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For successful pregnancy in IVF program, it implantation." However, the study of these ear-
is necessary to study interactions between the ly stages of human implantation in vivo for
embryo and maternal tissue at implantation as practical purposes is impossible, several culture
well as to improve quality of embryos at pre- systems in vitro have therefore been developed.
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But the previous studies on 3-dimensional cul-
ture systems in vitro fully imitation of the nor-
mal structure and function of the endometrium
in vivo were few.>” Also, in order to assess ex-
actitude of the established culture system, there
is a necessity for identification in vivo situa-
tions.

In mouse, there is no attempt to establish a-
bout 3-dimensional culture system in vitro re-
flection the true situation in vivo, although
some authors, who have studied implantation
mechanisms or aspects, have reported and com-
mented on monolayer cultures.*”® Since Nils-
son (1958) had described on the ultrastructure
of mouse uterine surface epithelium under dif-
ferent hormone level, none of one investigated
the uterine endometrial morphology in vivo dur-
ing peri-implantation period in mouse.”

The present study was to obtain the funr
damental information for the establishment of
3-dimensional culture system of mouse endome-
trial cells in vitro, and identify the ultrastructural
changes of mouse endometrium during peri-im-
plantation period.

MATERIALS AND METHODS
1. Experimental animals

Female ICR mice at 6~8 weeks of age were
superovulated by the intraperitoneal injection of
7.5 IU of PMSG (Sigma), followed 48 hr later
by the injection of 7.5 IU of hCG (LG Chem.).
Immediately thereafter, in order to conduct on
pregnant, the mice were mated overnight with
males of the same strain. As the day of hCG
injection was designated as day 0, the mouse
endometrial tissues were obtained at days (D1)
and 5 (DS), early secretory phase and late se-
cretory phase, implantation time, respectively.

2. Endometrial tissue collection and prepa-
ration for electron microscopy

For transmission electron microscopy ("i“EM)
and scanning electron microscopy (SEM), the
fresh biopsied materials were commonly fixed

-32 -

in 2.5% glutaraldehyde (v/v, WAKO) in a pho-
sphate buffer (0.1 M, pH 7.4) for 3 hr at 4C.
For LM and TEM, the specimens were washed
in 0.1 M phosphate buffer and fixed in 1%
osmium tetroxide added 0.1 M phosphate buif-
er for 1 hr at 4. Subsequently, they were
dehydrated and embedded in Epon. The embed-
ded biopsies were sectioned into semi-thin and
ultra-thin sections. Semi-thin sections were stai-
ned with 1% toluidine blue and were observed
under a Olympus IMT2-NA2, while ultra-thin
sections were contrasted with uranyl acetate
and lead citrate and examined under a Hitachi
H-600. For SEM, the specimens were washed
in 0.1 M phosphate buffer, fixed in 1% osmium
tetroxide and dehydrated in graded ethanols.
After drying to the critical point, the specimens
were sputter-coated with gold and examined
under a Hitachi S-2680N at 15 kV.

RESULTS

1. The morphology of mouse biopsied endo-
metrivm by LM

At D1 (early secretory phase), the mouse
biopsied endometrium was consisted of a mono-
layer epithelial cells and stromal cells, which
included a few glands and vessels (Figure 1A).
And at D5 (late secretory phase), the stromal
layer was extended by increased connective tis-
sues and the endometrial glands and vessels
were fully developed compared with D1 (Figure
1B).

2. The ultrastructure of mouse biopsied
endometrium by TEM

The mouse biopsied endometrial cells were
consisted of 3-layers, a simple columnar epi-
thelial cells, basement membrane and stromal
cells filled into the extracellular matrix. At D1,
the epithelial cells were polarized, with mi-
crovilli on the surface (Figure 2A), apical tight
junctions and desmosomes between epithelial
cells (Figure 2B). And at D3, in epithelial cells,
the distribution of microvilli, endoplasmic re-



Figure 1. Light micrographs of the mouse biopsied
endometrum. (A) At D1, the endometrium was con-
sisted of a monolayer epithelial cells (Ep) and stro-
mal cells (St), which included a few glands (G) and
vessels. X200 (B) At D3, the stromal layer was ex-
tended by increased connective tissues and the endo-

metrial glands and vessels (V) were fully developed.
X 200.

ticulum, Golgi body, lipid and glycogen depo-
sits, secretory granules and surface areas were
increased. And in stromal layer the extracellular
matrix was extended (Figure 2C, D).

3. The ultrastructure of mouse biopsied
endometrium by SEM

The mouse uterine luminal apical surface was
showed accelated maturation. At D1, there
were many graves and foldings (Figure 3A)
and the cells were bulging and covered with
well-developed microvilli. These patterns were
positioned at folding areas (Figure 3B). At D3,
the cell bulging was increased and the mi-
crovilli appeared more longer (developing pi-
nopodes). Wide areas were covered by these
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shapes in same sample (Figure 3C). And at
the same time, the microvilli were virtually ab-
sent in perfect protrusions (fully developed pi-
nopodes) so that they were seemed the cells
with smooth naked membrane. These patterns
distributed at narrow sites some folding areas
(Figure 3D). At D5, cell membrane was wrinkl-
ed, with few small tips of microvilli (regressing
pinopodes) (Figure 3E, F).

DISCUSSION

In this study, we confirmed that the mouse
endometrium at oestrus cycle was experienced
the dramatic morphological changes using LM,
TEM and SEM. There were characteristics
found in the human endometrium at implanta-
tion time; apical junctional complexes, vesicles
at the apical cell membrane, interdigitation of
the lateral cell membranes, invagination of the
nucleus, a rough endoplasmic reticulum, a sup-
ranuclear Golgi system, glycogen deposits in
the basal and apical cytoplasm, giant mito-
chondria and nucleolar channel system.*’ Our
morphological findings in mouse referring to
the human in vivo material were in accordance
with the literature. However, in rabbit and hu-
man, it has known that there were the cilia
with microvilli on the apical epithelial cells,'*"
while in the specimens of the mouse, we could
not demonstrate the cilia. This result was sim-
ilar to that of the rat.”> Maybe, it is thought to
result from the peristaltic movements of the
uterus of the mouse for multiple pregnancy.”
It demonstrated that the morphology of uterine
endometrium was corresponded to the differe-
nce of implantation processes (blastocysts atta-
chment and trophoblastic outgrowth) between
the species.’

The pinopodes as a specific marker for uter
ine receptivity had described the ectoplasmic
projections by Psychoyos and Mandon'™ and
have named for pinocytotic activity.”” In the
present study, the mouse pinopodes only local-
ized in narrow sites within the antimesometrial



Figure 2. Transmission electron micrographs of the mouse biopsied endometrial cells. The endometrium was
consisted of 3-layers, a simple columnar epithelial cells (Ep), basement membrane (BM) and stromal cells (St)
filled into the extracellular matrix (ECM). (A~B) At D1, the epithelial cells were polarized, with microvilli (Mv)
on the surface (A: X 4,000), apical tight junctions (J) and desmosomes (De) between epithelial cells (B: % 10,000).
{C~D) At DS, in epithelial cells, the distribution of microvilli, endoplasmic reticulum (ER), Golgi body (Gb),
hipid (1) an glycogen deposits (Gd), secretory granules and surface areas were increased. C: % 2,000, D: X 10,000.

regions at the luminal surface. And the several
number of them was developed the "fully de-
veloped” stage, and they were not appeared
the same stage in other sites even though po-
sitioned at the same sample. That is, the appea-
rance of pinopodes was found at D5, com-
monly designated implantation time but the
stage of pinopode process was different from
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each other. These differences will be caused to
the different implantation time, so that they
might be the reason of implantation failure.
Also, the shape of pinopode in mouse was dif-
ferent from human. In mouse, the pinopode
was a protrusion with rounding up, while in
human that was a bulging with shapes resem-
bling mushrooms or flowers," These aspects



Figure 3. Scanning electron micrographs of the mouse uterine luminal apical surface. (A) At D1, there were
many graves and foldings. X 500. (B) At D1, the cells were bulging and covered with weli-developed microviili.
These patterns were positioned at folding areas. X 5,000. (C) At D5, the cell bulging was increased and the mi-
crovilli appeared more longer. Wide areas were covered by these shapes in same sample. % 5,000. (D) At DS, the
microvilli were virtually absent in perfect protrusions so that they were seemed the cells with smooth naked mem-
brane. These patterns were distributed at narrow sites some folding areas. X 5,000. (E~F) At D5, cell membrane
was wrinkled, with few small tips of microvilli. X 5,000.
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about irregularity of distribution (spotty) and sta-
ges (different shapes) of mouse uterine pino-
podes resemble in case of the rat.'” Anyway,
the pinopode as the indicator of implantation
window, plays a role in producing apposition
of the hatched blastocysts.”” In addition, the
successful implantation could be achieved
resulting in ovo-endometrial synchrony.! There-
fore, to speculate the implantation mechanisms
in vivo, it is required the establishment of cul-
ture system in vitro with uterine receptivity.

These results indicated that the mouse en-
dometrium was appeared the different shape of
pinopode with human but the similar processes
of dramatic morphological changes during peri-
implantation period, so that these aspects de-
monstrated the species-specific. The further
study needs to be established in vitro 3-dimen-
sional culture system on the basis of results of
the present study.

SUMMARY

This study was designed to identify the ul-
trastructural changes of mouse endometrium
during peri-implantation period and obtain the
fundamental information for the establishment
of 3-dimensional culture system of mouse en-
dometrial cells in vitro. The used female ICR
mice (6~8 wks) were conducted on pregnant.
The biopsies were obtained from whole uterus
at cycle day 1 (D1) and day 5 (D5) after hCG
injection and mating. The biopsied materials
were fixed 2.5% glutaraldehyde and 1% osmi-
um tetroxide. Subsequently, for observation us-
ing light and transmission electron microscopy
(LM and TEM), they were dehydrated and em-
bedded in Epon and the embedded biopsies
were sectioned and stained. For scanning elec-
tron microscopy (SEM), the fixed specimens
were dehydrated, dried and coated with gold.
1) For LM, the biopsied materials at D5 (late
secretory phase) were appeared the extended
stromal layer by increased connective tissues
and the fully developed endometrial glands
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and vessels compared with D1 (early secretory
phase). 2) For TEM, the mouse endometrium
was consisted of 3-layers, a simple polarized
columnar epithelial cells, basement membrane
and stromal cells. At D5, the distribution of
microvilli, endoplasmic reticulum, Golgi body,
lipid and glycogen deposits, secretory granules
and surface area of basement membrane were
increased. 3) For SEM, the degree of folding
and microvilli of surface of mouse epithelial
cells was became more and more according to
the process of secretory phase, and at D5, im-
plantation time of mouse, the appearance of pi-
nopodes as a specific marker of uterine rece-
ptivity was found. The uterine pinopodes of
mouse were found in narrow sites at the lu-
minal surface, irregularity and appeared the dif-
ferent stages in the same sample. Therefore,
these results indicated that the mouse endome-
trium was experienced dramatic morphological
changes during peri-implantation period.
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