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Abstract: Pinopode, a progesterone-dependent endometrial projection which appears during uterine receptivity pe-
riod, participates in blastocyst implantation. Blastocyst loosely attaches to pinopode via L-selectin ligand (MECA-
79). We hypothesized that pinopode and MECA-79 expressions were affected by testosterone. Therefore, the ef-
fect of testosterone on pinopode and MECA-79 expressions during uterine receptivity period were investigated. 
Methods: Ovariectomized adult female rats received 8 days sex-steroid replacement intended to mimic hormonal 
changes in early pregnancy with day 6 to 8 represents uterine receptivity period. Testosterone (1 mg/kg/day) was 
injected together with flutamide or finasteride during the period of uterine receptivity. At the end of treatment, rats 
were sacrificed and uteri were removed. The existence of pinopodes in the endometrium was visualized by electron 
microscopy and uterine expression and distribution of MECA-79 protein were examined by Western blotting and im-
munohistochemistry (IHC) respectively. Results: Abundant pinopodes and MECA-79 expressions were observed in 
rats received normal steroid replacement regime. Administration of testosterone during uterine receptivity period re-
duced pinopodes and MECA-79 expressions, which were antagonized by flutamide and not finasteride. Conclusions: 
The decrease in uterine pinopodes and MECA-79 expressions during uterine receptivity period by testosterone may 
cause failure of blastocyst to implant in conditions associated with high level of this hormone.
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Introduction

Pinopodes are dome-like projections arising 
from the apical membrane of uterine luminal 
epithelia [1]. In rats, this projection appears at 
day 4, peaking at day 5 and rapidly decline at 
day 6 of early pregnancy, coincide with uterine 
receptivity or implantation window period [2]. 
Due to its existence within a limited time peri-
od, pinopode has been used as a marker of 
uterine receptivity [3]. The appearance of 
pinopodes coincides with the expression of 
other uterine receptivity markers such as leu-
kaemic inhibitory factor (LIF) [4], mucin, 
L-selectin, integrin αvβ3 and heparin-binding 
epidermal growth factor (HBEGF) [5, 6]. In 
humans however, its role as uterine receptivity 
marker is debatable [7].

In the uterus, pinopode displays several func-
tions. In rodents, this projection is involved in 
pinocytosis which assist the removal of fluid 
from the uterine lumen to initiate luminal clo-
sure preceding blastocyst attachment [8]. 
Additionally, this bulb-like projection has been 
reported to participate in embryo-endometrial 
interaction via L-selectin ligand [9] which con-
tains a carbohydrate epitope, MECA-79 [10]. In 
humans, pinopodes were found to release 
secretory vesicles containing LIF into the uter-
ine lumen [11]. Pinopode expression is proges-
terone dependent [12]. A strong correlation 
between pinopode with plasma P4 level and P4 
receptor expression has been reported in the 
uterus of humans [12], rats [1] and mice [13]. 
Estrogen however causes loss of pinopode 
expression [1]. Ovariectomized mice were found 
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to have high number of pinopodes, suggested 
that the removal of E2 most probably cause the 
increase in pinopode expression [14].

In primates [15] and humans [16], the level of 
testosterone increases at around the time of 
ovulation and in the late luteal phase of the 
menstrual cycle. In mice, serum testosterone 
level was the highest before estrogen and 
luteinizing hormone (LH) peak which occur 24 
hours before implantation [17]. Evidence that 
testosterone is required for implantation was 
shown by Humprey [18] where the number of 
implantation sites were increased with an 
increase in plasma testosterone level. In 
female, testosterone is produced by the ovaries 
[19] and decidua and is required for decidual-
ization [20]. In parallel to the increase in plas-
ma testosterone level, high expression of uter-
ine androgen receptor was also reported in the 
secretory phase of the cycle [21]. Although tes-
tosterone is required for normal implantation 
[22], high level of this hormone could interfere 
with the peri-implantation embryo and uterine 
developments resulting in early pregnancy loss 
[23]. The mechanism responsible for the 
adverse testosterone effect on the uterus dur-
ing implantation is however unknown.

We hypothesize that testosterone could affect 
the pinopode and MECA-79 expressions in the 
uterus in early pregnancy which could interfere 
with the blastocyst-endometrial interaction, 
resulting in implantation failure. This study 
therefore investigated the effect of testoster-
one on pinopode and MECA-79 expression dur-
ing uterine receptivity period in rats which 
could explain the adverse effect of testoster-
one on blastocyst implantation.

Materials and methods

Chemicals

Testosterone propionate, 17β-estradiol and 
progesterone were purchased from Sigma-
Aldrich, St. Louis, USA. Other remaining chemi-
cals were analytical grades.

Animals and hormones treatment

Adult female Wistar rats, purchased from 
Animal House, University of Malaya, weighted 
200-250 g were maintained under 12:12 light-
ing conditions, with free access to food and 

water ad libitum. Ovariectomies were per-
formed under isofluorane anesthesia at least 
14 days prior to initiating any hormone treat-
ment. All procedures performed were approved 
by the ethics committee with ethics number: 
2013-07-15/FIS/R/NS. All experiments were 
carried out in accordance with international 
guideline outlined in the Guide for the Care and 
Use of Laboratory Animals [24]. Steroids were 
dissolved in arachis oil and injected subcutane-
ously in a volume of 0.1 ml. To mimic the hor-
monal profile in early pregnancy, 17β-estradiol 
(E2) and progesterone (P4) were administered 
according to the established protocol by 
Kennedy [25] however with slight modifica-
tions. In brief, the basic protocol involved injec-
tion of 1.0 µg/kg/day E2 for day 1 and day 2, 
1.0 µg/kg/day E2 and 4 mg/kg/day P4 on day 3, 
no treatment on the 4th and 5th day, 16 mg/kg/
day P4 and 0.5 µg/kg/day E2 on the next 3 days 
(days 6-8). Description of the study design was 
shown in Figure 1. Vehicle treated animals 
(control) received 8 daily injections of arachis 
oil. 1 mg/kg/day testosterone, regarded as 
supraphysiological dose in female [26] was 
administered for three (3) days from day 6-8 
which was considered as uterine receptivity 
period with and without flutamide (5 mg/kg/
day) or finasteride (1 mg/kg/day) where both 
inhibitors were administered 30 minutes prior 
to the testosterone injection.

Field emission scanning electron microscopy 
(FESEM)

FESEM was performed to evaluate the pres-
ence of pinopodes on the endometrial surface. 
For FESEM preparation, uteri were cut longitu-
dinally into 2 mm × 2 mm section and fixed at 
least 24 h in 2.5% glutaraldehyde in 0.1 M 
phosphate buffer (pH 7.4) at 4°C. The speci-
mens were air-dried and then placed on carbon 
planchets and examined with FEG Quanta 450 
EDX-OXFORD, Field Emission Scanning Electron 
Microscope, Netherlands at 5 kV, under low 
vacuum and at working distances of 11.0 mm 
and at magnifications of 3000 ×. Photographs 
were taken in slow scanning mode at 1280 × 
1024 pixels.

Transmission electron microscopy (TEM)

Individual uteri were fixed in 2.5% glutaralde-
hyde in 0.1 M phosphate buffer, pH 7.4, and 2 
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mm-cross sections of each uterine horn were 
cut and incubated overnight at 4°C in 2.5% glu-
taraldehyde buffer. The buffer was removed, 
and the samples were rinsed three times, 15 
minutes each in 0.1 M phosphate buffer. 
Samples were incubated in 1% osmium in 0.1 
M phosphate buffer, rinsed and dehydrated in a 
series of ethanol (70%-100%) washes. Samples 
were incubated twice for 5 minutes in propyl-
ene oxide and then transferred to a rotor for 1 h 
at room temperature in a 1:1 mixture of propyl-
ene oxide and epon [47% Embed 812, 31% 
DDSA (dodenyl succinic anhydride), 19% NMA 
(nadic methyl anhydride), 3% BDMA (benzyldi-
methylamine)], followed by an overnight incuba-
tion in 1:2 propylene oxide-epon, and finally 
100% epon for 2-3 hrs. Individual uterine sam-
ples were embedded in 100% epon in silicon 
flat embedding molds, and capsules were 
polymerized in a 60°C oven for over 48 hrs. 
Ultrathin transverse sections (70 nm) were pre-
pared using a diamond knife (Diatome) on a MT 
6000-XL ultramicrotome, captured on 300-
mesh copper grids, and stained with 2% uranyl 
acetate. All reagents and materials were 
obtained from Electron Microscopy Sciences 
(Hatfield, PA, USA). The ultrathin sections were 
observed under a transmission electron micro-
scope (Libra 120 Zeiss, Oberkochen, Germany).

Immunoperoxidase detection of MECA-79

Uterine tissues were fixed overnight in 4% para-
formaldehyde (PFD) before processing and 
dehydrated through increasing concentrations 
of ethanol, cleared in chloroform and were then 
blocked in a paraffin wax. For IHC, tissues were 
cut into 5 µm sections, deparaffinized in xylene, 
rehydrated in reducing concentration of etha-
nol. Tri sodium citrate (pH 6.0) was used for 
antigen retrieval, while 1% H2O2 in phosphate 
buffered saline (PBS) was used to neutralize 
the endogenous peroxidase. Sections were 
then blocked in 5% BSA for the non-specific 
binding, prior to incubation with rat monoclonal 
primary antibody to MECA-79 (200 μg/0.1 ml, 
1:500, Santa Cruz, SC 19602) at a dilution of 
1:100 in 5% BSA at room temperature for an 
hour. After four times rinsing with PBS, the sec-
tions were then incubated with biotinylated 
secondary antibody for 30 min at room temper-
ature, and were then exposed to avidin and bio-
tinylated HRP complex (Santa Cruz, California, 
USA) in PBS for another half an hour. The sites 
of antibody binding were visualized using DAB 
(Diaminobenzidine HCl) (Santa Cruz, California, 
USA) which gave dark-brown stain. Sections 
were counterstained with hematoxylin for the 
nuclear staining. In this experiment, non-

Figure 1. Protocol of sex-steroid replacement regime. Schematic representation of time-course of steroid treatment 
protocol administered to ovariectomized rats to mimic the fluctuating steroid hormones level in early pregnancy. The 
animals were kept at 12 hours light and 12 hours dark schedule. D: day, T: testosterone.



Testosterone, pinopode and MECA-79 in uterus

1970 Int J Clin Exp Pathol 2014;7(5):1967-1976

immune normal donkey serum was used as a 
negative control where no staining was observed.

Quantification of staining intensity by NIS-
Element AR program

The slides were viewed using a Nikon Eclipse 
80i microscope (Tokyo, Japan) with a Nikon DS 
Ri1 12 megapixel camera (Tokyo, Japan) 
attached. All images were captured under stan-
dard conditions of illumination. The voltage for 
illumination was chosen with the photographs 
taken at a fixed exposure time. Tiff images 
(1280 × 1024 pixels) were taken at objective 
lens magnification of 40 × and 100 ×. Using 
NIS-Element AR program (Nikon Instruments 
Inc, Melville, NY, USA), the exposure time and 
sensitivity were set prior to image capturing. At 
the outset of the session, part of the slide with 
no tissue (blank field) was viewed under the 
microscope and auto white balance was per-
formed. Under hue-saturation-intensity (HSI) 
mode, the area of interest on the image (apical 
membrane of the uterine luminal epithelia) was 
selected and total counts (spots with dark-
brown stained) was obtained. The mean inten-
sity of the counts was determined which repre-
sents the average amount of protein expressed 
in the tissue.

Immunoblotting

Whole uterine tissues were snapped frozen in 
the liquid nitrogen and were then stored at 
-80°C prior to the protein extraction. Following 
total protein extraction with PRO-PREP solution 
(Intron, Seoul, Korea), an equal amount of pro-
tein from each tissue lysate were mixed with a 
loading dye, boiled for 5 min and separated 
using SDS-PAGE 12%. Protein was then trans-
ferred onto polyvinylidene difluoride (PVDF) 
membrane (BIORAD, Hercules, California, U.S) 
and blocked with 5% bovine serum albumin 
(BSA) for 90 min at a room temperature. The 
membrane was exposed overnight with rat 
monoclonal antibody to MECA-79 (200 μg/0.1 
ml, 1:500, Santa Cruz, SC 19602L). Membrane 
incubation with non-immune normal donkey 
serum was used as a negative control. No 
bands were observed. The blots were then 
rinsed three times in PBS-tween with each 
rinse lasted for 5 minutes. The membranes 
were then incubated with rabbit anti rat IgG 
horseradish peroxidase conjugated secondary 
antibody (Santa Cruz, California, USA). The 
membrane was then rinsed and subjected to 
Opti-4CN™ Substrate Kit (Bio-Rad, Hercules, 
California, USA) to visualize the protein bands. 

Figure 2. Field emission scanning 
electron microscopy (FESEM) 
of the endometrium in different 
experimental groups. Abundant 
bleb-like projections were seen 
in rats received normal steroid-re-
placement regime. Fewer pinopo-
des were seen following admin-
istration of testosterone during 
uterine receptivity period which 
were reverted by flutamide but 
not finasteride. scale bar: 40 µM.
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Photos of the blots were captured by a gel doc-
umentation system and the density of each 
band was determined using Image J software 
(NIH Image J, version 1.46j, National Institute 
of Health, Bethesda, MD, USA). Ratio of each 
target band/β-actin was calculated and was 
considered as the expression level of the target 
proteins.

Statistical analyses

The density of protein bands in Western blot-
ting was analyzed using Image-J software (ver-
sion 1.46j; National Institutes of Health, 
Bethesda, MD, USA), and the results were pre-
sented as a ratio of the target protein to β-actin. 
Statistical differences were evaluated by analy-
sis of variance (ANOVA) and Student’s t-test. A 
probability level of less than 0.05 (P < 0.05) 
was considered to be significant. Post-hoc sta-
tistical power analysis was performed for all the 
experiments conducted and all values obtained 
were > 0.8 which indicate adequate sample 
size. Meanwhile, the Shapiro-Wilk test was per-
formed to test for data normality and all values 
obtained were > 0.05 indicated that these data 
were normally distributed.

Results

FESEM images of endometrial pinopodes

Figure 2 shows FESEM images of the endome-
trium in rats receiving arachis oil only (control), 
normal steroid replacement regime, normal 
steroid replacement regime with testosterone 
injection (days 6-8) and normal steroid replace-
ment regime with testosterone injection (days 
6-8) with flutamide or finasteride. Our findings 
showed abundant pinopodes expressed at the 
apical surface of the luminal epithelia in rats 
receiving normal steroid replacement. Con- 
comitant administration of testosterone from 
days 6-8 resulted in a reduced pinopode 
expression as compared to rats receiving nor-
mal sex-steroid replacement. Meanwhile, con-
comitant administration of testosterone and 
flutamide from days 6-8 of the steroid replace-
ment regime resulted in increased number of 
pinopodes at the endometrial surface as com-
pared to testosterone only injected rats. Con- 
comitant testosterone and finasteride treat-
ment from days 6-8 however did not cause any 
significant changes in pinopodes expression as 
compared to testosterone only treatment.

Figure 3. Transmission electron 
microscopy (TEM) of the endome-
trium in different experimental 
groups. Pinopode projections were 
seen in rats received normal ste-
roid-replacement regime. Apical 
membrane with nearly absence pi-
nopodes were seen following tes-
tosterone administration during 
uterine receptivity period which 
were reverted by flutamide but not 
finasteride. P = pinopode.
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TEM images of endometrial 
pinopodes

Figure 3 shows TEM images of 
endometrium of rats receiving 
arachis oil (control), normal ste-
roid replacement, normal steroid 
replacement with testosterone 
injection (days 6-8) and normal 
steroid replacement with testos-
terone injection with flutamide or 
finasteride (days 6-8). Our findings 
showed multiple pinopodes were 
seen at the apical membrane of 
the endometrial epithelia in rats 
receiving normal steroid replace-
ment regime. Testosterone admin-
istration from days 6-8 resulted in 
near disappearance of pinopodes 
with only microvilli was seen. 
Concomitant administration of flu-
tamide with testosterone from 
days 6-8 of the normal steroid 
replacement regime caused the 
appearance of pinopodes at the 
apical surface. Meanwhile, few 

Figure 4. MECA-79 protein distribu-
tion at the apical membrane of the 
endometrial luminal epithelia in dif-
ferent experimental group. MECA-
79 was seen to be distributed at 
the apical membrane of the luminal 
epithelia predominantly in rats re-
ceived normal steroid replacement 
and concomitant testosterone and 
flutamide administration during 
uterine receptivity period. L: lumen, 
G: gland, scale bar: 50 µm. Arrow 
pointing towards the apical mem-
brane with highest immunostaining 
intensity.

Figure 5. Quantitative analysis of MECA-79 immunoperoxidase staining 
intensity at the apical membrane of the luminal epithelia in different ex-
perimental groups. The highest intensity  was observed in rats received 
normal steroid replacement regime and following co-administration of 
flutamide with testosterone during uterine receptivity period. Mean was 
obtained from intensity of 4 different sections per treatment group. *P 
< 0.05 as compared to normal steroid replacement, †P < 0.05 as com-
pared with testosterone only treatment. C: vehicle control, N: normal ste-
roid replacement regime, T: testosterone only injection with P4, T + FLU: 
testosterone and flutamide administration with P4 and T + FIN: testoster-
one and finasteride administration with P4.
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pinopodes appear in rats receiving finasteride 
and testosterone from days 6-8 which was 
almost similar to the effect of testosterone only 
treatment.

MECA-79 protein distribution

Figure 4 shows immunohistochemistry images 
of uterine sections while Figure 5 shows quan-
titative analyses of MECA-79 immunostaining 
intensity in different experimental groups. The 
highest staining intensity was observed in rats 
receiving normal steroid replacement regime. 
The staining intensity was markedly reduced 
following testosterone administration from 
days 6-8 of the normal steroid replacement 
regime. Concomitant administration of flu-
tamide and testosterone from days 6-8 caused 
a significant increase in immunostaining inten-
sity however no significant difference in inten-
sity was noted following finasteride and testos-
terone treatment as compared to testosterone 
only treatment.

Discussion

To the best of our knowledge, this study investi-
gated for the first time the effect of testoster-
one on pinopode expression in rats during uter-
ine receptivity period. In our study, the 
followings were observed: (i) testosterone 
administration from days 6-8 (uterine receptiv-
ity period) caused significant decrease in pino-
pode expression at the apical surface of the 
endometrium, (ii) testosterone administration 
(days 6-8) resulted in decreased expression of 
MECA-79 at the apical surface of the uterine 
luminal epithelia (iii) testosterone effect was 
antagonized by flutamide, which confirmed 
androgen receptor involvement and (iv) testos-
terone effects were not antagonized by finaste-
ride, indicating that 5α-dihydrotestosterone 
(DHT) was not involved in causing these effects.

We have shown that in rats received normal 
steroid replacement regime, pinopodes app- 
eared moderately wrinkled with oblong shaped 
structure protruding from the apical membrane 

Figure 6. Immunoblotting analysis of MECA-79 protein in different experi-
mental group. (A) Shows immunoblot image of protein band in different 
experimental group while (B) Shows analyses of the intensity of protein 
bands in different experimental groups. Our findings indicate that the 
highest MECA-79 protein intensity was observed in the group received 
normal sex-steroid replacement while the lowest intensity was observed 
following administration of testosterone during the uterine receptivity pe-
riod. Mean was obtained from intensity of 4 different membranes per 
treatment group. *P < 0.05 as compared to normal steroid replacement, 
†P < 0.05 as compared with testosterone only treatment. C: vehicle con-
trol, N: normal steroid replacement regime, T: testosterone only injection 
with P4, T + FLU: testosterone and flutamide administration with P4 and T 
+ FIN: testosterone and finasteride administration with P4.

MECA-79 protein expression

Figure 6A shows representative 
image of a Western blot band 
while Figure 6B shows analyses of 
protein band density of the uterine 
tissue homogenate following incu-
bation with MECA-79 antibody in 
rats treated with arachis oil (vehi-
cle control), normal steroid 
replacement regime, normal ste-
roid replacement regime with tes-
tosterone (days 6-8) and normal 
steroid replacement regime with 
testosterone combined with flu-
tamide or finasteride (days 6-8). 
Our findings indicate that density 
of MECA-79 protein band was the 
highest in rats receiving normal 
steroid replacement regime and 
the lowest following testosterone 
only treatment from days 6-8. 
Co-administration of flutamide 
and testosterone from days 6-8 
resulted in a significant increase 
in the protein band density. 
Meanwhile, no significant differ-
ence was noted between concom-
itant testosterone and finasteride 
as compared to testosterone only 
treatments.
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of the luminal epithelium with a diameter of 
between 3.0 to 4.0 µm. These morphological 
appearances were consistent with the previous 
reports [27, 28]. In addition, pinopodes were 
seen to project above the level of microvilli and 
contain multiple vacuoles. Several larger vacu-
oles were also seen at the base of these projec-
tions. These vacoules were thought to be 
involved in endocytosis which help to remove 
the uterine luminal fluid to initiate uterine clo-
sure [28, 29]. In rats, uterine closure event is 
important as this could help to sandwich the 
implanting blastocyst between the two oppos-
ing endometrial surfaces, initiating the first 
physical contact between the blastocyst and 
the receptive endometrium. Parr and Parr, [28] 
reported that pinopode also contain actin-rich 
stalk which appears as bands on the pedicle. 
Meanwhile, it was estimated that in rats, 
between 5.5% to 20% of the endometrial epi-
thelial cells were covered with pinopodes dur-
ing the uterine receptivity period that could 
help to generate sufficient force to remove the 
fluid from uterine lumen [14].

In view that pinopode is progesterone-depen-
dent [2], the appearance of this projection was 
expected following this hormone treatment. 
Concomitant administration of testosterone 
resulted in a near absence of pinopode from 
the endometrial surface. The involvement of 
androgen receptor (AR) indicated that testos-
terone effect was mediated via a genomic path-
way. Our study has further shown that 5α-DHT 
was not involved in inhibiting uterine pinopode 
expression as evident from lack of finasteride 
inhibition on the testosterone-mediated 
decrease in pinopode expression. Uterine tis-
sue has been reported to have higher affinity 
towards testosterone than 5α-DHT [30]. 
However, several uterine effect of testosterone 
has been shown to be mediated via 5α-DHT, 
including expression of estrogen receptor (ER) 
[31] as well as growth of this organ [32]. 
Additionally, 5α-DHT is also important during 
the secretory phase of the cycle in view that AR 
and 5α-reductase enzyme expressions in the 
uterus were reported the highest during this 
period [33].

L-selectin ligand (MECA-79) mediates blasto-
cyst-endometrial contact prior to blastocyst 
attachment [34]. Our findings showed that 
MECA-79 expression was the highest in the 
endometrium of ovariectomized rats received 

normal steroid replacement regime. This pro-
tein was expressed mainly at the apical mem-
brane of the uterine luminal epithelia, consis-
tent with its role in embryo attachment to the 
receptive endometrium. In humans, L-selectin 
ligand was up-regulated from the day of ovula-
tion to day 6-post ovulation [10] with peak 
expression in the mid-luteal phase of the cycle 
[35]. In addition, endometrial MECA-79 expres-
sion was reported to be higher in fertile than 
infertile humans [36]. In this study, a marked 
decrease in MECA-79 expression at the apical 
membrane of rat endometrial epithelia during 
uterine receptivity period following testoster-
one treatment indicated that the expression of 
this protein was inhibited by testosterone. In 
parallel with the effect on pinopode expression, 
testosterone effect on MECA-79 expression 
was also inhibited by flutamide, indicated the 
involvement of AR-mediated genomic mecha-
nism. Meanwhile, 5α-DHT has no role in MECA-
79 expression as evident from the lack of inhi-
bition by 5α-reductase inhibitor on testos- 
terone-mediated suppression of MECA-79 
expression in the uterus during the receptive 
period.

This study has important contribution towards 
understanding the mechanism underlying tes-
tosterone effect on blastocyst implantation as 
blastocyst fails to implant in situation where 
testosterone level was high for example in poly-
cystic ovarian disease (PCO) [37]. With high 
rate of implantation failure even after ovulation 
induction, the reduced fertility rate in PCO 
patient was not only due to anovulation howev-
er could also be due to endometrial dysfunction 
[38]. In PCO, other biomarkers of endometrial 
receptivity such as α(v)β3-integrin and glycode-
lin-were also decreased, while epithelial expres-
sion of estrogen receptor alpha (ERα) abnor-
mally persists throughout the implantation 
window period. Additionally, stromal decidual-
ization was also inhibited by the high insulin 
level [39] while expression of androgen recep-
tor in the uterus was highly elevated in this con-
dition [40]. In this study, we further reported 
that down-regulation of uterine pinopodes and 
L-selectin ligand expressions by testosterone 
could also contribute to failure of the blastocyst 
to implant, resulting in high infertility rate asso-
ciated with this condition.

In conclusion, this study has provided mecha-
nism underlying implantation failure as report-
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ed in female with high plasma testosterone 
level. The suppression of pinopode and 
L-selectin ligand expressions by testosterone 
could prevent initiation of physical contact 
between blastocyst and the receptive endome-
trium thus contributing to high infertility rate 
observed in this condition.
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