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Abstract: Objective: To investigate the effect of ovarian stimulation on the expression of EG-VEGF mRNA and pro-
tein in peri-implantation endometrium in women undergoing IVF and its relation with endometrial receptivity (ER). 
Design: Prospective laboratory study. Setting: University hospital. Patients: Eighteen women in stimulated cycles 
(SC) as study subjects and 18 women in natural cycles (NC) as controls. Women in SC group were classified with two 
subgroups, high ovarian response (SC1, n=9) with peak serum E2>5,000 pg/mL and moderate ovarian response 
(SC2, n=9) with peak serum E2 1,000-5,000 pg/mL. Intervention(s): Endometrial biopsies were collected 6 days 
after ovulation in NC or after oocyte retrieval in SC. Main outcome measure(s): Endometrium histological dating was 
observed with HE staining. EG-VEGF mRNA expression levels determined by real-time polymerase chain reaction 
analysis, and protein levels by immunohistochemistry. Results: All endometrial samples were in the secretory phase. 
The endometrial development in SC1 was 1 to 2 days advanced to NC, and with dyssynchrony between glandular 
and stromal tissue. Immunohistochemistry analysis showed that EG-VEGF protein was predominantly expressed in 
the glandular epithelial cells and endothelial cells of vessels, and also presented in the stroma. The image analysis 
confirmed that both the gland and stroma of endometrium in SC1 had a significantly lower EG-VEGF protein expres-
sion than that in SC2 and NC endometrium. Moreover, EG-VEGF mRNA levels were significantly lower in SC1 than 
in NC. Both EG-VEGF protein and mRNA levels had no significant difference between SC2 and NC. Conclusion: 
Decreased expression of EG-VEGF in the peri-implantation is associated with high ovarian response, which may ac-
count for the impaired ER and lower implantation rate in IVF cycles.
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Introduction

In reproductive woman, the uterine endometri-
um undergoes dynamic change of proliferation, 
differentiation and shedding in response to 
ovarian hormone. During the window of implan-
tation (WOI), the morphology and function of 
endometrium is transformed to adapt to 
embryo implantation, and then endometrial 
receptivity (ER) is established [1]. Besides 
embryo quality, the impaired ER is the main 
cause of implantation failure [2, 3].

During the routine cycle of in vitro-fertilization 
and embryo transfer (IVF-ET), controlled ovari-

an hyperstimulation (COH) is often applied to 
stimulate multiple follicular development. In 
this process, the endometrium is exposed to 
the environment of supra-physiological level of 
steroid hormone, which may result to the 
change of endometrial development, such as 
asynchronous endometrial development with 
delayed glandular maturation and advanced 
stromal morphology transformation [4, 5]. 
Studies have previously shown that COH caused 
changed expression of some ER biomarkers in 
endometrial glandular epithelium [4, 6-8]. 
Moreover, other studies reported that the 
expression and secretion of some growth fac-
tors were changed during COH period [8, 9]. 
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These studies suggested that high level of 
estradiol (E2) and progesterone (P4) produced 
after COH may change the endometrial devel-
opment and the expression of some ER associ-
ated molecules, which are detrimental to ER 
and can affect embryo implantation. The asso-
ciation of high ovarian response with low preg-
nancy rate has already been reported [10]. As 
E2 act more lastingly and fluctuate more sharply 
than P4 during the whole menstrual cycle, so its 
role to impact on the ER in COH cycles was 
focused on in many studies.

The physiological angiogenesis is an important 
process for endometrial remodeling, and dur-
ing which some vasotropic factors play key 
roles on vascular development, function and 
degeneration. Endocrine gland-derived vascu-
lar endothelial growth factor (EG-VEGF), also 
termed as prokineticin (PK1), is first found as 
an angiogenesis factor with reproductive tissue 
specificity. Being the mitogen of endothelial 
cells in the microvessel bed of endocrine gland, 
EG-VEGF is functioned to regulate and modu-
late the growth, structure and function of endo-
thelial cells, and to induce new angiogenesis 
[11-13]. However, its function in female genital 
tract has not been totally elucidated. Different 
from VEGF, EG-VEGF is only expressed in the 
endometrium of reproductive women and is 
highest expressed in the mid-luteal phase of 
WOI [14, 15]. Similar to this, another study 
found by gene microarray chip screening and 
quantitive PCR that EG-VEGF gene was signifi-
cantly up-regulated in the mid-secretory phase, 
when compared with in the early-secretory 
phase within the same natural cycle [16]. More 
recently, the in-vitro effect of EG-VEGF on cul-
tured human uterine microvascular endothelial 
cell (UtMVEC-Myo) have also been reported, as 
proliferation and tube formation was observed 
[17]. These studies imply that EG-VEGF may 
play an important role in vascular development 
in peri-implantation endometrium and may be 
a biomarker of ER. Furthermore, in vitro studies 
also confirmed that endometrial EG-VEGF 
expression was stimulated by both hCG and 
steroid hormones [14, 18], suggesting its 
expression in endometrium is highly depend on 
hormones. So it is presumable that COH may 
change its expression and function, as study 
has already speculated that EG-VEGF may func-
tion in glandular-stromal dyssynchrony in peri-
implantation endometrium [15].

Considering of above, ER may be impaired dur-
ing COH cycle and EG-VEGF was found to have 
important effect on ER by laboratory work, the 
clinical observational studies should be per-
formed to determine the possible significance 
of EG-VEGF during COH cycles. In this study, 
peri-implantation endometrial samples were 
collected from IVF women in stimulated cycles 
(SC), with samples in natural cycles (NC) as con-
trol, to detect endometrial EG-VEGF expression 
at both the morphological and molecular levels, 
with aim to elucidate the effect of high ovarian 
response on endometrial EG-VEGF expression 
and its association with ER.

Materials and methods 

Patients selection

A total of 36 infertile women undergoing assist-
ed reproductive treatments because of tubal 
and/or male factors were recruited from the 
Department of Reproductive Medicine at Renji 
hospital (School of Medicine, Shanghai Jiaotong 
University). All women had normal BMI (body 
mass index, BMI) (18.5-23.9 kg/m2)and regular 
menstrual cycles while endocrine examination 
confirmed their day 3 serum FSH, LH, E2 and 
corpus luteum midterm level of serum concen-
tration of P was in the normal range. All cases 
have no ovarian surgery. Normal ovulation and 
the presence of a normal uterine cavity were 
verified by ultrasound examination. None had 
accepted exogenous hormone therapy in the 3 
months preceding the study. The study was 
approved by the institutional ethics committee 
of Renji Hospital and all subjects provided writ-
ten informed consent.

There were 18 women in the SC and NC group, 
separately. In the SC group, subjects were sub-
grouped to high ovarian response (SC1, 
E2>5,000 pg/mL, n=9) and moderate ovarian 
response (SC2, E2 1,000-5,000 pg/mL, n=9) 
according to E2 level on hCG day. All undergone 
COH and oocytes retrieval (OR), but ET was not 
performed in order to prevent ovarian hyper-
stimulation syndrome (OHSS) or because of 
poor quality embryo or other personal factors. 
In the NC group, all subjects were infertile 
women caused by male factor. They were moni-
tored by vaginal ultrasound examination and 
serum E2 and P4 to confirm the day of 
ovulation.
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Controlled ovarian hyperstimulation protocol

COH was used as long protocol of GnRHa com-
bined with gonadotrophin (Gn). Briefly, 0.05 mg 
GnRHa (triptorelin [Decapeptyl]; Ferring, Kiel, 
Germany) was initiated daily from 7 days after 
ovulation and changed to 0.025 mg daily after 
the pituitary is down-regulated, then Gn 
(Gonal-F, Merck Serono, Geneva, Switzerland) 
was added until day of hCG. The initiative dose 
of Gn were 100-225 IU, then be adjusted with 
ovarian response. The patients were monitored 
with Doppler ultrasonography (SSD-1400; 
Aloka, Tokyo, Japan) for follicle size and endo-
metrial thickness and morphology during COH 
treatment. When the leading follicle reached 
18 mm or two follicles reached 17 mm, or both, 
and serum E2 levels corresponded to the num-
ber of follicles larger than 14 mm in size, 5,000 
IU hCG (Lizhu, Zhuhai, China) was injected. 
Oocyte retrieval (OR) was conducted under vag-
inal ultrasound guidance 34-36 hours later. 
Due to ET cancel, the patients did not accept 
luteal phase support treatment.

Hormone assays

Serum FSH, E2 and P4 concentrations were 
measured by chemiluminescence analysis 
(Immulite 1000; Siemens, Erlangen, Germany). 
Serum levels of E2 were assayed in the preovu-
latory phase and on the day of endometrial 
biopsy. Reference levels were 34-400 pg/mL in 
the preovulatory phase and 27-246 pg/mL in 
the luteal phase. The inter-assay variation was 
4-8%. Serum levels of progesterone were 
assayed on the day of endometrial biopsy. 
Reference levels were 0.48-1.72 ng/mL in the 
follicular phase and 0.95-21 ng/mL in the lute-
al phase. The inter-assay variation was 8-10% 
in the follicular phase and 3-4% in the luteal 
phase.

Endometrial biopsies and histological evalua-
tion

Endometrial biopsy was taken on day 6 after 
OR and ovulation in SC and NC, separately. 
Samples were collected with an endometrial 
straw (LILYCLEANER, Shanghai Jiabao medical 
healthcare science and technology Ltd. China).

All endometrial samples were routinely stained 
with Hematoxylin-eosin (H-E) staining for patho-

logically diagnosis and histological dating. The 
main steps of H-E were performed as follows: 
each sample was immediately washed in phos-
phate-buffered saline (PBS) and fixed in para-
formaldehyde for 24 h, embedded in paraffin 
and later cut into 3 μm-thick sections. After 
dewaxing, the sections were stained with 
hematoxylin for 10 minutes, differentiated with 
1% hydrochloric acid for 30 seconds, and 
became blue after being flushed with water. 
Then the sections were stained with eosin for 1 
minute, dehydrated and sealed with transpar-
ent neutral gum. The result showed that the 
nucleolus was dyed to be blue and cytoplasm 
to be red. All slides were blindly evaluated by a 
single experienced observer for histological 
dating according to the Noyes’s criteria [19].

Immunohistochemistry and image analysis

Localization of EG-VEGF was performed by 
immunohistochemistry in 3 μm paraffin-
embedded sections using commercially avail-
able rabbit anti-human polyclonal antibody 
(Abcam, USA). Briefly, sections were dewaxed in 
xylene and then rehydrated using decreasing 
grades of ethanol. Antigen retrieval was per-
formed by microwave heating in 0.01 M sodium 
citrate buffer (pH 6.0) for 10 min. Endogenous 
peroxidase activity was quenched with 3% H2O2 
in phosphate-buffered saline (PBS) for 10 min 
at room temperature. After treating with protein 
blocking solution containing 10% goat serum to 
block nonspecific binding, the sections were 
incubated overnight at 4°C with the primary 
antibody at a dilution of 1:200. A goat anti-rab-
bit biotinylated secondary antibody was applied 
for 30 min at room temperature. An avidin-bio-
tin peroxidase detection reagent kit (Proteintech 
Group, USA) with 3,30-diaminobenzidine tetra-
hydrochloride (DAB) was employed for signal 
detection. Negative controls were performed 
using 10% goat serum instead of primary anti-
body. The positive results showed brown gran-
ules appeared in nucleolus or cytoplasm of tis-
sue cells.

Sections after immunohistochemistry were 
observed under light microscope (Axioplan 2 
microscope, Zeiss, Jena, Germany). Photo- 
graphs were transformed to digitalized image 
after video scanned (AxioCam, Zeiss), and 
expression level of EG-VEGF protein was quan-
titated by computerized image analysis using 
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photodensitometry (KS400 Version 3.0, Zeiss, 
Germany). Staining was analyzed as the per-
centage of brown area occupied.

RT-PCR

The endometrial samples were put into liquid 
nitrogen and total RNA was extracted using 
Trizol reagent (Invitrogen Trizol Reagent, Cat 
No. 15596-026, Lot No. 1140375). Two mg 
RNA was reverse transcribed to cDNA in a 20 μl 
system. PCR reactions were carried out in a 25 
μl reaction system using specified primer for 35 
cycles. According to Genebank, primers of 
EG-VEGF (forward: 5’-AAATGCAAATGGTGGTGG- 
TT-3’, reverse: 5’-TCTGAATCAGTGCCCCTTTC-3’) 
and β-actin (forward: 5’-GGACTTCGAGCAAGAG- 
ATGG-3’, reverse: 5’-AGCACTGTGTTGGCGTACAG- 
3’) were designed using Primer Premier 3.0 

software and synthesized by Shanghai Sangon 
Biotech Co., Ltd. PCR products were electro-
phoresed with 2% TAE. Five μl of D2000 DNA 
Marker and 10 μl of samples were spotted and 
electrophoresed in 400 V electrophoresis cell 
for 40 min. Electrophoresis strips were record-
ed by Gel scanner imaging system. The estimat-
ed products of EG-VEGF and β-actin are 200 
and 234 bp, respectively.

EG-VEGF mRNA expression levels were arrayed 
by SYBR Grenn relative quantitative method. 
Gene expression of each sample was internal 
referenced by β-actin, and negative referenced 
by empty tube without cDNA. Real-Time PCR 
was conducted in a 25 μl system (40 cycles). 
The reactive condition includes: pre-denatural-
ization at 95°C for 1 min, denaturalization at 
95°C for 15 sec, annealing at 60°C for 15 sec, 

Table 1. Comparison of demographic data, endometrial thickness and hormone levels among the 
three groups

SC1 group (n=9) SC2 group (n=9) NC group (n=18)
Age (year) 29.89±4.70 28.22±3.19 30.67±3.36
Infertility duration (year) 5.33±3.43 3.78±2.73 4.39±2.68
Type of infertility
    Primary infertility 7 6 14
    Secondary infertility 2 3 4
Gn dosage (IU) 1227.78±174.19 1258.33±231.17 -
Gn duration (day) 9.00±0.87 9.11±0.60 -
Peak E2 (pg/mL)# 8579.89±1476.03 3511.89±928.88a,** 263.83±61.43a,**,b,**

Endometrium thickness (mm) 10.44±1.51 10.22±1.79 9.74±1.89
Steroid levels on the day of endometrial biopsy
    E2 (pg/mL)# 2515.22±1493.10 1484.50±76.61a,* 114.76±50.91a,**,b,**

    P4 (ng/mL) # 43.74±16.33 27.30±18.57a,** 13.37±4.53a,**,b,*

#, have difference among three groups; a, compared with SC1 group; b, compared with SC2 group. *, P<0.05; **, P<0.01.

Figure 1. Photomicrographs of uterine endometrial tissue sections stained with H-E method for histological dating. 
The tissues were identified as in the secretory phase. Endometrial development was found 1 to 2 d in advance in 
SC1 group, not that in SC2 and NC groups. In the two SC groups, gland expansion and tortuous (short arrow) and 
edema in stroma (long arrow) were indicated. SC, stimulated cycles; NC, natural cycles. Original magnification ×200.
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extension at 72°C for 45 sec, collected by 
SYBR fluorescent light, and for 40 cycles. 
Results were calculated relative to β-actin and 
differences quantified using the 2-ΔΔCt method 
as described previously [20, 21].

Statistical analysis

The expressive level of protein and gene in 
samples were assayed by relative quantitative 
method. All data were analyzed by SPSS 18.0 
software (SPSS Inc., Chicago, IL). The values 
are shown as the mean ± S.D. when applicable. 
All data were checked for their normal distribu-
tion by submission to the Kolmogrov-Smirnov 
test and if significant, non-parametric statisti-
cal analysis was applied. Differences among 
the groups were tested for significance using 
ANOVA, Kruskal Wallis, Mann-Whitney U, 
Student’s t-test in parametric variables and chi-
square test in categorical variables, where 
appropriate. P<0.05 was considered as statisti-
cal difference, P<0.01 was considered as sig-
nificantly statistical difference.

Results

Comparison of basic clinical characteristics

There were no significant differences in aver-
age age, infertility duration, infertility type and 
endometrial thickness among SC1, SC2 and 
NC groups (P>0.05). Likewise, the average Gn 
dosage and duration was similar between SC1 
and SC2 groups. However, as was expected, all 
hormone parameters including the peak E2, 
and the average E2 and P4 levels on the day of 

endometrial biopsy were significantly higher in 
SC groups (including both SC1 and SC2) than in 
NC group (P<0.01), and higher in SC1 than in 
SC2 group (P<0.01) (Table 1).

Histological staging of endometrium in COH 
cycles

All endometrial samples were approved in 
secretory phases by histological dating, consis-
tent with the stage of COH cycles. There were 0, 
4 and 5 cases in early, mid and late secretory 
phases in SC1 group, while there were 2, 4, 3 
and 4, 8, 6 cases in SC2 and NC group, respec-
tively. Endometrial development was 1 to 2 d in 
advance in SC1 group, and not that in SC2 and 
NC groups. Endometria in SC1 showed an obvi-
ous glandular-stromal dyssynchrony, with per-
sistent subnuclear vacuoles in the glands, and 
glandular development lag behind stroma. 
Besides, glandular expansion and tortuous, 
and edema in stroma were observed in the two 
SC groups, more severe depending on the 
degree of ovarian response (Figure 1).

Localization and quantification of EG-VEGF 
protein in human peri-implantation endome-
trium

To determine the cellular distribution of 
EG-VEGF protein, immunohistochemical stain-
ing for EG-VEGF was performed on all samples. 
EG-VEGF was showed mainly present in the 
glandular epithelium and microvascular endo-
thelial cells in the endometria, and less inten-
sity of staining was detected in the stroma 
(Figure 2). Although there were some individual 

Figure 2. Immunohistochemical studies were undertaken on sections of endometrium to determine the cellular 
distribution of EG-VEGF. Immunohistochemical staining for EG-VEGF was detected in all samples. EG-VEGF was 
mainly expressed in the glandular epithelium of endometrium, and also in the stroma and vessels. Lower intensity 
of staining was detected in SC1 compared with SC2 and NC group. SC, stimulated cycles; NC, natural cycles. Original 
magnification ×200.
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variations, but generally both glandular and 
stromal EG-VEGF expression were significantly 
lower in SC1 group when compared with SC2 
and NC group (P<0.01, P<0.01; P<0.05, 
P<0.01). EG-VEGF expression in the glandular 
epithelium and stroma was also lower in SC2 
group than in NC group, but did not reach sta-
tistical significance (P>0.05) (Table 2). 

EG-VEGF mRNA levels in human peri-implanta-
tion endometrial

RT-PCR showed that products of EG-VEGF 
mRNA levels in SC group were obviously lower 
than in NC group (Figure 3). Real-time PCR 
validated that EG-VEGF mRNA levels were 
0.67±0.21, 0.87±0.43 and 1.17±0.69 in SC1, 
SC2 and NC group, respectively. The expression 
levels of EG-VEGF mRNA in SC1 were significanly 
lower than in NC group (P<0.05). The expression 
levels of EG-VEGF mRNA in SC2 were also lower 
than in NC group, but they did not reach a 
statistical significance (P>0.05) (Figure 4).

Discussion

Appropriate range of E2 is necessary for suc-
cessful pregnancy in IVF cycle, high level of E2 
in high ovarian responders was demonstrated 
to have negative impact on IVF pregnancy rate 

important regulators to stimulate the endome-
trium develop from pre-implantation to recep-
tive status. Small dose of estrogen can make 
the endometrium accept and transport the 
message from the blastocyst. On the basis of 
estrogen function, progesterone action is 
added to stimulate endometrial stromal cells 
differentiation and promote decidual reaction 
[24].

During the COH cycle, premature secretory 
change of endometrium after OR and in early 
luteal phase was observed, and followed by 
obvious glandular-stromal dyssynchrony in mid-
luteal phase subsequently [4]. When the endo-
metrial development advanced more than 3 
days on the day of OR, no pregnancy was 
acquired after ET [25]. Our study of peri-implan-
tation endometrium showed that serum E2 and 
P4 levels in peri-implantation phase in high and 
moderate ovarian responders were significant-
ly higher than in NC controls. High ovarian 
responders had significantly asynchronous 
endometrial development with delayed glandu-
lar maturation and advanced stromal morphol-
ogy, when compared with moderate ovarian 
responders and NC controls. These results sug- These results sug-
gested that different hormone levels come 
from different ovarian responses have different 
influences on the endometrial histological 
development. The supraphysiological status of 
high E2 and abnormal E2/P4 ratio resulting from 
excessive ovarian responses may be one cause 
for endometrial asynchrony, and once this 
change accumulates to certain degree, it may 
compromise the ER.

The WOI phase is the limited period during 
which the uterus possesses the biggest recep-
tivity for embryo implantation. During this 
phase, the endometrium secretes some ER 
associated proteins, which undergo a cascade 

Figure 3. Typical samples for electrophoretic bands 
of RT-PCR products from EG-VEGF mRNA in peri-
implantation endometria. SC, stimulated cycles; NC, 
natural cycles.

[22]. Meanwhile, the pregnancy 
rate of high ovarian responder in 
frozen embryo transfer cycle was 
higher than in fresh embryo trans-
fer cycle, suggesting that high E2 
may affect ER rather than embryo 
quality [10, 23]. The uterine endo- endo-
metrium is the direct target organ 
functioned by estrogen and pro-
gesterone. Appropriate levels of 
estrogen and progesterone are 

Table 2. Immunohistochemical comparison of EG-VEGF protein 
levels between SC and NC group 

SC1 group (n=9) SC2 group 
(n=9)

NC group 
(n=18)

EG-VEGF
    Glandular compartment# 2.26±1.03a,**,b,** 4.82±1.25 5.69±1.40
    Stromal compartment# 0.54±0.23a,**,b,* 1.13±0.38 1.35±0.64 

#, have difference among three groups; a, compared with NC group; b, com-
pared with SC2 group. *, P<0.05; **, P<0.01.
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of functional changes triggered by steroid hor-
mone, so as to adapt to and facilitate ER build-
ing and embryo invasion. Increased vascular 
permeability (VP) and angiogenesis in the endo-
metrium around the site of blastocyst invasion 
is the original sign of successful implantation 
[26]. EG-VEGF, a newly discovered angiogenic 
factor regulated by steroid hormone, is exclu-
sively expressed in endometrium of reproduc-
tive women and its expression is elevated dur-
ing WOI phase and early pregnancy [15], which 
implies it may play a pivotal role in active angio-
genesis and vascular development in peri-
implantation endometrium, and maybe act as a 
biomarker for ER. So an altered expression of 
EG-VEGF would be one of the several biochemi-
cal abnormalities characterizing changed ER in 
excessive responders. 

EG-VEGF protein was previously reported to be 
expressed both in endometrial gland and stro-
ma, the expression level was low in the early 
follicular phase, and became stronger in glan-
dular cells in the late follicular phase, until 
reached peak in the mid-luteal phase [15]. In 
this study we observed that EG-VEGF was mod-
erately expressed in cytoplasm of cells in glan-
dular epithelium and microvascular endotheli-
um, and weakly expressed in extracellular 
matrix. The expression level of EG-VEGF in glan-
dular epithelium was higher than in extracellu-
lar matrix, suggesting it may synthesized by 
gland and secreted to the stroma, this is coin-
cide with Battersby’s study [14]. EG-VEGF 

and increasing VP through an autocrine or para-
crine role. 

Our study further demonstrated that excessive 
responders exhibited both glandular and stro-
mal decreased expression of EG-VEGF in endo-
metrium as determined by immunohistochem-
istry, when compared with moderate respond-
ers and NC controls, suggesting that increasing 
E2 levels had a negative effect on EG-VEGF pro-
tein expression. We speculate that although 
there had a rapid decline in serum E2 after OR, 
but it was still much higher in high ovarian 
responders than in moderate responders and 
NC controls in peri-implantation period, thus it 
can still inhibit EG-VEGF expression, the estro- estro-
gen sensitive gene. In addition, RT-PCR in this 
study showed that on the transcription level, 
EG-VEGF mRNA expressed in peri-implantation 
endometrium was significantly decreased in 
high ovarian responders than in NC controls, 
whereas other than EG-VEGF protein, no differ-
ence was shown for EG-VEGF mRNA expression 
between high and moderate responders. 
Furthermore, although serum E2 in moderate 
responders were significantly higher than in NC 
controls, but no difference of EG-VEGF mRNA 
expression was shown, suggesting the E2 differ-
ence between the two groups is not so big 
enough to inhibit EG-VEGF expression as in 
high ovarian responders. In discordance with 
our results, Ngan et al found endometrial 
EG-VEGF mRNA was increased after hCG injec-
tion in Gn stimulated cycle [15]. The difference 

Figure 4. Quantification of EG-VEGF mRNA levels in peri-implanation endo-
metria by Real-time PCR. (*, P<0.05; compared with NC group).

expression in microvascular 
endothelium implies that it can 
regulate multiple biological pro-
cess including endothelial cell 
proliferation and vasculation in 
WOI phase and has important 
role in angiogenesis of decidu-
alization in secretory phase. In 
vitro study also found that 
EG-VEGF can significantly stim-
ulate uterine microvascular 
endothelial cell line (UtMVEC-
Myo) proliferation and form 
tubal structure [17]. The locali-e locali-
zation of EG-VEGF suggests 
that it may play a pivotal role in 
ER building and implantation by 
inducing vascular remodeling 
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may be due to patient selection, we collected 
endometrial samples with different ovarian 
response, but there had no distinguish in their 
study. 

In this study, both mRNA and protein level of 
EG-VEGF in peri-implantation endometrium of 
women with high ovarian response were signifi-
cantly decreased than in NC controls, and the 
difference was more significant in protein level 
than in mRNA level, this imbalance maybe due 
to abated translation or increased protein deg-
radation. The presence of high E2 markedly 
down-regulated EG-VEGF synthesis and ge- 
nerated glandular-stromal dyssynchrony with  
glandular development being lag behind stro-
ma in peri-implantation phase in high ovarian 
responders, may produce an environment that 
impairs the ER building and the implantation 
process. Because the insufficient secretion 
and dysfunction of EG-VEGF may affect angio-
genesis in decidualization and therefore lead-
ing to suboptimal endometrial perfusion, which 
is consistent with the report that significantly 
lower endometrial blood flow was observed in 
SC than in NC [27], but the involved mechanism 
is unclear. 

Studies also showed EG-VEGF and its receptors 
were increased in deciduas in early pregnancy, 
implying it may induce endometrial cells prolif-
eration and regulate decidualization, and have 
important role in endometrial decidualization 
and ER building [28, 29]. EG-VEGF can also reg-
ulate some ER associated gene including COX2 
and IL-8 expression, such as mediate fetal-
maternal dialogue by regulating hCG-mediated 
endometrial LIF expression [15, 30, 31]. 
Besides, EG-VEGF may support pregnancy 
through VP regulation and promote VLDL trans-
port into luteal cells to synthesize P4 [11]. So 
EG-VEGF may act as a local message molecule 
between embryo and vessel in receptive endo-
metrium, by targeting vascular endothelium in 
superficial endometrium which express its 
receptor, and sustain placenta development 
after implantation.

In summary, our study demonstrated that high 
E2 produced in high ovarian responders may 
stimulate asynchronous endometrial develop-
ment and down regulate EG-VEGF expression in 
peri-implantation endometrium when com-

pared with moderate ovarian responders and 
those in natural cycles, which may account for 
the impaired ER and lower pregnancy rates in 
the excessive responders. The involved feed-
back mechanism remains to be determined.
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