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INTRODUCTION

There are three factors for successful im-
plantation. These are embryo quality, uterine
receptivity, and synchronization between em-
bryonic and endometrial development. Despite
remarkable progress in investigating embryos
in human IVF, there has been slow progress
in exploring the implantation process. It may
be due to two reasons as follow. First, it is dif-

ficult to directly investigate the mechanism of
implantation in the human, because of ethical
considerations. Second, there is no sensitive
and widely accepted marker for assessing en-
dometrial development. Since the finding of a
novel standard for dating endometrial biopsy
by Noyes et al. in 1950, there have been many
attempts to identify suitable markers for uter-
ine receptivity. Those include ultrasonographic
changes (Ueno er al, 1991; Grunfeld et al,
1991), three dimensional morphological changes
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of the endometrium such as pinopode for-
mation (Martel et al., 1987; Martel et al, 1991;
Nikas et al.,, 1995; Psychoyos & Nikas, 1994),
integrin expression (Ilesanmi er al, 1993; Les-
sey et al, 1992; Lessey, 1994), and meas-
urement of endometrial proteins (Bell, 1986;
Fay & Grudzinskas, 1991).

Investigations in the rat (Martel et al., 1991)
and human (Martel er al, 1987; Nikas er al,
1995; Psychoyos & Nikas, 1994) suggested
the presence of pinopodes as a marker for the
receptive phase. A chronological barrier in uter-
ine receptivity could be one of the major fac-
tors limiting IVF pregnancy rates. If we were

able to manage the 'implantation window' we

may be able to improve implantation and preg-
nancy rates in the human IVF program. In
1987, Martel et al found early appearance of
pinopodes in stimulated cycles for IVF com-
pared to natural cycles in humans (Martel et
al., 1987). This effect was found in patients
stimulated with clomephene citrate/hMG/hCG.
The purpose of the present study was to evalu-
ate the endometrial development in IVF pa-
tients stimulated with either by FSH/hMG/HCG
or with GnRH agonist down regulation.

MATERIALS AND METHODS
Patients

Patients were stimulated with FSH/hMG or
GnRHa/FSH/AMG and administered 10,000 IU
hCG when there were at least two leading fol-
licles at the size of >18 mm in diameter and/
or serum E2 concentrations >600 pg/mL. For
poor responders, who had <600 pg/mL serum
E2, the decision to administer hCG was based
on follicular and endometrial development rath-
er than only on E2 levels. Qocytes were re-
trieved transvaginally with ultrasound guides
34~36 hours after the hCG administration.

All patients were administered doxycycline -

monchydrate (Vibramycin, Pfizer, Korea) in
daily doses of 200 mg, beginning one day be-
fore oocyte retrieval for four days, and 25 mg
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progesterone im. (Progest, Samil Pharm. Co.,
Ltd, Korea) from the day of oocyte retrieval.
Endometrial biopsies were taken from 12 pa-
tients who had no embryos available for transf-
er on the scheduled day, 2-days after oocyte re-
trieval. Biopsies were taken by Pipelle or No-
vak curette. All patients were infertile due to
tubal factor, male factor, or unexplained in-
fertility. Women included in this study had
similar hormonal profiles and length of fol-
licular phase compared with those of patients
who had successful fertilization.

Scanning Electron Microscopy

Half of the biopsied endometrium was rinsed
thoroughly with saline and immediately imm-
ersed in 2.5% (w/v) glutaraldehyde containing
2% paraformaldehyde solution in PBS. The
specimen was fixed in 1% (w/v} osmium tetrox-
ide, dehydrated in ethanol, and dried in a cri-
tical-point drier (E3000, Polaron, Watford, Eng-
land). Specimen was mounted, coated with
gold palladium by ion sputter (JFC 1100, Jeol,
Japan), and examined under a scanning elec-
tron microscope (Jeol, Japan).

Dating and Immunocytochemistry

The remaining half of the biopsied en-
dometrium was rinsed in saline, then fixed in
10% formalin solution in PBS for further pre-
paration for paraffin section. Histological as-
sessment was performed by dating the en-
dometrium according to standard criteria after
hematoxylin and eosin staining. Immunocyto-
chemical analysis of ER and PR was per-
formed with commercially available antibodies.
Technicians and pathologists analyzed samples
in a blind fashion relative to patients' dem-
ographic characteristics.

Hormonal Evaluation

Serum E2 was measured by radioimmunoas-
say. Radioimmunoassay was conducted ac-
cording to procedures described in the instruc-
tion of Spectria kit (Orion Diagnostica, Espoo,



Finland). The inter-assay and intra-assay coef-
ficients of variations were 5.2% and 5.8%,
respectively.

RESULTS

Patients

Demographic characteristics of the included
patients were as follows. Mean E2 level was
395+66 pg/mL in the poor responders and
1328.03£215.18 pg/mL in the good respond-
ers, and mean age was 34.54+2.2 and 33.6%
0.9, respectively. Length of folliculogenesis in
the two groups was statistically not different.
The mean number of leading follicle size over
18 mm in diameter was statistically different as
2.5 in the poor responders versus 5 in the good
responders {p<0.05).

Pinopode Formation

We classified endometrium with long, erect
microvilli and no pinopodes as grade 0, with
the starting point of pinopodes as +, and with
apparent round swollen microvilldus cells with

short microvilli as + + +. Table 1 summarizes
results of the SEM observation of pinopode de-
velopment. We analyzed our data in relation
to ovarian stimulation protocols first, and
found no consistent results (left side of Table
1). We observed various stages of pinopode
formation from 0 to + -+ + in patients stimu-
lated with either FSH/AMG or GnRH/FSH/
hMG. Five out of 7 patients stimulated with
FSH/AMG and 3 out of 5 patients stimulated
with GnRH/FSH/EMG had developed pinopodes
2-days after oocyte retrieval.

When we reanalyzed the endometrial biop-
sies in relation to serum E2 concentrations on
the day of hCG administration (right side of
Table 1), we found significant results. Poor
responders with lower serum E2 levels had de-
layed pinopode formation with long, erect mi-
crovilli compared to the good responders.
Scanning electron microscopic pictures of the
poor responders are shown in Figure 1. Four
out of 6 patients showed grade 0. Whereas,
well-developing pinopodes were found in pa-
tients with higher E2 values. We observed

Table 1. Pinopode formation in patients stimulated by FSH/hMG/HCG (CB) or with GnRH agonist down
regulation (LA). Left column of the table was sorted by induction methods and listed according to age, while
right column was sorted by serum E2 level on the day of hCG administration

Sorted by induction method

Sorted serum E2 level

Patient's Patient's
IND" D Age E2 Pinopode E2 D IND* Age Pinopode
CB 1 30 965.7 + -+ 131.2 5 CB 38 0
CB 1 30 965.7 +++ 131.2 5 CB 38 0
CB 2 32 2308.4 +++ 316.6 7 CB 36 +
CB 3 34 874.5 + 4 392.9 6 CB 41 0
CB 4 37 776.9 +++ 407.6 9 LA 30 +~++
CB 5 38 1312 0 544.0 12 LA 34 0
CB 6 41 392.9 0 578.9 1A 28 0
CB 7 36 3166 + 776.9 CB 37 + 4
LA 8 28 578.9 0 874.5 3 CB 34 ++
LA 9 30 4076 +~++ 965.7 CB 30 +++
LA 10 32 15310  +~-+- || 15310 10 LA 32 A~
LA 11 34 1797.2 +++ 1797.2 11 1A 34 +++
LA 12 34 544.0 0 2308.4 2 CB 32 + 4+

IND*: Induction methods
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Figure 1. Scanning electron microscopy of the biopsied samples obtained 2-days after oocyte retrieval from
the six different poor responders (x3,500). Patients A to D showed endometrium with long, erect microvilli and
no pinopodes formation, while patients E and F showed early developing stage of pinopodes.

Figure 2. Scanning electron microscopy of the biopsied samples obtained 2-days after oocyte retrieval from
the six different good responders (x3,500). Most of patients (A to D) showed swollen microvillous cells with
short microvilli. Patients E and F showed delayed formation of pinopodes compared to patients A to D.
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Figure 3. Typical microphotographs of the endometrium from poor responders (A, B) and good responders
(C, D). A, C: x100; B, D: x1,000.

round lumpy pinopodes with short microvilli
in 4 out of another 6 patients with higher E2
levels (Figure 2).

Dating

We observed simple tube shape of glands
and less edema in stroma in poor responders
(Figure 3A, B); while more advanced form of
glands with prominent subnuclear vacuoles in
glandular epithelium in the good responders
(Figure 3C, D). Although we were able to find
some consistency in the glandular development
according to E2 levels, it was difficult to judge
the status of the endometrium by dating alone
due to the dyssynchrony between the glan-
dular and stromal development.

Immunocytochemistry for Steroid Re-
ceptors

Glandular and endometrial epithelial cells
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stained more strongly with ER antibody than
stromal cells. Staining in stroma cells was
weak for ER. However, in the case of PR
staining, stroma cells were stained equally as
strong as the epithelial cells. Staining patterns
were similar for ER and PR in all patients (date
not shown).

DISCUSSION

The major findings of the present study
were: 1) most of the patients stimulated with
FSH/hMG/hCG or with GnRH down regulation
(8/12) had developing pinopode formation 2-
days after oocyte retrieval, 2) good responders
in terms of follicle growth and estradiol se-
cretion had more advanced pinopodes when
compared to the poor responders, 3) it was
possible to predict the development of pi-
nopodes from the estradiol value on the day of



hCG administration, and 4) neither dating nor
expression of steroid receptor was a sensitive
marker for assessing status of the endometrium
biopsied at the early luteal phase. However,
results of dating and immunocytochemical stain-
ing of the steroid receptors were informative
when analyzed together with the endometrial
morphological changes observed by scanning
electron microscopy.

It is important to know the endometrial de-
velopment in the human IVF program. In
1987, Martel and co-workers found an ad-
vanced development of the pinopodes in the 4
out of 9 endometrial samples taken from the
patients stimulated with clomiphene citrate/
hMG/hCG. They suggested that the hormonal
treatment applied to induce ovulation can mod-
ify the normal development of the prenidatory
endometrium, and may have a negative effect
on the rate of egg implantation (Martel et al.,
1987). We also observed the advanced de-
velopment of the pinopodes in the endometrium
of patients stimulated with the different hor-
monal treatments, FSH/hMG/hCG or with GnRH
agonist long protocol. It may be concluded
that the endometrial development in the stimu-
lated patient is more advanced than the normal
cycles.

We found more advanced pinopode formation
in the good responders with higher serum E2
levels on the day of hCG administration.
When we grouped patients by their serum con-
centrations of estradiol, the cut off value was
600 pg/mL. Our rationale for using this value
was that poor responders have fewer than two
leading follicles 18 mm in diameter, and one
leading follicle secretes around 300 pg/mL es-
tradiol. In 1991, Martel and co-workers found
that in the rat the appearance of pinopodes
was strictly progesterone-dependent and also
relative to the timing of estradiol administration
and the dose administered (Martel er al., 1991).
Induction of endometrial receptivity requires a
minimum of 3 days of priming of the en-
dometrium with progesterone, and with minute
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amounts of estrogen at the end of this period
(Martel et al., 1991; Psychoyos, 1993). Howev-
er, it may be difficult to apply these results to
the human since those previous results were
obtained in rats by administering exogenous
progesterone and estradiol to ovariectomized
animals, Unfortunately, it was not possible to
evaluate biopsy results in relation to the serum
progesterone levels in the present study. We
also consider the steroid concentrations and
steroid receptor expression at the tissue level
would be more important than the circuléting
levels. Based upon our results, we only can
suggest that the higher concentration of es-
tradiol priming before progesterone sup-
plement enhances endometrial development as
well as pinopode formation in stimulated cy-
cles. The regulation of the pinopode formation
in the human endometrium by estradiol and
progesterone requires further investigation.

Endometrial estrogen and progesterone re-
ceptors are regulated by estradiol and pro-
gesterone, thus the measurement of its re-
ceptors could be useful in evaluating the hor-
monal miliew in the endometrium. The pattern
of steroid hormone receptor distribution has
previously been defined by many investigators
in normal menstrual cycles by using im-
munocytochemistry (Bergeron et al., 1988;
Garcia et al., 1988; Lessey ef al., 1988; Snijd-
ers et al., 1992). Our results were comparable
to those of previous studies in that the glan-
dular and endometrial epithelial cells stained
more strongly for the estrogen receptor than
stroma cells, whereas the stroma cells stained
equally as strong as the epithelial cells for the
progesterone rteceptor. We could not dis-
criminate between good and poor responders
by immunocytochemical staining only.

The most important finding in the present
study was that we were able to predict the de-
velopmental status of the endometrium, his-
tology as well as pinopode formation, from
the estradiol value on the day of hCG ad-
ministration. Rogers and co-workers suggested



that pinopode formation, previously thought to
indicate uterine receptivity, may not always do
so (Roger et al., 1989). They found no corre-
lation between pinopode formation and the cir-
culating plasma estradiol and progesterone lev-
els on the day of biopsy. However, the big
differences between that report and the present
study are, 1) biopsies were taken during the
second half of the cycle in that study, and 2)
plasma steroids were measured on the day of
biopsy taken. Thus, their conclusion is not suit-
able for all cases.

Based on our results, we concluded that pi-
nopode development shows a good correlation
with results of dating and serum estradiol con-
centrations on the day of hCG administration.
Time difference in endometrial development
between the poor and good responders may
have important implications for the successful
implantation of the transferred embryos in the
human IVF program.
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