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A bstract
Expression  of m atrix m etalloproteinase-2 and  -9  
(M M P-2 and M M P-9), w hich correlates w ith  tum or 
invasion  and  m etastasis, has been know n to  be  
regulated by several in tracellu lar s ignaling  path -
w ays. S ince the CD9 m em brane protein has been  
im plicated in  s ignal transduction and m alignant 
progression of cancer cells , w e exam ined the  
functional involvem ent o f C D 9 in  the regulation  
of M M P-2 and M M P-9 expression by using stable  
C D9 transfectant clones of M elJuso hum an m ela -
nom a cells. The C D 9 cD N A -transfected cells w ith  
e levated C D 9 expression d isplayed increased  
M M P-2 and decreased  M M P-9 expression w hen  
c o m p a re d  w ith  th e  m o c k  tra n s fe c ta n t c e lls . 
A m ong several s ignal pathw ay inhib itors tested , 
SB203580 and SP600125, w hich inhibit p38 M APK  
and JN K  respectively, com pletely b locked  the  
C D 9-stim ulated M M P-2 expression. Phosphoryl-
ation levels  of p38 M A PK  and c-Jun in  M elJuso  
cells  w ere a lso significantly increased by C D 9 
transfection . In  add ition, the dow n-regulation  of 
p38 M A PK  and JN K  by s iR N A  transfection  re -
sulted  in  a decrease in  M M P-2 expression by  

M elJuso cells . P rom oter analysis  and gel sh ift 
assay show ed that the C D 9-induced M M P-2 ex-
pression is  m ediated by a functional A P-1 site  
through in teractions w ith  A P-1 transcription fac -
tors including c-Jun. These results  suggest that 
C D 9 induces M M P-2 expression by activating c- 
Jun  through p38 M A PK  and JN K  signaling path -
w ays in  hum an m elanom a cells .

Keywords: AP-1; CD9; c-Jun; JNK; melanoma; MMP- 
2; p38 MAPK; tetraspanin

In troduction
The matrix metalloproteinases (MMPs), which are 
involved in the degradation of extracellular matrix 
(ECM), play a role in many physiological processes 
such as embryonic development, angiogenesis, ovu-
lation, and repair of tissues. Since tumor invasion and 
metastasis also require controlled degradation of ECM, 
abnormal expression of MMPs is associated with 
malignant tumor progression (Chambers and Matrisian, 
1997). Among members of the MMP family, MMP-2 and 
MMP-9 (also known as type IV collagenases or 
gelatinases) specifically degrade type IV collagen, the 
main component of the basement membrane, and 
appear to play a crucial role in tumor invasion and 
metastasis (Bernhard et al., 1994; Liabakk et al., 
1996; Itoh et al., 1998; Johnsen et al., 1998). 
Increases in activity and expression of MMP-2 and/or 
MMP-9 have been frequently observed in many 
human cancers with invasive and metastatic capability 
(Bernhard et al., 1994; Heppner et al., 1996; Basset 
et al., 1997; Johnsen et al., 1998). Expression of both 
MMP-2 and MMP-9 is induced by growth factors, 
cytokines, phorbol esters, and other environmental 
factors such as binding to the extracellular matrix 
(ECM) (Segain et al., 1996; Sehgal et al., 1996; 
Basset et al., 1997; Kondapaka et al., 1997; Johnsen 
et al., 1998; Westermarck and Kahari, 1999). In 
addition, some of the cellular proto-oncogenes have 
been shown to regulate the expression of MMPs; for 
example, transfection of MCF-10A breast cancer cells 
with c-erbB-2 or c-ras led to increased production of 
MMP-2, whereas transfection of MCF-7 breast cancer 
cells with ets gene, PEA-3, resulted in increased 
expression of MMP-9 (Giunciuglio et al., 1995; Kaya 
et al., 1996). Apart from the proto-oncogenes, p53 
tumor suppressor gene has also been shown to 
upregulate MMP-2 expression (Bian and Sun, 1997).
  Tetraspanins, or transmem brane 4 superfam ily 
(TM 4SF) molecules, are characterized by the exis-

Tetraspanin CD9 induces MMP-2 expression by activating p38
MAPK, JNK and c-Jun pathways in human melanoma cells
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tence of four highly conserved transmembrane do-
mains (Maecker et al., 1997; Boucheix and Ru-
binstein, 2001; Yanez-Mo et al., 2001) and several 
tetraspanin proteins such as CD9, CD63, CD82, and 
CD151 have been implicated in tumor invasion and 
metastasis (Ikeyama et al., 1993; Dong et al., 1995; 
Radford et al., 1995; Kohno et al., 2002). In particular, 
CD9, which has also been identified as motility re-
lated protein-1(MRP-1), has been suggested to be 
involved in the malignant progression of several types 
of human cancer; i.e. CD9/MRP-1 was found to 
inversely correlate with the stage of tumor progression 
or appearance of metastases for several malignant 
diseases including melanoma, breast, lung, colon, and 
ovarian cancer (Si and Hersey, 1993; Miyake et al., 
1995; Adachi et al., 1998; Mori et al., 1998; Houle 
et al., 2002). Transfection with CD9 cDNA resulted 
in suppression of tumor cell motility and metastasis 
(Ikeyama et al., 1993; Miyake et al., 2000). Besides 
the functional involvement of CD9 in tumor cell 
malignancy, CD9 has also been implicated in various 
cellular and physiological processes, including cell 
adhesion, motility, proliferation, differentiation, deve-
lopment, fertilization, and wound healing (Maecker et 
al., 1997; Aoyama et al., 1999; Baudoux et al., 2000; 
Miyado et al., 2000; Penas et al., 2000; Boucheix and 
Rubinstein, 2001; Clay et al., 2001). However, the 
biological mechanisms of CD9 are still not clearly 
understood.
  In the present study, we investigated the activity 
and expression of type IV collagenases in melanoma 
cells after transfection with CD9 cDNA, because most 
of the CD9-related biological processes including tu-
mor metastasis are known to be regulated by the 
MMPs, particularly MMP-2 and MMP-9. Our results 
indicate that high CD9 expression in melanoma cells 
results in increased expression of MMP-2 through p38 
MAPK- and JNK-dependent AP-1 activation, in con-
trast to its effect on MMP-9 expression.

M eteria ls and M ethods
C ell culture and reagent
C8161 and MelJuso human melanoma cell lines 
were cultured in DMEM/F-12 medium supplemented 
with 10%  fetal bovine serum (FBS), 100 U/m l 
penicillin, and 100 µg/ml streptomycin (all from Gibco- 
BRL, Grand Island, NY) in 5% CO 2 at 37oC. Anti- 
CD9 mAb was purchased form PharMingen (San 
Diego, CA). Antibodies for phospho-Src (Tyr416), Src, 
phospho-ERK1/2 (Thr202/Tyr204), ERK1/2, phospho- 
p38 MAPK (Thr180/Tyr182), p38 MAPK, phospho- 
c-Jun (Ser63/Ser73), and c-Jun were purchased 
from  Santa Cruz B iotechnology (Santa Cruz, CA). 
GF109203X, PD98059, SP600125, and PP1 were 
purchased from Biomol (Plymouth Metting, PA). 
LB42708 were obtained form LG Life Sciences (Dae-
jeon, Korea). All other reagents were from Sigma (St. 
Louis, MO), unless indicated otherwise. 

R T-PC R  analysis
Total cellular RNA was purified from the cultured cells 
using Trizol reagent (Gibco-BRL) according to the 
manufacturer's protocol. First strand cDNA synthesis 
was performed with 1 µg of total RNA using a cDNA 
synthesis kit (Promega, Madison, WI). For PCR 
amplification, 5'-CAAGCTTGGGATGCCGGTCAAAGG- 
3' was used as the sense primer and 5'-CGA-
ATTCCTAGACCATCTCGCGGTTCC-3' as the anti-
sense primer. This primer pair amplifies a 680 bp 
fragment of CD9 cDNA. The reaction mixture was 
subjected to 25 PCR amplification cycles of 60 sec 
at 94oC, 90 sec at 55oC, and 90 sec at 72oC. 

Transfection of CD9 cDNA and selection of stable  
clones
A full-length of CD9 cDNA was subcloned into the 
EcoRI/KpnI sites of pcDNA3 vector (Invitrogen, San 
Diego, CA), downstream of CMV promoter. The CD9 
cDNA expression construct was transfected into MelJuso 
human melanoma cells by using lipofectAMINE (Gibco- 
BRL) according to the manufacturer's instructions. 
pcDNA3 vector only was also transfected as a con-
trol. Neomycin-resistant clones were isolated by grow-
ing the cells in DMEM/F-12 containing 10% FBS and 
0.5 mg/ml G418 (Gibco-BRL). Stable transfectant clones 
were characterized by Western blotting and flow- 
cytometric analyses for their expression levels of CD9 
protein.

W estern b lotting analysis
Cell lysates were prepared and resolved on 10% 
SDS-PAGE as described (Jee et al., 2003). After 
transferring to ECL Hybond membrane (Amersham, 
Piscataway, NJ), proteins were probed with antibodies 
against CD9, phospho-Src, Src, phospho-ERK1/2, 
ERK1/2, phospho-p38 MAPK, p38 MAPK, phospho-c- 
Jun, and c-Jun. After washing, membrane filters were 
incubated with an appropriate horseradish peroxidase- 
conjugated secondary antibody. The specific proteins 
were visualized by the Amersham ECL reagent and 
exposure to Kodak Xomat film. 

Flow -cytom etric analysis
Cells were incubated with 10 µg/ml anti-CD9 mAb for 
30 min, washed with cold PBS, and then incubated 
with saturating concentrations of FITC-conjugated 
goat anti-mouse IgG (Parmingen) for 30 min at 4oC. 
After washed with PBS, the cells were fixed with 2% 
formaldehyde in PBS. Cell surface immunofluore-
scence was analyzed by flow cytometry performed on 
a FACScan (Beckon Dickinson, San Diego, CA). 

G elatin  zym ography
Type IV collagenase activities present in conditioned 
medium were visualized by electrophoresis on gelatin- 
containing polyacrylamide gel as described (Jang and 
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Lee, 2003). Briefly, conditioned medium from cells 
cultured in serum-free medium was mixed 3:1 with 
substrate gel sample buffer (40% (v/v) glycerol, 0.25 
M Tris-HCl, pH 6.8, and 0.1% bromophenol blue) and 
loaded without boiling onto 10% SDS-polyacrylamide 
gel containing type 1 gelatin (1.5 mg/ml). After elec-
trophoresis at 4oC, the gel was soaked in 2.5% Triton 
X-100 with gentle shaking for 30 min with one change 
of detergent solution. The gel was rinsed and incu-
bated for 24 h at 37oC in substrate buffer (50 mM 
Tris-HCl, pH 7.5, 5 mM CaCl2 and 0.02% NaN3). 
Following incubation, the gel was stained with 0.05% 
Coomassie brilliant blue G-250 and destained in 10% 
acetic acid and 20% methanol.

Prom oter assay
A 1716 bp DNA fragment (-1659 to +57), corre-
sponding to the promoter of the human MMP-2 gene, 
was generously gifted by Dr. Seung-Taek Lee (Yonsei 
Univ., Korea). The MMP-2 promoter DNA region was 
used as a template for PCR reaction to generate a 
series of promoter deletion mutants for AP-1 (-1270 
to -1263), c-myc (-1162 to -1157), and CREB (-300 
to -295) binding sites. The PCR products were sub-
cloned into a promoterless luciferase expression 
vector, pGL3 (Promega). The pGL3 vector containing 
wild-type (WT) or mutant MMP-2 promoters were 
transfected into MelJuso cells by using LipofectAMINE 
(Gibco-BRL). Luciferase activity in cell lysate was 
measured using Promega luciferase assay system 
according to the instructions of the manufacturer. To 
normalize the luciferase activity, each of the pGL3 
vectors was co-transfected with a pRL-SV40ΔEnh, 
which express Renilla luciferase by an enhancerless 
SV40 promoter (Hah and Lee, 2003).

Electrophoretic  m obility  shift assay (EM SA )
Cells were incubated with serum-free medium for 4 
h and nuclear extracts were prepared as described 
(Na et al., 2004). A double-stranded AP-1-specific 
probe (5'-CGCTTGATGAGTCAGCCGGAA-3'; the AP- 
1 recognition sequence is underlined) was labeled 
with [γ -32P]ATP using T4 polynucleotide kinase and 
purified on a G-50 Sephadex column. The 32P-labeled 
probe (∼40,000 cpm) was then incubated with the 
nuclear extracts (10 µg of protein) for 20 min at room 
temperature. Samples were resolved on native 5% 
polyacrylamide gel, and the gel was dried and sub-
jected to autoradiography.

Transfection of siR N A
Small interfering RNAs (siRNAs) for JNK and p38 
MAPK were designed and synthesized using the soft-
ware and SilencerTM siRNA construction kit from Am-
bion (Austin, TX) according to the manufacturer's 
instructions. Specific oligonucleotide sequences for 
each target gene were as follows: 5'-UGUCUGGU- 
AUGAUCCUUCUdTdT-3' (sense) and 5'-AGAAGG-
AUCAUACCAGACAdTdT-3' (antisense) targeting JNK; 

5'-AGCAGGGACCUCCUUAUAGdTdT-3' (sense) and 
5'-CUAUAAGGAGGUCCCUGCUdTdT-3' (antisense) 
targeting p38 MAPK. The siRNA control was 5'-AGG-
AGAUAUUUCGAGGCUUdTdT-3' (sense) and 5'-AAG-
CCUCGAAAUAUCUCCUdTdT-3' (antisense), which 
bears no homology with relevant human genes (Dux-
bury et al., 2004). For siRNA transfection, cells (5 ×
105) were seeded in 35 mm 6-well plates and grown 
for 24 h to reach 60-70% confluency. The different 
amounts of the siRNA and the lipofectAMINE reagent 
(5 µl) were diluted in 200 µl of DMEM/F-12 medium. 
The diluted siRNA-liposome complex was added into 
the wells containing 800 µl DMEM/F-12. Following 6 
h incubation, cells were rinsed with fresh medium and 
grown for 24 h in normal growth medium containing 
FBS before analysis. 

R esu lts
CD9 expression in hum an m elanom a cell lines and  
generation of C D 9 transfectant clones
We performed RT-PCR analysis using primers speci-
fic for CD9 cDNA to examine the expression of CD9 
in two human melanoma cell lines, C8161 and Mel-
Juso. A 680 bp PCR product was detected in both 
melanoma cell lines, indicating that both C8161 and 
MelJuso are CD9-positive cell lines (Figure 1A). To 
examine the functional effect of CD9 expression on 
the basement membrane-degrading ability of mela-
noma cells, MelJuso cells which show lower CD9 
expression level than C8161 cells were transfected 
with either a control pcDNA3 empty vector or a CD9 
cDNA expression vector. Expression of CD9 protein 
in resultant transfectant clones was analyzed by 
Western-blotting and flow-cytometric analyses using 
anti-CD9 mAb (Figure 1B and 1C). Several stable 
transfectant clones obtained with the CD9 cDNA 
expression vector displayed increased levels of CD9 
protein when compared with parental Meljuso cells. 
Two of these clones, CD9/C19 and CD9/C37, which 
exhibit much higher levels of CD9 protein than the 
mock transfectant generated with an empty vector, 
were selected for further analyses.

M odulation of the activities and expression levels  
o f M M P-2 and M M P-9 by C D 9 transfection
To investigate how increased CD9 expression affects 
activity and/or expression of the type IV collagenases, 
MMP-2 and MMP-9, gelatinase activity was deter-
mined by gelatin zymography from culture superna-
tants of the CD9-transfected MelJuso cells. As a 
result, both MMP-2 and MMP-9 activities were de-
tected in the culture of MelJuso cells (Figure 2A). The 
activity of proMMP-9 was significantly decreased by 
CD9 transfection, although active MMP-9 was de-
tected in one of the CD9 transfectant clones. On the 
contrary, the activity of proMMP-2 in the CD9 trans-
fectant clones was much higher than that in the mock 
transfectant, and the activity corresponding to active 
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MMP-2 was also prominent after CD9 transfection. 
When the expression levels of MMP-2 and MMP-9 
were examined, the CD9 transfectants exhibited sig-
nificantly increased protein and mRNA levels of MMP- 
2 compared with the mock transfectants, whereas 
protein and mRNA levels of MMP-9 detected in the 
mock transfectant were completely knock-downed 
after CD9 transfection (Figure 2B and 2C). This result 
indicates that CD9 plays a differential role in modulat-
ing expression of type IV collagenases in MelJuso 
melanoma cells; that is, up-regulating MMP-2 expres-
sion versus down-regulating MMP-9 expression.

A P-1 involvem ent in  the C D 9-induced M M P-2
expression
To examine whether CD9 activates the MMP-2 pro-

moter and determine which transcriptional factor 
binding sites in the MMP-2 promoter are important for 
the CD9-induced MMP-2 expression, wild-type (WT) 
and several deletion mutants (Δ) of the MMP-2 pro-
moter were generated and subcloned into a pGL3- 
luciferase reporter vector (Figure 3A). When the WT- 
MMP-2 promoter reportor vector was transiently 
transfected into MelJuso cells, the CD9 transfectant 
cells showed about 7-fold higher luciferase activity 
than the mock transfectant cells (Figure 3B). In 
contrast to the wild-type promoter, a deletion mutation 
of the AP-1 binding site (ΔAP-1-MMP-2) abrogated the 
CD9-induced activation of the MMP-2 promoter. 
However, mutations of the c-myc (Δc-myc-MMP-2) 
and CREB (ΔCREB-MMP-2) binding sites did not 
abolish the stimulating effect of CD9 on the MMP-2 
promoter activity. To determine whether CD9 expres-
sion increases DNA binding activity of AP-1 trans-
criptional factors, we compared the binding of AP-1 
factors to a putative AP-1 binding site of MMP-2 
promoter between the mock and CD9 transfectant 
cells (Figure 3C). DNA binding activity of AP-1 factors 
in the CD9 transfectant was higher than that in the 
mock transfectant. In particular, incubation of the 
AP-1/DNA complex with anti-c-Jun antibody resulted 

Figure  1 . CD9 expression in the parental lines and transfectant clones
of human melanoma cells. (A) CD9 mRNAs in total RNA (1 µg) 
obtained from two human melanoma cell lines, C8161, MelJuso, were
amplified by RT-PCR , then electrophoresed on a 1.5%  agarose gel.
β-actin mRNA from each cell line was also analyzed to control for
equal RNA amounts. (B) CD9 protein levels in the stable clones of
CD9 cDNA-transfected MelJuso cells were analyzed by W estern 
blotting using anti-CD9 mAb. (C) Cell surface expression levels of 
CD9 protein in the CD9 transfectant clones were analyzed by flow
cytometry using anti-CD9 mAb.
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F ig u re  2 . Activities and expression levels of type IV collagenases in 
the CD9-transfected MelJuso clones. Subconfluent cells were cultured
in serum-free medium for the time period indicated. (A) Activities of
MMP-2 and MMP-9 in conditioned medium of the cell culture were 
evaluated by gelatin zymography. (B) Protein levels of MMP-2 and
MMP-9 in the conditioned medium of the 3-day cell culture were 
determ ined by W estern blotting analysis using anti-MMP-2 and anti-
MMP-9 mAb. In zymography and Western blotting analysis, the con-
ditioned medium of each cell culture was normalized by cell counting
after 3 day culture. (C) Total RNA was isolated from cells that were
cultured in serum-free medium for 2 days and RT-PCR analysis was
performed.
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F ig u re  4 . Effects of signaling molecule inhibitors on the CD9-induced
MMP-2 activity/expression in the CD9 transtantant cells. The CD9 
transfectant clone, CD9/C19 was cultured in serum-free medium 
containing GF109203X (10 µM), wortmanin (0.1 µM), PD98059 (30
µM), SB203580 (30 µM), PP1 (0.25 µM), H-89 (0.12 µM), LB42708
(10 µM), or SP600125 (20 µM). Following 2 day incubation, the cul-
ture supernatant was collected and analyzed with (A) gelatin 
zymography and (B) W estern blotting using anti-MMP-2 mAb. Before
the analyses, the each culture supernatant was normalized by viable
cell counting with trypan blue staining after 2-day culture.
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in partial supershift of the complex band in the gel 
shift assay, indicating that c-Jun participates in the 
formation of the AP-1/DNA complex. Therefore, it 
seems likely that CD9 induces MMP-2 gene expres-
sion by increasing MMP-2 gene promoter binding 
activity of AP-1 transcription factors including c-Jun.

Signaling pathw ays for the CD 9-stim ulated M M P-2  
expression
To identify signaling pathway(s) taken downstream of 
CD9 for the induction of MMP-2 expression, we 
examined the activity and expression level of MMP-2 
in the CD9-transfected MelJuso cells in the presence 
of several inhibitors of signaling molecules with the 
highest concentration that did not induce MelJuso cell 
death for the 2-day culture period. Some of the in-
hibitors such as GF109203X (a protein kinase C in-
hibitor), wortmanin (a phosphatidylinositol 3-kinase in-
hibitor), PD98059 (a MEK inhibitor), and PP1 (a Src 
kinase family inhibitor) exerted little inhibition effect on

F ig u re  3 . MMP-2 prom oter activity and nuclear AP-1 activity in CD9-transfected MelJuso cells. (A) Hum an w ild-type MMP-2 pro-
moter (WT-MMP-2) and the MMP-2 promoter deletion mutants for an AP-1 (ΔAP-1-MMP-2), c-myc (Δc-myc-MMP-2), or CREB (Δ
CREB-MMP-2) binding site were fused to a luciferase reporter gene of pGL3 vector. Cells were transiently transfected with the 
MMP-2-luciferase constructs by using LipofectAMINE. 48 h after transfection, luciferase activity was measured in cell extracts by 
a luminometer. Each sample was assayed in triplicate and the experiment was repeated two independent times. (C) DNA binding 
activity of AP-1 factors in nuclear extract of the CD9 transfectant cells was analyzed by EMSA. Specific binding activity of AP-1 
factors was determined with 3-fold excess of cold wild-type probe or anti-c-Jun mAb.
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the CD9-stimulated MMP-2 activity and expression 
level (Figure 4). However, the activity and expression 
of MMP-2 in the CD9 transfectant cells were sig-
nificantly inhibited by H-89 (a protein kinase A 
inhibitor) and LB42708 (a p21ras signaling blocker). In 
particular, SB203580 (a p38 MAPK inhibitor) and 
SP600125 (a JNK inhibitor) completely abolished the 
MMP-2 activity and expression in MelJuso cells. This 
result suggests that protein kinase A, p21ras, p38 
MAPK, and JNK may participate in the CD9 signaling 
pathway for the induction of MMP-2 expression. We 
next examined the activation status of p38 MAPK and 
c-Jun in the CD9 transfectant cells by monitering the 
phosphorylation levels of those proteins. As ex-
pected from the inhibition effects of SB203580 and 
SP600125, the phosphorylation levels of both p38 
MAPK and c-Jun in the CD9 transfectants were much 
higher than those in the mock transfectant (Figure 5). 
However, little significant differences in the phosphor-
ylation levels of Src and ERK-1/2 were observed bet-
ween the mock and CD9 transfectants, in accordance 
with little effects of PP1 and PD98059 on the CD9- 
stimulated MMP-2 expression. It therefore appeared 
likely that p38 MAPK and JNK mediate CD9 signaling 
pathway(s) leading to increased MMP-2 gene ex-
pression.

Blocking effects of siRNAs specific for p38 M APK  
and JN K  on the C D 9-induced M M P-2 expression
To verify the participation of p38 MAPK and JNK in 
the CD9 signaling pathway(s) for the induction of 
MMP-2 expression, siRNAs targeted to p38 MAPK 
and JNK were transfected into the CD9-transfected 
MelJuso cells. As a result, mRNA levels of p38 MAPK 
and JNK in MelJuso cells were completely knock- 
downed by each specific siRNA with an amount of 
80 and 20 pmole, respectively (Figure 6A). In gelatin 

zymography, MMP-2 activity in the CD9 transfectant 
cells was shown to be decreased by transfections of 
both siRNAs targeted to p38 MAPK and JNK (Figure 
6B). Also, both of the p38 MAPK- and JNK-knock- 
downed cells exhibited much lower expression levels 
of MMP-2 compared with control siRNA-transfected 
cells retaining endogenous levels of p38 MAPK and 
JNK (Figure 6C). These data demonstrate that in-
duction of MMP-2 expression by CD9 is dependent 
on the activation of p38 MAPK and JNK signaling 
pathways.

D iscussion
It was reported that activation of some cell surface 
molecules such as αvβ3 integrin and CD44 resulted 
in the up-regulation of MMP-2 production in human 
melanoma cells (Seftor et al., 1992; Takahashi et al., 
1999). In this study, we found that high expression 
of CD9 membrane protein up-regulates expression of 
MMP-2 in MelJuso human melanoma cells, in contrast 
to its effect on MMP-9 expression (Figure 2). In spite 
of high homology in amino acid sequence between 
MMP-2 and MMP-9, the promoters of MMP-2 and 
MMP-9 are composed of different cis-elements (Wes-
termarck and Kahari, 1999; Vincenti, 2001), hence 
they not only respond to different stimuli, but also 
respond differently to the same stimulus. Although the 
mechanisms of MMP-2 gene activation in human 
cancer cells are not well defined, the MMP-2 promoter 
has been shown to contain many common transcrip-
tion factor binding sites, such as those for p53, AP-1, 
Ets-1, c-myc, PEA3, CREB, GCN4, and AP-2 (Bian 
and Sun, 1997). We found here that the AP-1 binding 
site in MMP-2 promoter is a key cis-element for the 
induction of MMP-2 gene expression by CD9 (Figure 
3). In addition, the CD9 transfectant cells were shown 

F ig u re  5 . Activation status of in-
tracellular signal transduction me-
diators in the CD9 transfectant 
clones. Total cellular proteins were
extracted from subconfluent cells 
that were starved for 2 h and an-
alyzed by Western blotting analy-
sis. Antibodies specific for phos-
pho-Src(Tyr416), Src, phospho-ERK1/
2(Thr202/Tyr204), ERK1/2, phospho-p38
MAPK(Thr180/Tyr182), p38 MAPK, phos-
pho-c-Jun(Ser63/Ser73) and c-Jun were
used for immunodetection.
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to possess more AP-1 transcription factors capable of 
binding to the AP-1 site than the mock transfectant 
cells. It was also shown that c-Jun is a predominant 
member of AP-1 factors to be activated by CD9. 
Although MMP-2 expression has been widely consi-
dered to be independent of the AP-1 transcriptional 
complex, these data demonstrated the functional in-
volvement of AP-1 transcription factors including c-Jun 
in up-regulating expression of the MMP-2 gene by 
CD9. In accordance with our results, the positive role 
of AP-1 factors in MMP-2 synthesis was also ob-
served in cardiac cells, where a functional AP-1 site 
mediates MMP-2 transcription through interactions 
with Jun-Fra and Jun-Fos heterodimers (Bergman et 
al., 2003).
 Recently, CD9 was re-discovered to be a receptor 
for one of the pregnancy-specific glycoproteins and 
plays an essential role in sperm-egg fusion (Le Naour 
et al., 2000; Kaji et al., 2002; Waterhouse et al., 
2002; Ellerman et al., 2003). However, the possibility 
of existence of other ligand(s) for CD9 in cells other 
than gametes can not be excluded. Like other tetra-
spanin proteins, CD9 has been known to be involved 
in signal transduction by forming complexes with 
integrins and other cell surface molecules including 
tetraspanin members (Maecker et al., 1997; Boucheix 
and Rubinstein, 2001; Yanez-Mo et al., 2001). In 
platelets, CD9 was shown to associate with some 
small GTP-binding proteins (Seehafer and Shaw, 1991) 
and CD9 ligation with anti-CD9 mAb increased p72syk- 
associated tyrosine kinase activity, along with cell 
aggregation (Ozaki et al., 1995). A recent report 
showed that the CD9 gene transduction down- 
regulates Wnt signaling pathways in fibrosarcoma and 
lung cancer cells (Huang et al., 2004). However, in-
tracellular signaling pathways of CD9 have not been 

thoroughly investigated. In this study, we found that 
several inhibitors specific to signal transducing mole-
cules suppressed the induction of MMP-2 expression 
by CD9 in MelJuso melanoma cells (Figure 4). In 
particular, SB203580, a p38 MAPK inhibitor, and 
SP600125, a JNK inhibitor, completely abolished the 
positive effect of CD9 on MMP-2 expression. The 
participation of p38 MAPK and JNK in CD9 signaling 
pathway(s) became apparent when phosphorylation 
levels of p38 MAPK and c-Jun, which are assumed 
to reflect the activation of the proteins, were com-
pared between the CD9 and mock tranfectant cells; 
that is, higher phosphorylation levels of both proteins 
were observed in the CD9 transfectant cells than 
those in the mock transfectant cells (Figure 5). Knock- 
down of either p38 MAPK or JNK by siRNA transfec-
tion abrogated the stimulating effect of CD9 on 
MMP-2 expression, indicating the absolute role of p38 
MAPK and JNK in the CD9 signaling pathway(s) for 
the up-regulation of MMP-2 expression (Figure 6). 
The data in the present study demonstrate that CD9 
activates p38 MAPK/JNK-c-Jun signaling pathways, 
leading to an increase in MMP-2 gene expression. 
The functional involvement of p38 MAPK in MMP-2 
expression of melanoma cells was also suggested by 
a recent report, in which inhibition of p38 MAPK by 
the specific inhibitor SB203580 down-regulated MMP- 
2 mRNA and protein levels, whereas the specific 
MEK-1 inhibitor PD98059 did not change expression 
of MMP-2 (Denkert et al., 2002). We also found here 
that the CD9-stimulated MMP-2 expression is medi-
ated by p38 MAPK and JNK pathways, but not by 
MEK-ERK signaling pathway. Therefore, MMP-2 ex-
pression seems to be up-regulated by signaling path-
ways utilizing p38 MAPK and JNK, instead of the 
classical MAP kinase, ERK-1/2.

F ig u re  6 . Effect of knock-down of
p38 MAPK and JNK by siRNA on
CD9-induced MMP-2 activity/expre-
ssion in the CD9 transfectant cells. 
Cells at 60-70% confluency were 
transfected with the indicated a-
mounts of control, p38 MAPK, or 
JNK siRNAs as described in Ma-
terials and Methods. After trans-
fection, the cells were stabilized in
normal growth medium containing 
FBS for 24 h. (A) mRNA levels of
JNK and p38 MAPK in the siRNA-
transfected cells were then ana-
lyzed by RT-PCR. (B, C) Condi-
tioned medium from the siRNA- 
transfected cells cultured in serum-
free medium for 2 days was col-
lected and analyzed with (B) gel-
atin zymography and (C) Western 
blotting using anti-MMP-2 mAb.
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 The level of CD9 expression was demonstrated to 
inversely correlate with the stage of tumor malignant 
progression or appearance of metastases in several 
types of human cancers including melanoma, breast, 
lung, colon, and ovarian cancer (Si and Hersey, 1993; 
Miyake et al., 1995; Adachi et al., 1998; Mori et al., 
1998; Houle et al., 2002). Overexpression of CD9 
through gene transfection or adenovirally gene deli-
very resulted in the suppression of cell motility and 
pulmonary metastasis (Ikeyama et al., 1993; Miyake 
et al., 2000), suggesting that a decrease in CD9 ex-
pression may be associated with or causes highly 
metastatic behavior of cancer cells. However, high 
expression of CD9 was more frequently found in 
high-grade astrocytic tumors than in low-grade tumors 
(Kawashima et al., 2002). Moreover, routine immuno-
histochemical staining of CD9 in malignant breast 
tumors did not provide useful prognostic information 
on breast cancer, suggesting the need for close 
examination of tumor tissue (Jamil et al., 2001). A 
recent study raised the possibility that during tumor 
progression, CD9 is not only downregulated to pro-
mote the expansion of malignant cells, but also locally 
re-expressed to adjust to microenvironmental require-
ments (Sauer et al., 2003). Immunohistochemical 
staining of CD9 in cervical tumors showed that overall 
CD9 expression is downregulated in most invasive 
cervical carcinomas as compared to normal squa-
mous epithelium of the cervix, but apparently re-ex-
pressed at sites of invasion into blood or lymphatic 
vessels. These observations suggest that constant 
high or even elevated expression of CD9 at contact 
sites between invasive tumor cells and vascular endo-
thelial cells may contribute to the transmigration of 
tumor cells into blood or lymphatic vessels through 
the basement membrane. The role of CD9 in hetero-
typic interactions between tumor and endothelial cells 
during transendothelial invasion was also demon-
strated by an in vitro study of transendothelial migra-
tion of A375 melanoma cells, in which CD9 provided 
by endothelial rather than cancer cells was suggested 
to play a crucial role in the transendothelial migration 
(Longo et al., 2001). In addition to the CD9-mediated 
interactions between tumor and endothelial cells, 
MMP-2 induced by CD9 may contribute to transendo-
thelial invasion of cancer cells by degrading ECM 
around endothelial cells. It therefore can be post-
ulated that motile cells having low CD9 level drive 
local invasion of tumor cells into surrounding tissue 
at an early stage of tumor invasion, but only cells 
able to upregulate CD9 can enter blood or lymphatic 
vessels during further invasive progression. 
  Although the expression of type IV collagenases in 
malignancies is widely believed to promote tumor 
metastasis, the specific role of MMP-2 and MMP-9 in 
the progression of cancer may be more complex than 
has previously been assumed. In contrast to the 
essential role for MMP-9 in tumor cell invasion, it has 
been shown that MMP-9 as well as MMP-7 can 
generate angiostatin by cleaving plasminogen, indicat-
ing that MMP-9 expression in peritumoral area may 
inhibit angiogenesis and thereby suppress tumor 

growth and metastasis in vivo (Patterson and Sang, 
1997). We found here that increased expression of 
CD9 does not only upregulate MMP-2 expression, but 
also downregulates MMP-9 expression in highly in-
vasive MelJuso cells (Figure 2). It can be postulated 
from previous reports and our current study that the 
differential regulation of MMP-2 and MMP-9 synthesis 
by CD9 may be needed for the vascular dissemi-
nation of malignant melanoma cells by transendo-
thelial invasion and the formation of new blood ves-
sels. The precise expression pattern of MMP-2 and 
MMP-9 in CD9-positive cell clusters associated with 
transendothelial invasion will have to be investigated 
by future immunohistochemical studies with human 
melanoma tissues. 
  In conclusion, we have demonstrated that CD9 
tetraspanin protein stimulates MMP-2 expression of 
human melanoma cells by activating c-Jun via the 
p38 MAPK/JNK pathways. CD9 expression has been 
linked to a variety of cellular and physiological pro-
cesses, such as cell motility, adhesion, proliferation, 
activation, differentiation, development, invasion, meta-
stasis, and wound healing, most of which are also 
known to be modulated by MMPs. The p38 MAPK 
and JNK signaling pathways have also frequently 
reported to play an important role in those biological 
processes. If this overlap is not merely coincidental, 
the results in the present study could introduce a new 
viewpoint to understanding the mechanism underlying 
the biological function of the CD9 tetraspanin protein.

A cknow ledgem ent
We thank Elaine Por for preparing the manuscript. 
This study was supported by a research fund from 
Korea Research Foundation (KRF-2003-015-C00449).

R eferences
Adachi M, Taki T, Konishi T, Huang CI, Higashiyama M, 
Miyake M. Novel staging protocol for non-small-cell lung 
cancers according to MRP-1/CD9 and KAI1/CD82 gene 
expression. J Clin Oncol 1998;16:1397-406

Aoyama K, Oritani K, Yokota T, Ishikawa J, Nishiura T, 
Miyake K, Kanakura Y, Tomiyama Y, Kincade PW, Mat-
suzawa Y. Stromal cell CD9 regulates differentiation of he-
matopoietic stem/progenitor cells. Blood 1999;93:2586-94

Basset P, Okada A, Chenard MP, Kannan R, Stoll I, Anglard 
P, Bellocq JP, Rio MC. Matrix metalloproteinases as stromal 
effectors of human carcinoma progression: therapeutic im-
plications. Matrix Biol 1997;15:535-41

Baudoux B, Castanares-Zapatero D, Leclercq-Smekens M, 
Berna N, Poumay Y. The tetraspanin CD9 associates with 
the integrin alpha6beta4 in cultured human epidermal ke-
ratinocytes and is involved in cell motility. Eur J Cell Biol 
2000;79:41-51

Bergman MR, Cheng S, Honbo N, Piacentini L, Karliner JS, 
Lovett DH. A functional activating protein 1 (AP-1) site 
regulates matrix metalloproteinase 2 (MMP-2) transcription by 



238   Exp. Mol. Med. Vol. 37(3), 230- 239, 2005

cardiac cells through interactions with JunB-Fra1 and JunB- 
FosB heterodimers. Biochem J 2003;369:485-96

Bernhard EJ, Gruber SB, Muschel RJ. Direct evidence lin-
king expression of matrix metalloproteinase 9 (92-kDa ge-
latinase/collagenase) to the metastatic phenotype in trans-
formed rat embryo cells. Proc Natl Acad Sci USA 1994;91: 
4293-97

Bian J, Sun Y. Transcriptional activation by p53 of the hu-
man type IV collagenase (gelatinase A or matrix metal-
loproteinase 2) promoter. Mol Cell Biol 1997;17:6330-8

Boucheix C, Rubinstein E. Tetraspanins. Cell Mol Life Sci 
2001;58:1189-205

Chambers AF, Matrisian LM. Changing views of the role of 
matrix metalloproteinases in metastasis. J Natl Cancer Inst 
1997;89:1260-70

Clay D, Rubinstein E, Mishal Z, Anjo A, Prenant M, Jasmin 
C, Boucheix C, Le Bousse-Kerdiles MC. CD9 and mega-
karyocyte differentiation. Blood 2001;97:1982-9

Denkert C, Siegert A, Leclere A, Turzynski A, Hauptmann 
S. An inhibitor of stress-activated MAP-kinases reduces in-
vasion and MMP-2 expression of malignant melanoma cells. 
Clin Exp Metastasis 2002;19:79-85

Dong JT, Lamb PW, Rinker-Schaeffer CW, Vukanovic J, 
Ichikawa T, Isaacs JT, Barrett JC. KAI1, a metastasis sup-
pressor gene for prostate cancer on human chromosome 
11p11.2. Science 1995;268:884-6

Duxbury MS, Ito H, Zinner MJ, Ashley SW, Whang EE. 
CEACAM6 gene silencing impairs anoikis resistance and in 
vivo metastatic ability of pancreatic adenocarcinoma cells. 
Oncogene 2004;23:465-73

Ellerman DA, Ha C, Primakoff P, Myles DG, Dveksler GS. 
Direct binding of the ligand PSG17 to CD9 requires a CD9 
site essential for sperm-egg fusion. Mol Biol Cell 2003;14: 
5098-103

Giunciuglio D, Culty M, Fassina G, Masiello L, Melchiori A, 
Paglialunga G, Arand G, Ciardiello F, Basolo F, Thompson 
EW, et al. Invasive phenotype of MCF10A cells overex-
pressing c-Ha-ras and c-erbB-2 oncogenes. Int J Cancer 
1995;63:815-22

Hah N, Lee ST. An absolute role of the PKC-dependent 
NF-kappaB activation for induction of MMP-9 in hepato-
cellular carcinoma cells. Biochem Biophys Res Commun 
2003;305:428-33

Heppner KJ, Matrisian LM, Jensen RA, Rodgers WH. 
Expression of most matrix metalloproteinase family members 
in breast cancer represents a tumor-induced host response. 
Am J Pathol 1996;149:273-82

Houle CD, Ding XY, Foley JF, Afshari CA, Barrett JC, Davis 
BJ. Loss of expression and altered localization of KAI1 and 
CD9 protein are associated with epithelial ovarian cancer 
progression. Gynecol Oncol 2002;86:69-78

Huang CL, Liu D, Masuya D, Kameyama K, Nakashima T, 
Yokomise H, Ueno M, Miyake M. MRP-1/CD9 gene trans-
duction downregulates Wnt signal pathways. Oncogene 
2004;23:7475-83

Ikeyama S, Koyama M, Yamaoko M, Sasada R, Miyake M. 
Suppression of cell motility and metastasis by transfection 
with human motility-related protein (MRP-1/CD9) DNA. J Exp 
Med 1993;177:1231-7

Itoh T, Tanioka M, Yoshida H, Yoshioka T, Nishimoto H, 
Itohara S. Reduced angiogenesis and tumor progression in 
gelatinase A-deficient mice. Cancer Res 1998;58:1048-51

Jamil F, Peston D, Shousha S. CD9 immunohistochemical 
staining of breast carcinoma: unlikely to provide useful prog-
nostic information for routine use. Histopathology 2001;39: 
572-7

Jang HI, Lee H. A decrease in the expression of CD63 
tetraspanin protein elevates invasive potential of human 
melanoma cells. Exp Mol Med 2003;35:317-23

Jee B, Jin K, Hahn JH, Song HG, Lee H. Metastasis- 
suppressor KAI1/CD82 induces homotypic aggregation of 
human prostate cancer cells through Src-dependent pathway. 
Exp Mol Med 2003;35:30-7

Johnsen M, Lund LR, Romer J, Almholt K, Dano K. Cancer 
invasion and tissue remodeling: common themes in pro-
teolytic matrix degradation. Curr Opin Cell Biol 1998;10: 
667-71

Kaji K, Oda S, Miyazaki S, Kudo A. Infertility of CD9-deficient 
mouse eggs is reversed by mouse CD9, human CD9, or 
mouse CD81; polyadenylated mRNA injection developed for 
molecular analysis of sperm-egg fusion. Dev Biol 2002;247: 
327-34

Kawashima M, Doh-ura K, Mekada E, Fukui M, Iwaki T. CD9 
expression in solid non-neuroepithelial tumors and infiltrative 
astrocytic tumors. J Histochem Cytochem 2002;50:1195-203

Kaya M, Yoshida K, Higashino F, Mitaka T, Ishii S, Fujinaga 
K. A single ets-related transcription factor, E1AF, confers 
invasive phenotype on human cancer cells. Oncogene 1996; 
12:221-7

Kohno M, Hasegawa H, Miyake M, Yamamoto T, Fujita S. 
CD151 enhances cell motility and metastasis of cancer cells 
in the presence of focal adhesion kinase. Int J Cancer 
2002;97:336-43

Kondapaka SB, Fridman R, Reddy KB. Epidermal growth 
factor and amphiregulin up-regulate matrix metalloproteinase- 
9 (MMP-9) in human breast cancer cells. Int J Cancer 1997; 
70:722-6

Le Naour F, Rubinstein E, Jasmin C, Prenant M, Boucheix 
C. Severely reduced female fertility in CD9-deficient mice. 
Science 2000;287:319-21

Liabakk NB, Talbot I, Smith RA, Wilkinson K, Balkwill F. 
Matrix metalloprotease 2 (MMP-2) and matrix metallopro-
tease 9 (MMP-9) type IV collagenases in colorectal cancer. 
Cancer Res 1996;56:190-6

Longo N, Yanez-Mo M, Mittelbrunn M, de la Rosa G, Munoz 
ML, Sanchez-Madrid F, Sanchez-Mateos P. Regulatory role 
of tetraspanin CD9 in tumor-endothelial cell interaction during 
transendothelial invasion of melanoma cells. Blood 2001;98: 
3717-26

Maecker HT, Todd SC, Levy S. The tetraspanin superfamily: 
molecular facilitators. FASEB J 1997;11:428-42



CD9 induces MMP-2 through the AP-1 activating pathways  239

Miyado K, Yamada G, Yamada S, Hasuwa H, Nakamura Y, 
Ryu F, Suzuki K, Kosai K, Inoue K, Ogura A, Okabe M, 
Mekada E. Requirement of CD9 on the egg plasma mem-
brane for fertilization. Science 2000;287:321-4

Miyake M, Inufusa H, Adachi M, Ishida H, Hashida H, 
Tokuhara T, Kakehi Y. Suppression of pulmonary metastasis 
using adenovirally motility related protein-1 (MRP-1/CD9) 
gene delivery. Oncogene 2000;19:5221-6

Miyake M, Nakano K, Ieki Y, Adachi M, Huang CL, Itoi S, 
Koh T, Taki T. Motility related protein 1 (MRP-1/CD9) ex-
pression: inverse correlation with metastases in breast 
cancer. Cancer Res 1995;55:4127-31

Mori M, Mimori K, Shiraishi T, Haraguchi M, Ueo H, Barnard 
GF, Akiyoshi T. Motility related protein 1 (MRP1/CD9) ex-
pression in colon cancer. Clin Cancer Res 1998;4:1507-10

Na HJ, Lee SJ, Kang YC, Cho YL, Nam WD, Kim PK, Ha 
KS, Chung HT, Lee H, Kwon YG, Koh JS, Kim YM. Inhibition 
of farnesyltransferase prevents collagen-induced arthritis by 
down-regulation of inflammatory gene expression through 
suppression of p21(ras)-dependent NF-kappaB activation. J 
Immunol 2004;173:1276-83

Ozaki Y, Satoh K, Kuroda K, Qi R, Yatomi Y, Yanagi S, 
Sada K, Yamamura H, Yanabu M, Nomura S, et al. Anti-CD9 
monoclonal antibody activates p72syk in human platelets. J 
Biol Chem 1995;270:15119-24

Patterson BC, Sang QA. Angiostatin-converting enzyme 
activities of human matrilysin (MMP-7) and gelatinase B/type 
IV collagenase (MMP-9). J Biol Chem 1997;272:28823-5

Penas PF, Garcia-Diez A, Sanchez-Madrid F, Yanez-Mo M. 
Tetraspanins are localized at motility-related structures and 
involved in normal human keratinocyte wound healing 
migration. J Invest Dermatol 2000;114:1126-35

Radford KJ, Mallesch J, Hersey P. Suppression of human 
melanoma cell growth and metastasis by the melanoma- 
associated antigen CD63 (ME491). Int J Cancer 1995;62: 
631-5

Sauer G, Windisch J, Kurzeder C, Heilmann V, Kreienberg 
R, Deissler H. Progression of cervical carcinomas is as-
sociated with down-regulation of CD9 but strong local re-

expression at sites of transendothelial invasion. Clin Cancer 
Res 2003;9:6426-31

Seehafer JG, Shaw AR. Evidence that the signal-initiating 
membrane protein CD9 is associated with small GTP-binding 
proteins. Biochem Biophys Res Commun 1991;179:401-6

Seftor RE, Seftor EA, Gehlsen KR, Stetler-Stevenson WG, 
Brown PD, Ruoslahti E, Hendrix MJ. Role of the alpha v 
beta 3 integrin in human melanoma cell invasion. Proc Natl 
Acad Sci USA 1992;89:1557-61

Segain JP, Harb J, Gregoire M, Meflah K, Menanteau J. 
Induction of fibroblast gelatinase B expression by direct 
contact with cell lines derived from primary tumor but not 
from metastases. Cancer Res 1996;56:5506-12

Sehgal I, Baley PA, Thompson TC. Transforming growth 
factor beta1 stimulates contrasting responses in metastatic 
versus primary mouse prostate cancer-derived cell lines in 
vitro. Cancer Res 1996;56:3359-65

Si Z, Hersey P. Expression of the neuroglandular antigen 
and analogues in melanoma. CD9 expression appears in-
versely related to metastatic potential of melanoma. Int J 
Cancer 1993;54:37-43

Takahashi K, Eto H, Tanabe KK. Involvement of CD44 in 
matrix metalloproteinase-2 regulation in human melanoma 
cells. Int J Cancer 1999;80:387-95

Vincenti MP. The matrix metalloproteinase (MMP) and tissue 
inhibitor of metalloproteinase (TIMP) genes. Transcriptional 
and posttranscriptional regulation, signal transduction and 
cell-type-specific expression. Methods Mol Biol 2001;151: 
121-48

Waterhouse R, Ha C, Dveksler GS. Murine CD9 is the 
receptor for pregnancy-specific glycoprotein 17. J Exp Med 
2002;195:277-82

Westermarck J, Kahari VM. Regulation of matrix metallo-
proteinase expression in tumor invasion. Faseb J 1999;13: 
781-92

Yanez-Mo M, Mittelbrunn M, Sanchez-Madrid F. Tetraspan-
ins and intercellular interactions. Microcirculation 2001;8:153- 
68


	Tetraspanin CD9 induces MMP-2 expression by activating p38 MAPK, JNK and c-Jun pathways in human melanoma cells

