines and/or proteins and mediate the inter-
action between cells and cells as well as between cells 

and matrix. These bioactive cytokines and proteins can be 
used to evaluate the acceptance of embryo implantation 
by endometrium and thus become markers of the endo-
metrial receptivity. The endometrial receptivity is regu-
lated by the steroids (estrogen and progesterone) secreted 
by ovaries. The binding of steroids to the corresponding 
receptors then initiates the synthesis of down-stream 
molecules.  
 
Tubal factors are the main causes of female infertility and 
account for about 40% of all causes. Furthermore, the 
hydrosalpinx accounts for 10~30% of the tubal factors 
causing infertility. In vitro fertilization-embryo transfer 
(IVF-ET) was initially applied in women with tubal factor 
infertility. However, numerous studies show the hydrosal-
pinx can reduce the implantation rate and pregnancy rate 
[3]. The mechanisms underlying the impact of hydrosal-
pinx on the IVF-ET are poorly understood. There is evi-
dence that the influence of hydrosalpinx on the endo-
metrial receptivity is one of the mechanisms [4]. In the 
present study, the expressions of estrogen receptor (ER) 
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and progesterone receptor (PR) in the endometrium in the 
implantation window were compared between hydrosal-
pinx patients and those with fallopian tube obstruction 
and the expressions of ER and PR in the endometrium in 
the implantation window in hydrosalpinx patients were 
also compared before and after surgery. Our results may 
be helpful to elucidate the cause of poor outcome of hy-
drosalpinx patients following IVF-ET. 
 

Materials and Methods  
 

Patients  
A total of 60 patients with hydrosalpinx and 30 patients 
with fallopian tube obstruction were recruited from April 
2010 to December 2010 from the Center of Reproductive 
Medicine of the Affiliated First Hospital of Sun Yat-sen 
University.  
 

All patients were aged <40 years and had regular men-
strual cycle. Endocrine examinations revealed normal and 
the basal body temperature was biphasic. Hormones were 
not administered within 6 months before study. Endome-
triosis, uterine fibroids, polycystic ovary syndrome, ovar-
ian cancer, infertility of unknown causes, immune infertil-
ity, chronic systemic disease, sexually transmitted disease, 
trophoblastic disease, smoking and drinking as well as 
male infertility were excluded before study.  
 

Diagnosis  
Hydrosalpinx: The bilateral or unilateral hydrosalpinx 
was diagnosed by hysterosalpingography (HSG) or 
laparoscopy (LAP) and untrasonography.  
 

Fallopian tube obstruction: The fallopian tube obstruction 
was diagnosed by HSG or LAP, and ultrasonography was 
performed to exclude the presence of hydrosalpinx.  
 

Surgical intervention of hydrosalpinx 
Vaginal ultrasound-guided hydrosalpinx aspiration, 
laparoscopic salpingostomy, laparoscopic proximal tubal 
ligation or laparoscopic salpingectomy was performed.  
Sample collection and processing 
The LH peak was measured by using LH strip since the 
10th day of menstrual cycle. In addition, transvaginal ul-

trasonography and test of serum sex hormones were also 
performed. At days 7~8 after ovulation, the endometrium 
was collected at the bottom of uterus by using a curette 
and washed in normal saline to remove the blood. Sam-
ples were fixed in fixation solution, embedded in paraffin 
and sectioned. Pathological examination was carried out 
to confirm that the endometrium was in the secretory 
phase. For patients with hydrosalpinx, the endometrium 
was collected in the implantation window before and after 
surgery, but collection of endometrium was done once in 
patients with fallopian tube obstruction.  
 
Immunohistochemistry 
Mouse anti-human ER monoclonal antibody (DAKO) 
(1:50) and mouse anti-human PR monoclonal antibody 
(DAKO) (1:50) were used for immunohistochemistry 
which was performed according to the manufacturer’s 
instructions.  
 

Determination of findings  
Five fields were randomly selected from each section at a 
magnification of 4000, and the proportion of positive cells 
was calculated.  
 
Statistical analysis  
Data were expressed as mean ± standard deviation (x±s). 
Statistical analysis was performed with SPSS version 13.0. 
A value of two-tailed P <0.05 was considered statistically 
significant.  
 

Results  
 

Under light microscope, the expressions of ER and PR 
were noted in the endometrial gland epithelial cells and 
interstitium. There were significant differences in the ex-
pressions of ER and PR in hydrosalpinx patients between 
before and after surgery (P<0.05). Marked differences n 
the expressions of ER and PR were also noted between 
hydrosalpinx patients and control patients before surgery 
(P<0.05). However, the expressions of ER and PR in the 
endometrium were comparable between two groups 
(P>0.05) (Table 1).  

 

Table 1.  Expressions of ER and PR in the endometrium of patients in different groups  
 

Hydrosalpinx patients 
 

Before surgery (n=60) After surgery (n=60) 

Controls  
(n=30) 

 
Endometrial gland Epithelial cells 58.42±32.16 71.58±28.65 74.00±28.30 ER 
Interstitial cells 45.42±28.69 69.00±28.64 67.67±27.38 
Endometrial gland Epithelial cells 61.03±36.70 75.92±20.47 81.00±17.24 

PR 
Interstitial cells 71.50±22.48 78.92±17.03 82.33±10.65 

 

Discussion  
 
The dysfunction of any organ in the female reproductive 
system or the abnormalities in the central nervous system  
 

 
controlling the ovarian function may inevitably lead to the 
changes in the endometrium resulting in infertility. There-
fore, the histological examination of endometrium is a 
reliable method to understand the functions of estrogen 
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and progesterone and the ovulation. In addition, this 
method is also helpful to identify the organic disease in 
the endometrium. Studies reveal the dysplasia of endo-
metrium can cause the absence of ER and PR in the en-
dometrium and under this condition the endometrium is 
non-responsive to steroids of ovary [5]. In 1966, a protein 
was identified in the cytoplasm by the sucrose density 
gradient ultra-centrifugation and its sedimentation coeffi-
cient was 19.84×104 U. This protein was later called ER. 
Afterwards, researchers also find the PR.  
 
Molecular structures of ER and PR  
The ER gene locates in the chromosome 6, and its mRNA 
is 6322 bp in length and encodes 595 amino acids. ER is a 
glycoprotein with the molecular weight of 66 KD. ER is 
highly specific and has a high affinity to estrogen but has 
low binding capacity. The ER is biologically unstable and 
susceptible to damage by heat, but the ER-estradiol com-
plex is relatively stable. ER is a nuclear receptor of ster-
oid hormone family and widely expressed in the central 
nervous system, cardiovascular system, genitourinary 
system, bone, kidney, lung and uterine [6]. 
  
PR gene locates in chromosome 11, and its cDNA is 3014 
bp in length and encodes 933 amino acids. PR is a protein 
with the molecular weight of 20~110 kD. PR is highly 
specific and has high affinity to progesterone. The synthe-
sis of PR is regulated by estrogen. The binding of ER to 
estrogen may lead to the expression of PR.  
 
Types of ER and PR 
There are two different forms of the estrogen receptor, 
usually referred to as α and β [7]. ER gene has 8 extrons 
and the encoded protein has 6 domains (A-F). The A/B 
domain in the N-terminal is mainly the AF-1 functional 
domain which is highly variable, can bind to the antibody 
against ER and involves in the transcriptional activation 
of target genes. The C domain is a DNA binding domain 
(DBD) and is a conservative cysteine-rich domain in the 
nuclear receptor family. This domain mediates the binding 
of receptor to DNA. In addition, the D domain can bind to 
the heat shock proteins and can generate nuclear localiza-
tion signals and stabilize the DNA binding. The E/F do-
main in the C terminal consists of hormone binding do-
main or ligand binding domain (LBD) (E domain) and 
functional AF-2 domain (F domain). ERα and ERβ are 
encoded by 8 extrons individually but both genes locate in 
different chromosomes. ERα gene locates in 6q25.1, con-
sists of 140 kb base, encodes 595 amino acids and has the 
molecular weight of 66 kD. ERβ gene locates in 14q22-24, 
consists of 40 kb base, encodes 530 amino acids and has 
the molecular weight of 59.2 kD.  
 

PR has two different functional isoforms: PR-A and PR-B 
[8], which are encoded by the same gene in the 11q-13. 
However, this gene is regulated by two different promot-
ers: promoters A and B and thus transcribed into two 

mRNAs with different bases which encode 796 amino 
acids and 933 amino acids, respectively. The relative mo-
lecular weight of PR-A is 90 ku and that of PR-B is 120 
ku. The unique difference between PR-A and PR-B is 
additional 164 amino acids in the N terminal of PR-B 
which have two specific transactivation domains: AF1 
and AF2 mediating the regulation of progesterone [9]. 
Under the majority of conditions, the PR-A has potent 
activity which is absent in PR-B. We speculate that the 
PR-A might non-competitively bind to the transcriptional 
factors specific to PR and ER.  
 
Biological features of ER and PR 
In the absence of estrogen, ER is related to the heat shock 
protein. When the ER binds to the estrogen, ER is sepa-
rated from heat shock protein followed by the phosphory-
lation of serine and threonine. Then, the ER binds to an-
other ER forming homodimers which can activate the E-
ER complex and promotes the binding of this complex to 
the specific DNA (estrogen response element (ERE) in 
the promoter of the target genes) resulting in the activa-
tion of transcription of proliferation and differentiation 
related genes. The distribution of ERα and ERβ is differ-
ent in tissues, which determines the different physiologi-
cal functions of ERα and ERβ. ERα is predominantly ex-
pressed in the prostate, bladder, lung, ovary, central nerv-
ous system, colon, stomach, heart and blood vessels. In 
special tissues, different receptors are distributed in dif-
ferent types of cells. For example, ovary has the expres-
sions of both ERα and ERβ. There is evidence showing 
that ERβ expression is confined to the granular cells and 
ERα to the theca cells. These findings also demonstrate 
ERα and ERβ possess different functions in the ovary. 
Zvonic et al  and Kimber showed the ERβ expression in 
the normal human breast was higher than the ERα expres-
sion [10, 11]. John et al found that the ERβ expression 
remained unchanged in ERα knockout animals. Although 
the ERα and ERβ have 55% homology, the distribution of 
ERα and ERβ is different resulting in the selectivity of 
their functions [12].  
 
Arnett-Mansfield et al speculated that the PR of two iso-
forms was evenly distributed in the nucleus of the normal 
endometrium in the proliferative phase. In the secretory 
phase, the distribution of PR in the nucleus is signifi-
cantly increased, especially the PR-B. The changes in the 
hormones may alter the distribution of PR isoforms in the 
nucleus [13]. Mote et al postulated that the PR-A was 
predominantly expressed in the interstitium of endo-
metrium in the whole menstrual cycle [14]. The estrogen 
can alter the expression levels of PR-A and PR-B and 
induce the mRNA and protein expressions of PR in the 
majority of target cells [15].  
 

Changes in the ER and PR  
The expressions of ER and PR are influenced by the in 
vivo hormone levels. In different phases of menstrual cy-
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cle, the expressions of ER and PR are also different. The 
endometrium is affected by the estrogen resulting in the 
alteration between proliferative phase and secretory phase. 
The expressions of ER and PR are first maintained in a 
specific level in the influence of estrogen, then peak with 
the increase of estrogen level (days 14~15 of menstrual 
cycle). Following subsequent decrease of ER and PR ex-
pressions, the expressions of both protein increase again 
with the elevation of estrogen level, but this increase is 
lower than that before which may be attributed the sup-
pressive effect of high progesterone level on the synthesis 
and function of ER and PR. Therefore, the changes in the 
expressions of ER and PR in the menstrual cycle are 
closely associated with the in vivo estrogen and proges-
terone and usually periodic. 
 
Effect of hydrosalpinx on the expressions of ER and PR 
in the endometrium  
Our results showed the expressions of ER and PR in the 
endometrial gland epithelial cells and the endometrial 
interstitium of hydrosalpinx patients before and after sur-
gery and in fallopian tube obstruction patients. In the hy-
drosalpinx patients, the expressions of ER and PR in the 
endometrium in the implantation window before surgery 
were lower than in the controls. After surgery, the expres-
sions of ER and PR were comparable between two groups. 
In addition, the expressions of ER and PR were also dif-
ferent in hydrosalpinx patients between before and after 
surgery. These findings suggest hydrosalpinx influences 
the expressions of ER and PR in the endometrium in the 
implantation window, which increased after surgical in-
tervention.  
 
According to the findings in previous studies on chronic 
inflammation, in the hydrosalpinx patients, the contents of 
toxic substances including cytokines in the lesions are 
very high (16). These toxic substances can enter the 
uterus. Following the local infiltration of inflammatory 
cells and production of inflammatory cytokines, the sensi-
tivity of endometrium to hormones from ovary is reduced 
and the expressions of ER and PR are also decreased. Af-
ter surgical intervention for hydrosalpinx, the inflamma-
tion is improved and the expressions of ER and PR are 
also increased when compared with those before surgery 
but not different from those in the controls.  
 

Before the endometrial receptivity is established and after 
the endometrial receptivity disappears, the expressions of 
ER and PR in the endometrium have a decreasing ten-
dency which is dependent on the P. The failure of P regu-
lation may significantly affect the endometrial receptivity 
[17]. At the site of uterus where the embryos implant in, a 
series of cytokines are expressed and form a network, 
which can regulate the expressions of some factors medi-
ating the endometrial receptivity. Thus, the endometrium 
can achieve the receptivity at the designed time. A lot of 
studies report that hydrosalpinx can decrease the expres-

sions of endometrial receptivity related markers, which 
affects the molecular network at the site where the em-
bryos implant in and impacts the balance of endometrial 
receptivity and the regulation of estrogen and progester-
one in the endometrium. However, the specific mecha-
nisms are required to be further elucidated.  
 
The fluctuation of in vivo hormones and the changes in 
the endometrium in the menstrual cycle are large, thus 
more multicenter, prospective, randomized studies with 
large sample size are needed to clarify the effect of hy-
drosalpinx on the expressions of ER and PR in the endo-
metrium.  
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