
Trophoblast Research 10:123-142, 1997 

M A T R I X  M E T A L L O P R O T E I N A S E S  IN C H O R I O C A R C I N O M A  
CELL LINES: A P O T E N T I A L  R E G U L A T O R Y  ROLE OF 

EXTRACELLULAR M A T R I X  C O M P O N E N T S  

Erik Maquoi 1, Agn6s No61, and Jean-Michel Foidart 

Laboratory of Biology 
University of Li6ge 

Tower of Pathology (B23 Sart Tilman) 
B-4000 Lihge, Belgium 

INTRODUCTION 

Human placentation is a dynamic process which requires a series of complex, 
coordinated interactions between maternal and fetal cells. During the first four months of 
gestation, groups of differentiated trophoblastic cells, also known as extravillous or 
intermediate trophoblast cells (Kurman et al., 1984), sprout from the basal tip of 
anchoring villi, migrate through the decidualized endometrium, and invade the wall of 
the spiral arteries where they replace the endothelial lining to become the endovascular 
trophoblasts. This trophoblastic invasiveness is characterized by the breaching of 
multiple basement membranes (BM) and the degradation of the interstitial extracellular 
matrix (ECM) of the decidualized endometrium. 

Many steps of trophoblast infiltration are similar to events that occur during 
tumor cell invasion. According to the classical model of Liotta and coworkers (1986), 
invasion by tumor cells involves three main steps: (1) binding of the cell surface receptors 
to matrix glycoproteins; (2) activation of proteinases and pericellular degradation of 
matrix components; (3) migration of the cell within the matrix. However, the analogy 
between tumor cell invasion and trophoblasts penetration of the decidualized 
endometrium is limited by the fact that during normal pregnancy, trophoblast infiltration 
is tightly regulated. 

Proteins in the ECM, such as laminin, fibronectins, and collagens, have been 
shown to have dynamic functions in the regulation of cell adhesion, spreading, 
differentiation and migration (Hynes, 1992; Damsky et al., 1993). Interactions between 
cells and ECM proteins are mediated by adhesion receptors expressed at the surface of 
the cell. Among the different adhesion receptors, integrins, a family of heterodimeric 
transmembrane glycoproteins, are the most ubiquitous and versatile receptors (Hynes, 
1992; Pignatelli and Stamp, 1995). In normal pregnancies, a progressive modification of 
integrin expression at the surface of trophoblast cells has been shown to occur during the 
differentiation of non-invasive villous cytotrophoblast cells into invasive extravillous 
trophoblasts (Damsky et al., 1994; Loke and Khlg, 1995). Such a remodeling of the 
integrin profile enables cells to interact with different ECM components encountered 
during decidual infiltration. 
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This infiltrative process requires not only the capacity for cells to adhere to ECM 
components but atso the ability to digest these components. Several in vivo and in vitro 
experiments have suggested that trophoblast invasiveness is mediated by a regulated 
synthesis of matrix degrading enzymes (Lala and Graham, 1990; Bischof and Martelli, 
1992; Graham and Lala, 1992). Among these proteolytic enzymes, members of matrix 
metalloproteinases (MMPs), which share functional and structural characteristics, have 
been shown to play key roles during placentation (Yagel et aL, 1988; Brenner et al., 1989; 
Fisher et al., 1989; Feinberg et al., 1989; Moll and Lane, 1990; Bischof et al., 1991; Librach 
et al., 1991; Autio-Harmainen et al., 1992; Fernandez et al., 1992; Blankenship and King, 
1994; Hofmann et al., 1994; Polette et al., 1994; Shimonovitz et aL, 1994; Maquoi et al., 
1997, in press). The MMPs are zinc- and calcium-dependent endopeptidases which 
degrade components of the ECM at physiological pH, and are inhibited by specific tissue 
inhibitors (TIMPs). Most of them are produced as inactive proenzymes which are 
activated by proteolytic cleavage of an amino-terminal pro-domain. The net proteolytic 
activity will thus depend on the balance between active proteinases and the TIMPs. 
MMPs play important roles in normal processes such as tissue morphogenesis and 
wound healing, but are also associated with several pathological conditions involving 
tissue destruction, including rheumatoid arthritis, and cancer invasion and metastasis 
(cf., Ries and Petrides, 1995). To date, eleven members of the MMPs family have been 
identified and classified into three main groups based on substrate specificity (cf., 
Birkedal-Hansen et al., 1993; Stetler-Stevenson et al., 1993; Cawston, 1995). There are 
some clear differences in substrate specificity between family members, although in 
many cases there is significant overlap. The collagenases mainly digest fibrillar collagens; 
the gelatinases have a high affinity against gelatin (denaturated fibrillar collagens) and 
cleave triple-helical type IV collagen (the major constituent of basement membranes); and 
the stromelysins degrade a wide variety of ECM substrates such as proteoglycans, laminin 
or fibronectin. Recently, new MMPs were described. A macrophage metalloelastase 
(Belaaouaj et al., 1995), transmembrane-MMPs (MT-MMPs for membrane type MMPs, 
Sato et al., 1994; Takino et al., 1995; Will and Hinzmann, 1995) and stromelysin-3, a 
proteinase initially identified in the stroma of breast carcinoma (cf., Basset et al., 1993), 
have been identified. 

The acquisition of an invasive phenotype by early trophoblast cells has been 
correlated with the ability of these cells to synthesize a large array of MMPs: interstitial 
collagenase (Yagel et al., 1988; Moll and Lane, 1990), gelatinases A and B (Bischof et al., 
1991; Autio-Harmainen et al., 1992; Fernandez et al., 1992; Blankenship and King, 1994; 
Polette et al., 1994), stromelysins -1, -2, -3 (Brenner et al., 1989; Maquoi et al., 1997), and 
MT-MMP-1 (Nawrocki et al., 1996). Among these proteinases, cultured first trimester 
trophoblasts essentially secrete gelatinases, and their invasive potential appears to be 
mediated by the activity of these enzymes (Librach et al., 1991; Shimonovitz et al., 1994). 

However, little is known about the influence of ECM encountered during 
trophoblast infiltration on the proteolytic activity of these ceils. We have therefore 
analyzed the influence of purified ECM components upon the production of MMPs by 
extravillous trophoblast ceils. However, due to the difficulty to isolate large amounts of 
pure first trimester extravillous trophoblast cells, we have used choriocarcinoma cell lines 
(malignant counterparts of invasive extravillous trophoblast ceils) which express certain 
of the characteristics of normal trophoblast (Aplin et al., 1992). Cells were cultured on 
plastic or thin coats of laminin, fibronectin, collagen I, and collagen IV in order to 
evaluate the potential effect of these various substrates upon gelatinases secretion. 

MATERIALS A N D  METHODS 
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Cell Lines 

Human choriocarcinoma cell lines, BeWo and JAr were obtained from the 
American Type Culture Collection (Rockville, MD, USA). BeWo cells were routinely 
passaged in HAM's-F12 med ium (TechGen) supplemented with 20% fetal calf serum 
(FCS, Gibco). JAr cells were maintained in RPMI 1640 medium (TechGen) containing 
10% FCS. 

Coating Of Culture Dishes With ECM Components 

Laminin and fibronectin were purified from mouse Engelbreth-Hohn-Swarm 
(EHS) tumors (Timpl et al., 1979) and from human plasma by gelatin affinity 
chromatography (Yamada, 1983), respectively. Purified type I collagen was prepared 
from fetal calf skin (Delvoye et al., 1983) and conserved in 0.1M acetic acid at -20~ 
Type IV collagen was extracted from EHS tumors according to the procedure described 
by Timpl et al. (1979). Fibronectin, laminin and collagen types I (Col I) and IV (Col IV) 
were diluted at 30 btg/ml in Phosphate-Buffered Saline (PBS) and used to coat 24-well 
(NUNC Multidishes, Denmark) and 96-well (Becton-Dickinson) plates. Dishes were left 
to air-dry overnight in a laminar flow hood under  UV light. 

Culture Conditions 

In order to monitor  the influence of ECM components on gelatinases secretion, 
the two choriocarcinoma cell lines were plated on plastic, laminin, fibronectin, Col I and 
IV. Coated dishes were washed twice with sterile H 2 0  and incubated for 1 hour in 
serum-free medium. Celt suspensions (2x105 cells per well) in serum-containing medium 
were seeded into ECM-coated 24-well plates and incubated at 37~ in a humid 
atmosphere (5% CO 2 - 95% air). After 24 hours, med ium was removed,  cells were 
washed twice with I ml of serum-free medium and cultured in 500 btl of serum-free 
medium for 48 hours. Control wells were processed in the same way  except that cells 
were omitted. Condit ioned media were collected, centrifugated to eliminate cellular 
fragments, and stored at -80~ In order to detect ECM-bound gelatinases, ECM coats 
were extracted in lysis buffer (Brij35 2g/1 in Tris-HC1, pH 7.6) and dissolved in 10% SDS 
non reducing sample buffer. 

Cell Adhesion Assay 

Multiwell culture plates (96-wells, Becton Dickinson) were coated with 50 btl of 
PBS containing Bovine Serum Albumin (BSA, fraction V, Sigma), fibronectin, laminin, Col 
I or Col IV at a concentration of 30 btg/ml (see above). Coated wells were washed twice 
in sterile water  and saturated for 1 hour with 1% heat denaturated (3 minutes at 80~ 
BSA. Cell suspensions (104 cells per  well) in serum-free media  containing 1% BSA were 
seeded into protein-coated plates, and at specific times the unattached cells were 
removed by washing the wells with 100 btl of medium containing 1% BSA and by 
swirling at 350 rpm for 5 minutes. Attached cells were then incubated for 2 hours at 37~ 
in 100 p.1 of culture med ium supplemented with 10% WST-1 (Boehringer Mannheim). 
WST-1 is a tetrazolium salt which is cleaved by metabolically active cells and released as 
a water-soluble formazan dye product.  The extent of adhesion was determined by 
measuring the absorbance of cell-containing wells at 450 nm with a reference filter of 595 
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nm (Titertek Multiscan, Labsystem, Finland). Cell-free blank values were subtracted 
from each value. In prel iminary studies, the relationship between formazan production 
and ceil number  was determined by plating out cells from 5-200 x 10 ~ cells per  well in 96- 
well microtiter plates, allowing cells to attach for two hours and then determining 
formazan production. Optical densities showed a linear relationship to cell numbers over 
the range of densities used (data not shown). 

We also evaluated the spreading capacity of the cells on the different matrices. 
For this purpose,  adherent cells (see above) were observed under a phase contrast 
inverted microscope (Olympus) and the percentage of spread adherent cells was visually 
determined (at least 100 cells were counted in each condition)~ Each assay point was 
derived from quadruplicate wells and the experiments were repeated twice. Statistical 
analysis of the results was performed using the Student's T test. Differences are 
considered as statistically significant for p values lower than 0.05. 

Antibodies 

Monoclonat antibodies specific for c~2 (PIE6), c~3 (P1B5), c~4 (P4G9), (z5 (PtD6) 
integrin subunits were purchased from Dako (Denmark); c~1 subunit (TS2/7) from T Cell 
Diagnostics, Inc. (MA, USA); c~6 subunit  from Cappel  (Organon Teknika, Belgium); and 
~31 subunit  (mAb 13) from Becton Dickinson (California, USA), Controls included 
omission of pr imary  antibody or its replacement with non-specific IgG of the same 
isotype. These negative controls provided fluorescence patterns indistinguishable from 
one another. 

Flow Cytometry 

Cell suspensions of the two choriocarcinoma cell lines (10 a cells/50 p J) were 
incubated with anti-integrin antibodies diluted in serum-containing media for 30 minutes 
at 4~ Cells were then washed, incubated in fluorescein-conjugated rabbit anti-mouse 
IgG (Dako, Denmark) for 30 minutes at 4~ washed again, and fixed in 1% 
paraformaldehyde.  Fluorescence signals from 104 cells were acquired on a FACStar pLUS 
flow cytometer (Becton Dickinson) to quantify cell surface staining. 

Gelatin Zymography And Reversed Zymography 

Substrate polyacrylamide gel electrophoresis (zymography) was used to 
identified type IV collagenolytic enzymes secreted in conditioned media as described 
previously (Remacle et al., 1995). Five hundred  gl of cell-free conditioned media were 
lyophilized, reconstituted in 50 gl of water and mixed with an equal volume of 10% SDS 
non reducing sample buffer. Samples were separated at 4~ on 10% SDS-polyacrylamide 
gels containing 1 m g / m l  gelatin (Sigma). After removal  of SDS from the gel by 
incubation in 2% (w/v)  Triton X-100 (2 washes at room temperature), the gels were 
incubated at 37~ for 18 hours in 50 mM Tris-HC1 buffer, pH 7.6, containing 10 mM 
CaC12 and 0.02 % NaN 3. Gels were stained for 30 minutes in 0.1% Coomassie Brillant 
Blue G-250 in 40% methanol, 10% glacial acetic acid, and destained in the same solution 
without dye. Enzyme activity was evidenced by clear zones of lysis against a blue 
background.  Condit ioned media of fibrosarcoma HT1080 ceils treated with 1 mM para- 
aminophenyl-mercuric  acetate (APMA) allowed us to identify most of the different 
proteolytic activities. HT1080 cells are known to secrete a 92 kDa band corresponding to 
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latent pro-gelatinase B, as well as a 66 kDa band corresponding to latent pro-gelatinase A 
(Wilhelm et al., 1989). Upon APMA treatment, pro-gelatinases A and B are partially 
processed into lower molecular weight species of 84 kDa and 59 kDa, which correspond 
respectively to activated gelatinase B and completely activated gelatinase A. 

Reverse zymography was performed according to Remacle et al. (1995) with 
some modifications. Gelatin substrate gels with incorporated recombinant gelatinase A 
were prepared and concentrated samples were separated and processed as described for 
gelatin zymography.  Gelatinase inhibitors were detected as dark bands against a clear 
background,  indicating the inhibition of lysis of the substrate by gelatinases included in 
the gel. 

RESULTS 

Choriocarcinoma Cell Adhes ion  To Extracellular Matrix Components  

In order to study the interactions between invasive trophoblast  cells and decidual  
ECM components,  we first performed adhesion assays in the presence of purified matrix 
components which are known to be produced by first trimester decidual  cells (Wewer et 
al., 1985; Aplin and Jones, 1989; Korhonen et al., 1991). Two human choriocarcinoma cell 
lines (BeWo and JAr) were seeded in the absence of serum onto plastic wells coated with 
matrix components including laminin, fibronectin, and Col I and IV. Attachment and 
spreading were monitored for up to four hours. The results obtained after two and four 
hours are summarized in Figure 1. Although the two cell lines attached to each of the 
matrix components,  adhesion to fibronectin was the most efficient (Figures 1A and C). 
However,  BeWo cells differed from JAr cells in their ability to interact with collagens. 
Indeed, Col I and IV promoted  cell attachment more efficiently in BeWo than in JAr ceils. 

Microscopic examination of cells adhering to the different matrix components 
revealed that cell shape was clearly modulated by the nature of the substrate (Figure 1B 
and D). BeWo cells spread very extensively and rapidly on fibronectin and, to a lower 
extent, on Col I and IV (Figure 1B). More than 95 % of adherent  cells spread within two 
hours on fibronectin. On collagen types I and IV, about 70-80% of cells have spread. In 
contrast, on laminin, the percentage of spread cells never exceeded 35%, with most cells 
remaining refractile even after 24 hours (data n0t shown). The ability of JAr cells to 
spread on the different ECM components is clearly distinct from that of BeWo cells. 
Although JAr cells adhered efficiently on all substrates (Figure 1 C), spreading was much 
more extensive on fibronectin (96%) than on laminin, Col I, and Col IV (15%, 7%, and 
20% respectively, Figure 1D). It appears therefore that the two choriocarcinoma cell lines 
tested in this s tudy have different capacities to interact with ECM components: BeWo 
cells have a high affinity for fibronectin and collagens, while JAr cells present an affinity 
restricted to fibronectin. 

Integrins Expression On Choriocarcinoma Cells 

As most of cell-ECM interactions are mediated by specific integrin receptors, we 
analyzed the expression of these receptors in our two cell lines. Integrms are 
heterodimeric t ransmembrane glycoproteins consisting in an c~ and a ~3 chain. At least 14 
different c~ chains and 8 different ~ subunits have been identified so that more than 20 
different heterodimeric complexes can be formed (Sonnenberg, 1993). Each of these 



128 Maquoi  et al. 

complexes, however,  does not only bind to one substrate, but  most of the integrins can 
bind to several different matrix components. 
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Adhesion and spreading of BeWo (A and B) and JAr (C and D) cells on 
Laminin (Lam), Fibronectin (Fn), type I collagen (Col I) and type IV collagen (Col IV). 
The extend of ceil adhesion (A and C) was determined after 2 (open bars) and 4 (hatched 
bars) hours. Adhesion was evaluated by  measuring the absorbance of the cell-dependent 
cleavage product  of WST-1 at 450 nm with a reference filter of 595 nm. Spreading (B and 
D) was evaluated by counting the percentage of adherent  cells which spread on the 
different substrates during the incubation periods used for the adhesion assay. Each 
assay point was derived from quadruplicate wells and experiments were repeated twice. 
Results are shown as mean + s tandard errors. Statistical analysis of the results are shown 
for the 4 hours data. 
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By using flow cytometry, we have evaluated the integrin profile of the two 
choriocarcinoma cell lines. Indirect immunofluorescence staining with monoclonal 
antibodies, which recognize the 0~1-cz6, and [31 integrin subunits, revealed that both cell 
lines express c6, c~5, e~6, and 131 subunits. However, they differently express the ~zl and 
c~2 subunits. BeWo cells express the c~2 subunit but not the o~1 subunit while JAr ceils 
display at their surface the c~1 but not the c~2 subunit (Figure 2). 

cx6 

Figure 2. Flow cytometric analysis of integrin expression by BeWo (A) and JAr (B) cells. 
Horizontal axis represents the log fluorescence intensity, and vertical axis indicates the 
relative cell counts. Negative controls (Con) include omission of the primary antibody or 
use of an unrelevant isotype-matched IgG. 
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Figure 3. Zymographic analysis of conditioned media from BeWo (A) and JAr (B) cells 
cultured for two days on plastic (Plast), laminin (Lam), fibronectin (Fn), collagen I (Col I), 
and collagen IV (Col IV). Gelatinolytic activities were identified by comparing their 
migration patterns with APMA-activated conditioned media from HT1080 cells (HT1080 
APMA). Five major bands were identified in conditioned media of choriocarcinoma cells 
cultured on collagens: pro-gelatinase B (pro. Gel B; 92 kDa), active gelatinase B (activ. Gel 
B; 84 kDa), pro-gelatinase A (pro. Gel A; 66 kDa), intermediate gelatinase A (62 kDa) and 
fully activated gelatinase A (activ. Gel A; 59 kDa). Two unidentified minor bands of 116 
and 80 kDa were also detected, especially in conditioned media of JAr cells (B). 
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Figure 4. Zymographic analysis of conditioned media and Col IV coats extracts obtained 
in presence of serum-contahlmg medium or JAr cells. Col IV coats were incubated with 
JAr cells in serum-containing medium or with serum-supplemented medium alone 
during 24 hours. Coats were washed twice in serum-free medium and then incubated 
during 48 hours in 500 gl of serum-free medium. Serum-containing medium, 
conditioned media obtained in presence or absence of JAr cells and the corresponding 
Col IV coats extracts were collected and analyzed by gelatin zymography. Serum- 
derived pro- and activated gelatinase B (pro- and activ- Gel B, respectively) as well as 
gelatinase A (Gel A), initially bound to Col IV coats, are observed in lanes 2, 3, 4, 6 and 7. 
Lane 1: pure Col IV; lane 2: RPMI medium containing I0% serum (RPMIq0% serum); 
lane 3: extract of Col IV coat incubated with RPMI-10% serum for 24 hours; lane 4: 
extract of Col IV coat incubated for 24 hours with cell-free RPMI-10% serum and for 48 
hours in serum-free medium; lane 5: conditioned medium from Col IV coat incubated for 
24 hours with cell-free RPMI-10% serum and for 48 hours in serum-free medium; lane 6: 
extract of Col IV coat incubated for 24 hours with JAr cells in RPMI-10% serum and for 48 
hours in serum-free medium; lane 7: conditioned medium from Col IV coat incubated for 
24 hours with JAr cells m RPMI-10% serum and for 48 hours in serum-free medium; lane 
8: conditioned medium from JAr cells cultivated on plastic for 48 hours in serum-free 
medium. 

Influence Of ECM Components  On Metalloproteinases Secretion 

Conditioned media of the two choriocarcinoma cell lines plated on plastic or 
different purified ECM components were assayed for gelatinolytic activities by gelatin 
zymography. Several proteinases varying in molecular weight were detected (Figure 3), 
Addition of 10 mM EDTA in the activation buffer completely inhibited gelatin 
degradation (data not shown), therefore indicating that all detected proteinases belong to 
the family of MMPs. On plastic, the conditioned medium of BeWo cells exhibited a 
strong gelatinolytic band of apparent 66 kDa, corresponding to latent pro-gelatinase A, as 
well as minor bands of 62 kDa/ corresponding to an intermediate activated form of 
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gel atinase A, and an unidentified band of 80 kDa (Figure 3A). In JAr cells conditioned 
media, a similar gelatinolytic pat tern was observed, except that the 62 kDa band was 
replaced by a completely activated gelatinase A form of 59 kDa (Figure 3B). 

In order  to investigate the influence of ECM components on MMPs secretion, the 
two choriocarcinoma cell lines where plated on fibronectin-, laminin-, Col I-, or Col IV- 
coated wells (Figure 3). Cultures of these cells on either fibronectin or laminin did not 
modify the gelatinolytic pat tern observed on plastic. When the choriocarcinoma cells 
were plated on Col I or Col IV, changes in gelatinolytic activities were observed. In BeWo 
cells, 66 kDa a n d / o r  62 kDa bands were part ial ly converted into the 59 kDa species~ 
However,  in conditioned medium of JAr cells, which constitutively processed pro- 
gelatinase A (66 kDa) into its fully activated form (59 kDa), no qualitative modification of 
pro-gelatinase A activation was detected. Condit ioned media  of the two cell lines also 
contained two addit ional bands of 92 kDa and 84 kDa, corresponding respectively to pro- 
and activated gelatinase B. However,  these two forms of gelatinase B were not secreted 
by the cells. Indeed, when Col I and IV coats were incubated overnight with cell-free 
serum-containing media, in order to mimic the plating of cells, we observed that pro- and 
activated gelatinase B, as well as gelatinase A, were t rapped  from the serum (Figure 4, 
lanes 2-4). When cells were added  to these matrices, bound gelatinases were released 
into cells conditioned media. The release of gelatinase B was cell-dependent since no 
spontaneous release was detected in the absence of cells (Figure 4, lanes 5, 7). Altogether, 
these results show that, in choriocarcinoma cells, the processing of latent gelatinase A 
into lower molecular weight active forms was influenced by interactions between cells 
and specific ECM components such as collagens I and IV. 

Secretion Of Metalloproteinase Inhibitors 

Reverse zymography was performed to evaluate the secretion of 
metalloproteinase inhibitors. One inhibitor band of 21 kDa (corresponding to TIMP-2) 
was detected in conditioned media of the two cell lines, however, at much higher 
concentration in JAr cells than in BeWo cells (data not shown). In contrast to gelatinase A 
activation, TIMP-2 production did not appeared to be influenced by the nature of the 
ECM. 

DISCUSSION 

The processes of implantation and placentation both depend on the penetration 
and remodeling of the uterine endometr ium and vasculature by first trimester 
trophoblasts. During pregnancy, under the influence of the implanting embryo and the 
hormonal  environment,  uterine stromal cells initiate a series of characteristic 
physiological changes which condition the uterus for infiltration by trophoblasts. Among 
the numerous changes which take place during the decidualization process, extensive 
modifications of the composition and organization of endometrial  ECMs have been well 
documented (Wewer et al., 1985, 1986; Kisalus et al., 1987; Aplin et al., 1988; Aplin and 
Jones, 1989). These modifications include the secretion by decidual cells of a distinct 
pericellular basement membrane (which contains kaminin, type IV collagen, fibronectin, 
and heparan sulfate proteoglycans; Wewer et al., 1985; Kisalus et al., 1987; Korhonen et 
al., 1991; Divers et al., 1995) as well as the remodeling of the decidual interstitial matrix 
characterized by  the disappearance of interstitial collagen VI (which is thought to cross- 
link fibrils of the major collagens), the reduction in fibril density, and the synthesis of new 
collagens (Aplin and Jones, 1989; Mylona et al., 1995). Thus, during the first trimester of 
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pregnancy, trophoblast infiltration will take place into a sparsely fibrillar network of 
several matrix proteins (including laminin, fibronectin, and typesq, -III, -IV, -V collagens) 
which separates the villous cytotrophoblast cells from the maternal vasculature. 
Concomitant to the endometrial decidualization, another maturation process takes place 
at the basal tip of anchoring villi. At this precise location, immature proliferative 
cytotrophoblast anchored to the villous basement membrane progressively differentiate 
into motile and highly invasive extravillous trophoblasts. During this process, several 
changes in cell-matrix interactions occur. While cytotrophoblast cells migrate from the 
villi into the decidua, they modulate their integrin repertoire from being exclusively c~6~4 
positive to progressively becoming c~6~4 negative and c~1~31, c~3~1, ~5~1, and c(6~1 
positive (Aplin, 1993; Damsky et al., 1993, 1994; Korhonen et al., 1991; Burrows et al., 
1993). In vitro studies have demonstrated that such an integrin switch was clearly linked 
to trophoblastic invasiveness. Indeed, interactions between c~1~31 integrin and its ligands 
(type-IV collagen, laminin) promoted invasion, whereas interactions between c~5~1 and 
fibronectin reduced trophoblast invasiveness (Damsky et al., 1994). 

In this study, we have used two different choriocarcinoma cell lines (BeWo and 
JAr) as a model system for investigating trophoblast interactions with ECMs components. 
We first evaluated the capacity of these cells to adhere and spread on purified 
components of the decidual ECM. Our data demonstrate that BeWo cells adhere most 
efficiently to both fibronectin and type-I and -IV collagens, whereas adhesion of JAr cells 
was restricted to fibronectin. Since fibronectin is abundant in decidua in locations where 
trophoblast infiltration occurs (Wewer et al., 1986; Kisalus et al., 1987; Aplin and Jones, 
1989; Damsky et al., 1992, 1993), and may thus provide a transient anchorage for 
migrating ceils, the strong affinity of these choriocarcinoma cells for fibronectin may be 
considered as a requirement for an extravillous phenotype (Aplin et al., 1992). However, 
the differential affinity of these two cell lines for collagens suggests that they could 
present certain phenotypical similarities with two distinct subpopulations of extravillous 
trophoblast cells. This hypothesis is further illustrated by the analysis of integrin profiles 
of the two cell lines. Both cell lines express high levels of fibronectin receptor (c~5~31 
integrin) but differ by the expression of collagens/laminin receptors. JAr cells express 
the c~1~31 integrin characteristic of invasive first trimester trophoblast cells (Damsky et al., 
1993, 1994), whereas, in BeWo cells, c~1~1 is replaced by c~2~1, an integrin observed in 
vivo at the base of trophoblast columns where the differentiation process begins (Loke 
and King, 1995). Our data are very similar to the integrin patterns previously reported 
(Hall et al., 1990; Aplin et al., 1992), except that these studies failed to detect the c~3 
subunit. The combination of our results and data from the literature show that BeWo ceils 
express the c~2~1, c~3~1, R5~1, and c~6~4 integrins, a profile similar to that displayed in 
vivo by proliferating cytotrophoblast cells during their progression through the 
trophoblastic columns (Loke and King, 1995). In contrast, JAr cells mainly express the 
c~1~1, c~5~1, and c~6~1 integrins, which are characteristic of interstitial trophoblast cells 
(Loke and King, 1995). Altogether, these results reveal that BeWo and JAr cells are 
clearly distinct ha terms of both adhesive behavior and integrins expression, and might 
thus mimic two different trophoblastic subpopulations at distinct stages of invasion. 

The cell-matrix interactions required for a successful infiltration of the decidua 
are not restricted to anchorage processes. Since trophoblast cells have to migrate through 
the decidua, they must degrade ECM components to which they attach. Such a 
degradation of decidual ECMs requires the action of different proteinases among which 
members of the MMPs family are known to play key roles. In vivo, invasive first 



134 Maquoi  et al. 

trimester trophoblast  cells are known to synthesize several MMPs including interstitial 
collagenase (Yagel et al., 1988; Moll and Lane, 1990), getatinases A and B (Bischof et 
a1.,1991; Aut io-Harmainen et al., 1992; Fernandez et al., 1992; Blankenship and King, 
1994; Polette et al., 1994), stromelysins -1, -2, and -3 (Brenner et al., 1989; Maquoi et al., 
1997), and MT-MMP-1 (Nawrocki et al., 1996). 

In vitro, several groups have reported the synthesis of gelatinases A and B by 
cultured first trimester cytotrophoblast cells (Fisher et al., 1989; Bischof et aI., 1991; 
Librach et al., 1991; Shimonovitz et al., 1994). In our choriocarcinoma model, we also 
demonstrated the secretion of high levels of gelatinase A in both BeWo and )At  cells. In 
contrast, no gelatinase B was detected in s tandard culture conditions (e.g., in the absence 
of ECM components). Similar observations have been previously reported for BeWo cells 
by Kato and coworkers (1995). The ability of cells to produce gelatinase A has been often 
correlated with the invasive and migratory capacity of several normal as well as tumoral  
cell types, thus suggesting that this proteinase is important  in the biology of cellular 
invasion (Stetler-Stevenson, 1990). The production of the proenzyme species appears to 
be necessary but  not sufficient for invasion. Indeed, the aquisition of an invasive 
phenotype relies on the activation of the secreted latent proenzyme. This activation has 
been demonstra ted to be a two-step proteolytic process leading to the appearance of a 
part ial ly activated intermediate species, which is subsequently converted into a fully 
activated enzyme by an autocatalytic cleavage (Strongin et al., 1993; Atkinson et al., 
1995). 

Recent reports have demonstrated that this activation process is catalyzed by an 
integral plasma membrane protein, the membrane- type MMP (MT-MMP) to which pro- 
gelatinase A brads (Sato et al., 1994; Atkinson et al., 1995; Strongin et al., 1995; Stetler- 
Stevenson, 1995). Due to its location at the surface of the cell, MT-MMP can bind and 
activate secreted latent pro-gelatinase A and, thus localize the degradat ion of the ECM by 
concentrating active membrane associated gelatinase A at sites of cellular invasion 
(Monsky et al., 1993; Vassalli and Pepper, 1994). We have recently reported the 
expression of MT-MMP-1 by both first trimester trophoblast  cells and decidual  cells, 
suggesting that this new MMP could play a role during placentation (Nawrocki et al., 
1996). The analysis of conditioned media of the two choriocarcinoma cell lines revealed 
that pro-gelatinase A and TIMP-2 secretion were independent  of the composition of the 
ECM on which they were grown~ In contrast, pro-gelatinase A activation was clearly 
dependent  on both cell line and nature of the substrate, thus suggesting the existence of 
distinct activation processes. BeWo cells secreted large amounts of pro-gelatinase A 
which was constitutively processed into the intermediate species of 62 kDa. However,  in 
the presence of collagen (types I and IV), the fully activated form of 59 kDa was detected, 
suggesting that collagen can either directly (via collagen-gelatinase A h~teractions) or 
indirectly (via the induction of a cellular activation process) induce the processing of the 
intermediate gelatinase A form. In the later case, the collagen-induced cellular responses 
have been shown to be largely mediated by the integrin family of collagen receptors such 
as czl~l, c~2B1, and ~x3~31 which can transduce information from the ECM to the nucleus 
of the cell (Thompson et ai., 1994). Similar substrate-dependent  inductions of pro- 
gelatinase A processing have already been documented in different cell types including 
rat testicular cells (Sang et al., 1991), as well as human fibroblasts (Azzam and 
Thompson, 1992; Seltzer et al., 1994). In contrast, JAr cells constitutively process the pro- 
gelatinase A into its fully activated form, independent ly  of the nature of the ECM on 
which they were grown. Whether these differences in the ability of the two cell lines to 
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process pro-gelatinase A results from their distinct integrin patterns is currently 
unknown. However,  it is interesting to note that these two cell lines, which potentially 
mimic two distinct trophoblastic subpopulations, could exhibit distinct mechanisms in 
order to activate pro-gelatinase A. We are actually investigating the potential 
involvement of MT-MMP in these activation processes. 

In the presence of collagen (1 and IV), addit ional  gelatinolytic activities 
corresponding to both pro- and activated gelatinase B were detected in the conditioned 
media  of both cell lines. These proteinases were shown to be released, in the presence of 
cells, from serum-derived gelatinases which have been t rapped in collagen coats. This 
observation is of great physiological relevance since decidual  cells have been shown, both 
in vivo and in vitro, to secrete interstitial collagenase, gelatinases and stromelysin (Dieron 
and Bryant-Greenwood, 1991; Rawdanowicz et al., 1992; Martelli et al., 1993; Polette et 
al., 1994; Salamonsen, 1994). Once released by decidual  cells as inactive proenzymes,  
these proteinases could be t rapped in decidual  ECMs. In these locations, they provide a 
potent, rapidly and targetedly activable store of proteolytic enzymes for infiltrating 
trophoblast  cells, as well as for the uterine ECM remodeling observed during 
decidualization. Thus, it appears  likely that, during the first trimester of pregnancy, the 
remodeling of the decidua results from the combined activity of both trophoblasts-, as 
well as decidual-derived proteinases. Moreover, both cell types are also known to secrete 
TIMPs (the tissue inhibitors of MMPs), which can bind to and inhibit MMPs activities 
(Lala and Graham, 1990; Polette et al., 1994). 

Altogether, these data suggest that the infiltration of the maternal  decidua by first 
trimester extravillous trophoblast  cells relies on a precisely regulated balance between 
MMPs and TIMPs which are secreted by both the invading and invaded compartments.  

In conclusion, the combination of our observations and data from the literature 
suggests that the extensive decidualization of the uterine stroma observed during the first 
trimester of pregnancy is not a simple protective mechanism to limit trophoblast 
infiltration (Kirby, 1960, 1965). On the contrary, as suggested by Aplin (1991), it seems 
likely that decidual  tissue is designed for directing trophoblast  infiltration rather than 
acting as a physical  barrier  to invasion. Indeed, decidualization results in the secretion 
by stromal cells of unusual  ECMs characterized by a reduced collagen fibril density and 
the presence of several matrix components which can promote trophoblast  adhesion, and 
constitute a reservoir for decidual  derived products such as growth factors, proteinases 
and proteinase inhibitors. In parallel, trophoblast cells modify their expression of ECM 
receptors which enable them to interact with decidual ECMs components and modulate  
the trophoblast-derived proteolytic activities in order to penetrate the decidua. 

SUMMARY 

BeWo and JAr choriocarcinoma cell lines were used to s tudy cell adhesion and 
proteolysis, propert ies thought to be relevant during invasion of maternal decidua by 
first trimester extravillous trophoblast cells. Both cell lines adhere and spread efficiently 
on fibronectin, a major component of decidual  ECMs. In contrast, they differ by their 
capacity to interact with laminin and types-I and -IV collagens, which constitute a good 
substrate for BeWo cells only. These differences are mirrored by the integrin profiles of 
these cells. BeWo cells express ~x2~1, c~3131, c~5{31, and c~664 integrins, a profile displayed 
in vivo by proliferating cytotrophoblast cells during their progression through 
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trophoblastic columns, whereas JAr cells mainly express c~1~1, c~5{31, and c~6131 integrms 
which are characteristic of interstitial trophoblast ceils. Interactions between trophoblast 
cells and ECMs are not simply restricted to adhesion processes since they also involve the 
remodeling of ECMs by tightly regulated proteolytic activities. From this point of view, 
both cell lines have been shown to actively secrete pro-gelatinase A which is 
subsequently activated, depending on the nature of the substrate encountered by the cell 
(different substrate specificities are observed depending on the cell line). These cells are 
also able to induce the release of proteinases previously trapped by the collagenous 
component of the ECMs. Altogether, our observations suggest that the infiltration of the 
maternal decidua by first trimester trophoblast cells rely on extremely complex 
interactions among which ECMs-derived information appear to play pivotal roles. 
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