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ABSTRACT 

The JAR choriocarcinoma cell line share many of the 
characteristics of early placental trophoblast cells in- 
cluding the invasion properties. Matrix metallo-pro- 
teinases (MMPs), the main actors of matrix prote- 
olysis, are involved in normal invasion as well as in 
the invasive character of tumor cells and the metas- 
tase formation. Tumor necrosis factor-α (TNF-α) is 
present in the placental environment and TNF-α lev- 
els are elevated in some placental pathologies. In the 
present work, we addressed whether TNF-α is a mo- 
dulator of JAR cell MMP secretion. Following TNF-α 
stimulation, zymographic analysis showed the in-
creased secretion of the active form of MMP-2 and to 
a lesser extent proMMP-2 and MMP-9. In addition, 
MMP-2 gene expression only increased slightly whereas 
MMP-9 and TIMP-1 transcripts were undetectable. 
This suggests that TNF-α may modulate the secretion 
of MMPs independently of MMP gene expression con-
trol.  
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1. INTRODUCTION 

The human placenta is a unique transient organ and its 
capacity to proliferate and to invade maternal tissues is 
qualities that are usually found in malignant tumors. 
However, growth and invasion at the fetal-maternal in- 
terface is under tight control, and malignant placental 
tumors are rare [1]. Normal trophoblast cells as well as 
malignant choriocarcinoma cells including the JAR, BeWo 
and JEG-3 cell lines, derived from trophoblastic tumors 
of the human placenta, have served as models, even if 
imperfect, to study placental cells [2]. The JAR cell line 
shares many early placental trophoblast cell characteris-
tics, such as synthesis of human chorionic gonadotropin 
and steroids [3], and the ability to differentiate into syn- 

cytiotrophoblast-like cells in vitro [4]. 
Proper invasion is critical for placental and fetal de- 

velopment and its dysregulation results in several preg- 
nancy abnormalities [5-8]. The process of physiological 
invasion is tightly regulated in space and time by inva- 
sion-promoting (e.g. epidermal growth factor, endo- 
thelin-1, insulin-like growth factor-I and-II, etc.) and in- 
vasion-inhibiting factors (e.g. tissue inhibitor of metallo- 
proteinases-1 (TIMP-1), transforming growth factor β…) 
that bind to receptors expressed on the extravillous tro-
phoblasts [9]. These invasion regulating factors either 
originate from the maternal decidua, the villous stroma 
or are secreted by various trophoblast populations.  

Tumor necrosis factor-α (TNF-α) is a cytokine be- 
lieved to have important functions during pregnancy [10, 
11]. Circulating levels of TNF-α are elevated in pree- 
clampsia and in pathological placental tissue derived 
from intrauterine growth-restricted pregnancies [12,13]. 
TNF-α is produced and secreted by trophoblasts and de- 
cidual macrophages and it may either promote [14,15] or 
limit [16,17] normal trophoblast invasion. Both placental 
cytotrophoblasts and choriocarcinoma cell lines, include- 
ing JAR cells, express members of the TNF receptor 
superfamily [18].  

Matrix metalloproteinases (MMPs), the main actors of 
matrix proteolysis and the secretion of MMPs, is in- 
volved in the normal invasion process as well as in the 
invasive character of tumor cells and metastase forma- 
tion [19]. MMPs are a family of zinc- and calcium-de- 
pendant proteolytic enzymes, which should be activated 
by prodomain proteolytic cleavage, or the alteration of its 
structure [19,20]. Both pro-MMPs and active MMPs may 
be inhibited by metalloproteinase tissue inhibitors (TIMPs) 
that are secreted by MMPs [20]. Thus, the invasive 
character of cells is determined by the protease/inhibitor 
ratio [19,20]. Analyses of MMP and TIMP secretion and 
activity in trophoblats and trophoblast-derived cells point 
out the role of gelatinase-A (MMP-9) and gelatinase-B 
(MMP-2) in the high invasive capacity of first trimester 
trophoblasts and support the role of metal-loproteinases 2 
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and 9 during pregnancy [21-23]. However MMP expres- 
sion patterns may be different between normal tro- 
phoblasts and choriocarcinoma cells [24,25] and may 
vary between early and late trophoblasts [26,27].  

In the present work we have investigated the secretion 
of MMPs in the JAR choriocarcinoma cell line upon 
TNF-α stimulation. Zymographic analysis shows the in- 
creased secretion of the active form of MMP-2, and to a 
lesser extent pro MMP-2 and MMP-9, following TNF-α 
stimulation. In addition MMP-2 gene expression only 
increased slightly whereas MMP-9 and TIMP-1 tran- 
scripts were undetectable. 

2. MATERIAL AND METHODS 

2.1. Cell Culture Conditions 

The human JAR choriocarcinoma cell line [28] was cul- 
tivated in RPMI-1640 plus glutamax® medium (Life 
Technologies) supplemented with 5% fetal calf serum 
(FCS) in a 5% CO2 atmosphere at 37˚C. For further ex- 
periments cell cultures were sown with 300,000 cells per 
well in six well plates (Nunc), and reached confluence in 
48 h.  

Since the presence of FCS in a culture medium may 
affect MMP zymographic analysis, the viability of JAR 
cells in an FCS depleted medium was checked. Cells 
were first cultivated in the presence of either 1%, 2% or 
5% of FCS for 48 h; then in an FCS-free medium for 
additional 24 h, 48 h or 72 h. Cell viability decreased 
strongly with the lower concentration of FCS whereas 
the presence of 5% of FCS allowed a good proliferation 
of JAR cells and an acceptable survival rate during se- 
rum starvation. Zymographic analysis of gelatinase ac- 
tivity did not reveal strong differences between each of 
these culture conditions. Then following experiments 
were performed using a 48 h proliferation step in the 
presence of 5% FCS followed by a serum starvation step 
of 24 - 48 h. These culture conditions produced a good 
proliferation of cells together with a serum free envi- 
ronment as required for zymographic analysis.  

2.2. Zymographic Analysis of Gelatinase Activity 

Gelatinolytic activity determination is a very sensitive 
way to measure MMP-2 and MMP-9 production [29]. 
Using cell culture supernatants we access to the secreted 
MMPs, including the pro and active forms of gelatinases 
as described previously [30,31]. Briefly, an appropriate 
volume of cell culture supernatant corresponding to an 
equal amount of cells (1.5 × 103 cells) was applied to 
10% SDS-polyacrylamide gels containing 1 mg/ml gela- 
tin. After migration, SDS was removed by two incuba- 
tions in 2% Triton X-100 for 30 min. Then the gelati- 
nases were activated by overnight incubation at 37˚C in 

50 mM Tris-HCl pH 7.4, 0.2 M NaCl and 5 mM CaCl2. 
Proteolytic activities were evidenced as clear bands 
against the blue background of the Coomassie blue- 
stained gelatin. The human fibrosarcoma HT-1080 cell 
line, which constitutively secrete proMMP-9 (92 kDa) 
and proMMP-2 (72 kDa) [32], was used as an internal 
control for MMP expression [30,31].  

2.3. Semi-Quantitative RT-PCR Gene  
Expression Analysis 

After removing culture media, cells were lysed in Trizol® 
reagent (Invitrogen) and total RNA were extracted ac-
cording to standard procedures [33]. One µg of RNA was 
reverse-transcribed using oligodT primers and AMV 
reverse transcriptase (Promega) following manufacturer’s 
conditions. The resulting cDNAs were diluted 1/5 before 
PCR amplification. PCR conditions and primers for 
MMP-2, MMP-9, TIMP-1, and GAPDH were as previ-
ously described [30,31]. The primers used for NRF-3 
amplification were 5’-GGCAGGAAAAGACCACTGA- 
3’ and 5’-GACTTATAGCCTGGCTGA-3’ with the fol-
lowing PCR conditions: 94˚C, 30 sec; 60˚C, 30 sec; 72˚C 
60 sec for 33 cycles. PCR products were then analysed 
using 1% agarose gel electrophoresis and a densitometric 
quantification was performed using the Amersham Bio-
sciences Typhoon 9210 system.  

3. RESULTS 

3.1. Increased Secretion of MMPs by JAR Cells 
Stimulated with TNF- 

Zymographic analysis of cell culture media showed that 
JAR cells constitutively secreted both proMMP-2 and 
active MMP-2 (Figure 1(a)). According to previous 
reports [27,34,35] pro-MMP-9 and MMP-9 secretion is 
barely detectable in a JAR cell culture medium (Figure 
1(a)). In order to determine the effect of TNF-, cells 
were stimulated with 20 ng/mL of TNF- during the 
serum starvation step. The results of zymographic 
analysis show a significant increase of MMP-2 secretion 
(Figure 1(a)). The secretion of active MMP-2 was 2-fold 
higher in the 24 h culture medium of TNF- treated JAR 
cells, and reached a 4-fold increase at 48 h (Figure 1(b)). 
However, the increase of proMMP-2 secretion was 
moderate (1.2 and 1.5 fold at 24 h and 48 h times points, 
respectively) but statistically significant (p < 0.05, Fig- 
ure 1(c)). According to previous reports, the level of 
MMP-9 secreted by untreated JAR cells is very low and 
often barely detectable whereas proMMP-9 could not be 
detected (Figure 1(a)). However active MMP-9 secretion 
seems to have increased slightly (1.2-fold) after cell 
stimulation by TNF- in a 48 h cell culture medium 
(Figure 1(d)).     
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Figure 1. Secretion of MMPs by JAR cells is stimulated by TNF-. (a) Zymmographic analysis of the gelati- 
nolytic activity of JAR cell culture medium in the presence or absence of TNF- (20 ng/mL) for 24 h and 48 h. 
The HT-1080 cell culture supernatant was used as an indicator of pro-MMP-2 and pro-MMP-9 position. Zymmo- 
grams from one representative experiments; (b) Densitometric quantification of zymmograms using the Typhoon 
9210 apparatus (Amersham Bioscience). Results are the means ± standard deviation of three independent experi- 
ments, asterisks indicate a value significantly different from the control without TNF- at the same time point 
according to paired Student t test (*p < 0.05; **p < 0.01). 

 
4. DISCUSSION 3.2. MMP-2 Gene Expression Is Stimulated by 

TNF- in JAR Cells 
Cytokines can cause either harmful or beneficial out- 
comes in pregnancy, for example, an overproduction of 
interferon γ and TNF- may be associated with recurrent 
spontaneous abortions in humans and fetal loss in mice 
[37-39]. These cytokines are also found in normal de- 
cidual and placental tissues, and accumulating evidence 
suggests physiological roles for these factors in regulating 
trophoblast invasion, spiral artery modification, and pla- 
cental morphogenesis [14,40,41]. The JAR choriocar- 
cinoma cell line express TNF receptors [18] and its inva- 
sive characteristics may then be affected by TNF- 
stimulation. Accounting for the central role of MMPs in 
the invasion process we investigated whether TNF- 
may be a modulator of MMP secretion and/or gene ex- 
pression in JAR cells. 

The increased MMP secretion in the presence of TNF- 
may, at least partly, be due to transcriptional activation 
of MMP genes as previously described for MMP-9 or 
MMP-15 in normal trophoblasts [14,15,36]. As shown in 
Figure 2, MMP-2 gene expression increased slightly in 
JAR cells treated with TNF- for 24 h (1.4-fold). How- 
ever, MMP-9 and TIMP-1 gene expression was unde- 
tectable at both time points. As a control of the TNF- 
effect on gene expression in the present experimental 
conditions, the NRF-3 transcription factor expression 
was increased in JAR cells stimulated by TNF- for 24 h 
(Figure 2) according to our previous report [33]. It 
should be noted that the TNF- effect on MMP-2 and 
NRF3 gene expression was only observed at the 24 h 
time point and that gene expression returned to control 
level at 48 h. 

According to previous studies [27,34,35], we show here 
that the JAR choriocarcinoma cell line constitutively  
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Figure 2. Semi-quantitative RT-PCR analysis of MMP-2 and 
NRF3 gene expression. Total RNA were extracted from JAR 
cells stimulated or not with TNF- for 24 h and 48 h, and 
thereafter used for semi-quantitative RT-PCR as described in 
the Materials and Methods section. (a) Amplification products 
separation on agarose gel; (b) Quantification was performed 
using Typhoon 9210 apparatus (Amersham Bioscience) and the 
relative mRNA level was calculated with respect to the 
GAPDH mRNA level. Results are the means ± standard devia- 
tion of three independent experiments, asterisk (*) indicate a 
value significantly different from the control without TNF- at 
the same time point according to paired Student t test (p < 
0.01).  
 
secretes pro and active forms of MMP-2. In addition 
MMP-9 and TIMP-1 gene expression was undetectable 
in JAR cells in agreement with the results of Shröpfer et 
al. [27]. Cell treatment by TNF- is known to induce 
gene expression in several cellular models involving vari- 
ous intracellular signaling pathways includeing the NF- 
κB and mitogen activated kinase pathways [42-44]. In 
relation to our subject, recent reports using normal tro-
phoblast and derived cell lines have described increased 
MMP-9 and MMP-15 expression following TNF- 
stimulation [14,15,36]. We have also reported the in-
creased expression of the transcription factor NRF-3 in 

JAR cells [33]. We show here that the secretion of pro 
MMP-2, active MMP-2, and MMP-9 is stimulated by 
TNF-. However, MMP-2 gene expression only in- 
creased slightly and MMP-9 expression remained unde- 
tectable after TNF- treatment. These results suggest 
that the increased secretion of MMPs may be involved in 
the upregulation of the secretion process by TNF- rather 
than MMP gene activation. Despite MMP-15 (MT2-MMP) 
expression seeming absent from JAR cells [27], its 
upregulation by TNF-α in the ACH-P nonmalignant tro- 
phoblast cell line has been reported and may be involved 
in the activation of proMMP2 [36]. Such a mechanism 
may be present in JAR cells but is still un- known.  

The pattern expression of MMPs and TIMPs in first 
trimester trophoblast and derived cell lines, including 
choriocarcinoma cells, is quite different [24,25,27]. In- 
terestingly, in early trophoblasts (6 to 8 weeks), as well 
as in JAR cells, MMP-2 appeared to be the main gelati- 
nase and the key enzyme in trophoblast invasion whereas 
in late trophoblasts (9 to 12 weeks) both MMP-2 and 
MMP-9 participated in trophoblast invasion [26]. While 
we have observed the stimulatory effect of TNF- on 
MMP-2 secretion and expression, other authors have 
recently demonstrated the inhibitory effect of progester- 
one on MMP-2 expression in JAR cells [45]. One must 
also note the correlation between increased levels of cir- 
culating TNF- [12,13] and elevated MMP-2 levels ob- 
served in the plasma of women who subsequently de- 
velop preeclampsia [21]. Our observation in JAR cells 
may explain such a correlation. 

Altogether these results show that MMP-2 is the main 
actor of JAR cell invasiveness and that MMP-2 expres- 
sion and secretion may be modulated by inhibitory fac- 
tors, such as progesterone and stimulatory factors such as 
TNF-. This may renew interest in the JAR cell line as a 
model of early first trimester trophoblasts. 
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