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Abstract

Preparation for embryo implantation requires extensive adaptation of
the uterine microenvironment. This process consists of cell prolifera-
tion and cell differentiation resulting in the transformation of endome-
trial fibroblasts into a new type of cell called decidual cell. In the
present study, we followed the space-time distribution of versican and
hyaluronan (HA) in different tissues of the uterus before and after
embryo implantation. Fragments of mouse uteri obtained on the
fourth, fifth, sixth and seventh days of pregnancy were fixed in
Methacarn, embedded in Paraplast and cut into 5-um thick sections.
HA was detected using a biotinylated fragment of the proteoglycan
aggrecan, which binds to this glycosaminoglycan with high affinity
and specificity. Versican was detected by a polyclonal antibody. Both
reactions were developed by peroxidase methods. Before embryo
implantation, both HA and versican were present in the endometrial
stroma. However, after embryo implantation, HA disappeared from
the decidual region immediately surrounding the implantation cham-
ber, whereas versican accumulated in the same region. The differences
observed in the expression of HA and versican suggest that both
molecules may participate in the process of endometrial decidualiza-
tion and/or embryo implantation.
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In mammals, the endometrial stroma ac-
quires remarkable morphogenetic potential
during pregnancy. Sensitized by the ovarian
hormones estrogen and progesterone, en-
dometrial fibroblasts undergo profound mor-
phofunctional modifications that result in
the formation of a new type of cell called
decidual cell. In rodents, decidualization of
the endometrium promotes a rapid and pro-
found remodeling of many of the extracellu-
lar matrix components (1-3).

During decidualization, both glycosami-
noglycans and proteoglycans are reorganized

in the uterus (4,5). Brown and Papaioannou
(6) observed a loss of hyaluronan (HA) from
the antimesometrial stroma. HA is a highly
hydrophilic molecule that attracts large
amounts of water, forming a highly hydrated
gel and thereby promoting expansion of the
extracellular spaces and facilitating cell mi-
gration, metastasis, and angiogenesis (7,8).

Versican is a member of a large aggregat-
ing chondroitin sulfate proteoglycan family,
which consists of a core protein containing
various globular domains (9). One of these
domains, located near the N-terminus, spe-
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cifically recognizes and binds HA with rela-
tively high affinity (10-12). Moreover, versi-
can may block the attachment of cells to
various extracellular matrix components such
as collagen I, fibronectin and laminin (13),
and enhance cell proliferation (14).

In the present investigation, we studied
the distribution of HA and versican during
the peri-implantation period, when angio-
genesis, cell migration, trophoblast invasion
and cell proliferation occur.

Female Swiss mice from day four to day
seven of pregnancy were used. Implantation
sites were fixed for 3 h in Methacarn fixa-
tive, rinsed with absolute ethanol, and em-
bedded in Paraplast (Oxford, St. Louis, MO,
USA) at 56°C. Sections (5 wm thick) were
adhered to glass slides using 0.1% poly-L-
lysine (Sigma, St. Louis, MO, USA), and
then dried at room temperature. Each of the
succeeding steps was followed by a thor-
ough rinse with phosphate-buffered saline
(PBS).

To block endogenous peroxidase activ-
ity, the sections were treated with 3% H,0,
in PBS for 30 min. For versican localization,
the sections were incubated for 10 min at
37°C with 0.002% trypsin (Sigma), in 0.1 M
PBS, pH 7.2.

Nonspecific staining was blocked by in-
cubating the section for 30 min with normal
goat serum diluted 1:1 in PBS-10% bovine
serum albumin.

HA was detected using a biotinylated
fragment of the proteoglycan aggrecan, di-
luted 1:80 in PBS-0.3% Tween 20 for 1 h at
37°C (H. Nader, UNIFESP). Versican was
detected with a rabbit polyclonal antibody
(clone LF-99, L. Fisher, NIH) (15) diluted
1:100 in PBS-0.3% Tween 20 and incubated
overnight at 4°C. The sections were then
incubated with goat anti-rabbit biotin-conju-
gated IgG (Vector Laboratories, Burlingame,
CA, USA) for 1 h at room temperature and
diluted 1:1000 in PBS for 1 h at room tem-
perature. All sections were incubated with
the streptavidin/peroxidase complex (Vector)
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for 1 h at room temperature.

Reactions were visualized using 0.03%
3,3'-diaminobenzidine in PBS with 0.03%
H,0,. The sections were counterstained with
Mayer’s hematoxylin. The specificity of im-
munolabeling was tested by omitting the
primary antibody. Semiquantitative estima-
tions of immunoperoxidase reaction data
were determined by visual observation of
the intensity of the brownish precipitate in
the immunoreactions. Specimens from three
different animals were observed using a
Nikon E600 microscope.

On day four of pregnancy, HA was pres-
ent in the myometrium and endometrial
stroma. The reaction was observed as thin
fibrils distributed in the extracellular space.
Versican was observed in the smooth muscle
cells of the myometrium, in the apical region
of the glandular epithelium, in the cytoplasm
of cells of the endometrial stroma (mainly in
the subepithelial region of the uterus), and in
the region of the basement membrane of the
luminal epithelium.

On day five of pregnancy, the embryo
implantation induced decidualization of the
endometrium by transforming endometrial
fibroblasts into decidual cells. The reaction
to HA was diminished around the embryo
implantation crypt, but continued to be simi-
lar to the previous day in all other regions of
the uterus (Figure 1A). There was an intense
expression of versican in the region of the
decidual cells, but it appeared only weakly in
the deep stroma of the uterus, where no
decidual cells exist. Versican was also pres-
ent in the myometrium and in the region of
the basement membrane of the luminal epi-
thelium (Figure 1C).

On day six of pregnancy, HA was absent
in the mature decidual region, although it
was still present in the other regions of the
uterus and was observed in Reichert’s mem-
brane, on the surface of the endoderm and in
cells of the embryonic ectoderm. Versican
was present in the region of the mature de-
cidual cells and in the region of predecidual
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cells. Only a weak reaction to versican per-
sisted in the deep stroma. In the myometrium,
the reaction was pronounced.

On day seven of pregnancy, HA was
distributed in a similar manner to that seen
on day six, although a very weak signal for it
was observed among mature decidual cells
(Figure 1B). On day seven of pregnancy,
versican was distributed in both the decidu-
alized and the predecidualized regions. A
high concentration of versican was observed
on the surface of the mature decidual cells,
but not on the surface of the predecidual and
nondecidualized cells (Figure 1D). Table 1
shows the distribution of HA and versican
immunoreactivity in uterine tissues.

The changes in HA and versican expres-
sion observed during pregnancy indicate that
both molecules may participate in the prepa-
ration of the endometrial stroma for the re-
ception and implantation of the embryo, a
process that includes remodeling of the en-
dometrial stroma, cell proliferation and dif-
ferentiation of endometrial fibroblasts into
decidual cells. The presence of HA in the
stroma on day four of pregnancy may facili-
tate the development of the edema that oc-
curs hours before embryo implantation as a
consequence of an increased permeability of
blood vessels, as observed by Psychoyos
(16). The presence of HA may also create a
microenvironment that favors the expansion
of new blood vessels during the peri-implan-
tation period. On day five of pregnancy, the
embryos have already been implanted into
uterine crypts and a compact layer of de-
cidual cells, the decidua, forms the surround-
ing stroma. Decidualization implicates the
loss of the extracellular spaces, thereby af-
fecting the arrangement and molecular com-
position of the endometrial stroma (1). The
disappearance of HA from the region of
fully transformed decidual cells may favor
the establishment of extensive extracellular
junctions that characterize decidual trans-
formation. During the same period, how-
ever, HA is maintained in the mesometrial

region, where the formation of the placenta
depends on blood vessel formation. Our data
indicate a close association between HA
distribution in the uterus and the angiogenic
process.

At the onset of decidualization, HA and
versican were contrarily expressed, particu-
larly in the region of fully transformed de-
cidual cells. These results corroborate a pre-
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Table 1. Semiquantitative evaluation of hyaluronan (HA) and versican (VER) distribution
in the endometrial stroma during the peri-implantation and decidualization periods.

Days of pregnancy

4 ) 6 7
SE DE MD PD ND MD PD  ND MD PD ND
HA +H+ o+ -+t - +++ e+t - ++ o+t
VER  +++ + o+ + +++  +++ 4 +++ +

SE = subepithelial stroma; DE = deep stroma; MD = mature decidua; PD = predecidua;
ND = nondecidualized stroma; (-) = negative reaction; (+) = weak reaction; (++) =
moderate reaction; (+++) = strong reaction.

Figure 1. A, Day five of pregnancy. Hyaluronan (HA) is distributed in the predecidual and
nondecidualized regions of the endometrial stroma. B, Day seven of pregnancy. HA is
observed mainly in the deep stroma. C, Day five of pregnancy. Expression of versican is
elevated in the decidual cell region and in the myometrium. D, Day seven of pregnancy.
Versican shows a strong reaction among decidual cells and a weak reaction in the non-
decidualized region. E = embryo; m = myometrium; MD = mature decidua; PD =
predecidua; ND = nondecidualized stroma. Bar for all panels = 100 ym.
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vious report (3) showing that both the syn-
thesis and degradation of extracellular com-
ponents accompany the decidual transfor-
mation. The remodeling of the extracellular
matrix appears to be necessary to provide a
microenvironment in the uterus that is ap-
propriate for receiving and developing the
embryo.

This study shows, for the first time, the
presence of versican in the uteri of pregnant
mice before and after embryo implantation.
After embryo implantation, versican was
abundant in the decidualized areas formed
by fully transformed decidual cells and the
so-called predecidual cells, which are in the
process of decidualization. However, versi-
can was scarce in areas occupied by non-
decidualized fibroblasts. Versican has been
implicated in the regulation of cell migration
and developing tissue pattern formation (17).
A number of other reports have described
the close association between chondroitin
sulfate proteoglycans and barrier tissues
formed to restrict neural crest cell migration
and axonal outgrowth (18).

Versican belongs to the family of HA-
binding proteoglycans, constituting a gene
family collectively termed “hyalectins™ (19).
HA forms a coating around many types of
cells, profoundly affecting their migratory
properties and adhesiveness (20). Cell adhe-
sion is a very important phenomenon during
normal tissue development, as well as during
pathogenic states such as metastasis and
wound healing (21). A number of in vitro
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observations have provided evidence for a
cell adhesion destabilizing function per-
formed by versican. For example, versican
interferes with the substrate attachment of
primary fibroblasts to collagen I, fibronec-
tin, vitronectin and laminin (13). Moreover,
versican present in the pericellular matrix of
cultured fibroblasts is excluded from focal
contacts (22). In addition to HA, versican
interacts with other extracellular matrix com-
ponents such as tenascin. The sustained ex-
pression of versican in decidualized regions
and the disappearance of HA from the same
regions exemplify the complex interrelations
between the various extracellular matrix
molecules in the uterus. These interactions
merit future clarification. The accumulation
of versican among mature decidual cells
shown in the present study may be important
for controlling trophoblast invasion. More-
over, the expression of versican in the re-
gions of fully mature decidual cells suggests
that versican is a genetic product of decidual
transformation.
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