
SUMMARY

Hyaluronan (HA) and CD44 are involved in sev-
eral processes such as cell migration and differen-
tiation. In the present study, we examined the
expression and distribution of both hyaluronan and
its cell surface receptor (CD44) in the human pla-
centa, which is a rapidly growing and differentiat-
ing organ that plays a fundamental role in fetal life.
Hyaluronan was detected by a specific biotinylat-
ed binding probe, termed b-PG. In the first half of
gestation, HA was strongly expressed in the stro-
ma of the mesenchymal villi which have been pre-
viously identified as responsible for the growth
and differentation of the villous trees. The other
villous types showed an intense staining only in
the fetal vessel walls and in the connective tissue
closely underlying the trophoblastic cover. In addi-
tion, hyaluronan positive staining was also appar-
ent in a restricted rim of villous stroma directly
apposed to extravillous cytotrophoblastic cell
islands and cell columns. In full term placentas, all
villi expressed HA in their stromal tissue with a
more homogenous staining than in the first half of
gestation. In contrast to hyaluronan, in the first
trimester CD44 was restricted to some of the Hof-
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bauer cells which may be able to internalize
hyaluronan, thus playing a significant role in its
removal in early pregnancy. CD44 was primarily
expressed starting from the 16th week of gestation.
At the end of pregnancy it was expressed in the
various villous types, especially in stem villi.
Moreover, the plasma membrane of some extrav-
illous cytotrophoblastic cells in the basal plate and
the large majority of the decidual cells showed a
positive immunostaining for this receptor. Taken
together, these data suggest that HA is strongly
involved in early villous morphogenesis, whereas
CD44 seem to be play an important role in tissue
remodelling later in gestation.

INTRODUCTION

Hyaluronate (or hyaluronan) (HA) is a high mol-
ecular-mass polysaccharide composed of repeated
disaccharide units, widely considered to be an inte-
gral component of the extracellular matrix (Laurent
and Fraser, 1992; Goodison et al., 1999). It has been
shown to be involved in several biological processes
such as cell-cell and cell-matrix adhesion as well as
cell motility (Alho and Underhill, 1989; Toole, 1991;
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Laurent and Fraser, 1992; Turley, 1992). These bio-
logical processes seem to be mediated through
receptors for HAthat are present on the cell surface
(Green et al., 1988; Underhill, 1992). HAis the
principal ligand of CD44. The latter has been iden-
tified as an integral membrane glycoprotein of
about 85 kDa (Underhill et al., 1985; Lacy and
Underhill, 1987; Goodison et al., 1999). Aruffo et
al. (1990) have shown that this HAreceptor belongs
to the glycoprotein family CD44 which represents a
group of transmembrane proteins performing a vari-
ety of functions (Underhill, 1992). The multiple
CD44 protein isoforms are encoded by a single gene
by alternative splicing and are further modified by a
range of post-translational modifications (Sta-
menkovic et al., 1991; Goodison et al., 1999). In
addition to its ability to bind HAin order to mediate
cell-cell and cell-matrix adhesions, CD44 is
involved in the degradation of HAby receptor
mediated internalization, and subsequently, by the
action of acid hydrolases (Culty et al., 1992; Under-
hill, 1992; Goodison et al., 1999).
It has become evident that HAand CD44 are

expressed during a number of physiological and
pathological events such as embryonic development,
tumor invasiveness and cell proliferation (Goodison
et al., 1999; Johnson et al., 2000; Callagy et al.,
2000). During embryonic development, HAand
CD44 seem to play an important role in morphogen-
esis (Toole, 1991; Campbell et al., 1995). Strong
expression of HAin the extracellular matrix of
embryonic organs has been observed during early
stages of development. At these stages, HAmay be
required as a medium through which mesenchymal
cells and blood vessels migrate (Toole, 1991;
Goshen et al., 1996). In later developmental stages,
the intense expression is followed by a subsequent
loss of HAwhich is considered to occur through
CD44-mediated degradation. This is in accordance
with the observation that the expression of CD44 is
inversely correlated to the presence of HAin some
developing organs, such as the developing lung
(Underhill et al., 1993) and the embryonic hair folli-
cle (Underhill, 1993). This reduction of HAin the
extracellular matrix causes tissue condensation
(Toole, 1991) and restriction of invading tissue com-
ponents (Brown and Papaioannou, 1992).
Increased expression of HAand CD44 seem to be

related to malignant lesions. Heider et al. (1993),
for example, demonstrated an increased expression

132

of CD44 in invasive colon carcinomas and carci-
noma metastases in contrast to a relatively weak
expression in the normal human colon. Because of
this and other similar observations (Faassen et al.,
1992; Koopman et al., 1993; Thomas et al., 1992
and 1993; De La Torre et al., 1993; Endo and Ter-
ada, 2000), CD44’s interaction with extracellular
HA is thought to play an important role in motility
and invasion of tumor cells and thus in the metasta-
tic behaviour of various malignancies.
Cell proliferation is an important feature of a

number of biological events, such as embryonic
development and the formation of malignant
tumors. Indeed, there are indications that the inter-
action of HAand its receptor may be involved in
the process of proliferation, because their expres-
sion is found to be closely associated with prolif-
erating epithelial cells, as in the deeper layers of
skin (Wang et al., 1992) and other stratified squa-
mous epithelia (Alho and Underhill, 1989). One
possible explanation of this phenomenon is the
presumption that proliferation could be controlled
by the amount of CD44 expression on the cell sur-
face, regulating CD44-HAmediated attachment of
dividing cells to their extracellular substratum.
The various events considered above in which HA

and CD44 play an important role are also events that
occur during the development of the human placen-
ta. The rapid growth of this organ is characterized by
a high proliferation rate and by processes of differ-
entiation and invasion (Benirschke and Kaufmann,
1995). Different types of villi develop in the human
placenta. The so-called mesenchymal villi are con-
tinuously formed out of trophoblastic sprouts
throughout pregnancy (Castellucci et al., 1990;
Benirschke and Kaufmann, 1995). These villi are
the forerunners of all other villous types and they are
considered to be the basis for growth and differenti-
ation of the villous trees (Castellucci et al., 1990;
Benirschke and Kaufmann, 1995). For instance, in
the first half of gestation, the mesenchymal villi are
generally transformed into immature intermediate
villi which, in turn, differentiate into stem villi. Two
other structures responsible for placental growth are
the cytotrophoblastic cell columns and cell islands
(Benirschke and Kaufmann, 1995). They are main-
ly formed by extravillous cytotrophoblastic cells.
Cell columns play a fundamental role in anchoring
the chorionic villi to the basal plate and their tro-
phoblastic cells invade the decidua. Since the pla-
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centa is a model of differentiative, invasive and pro-
liferative processes, it was of interest to study this
organ throughout pregnancy with regard to the
expression patterns of HAand CD44.

MATERIALS AND METHODS

Materials
Twenty human placentas aged 6 (n=3), 8 (n=4),

10 (n=5), 12 (n=6), 15 (n=1) and 16 (n=1) weeks
p.m. were obtained from clinically normal preg-
nancies interrupted by currettage for psycho-social
or medical reasons, which were unlikely to affect
placental structure and function. Ten full-term pla-
centas were obtained from spontaneous deliveries
after uncomplicated pregnancies.

Tissue preparation
Placental tissue was cut into small blocks. Some

tissue blocks were snap-frozen in liquid nitrogen
and stored at -20°C. Cryostat sections (5m) were
mounted on glass slides and were air dried at room
temperature for a few minutes. The sections were
fixed in 100% acetone at 4°C for 10 min and stored
at 4°C until use (up to one night from sectioning).
Other tissue blocks were fixed in 4% neutral
buffered formalin at 4°C for up to 24 h, dehydrated
in a graded series of ethyl alcohol and embedded in
paraffin at temperatures not exceeding 56°C. Paraf-
fin sections (3-5m) were cut, stretched at 45°C,
allowed to dry and stored at 4°C until use.

Binding probe and primary antibodies
The binding probe for HA(b-PG) consisted of a

biotinylated form of the hyaluronate-binding com-
plex prepared from cartilage proteoglycan as pre-
viously described (Green et al., 1988). Previous
studies have shown that the b-PG probe binds to
HA with high affinity and specificity (Green et al.,
1988; Alho and Underhill, 1989). For localization
of the HAreceptor, two different primary antibod-
ies raised against CD44 were used:
- The monoclonal BU52-antibody (The Binding

Site, Birmingham, U.K.), dilution 1:200 v/v;
- The monoclonal antibody NKI-P1 (kind gift of

Dr. C. Figdor, Amsterdam, NL; Pals et al., 1989),
directed against the standard form of CD44, dilu-
tion 1:100 v/v.
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b-PG histochemical staining and immunohisto-
chemistry
Histochemical and immunohistochemical reac-

tions were performed using our own protocol
(Aachen Kit; Frank et al., 1994) based on strepta-
vidin-biotin-methodology. Frozen sections were
processed without pre-treatment. Paraffin sections
were deparaffinized using xylene and a graded
series of ethanol and then preincubated with
bromelin (Frank et al., 1994) or trypsin. For detec-
tion of CD44, no enzymatic preincubation was
used. Frozen and paraffin sections were incubated
with the b-PG probe or the primary antibodies
(listed above) for 1 h at room temperature.
Because the binding probe for HAis biotinylated,
two steps of the Aachen Kit could be omitted (the
incubation of tissues with non-immune serum and
the incubation with the link antibody). For b-PG
histochemical staining, and immunohistochemical
detection of CD44, further steps were performed
according to the method described by Frank et al.
(1994). Most of the sections were counterstained
with an alkaline toluidine blue-solution (frozen
sections) or with hematoxylin (paraffin sections).

Controls

Histochemical controls
To exclude non-specific binding of b-PG, the fol-

lowing controls were performed:
a) samples of the b-PG solution were pread-

sorbed with varying concentrations of HA(Sigma,
St. Louis, MO, USA; the concentration range was
12-200 µg/ml);
b) the b-PG probe was applied to tissue sections

previously incubated with varying concentrations
of hyaluronidase (type V, Sigma H6254; the con-
centration range was 0.5-2 U/ml in 0.1M Tris-
HCl, pH 7.4, 37°C for 1h).

Immunohistochemical controls
The primary antibodies were replaced by 10%

non-immune serum or PBS. Further controls were
performed by omitting the secondary antibody.
Human skin was used as positive control both for
HA and CD44 detection in all the procedures
described above. It showed the same staining pat-
terns as previously described (Alho and Underhill,
1989; Wang et al., 1992).
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RESULTS

Preliminary studies revealed that the results were
qualitatively identical using paraffin or frozen sec-
tions. We examined the ability of b-PG probe to
bind to tissue hyaluronate under control condi-
tions. Binding was attenuated or completely inhib-
ited by the addition of relatively small amounts of
hyaluronate. In a similar fashion, binding was also
inhibited by the digestion with hyaluronidase. For
the immunohistochemical localization of CD44,
the monoclonal NKI-Pl generally gave a more
intense immunoreaction product than the BU52-
antibody. However, because both antibodies
showed an identical staining pattern, no separate
description will be provided. Immunohistochemi-
cal controls were always negative.

First half of pr egnancy

Localization of HA
One of the most striking results was the strong pos-

itive staining of the stroma of mesenchymal villi
which are the newly sprouting villous outgrowths.
Immature intermediate villi as well as stem villi
showed only an intense staining pattern in the ves-
sel wall (particularly in the media) as well as in the
connective tissue underlying the trophoblastic cov-
er. Capillaries of the paravascular network under-
neath the trophoblastic cover were also embedded
in an HA-rich stroma (Fig. 1). The remaining vil-
lous stroma was weakly positive, with increased
staining only where the mesenchymal villi were
branching off from the parental immature interme-
diate ones. HAwas also strongly expressed in a
restricted rim of villous stroma directly apposed to
extravillous cytotrophoblastic cell islands and cell
columns. HAwas not expressed between the epithe-
lial cells of cell islands and cell columns (Fig. 2).
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Although trophoblast usually showed no staining
for HA, in a few villi the apical membrane of syn-
cytiotrophoblast was weakly positive.
The chorionic plate was positive in the connec-

tive tissue surrounding the largest vessels. The
basal plate was mostly negative. However, a few
cells were partially surrounded by a spot-like reac-
tion product.

Localization of CD44
In the first trimester of gestation, CD44 was

detectable in some villi. Isolated macrophages in
the villous stroma (Fig. 3) and some endothelial
cells of small vessels showed immunoreactivity.
Expression of CD44 was more readily detected
from the 16th week of gestation. In these speci-
mens, positive staining was observed in the stro-
mal tissue of some larger villi (Fig. 4). The media
of the fetal vessels was negative whereas the inti-
ma and the connective tissue surrounding the ves-
sels showed a positive reaction product. The plas-
ma membrane of a few extravillous cytotro-
phoblastic cells in the basal plate showed a rim of
staining.

Full-term placentas

Localization of HA
Nearly all villi expressed HAin their stromal tis-

sue with a more homogenous pattern than in the
first half of gestation. The walls of villous arteries
were positive for HA(Fig. 5). Positive staining for
HA was also present in the stroma of the chorion-
ic plate. Sometimes along the apical plasma mem-
brane of the syncytiotrophoblast, regions of a thin
reaction product were present, while the tro-
phoblastic cytoplasm was negative. A strong
immunostaining for HAwas apparent in the stro-
ma of chorionic villi that were partially embedded

Figs. 1/4 - (1)Staining pattern for HAin first trimester chorionic villi. The reaction product is strong in all the stroma of the mes-
enchymal villi (arrows) and in the media of the fetal vessels of the immature intermediate villus (IIV). In the latter HAis also
present underneath the trophoblastic covering where capillaries of the paravascular network are present. Note the absence of
staining in most of the stroma of the villous core of the immature intermediate villus. 10th week of gestation. Paraffin section not
counterstained. X140, Bar: 40µm. (2)A large cell island (CI) mainly composed of extravillous cytotrophoblast does not show his-
tochemical staining for HA. The latter is expressed in the core of the various types of chorionic villi with different staining pat-
terns. Paraffin section counterstained with hematoxylin. 10th week of gestation. X140, Bar: 40µm. (3)Immunostaining for CD44.
Note that very few stromal cells (arrowheads), mainly Hofbauer cells, are positive in the stroma of the placental villi. A mater-
nal leukocyte (arrow) is also positive for CD44 in the intervillous space. 8th week of gestation. Frozen section counterstained with
an alkaline toluidine blue-solution. X230, Bar: 40µm. (4)Expression of CD44 in the stroma of a 16th week placental villus. At
this stage of gestation CD44 becomes more prominently expressed. Paraffin section not counterstained. X140, Bar: 40µm.
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in the basal plate (Fig. 5). In addition, some cells
in the basal plate were surrounded by a thin rim of
positive staining for HA.

Localization of CD44
While the expression of CD44 was weak or

absent in the villous stroma of specimens from the
first trimester of gestation, evident immunoreac-
tivity for CD44 was apparent at the end of gesta-
tion. Stem villi were clearly positive for CD44
(Fig. 6). However, in smaller villi the expression
patterns of the receptor varied from a positive
staining to a negative reaction product.
CD44 was clearly present in the intima of most of

the large vessels, but absent from their media.
Smaller vessels usually showed a positive staining
in the intima, too (Fig. 6). Moreover, strong
immunoreactivity was detectable along the plasma
membrane of some extravillous cytotrophoblastic
cells in the basal plate, whereas the large majority
of the decidual cells showed positive immunos-
taining (Fig. 7).
The chorionic plate showed staining of numerous

connective tissue cells and some extravillous tro-
phoblastic cells. No reaction product was present
in the amniotic epithelium (Fig. 8).

DISCUSSION

One of the most important findings of our study is
the strong positive staining for HAin the mesenchy-
mal villi, i.e. in those villi where the main angio-
genic, proliferative and differentiative processes take
place (Castellucci et al.1990; Benirschke and Kauf-
mann, 1995). This suggests that HAplays a funda-
mental role in these processes. Indeed, HAmay be
required as a medium through which neovessel for-
mation can take place, facilitating the migration and
assembly of the different components of the vascu-
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lar wall (Underhill et al., 1993; Goshen et al., 1996).
In addition, the presence of HAin the immature
intermediate villi underlying the trophoblastic cov-
ering and surrounding the vessels of the paravascu-
lar capillary network underneath the trophoblastic
cover, suggests that this molecule is readily avail-
able and produced as soon as new mesenchymal vil-
li are formed from the immature intermediate ones
(Castellucci et al., 1990). Sprouting of trophoblast
and protrusion of mesenchyme with large amounts
of HA into such trophoblastic sprouts can facilitate
the formation of new mesenchymal villi. The abun-
dance of HAin the mesenchymal villi is in contrast
with the weak staining for this molecule in the core
of the immature intermediate villi. Interestingly, the
latter are gradually transformed into stem villi,
which, on the other hand, show large amounts of
HA in the second half of gestation (see also St.
Jacques et al., 1993; Ponting and Kumar, 1995).
These variations in the presence of HAcould be
related to modifications in the morphology of the
villous stromal cells, which are responsible for the
production of HA. It has been previously pointed
out that these cells change their shape during differ-
entiation of the villous tree; they are mostly small
and roundish in the mesenchymal villi, elongated
with large sail-like cytoplasmic processes in the
immature intermediate villi and fibroblast-like in the
stem villi (Castellucci and Kaufmann, 1982; Marti-
noli et al., 1984; Castellucci et al., 1990; Benirschke
and Kaufmann, 1995). It is well established that
alterations in the morphology of the connective tis-
sue cells can influence various programs of gene
expression including the production of various
extracellular matrix molecules (Ben-Ze’ev, 1986;
Werb et al., 1986). Thus, it could be that the trasfor-
mation of the roundish stromal cells of the mes-
enchymal villi into the large cells of the immature
intermediate villi results in a strong decrease in the
production of HA.

Figs. 5/8- (5)Expression of HAin term placental chorionic villi. The staining pattern is particularly evident in the vessel walls
(arrowheads). Note the strong reaction product in the stroma of a villus (*) in part embedded in the basal plate (BP). Frozen sec-
tion counterstained with an alkaline toluidine blue-solution. X230, Bar: 40µm. (6)Immunostaining for CD44. Connective tissue
cells (arrows) of the villous stroma are positive, as are most of the intima cells. Note the absence of staining in the media of the
large vessels. Paraffin section counterstained with hematoxylin. 39th week of gestation. X360, Bar: 20µm. (7) CD44 expression
in the basal plate (BP) of a term placenta. Immunostaining is present in some extravillous cytotrophoblastic cells (arrows), but
very strong labelling is observable in the decidual cells, located in the lower right-hand part of the figure. Frozen section coun-
terstained with an alkaline toluidine blue-solution. X230, Bar: 40µm. (8)Immunostaining for CD44. Term placenta, amnion cov-
ering the chorionic plate. Numerous connective tissue cells (arrows) are positive. Paraffin section counterstained with hema-
toxylin. X 360, Bar: 20µm.
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The presence of HAin the placental villi of the
first and third trimester may have important impli-
cations concerning pressure variations in the inter-
villous space and in the chorionic villi. Pressure
variations in the human placenta are, at least in
part, related to the presence of contractile proteins
in the stromal cells of the chorionic villi (Krantz
and Parker, 1963; Wallenburg 1981; Castellucci
and Kaufmann, 1982; Graf et al., 1992; Martinoli
et al., 1994; Kohnen et al., 1995). Such pressure
variations in the human placenta are necessary to
facilitate a continuous renewal of the maternal
blood layer in contact with the surface of the chori-
onic villi and the movement of fluids in the villous
core (Castellucci and Kaufmann, 1982). HA,
through its binding of large amounts of water
forming hydrated gels even at low concentrations
(Brown and Papaioannou, 1992), could play a role
in modulating the intensity of the pressure and the
movement of fluids in the chorionic villi.
It has been noted that during the development of

hair follicles and lung, the expression of CD44 is
inversely correlated to the presence of HA(Under-
hill, 1992; Underhill et al., 1993). The inverse rela-
tionship between HAand the expression of CD44
is also observable in the first trimester chorionic
villi, where CD44 is only expressed by some Hof-
bauer cells. The fact that these macrophages bear
the CD44 receptor at their surface could be related
to the rapid morphogenic processes and tissue
remodelling as well as the numerous different func-
tions of this organ.
Both functionally and physically, the CD44

receptor can be divided into three major domains:
the cytoplasmic domain, which mediates the inter-
actions with the cytoskeleton; the middle domain,
which is responsible for the lymphocyte homing;
and the amino-terminal domain which binds to HA
(Underhill,1992; Fujita et al., 1994). The observa-
tions that the cytoplasmic domain of CD44 colo-
calizes with cytoskeletal proteins has been related
to its role in cell migration (Thomas et al., 1992;
Laurent and Fraser, 1992; Handerson et al., 1994).
Thus, the presence of CD44 on the surface of the
Hofbauer cells might allow these cells to migrate,
promoting a localized degradation of HA.
Brown and Papaioannou (1992) observed in the

mouse endometrium that decidualization is accom-
panied by clearance of HAfrom the extracellular
matrix and proposed that this phenomenon serves
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to restrict trophoblast invasion by the presentation
of a non-permissive extracellular matrix substrate.
It is possible that most of the decidual cells that
are CD44-positive function to limit the tro-
phoblastic invasion by reducing the hydration of
the matrix and allowing enhanced adhesive inter-
actions between adjacent decidual cells (Brown
and Papaioannou, 1993).
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