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Ⅰ. INTRODUCTION

  MMPs are believed to promote tumor progression 

by initiating carcinogenesis, enhancing tumor 

angiogenesis, disrupting local tissue architecture to 

allow tumor growth, and breaking down basement 

membrane barriers for metastatic spread. While some 

MMPs, such as matrilysin(MMP-7), collagenase 

3(MMP-13) and often gelatinase A(MMP-2), are 

expressed by tumor cell themselves, MMPs are 

predominantly produced by surrounding host stromal 

and inflammatory cells in response to factors released 

by tumors. MMPs may then bind to tumor cells and 

angiogenic endothelial cells, advancing tumor 

progression 1-3). 

* “This paper was supported by SungSan Foundation of Wonkwang University ”

  The 92kDa type IV collagenase(MMP-9), which 

degrades type IV collagen, has been implicated in 

tissue remodeling 4-6). MMP-9 is encoded by a 7.7kb 

gene which spans 13 exons. Transcription of the 

gene, which yields a 2.3 kb mRNA, is regulated by 

670 base pairs of upstream sequence which includes 

motifs corresponding to AP-1(-533,-79), NF-kB 

(-600), PEA3(-540), and SP-1 binding sites(-558) 
7)
. 

Indeed, one or more these binding sites have been 

implicated in mediating the effects of a diverse set of 

agents which includes TNF-α, EGF, TGF-α, 

phorbol ester, v-src and Ha-Ras 8-10).

  Previous studies have shown that MMP-9 

transcription is strongly induced by the phorbol ester 

PMA6,7)and Lengyel et al.11) reported previously that 

this was mediated in part through an AP-1 motif 

located 79 base pairs upstream of the MMP-9 

transcriptional start site. How small molecules, such 

as PMA, and c-Ha-ras that act at, or close to, the 

cell surface transduce their signal to the cell nucleus 

has been the subject of intense scrutiny. Recently, an 

alternate pathway utilized mainly by stress and death 

inducers such as ultraviolet light, gamma radiation 

and osmotic shock has been reported12-14). This Ras- 

activated signaling module consists of the sequential 
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activation of Rac1, MEKK1, c-Jun amino-terminal 

kinase kinase(JNKK) and the c-Jun amino terminal 

kinase(JNK) subset of MAPK 15-16).

  Therefore, the author hypothesized that SP600125 

as one of the JNK inhibitor had an inhibiting effect 

for induction of MMP-9 expression by PMA.

Ⅱ. MATERIALS AND METHODS

  Tissue Culture. UM-SCC-1 were obtained from 

Dr. Thomas Carey(University of Michigan, Ann 

Arbor, MI). Cell were maintained in McCoy's 5A 

culture medium supplemented with 10% FBS. For the 

collection of conditioned medium, 80% confluent 

UM-SCC-1 cells were washed extensively with 

serum-free medium(McCoy's 5A medium supple-

mented with 5μg/ml insulin, 10ng/ml EGF, and 4 μ

g/ml transferrin) and replenished with the same. The 

culture medium was collected 24h later, centrifuged 

to remove cellular debris, and proliferation assessed 

with MTT.

  Growth curves were constructed as follows. 

UM-SCC-1 cells(50,000) in 10% FBS were plated 

into 35mm dishes. After 12h for cell attachment, the 

cultures were changed to fresh medium containing 0.2 

mg/ml of the vital stain MTT. Water-insoluble 

formazan crystals were dissolved in DMSO and 

aliquots were read at 570 nm.

1. Western Blotting. 

  Cell extracts (10μg protein) generated in PBS 

containing 1% NP40, 0.5% sodium deoxycholate, 0.1% 

SDS, and 1mM phenylmethylsulfonyl fluoride 

(radioimmunoprecipitation assay buffer) or conditi-

oned medium from equal numbers of cells was 

denatured in the presence or absence of reducing 

agent, proteins resolved by SDS-PAGE, and then 

transferred to a nitrocellulose filter. The filter was 

blocked with 3% BSA and incubated with a 

polyclonal antibody to MMP(American Diagnostica, 

Greenwich, CT) or with a polyclonal antibody(93; 

Santa Cruz Biotechnology, Santa Cruz, CA) that 

cross-reacts with human JNK. Subsequently, the blot 

was incubated with horseradish perioxidase- 

conjugated antirabbit IgG and immunoreactive bands 

were visualized with enhanced chemiluminescence as 

described by the manufacturer (Amersham, Arlington 

Heights, IL).

  For the JNK immunoblotting, the cells were lysed 

in RIPA buffer(50mM Tris-HCl, pH 7.4, 1% Nonidet 

P-40, 0.25% sodium deoxycholate, 150mM NaCl, 

1mM EDTA, 1mM NaF, 1mM Na3VO4, 1mM PMSF, 

and 1μg/ml aprotinin, leupeptin, and pepstain) on ice 

for 30 min. The cell lysates were then cleared by 

centrifugation, and the protein contents were 

determined by BCA assay. 

  Proteins(60μg) or conditioned medium were 

resolved in polyacrylamide gels and then transferred 

to nitrocellulose membrane. The blot was blocked in 

5% milk solution and incubated in primary antibody 

solution at 4℃ overnight. The antibodies to 

phosphorylated JNKs was purchased from New 

England Biolabs(beverley, MA)(catalog number 

9251S). A mouse monoclonal antibody (catalog 

number 1M10L)(Oncogene Research Products, 

Cambridge, MA) was used for the detection of 

MMP-9. All the other antibodies were purchased 

from Santa Cruz Biotechnology. After being washed 

with TBS(10mM Tris HCl, pH 8.0, 150mM NaCl) 

buffer, the blot was incubated with an horseradish 

peroxidase-conjugated secondary antibody, and 

proteins were visualized with ECL reagents 

(PerkinElmer Life Sciences) according to the 

manufacturer's recommendation.

2. Zymography. 

  Aliquots of conditioned medium normalized for 

proliferative differences were diluted 100-fold, 

denatured in the absence of reducing agent, and 

electrophoresed in a 10% SDS-polyacrylamide gel 

containing 0.1% gelatin. The gel was incubated at 

room temperature for 2h in the presence of 2.5% 

Triton X-100 and subsequently for 24h in buffer 

containing 0.15M NaCl, 10mM CaCl2 and 50mM Tris 

(pH 7.5). The gel was then stained for protein with 

0.25% Coomassie blue and photographed on a light 
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box. Proteolysis was detected as a white zone in a 

dark field. 

3. Mobility Shift Assays(EMSA). 

  Cultured cells were collected by centrifugation, 

washed, and suspended in a buffer containing 10mM 

Hepes, pH 7.9, 10mM KCl, 0.1mM EDTA, 0.1mM 

EGTA, 1mM DTT, and 0.5mM PMSF. After 15min 

on ice, the cells were vortexed in the presence of 0.5% 

Nonidet P-40. The nuclear pellet was then collected 

by centrifugation and extracted in a buffer containing 

20mM Hepes, pH 7.9, 0.4M NaCl, 1mM EDTA, 1mM 

EGTA, 1mM DTT, and 1mM PMSF for 15 min at 

4℃.

  Nuclear extract(10-20μg) was preincubated at 4℃ 

for 30 min with 1μg of the indicated antibody or a 

100-fold excess of an unlabeled oligonucleotide 

spanning the MMP-9 cis element of interest. The 

sequences were as follows: AP-1, CTGACCCCTG-

AGTCAGCACTT; NF-kB, CAGTGGAATTCCCC-

AGCC. After this time, the reaction mixture was 

incubated at 4 ℃ for 20 min in a buffer (25mM Hepes 

buffer, ph 7.9, 0.5mM EDTA, 0.5mM DTT, 0.05M 

NaCl, and 2.5% glycerol) with 2 μg of poly(dI-dC) 

and 5 fmol (2 X 104 cpm) of a Klenow end=labeled(32P 

ATP) oligonucleotide that spans the DNA bidin site 

in the MMP-9 promoter. The reaction mixture was 

eletrophoresed at 4℃ in a 6% polyacrylamide gel 

using TBE (89mM Tris, 89mM boric acid, and 1mM 

EDTA) running buffer. The gel was rinsed with 

water, dried, and exposed to x-ray film overnight.

Ⅲ. RESULTS

1. Luciferase activity of MMP-9 promotor 

depends on JNK inhibitor in UM-SCC-1 cell

  Transient transfections were carried out using 

Lipofectamine for transient transfection, as described 

by the manufacturer(Life Technologies, Inc). PGL3 

and MMP-9 promotor were transfected in 

UM-SCC-1 cell, transiently. The cells were resetted 

to compensate the transfection efficiency and 

pretreated with JNK inhibitor for 24hrs. And then the 

cells were treated with both PMA and JNK inhibitor 

for 8 hrs and harvested. 

In contrast with PGL3, the promotor activity of 

MMP-9 gene were increased about 8-fold by PMA. 

And the induction of promotor activity of MMP-9 

gene by PMA was decreased to about 1/3 by JNK 

inhibitors(SP600125).

 

2. Inhibition of PMA inductive gelatinolysis by 

a JNK inhibitor.

  Aliquots of conditioned medium normalized for 

proliferative differences were diluted 100-fold, 

denatured in the absence of reducing agent, and 

electrophoresed in a 10% SDS-polyacrylamide gel 

containing 0.1% gelatin. The expression of MMP-9 

gene in UM-SCC-1 cell line was increased greatly by 

phorbol ester. And the upregulation of MMP-9 by 

PMA was inhibited by JNK inhibitors(SP 600125), 

dose-dependently. However, the expression of 

MMP-2(72 kDa) was not changed by PMA and JNK 

inhibitors, significantly. 

3. Inhibition of PMA inductive gelatinolysis by 

a JNK inhibitor in course of time

  UM-SCC-1 cells were treated with or without 20μ

M JNK inhibitor for various days(1, 2, and 3 days). 

After pretreatment with JNK inhibitor, mediums were 

changed to serum-free medium supplemented with or 

without 100nM PMA. 

  When the author pretreated UM-SCC-1 cells by 

JNK inhibitor for 3 days, the induction of MMP-9 

expression by PMA was almost inhibited. In contrast 

with MMP-9, the expression of MMP-2(72 kDa) was 

not changed by PMA and JNK inhibitors, 

significantly. 

4. Repression of PMA induction of 

phosphorylated and total c-Jun protein 

expression by JNK inhibitor. 

  UM-SCC-1 cells were grown to 80% confluency in 
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Fig. 1. Inhibition of PMA inductive gelatinolysis by a 

JNK inhibitor, dose-dependently. At 80% 

confluence, each samples which were treated 

with various concentration of JNK inhibitor for 

3 days were changed to serum-free medium 

supplemented with or without 100nM PMA. 

After 24h, conditioned medium was harvested 

and clarified, and cells were counted. Aliquots 

of conditioned medium normalized for any 

differences in cell number were subjected to 

zymography. 

the presence of 10% FBS with or without 20μM JNK 

inhibitor for 3days. And those were changed to 

serum-free medium with or without 100nM PMA for 

30 mins and 1 hr, respectively. The expression of the 

phosphorylated c-Jun protein was inducted with 

PMA for 30 mins, especially. The induction effects by 

PMA was repressed by 20μM JNK inhibitor for 

3days, mostly. However, the expression of the β

-actin was not changed by PMA and JNK inhibitors, 

significantly. The expression of phosphorylated c-Jun 

protein was decreased by SP600125 that was 

inhibited via JNK signaling pathway.

Fig. 2. Inhibition of PMA inductive gelatinolysis by a 

JNK inhibitor in course of time. UM-SCC-1 

cells were treated with or without 20μM JNK 

inhibitor for various days(1, 2, and 3 days). 

After pretreatment with JNK inhibitor, 

mediums were changed to serum-free medium 

supplemented with or without 100nM PMA. 

Aliquots of conditioned medium normalized for 

any differences in cell number were subjected 

to zymography. 

5. PMA stimulates transcription from a 

synthetic promoter regulated by the 

transactivation domain of c-Jun fused to 

the DNA-binding domain of Gal4

  To obtain further evidence for JNK involvement in 

the stimulation of MMP-9 expression by PMA, we 

made use of the Pathdetect system(Stratagene, La 

Jolla, California) which detects the trans-activating 

activity of c-Jun. UM-SCC-1 cells were co- 

transfected with luciferase reporter regulated by five 

tandem repeated GAL4 binding sites and an 

expression vector encoding a chimeric protein 

comprised of the transactivation domain of c-Jun 

Table 1. Luciferase activity of MMP-9 promotor depends on JNK inhibitor in UM-SCC-1 cell 

plasmid
 PGL3  PGL3  PGL3  PGL3 MMP-9 MMP-9 MMP-9 MMP-9

 SP600125  (-)  (-)  (+)  (+)  (-)  (-)  (+)  (+)

 PMA  (-)  (+)  (-)  (+)  (-)  (+)  (-)  (+)

 Luciferase Activity  756  1016  1797  1753  15256  133683  34456  125629
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Fig. 3. Repression of PMA induction of phosphoryl-

ated and total c-Jun protein expression by 

JNK inhibitor. UM-SCC-1 cells were grown to 

80% confluency in the presence of 10% FBS 

with or without 20μM JNK inhibitor for 3days. 

And those were changed to serum- free 

medium with or without 100nM PMA for 30 

mins and 1 hr, respectively. After that, the 

conditioned medium was harvested and 

clarified, and the cells were counted. 

Conditioned medium, normalized to cell 

number, and c-Jun was denatured, in the 

absence of reducing agent, and electro-

phoresed in a 10% gel. Electrophoresed 

proteins were transferred to a nitrocellulose 

filter. The filter was blocked with 5% milk and 

incubated with polyclonal antibody against 

phosphorylated and total c-Jun. Reactive 

proteins were visualized by ECL. 

(aminoterminus) fused to the GAL4 DNA-binding 

domain. The transfected cells were grown with or 

without JNK inhibitor and then treated with or 

without PMA and assayed for luciferase activity. 

Luciferase activity in UM-SCC-1cells transfected 

with the reporter construct and the DNA-binding 

domain only (pFC dbd) was low and not induced by 

PMA treatment(pFC dbd + PMA). In contrast, PMA 

stimulated luciferase activity over fourfold in 

UM-SCC-1 cells made to express the c-Jun-GAL4 

DNA-binding domain chimeric protein and the 

reporter construct(compare pFA c-Jun + PMA with 

pFA c-Jun). The background luciferse activity events 

in UM-SCC-1 cells not treated with PMA (pFA 

c-Jun) probably reflects the basal JNK activity as 

seen in immunocomplex kinase assays.

Fig. 4. PMA stimulates the trans-activating activity of 

c-Jun. UM-SCC-1 cells were co-transfected 

with a GAL4-regulated luciferase reporter(1μg) 

construct and 5μg of an expression vector 

encoding either the DNA-binding domain of 

GAL4(pFC dbd) or the transactivation domain of 

c-Jun fused to the GAL4 DNA-binding 

domain(pFA c-Jun). After 6h, the cells were 

washed and replenished with fresh culture 

medium supplemented with or without 100nM 

PMA. After an additional 48h, the cells were 

harvested, lysed and the extract(10μg protein) 

assayed for luciferase activity. As a positive 

control, UM-SCC-1 cells were transiently 

co-transfected with a GAL4-regulated luciferase 

reporter and a plasmid bearing either the 

DNA-binding domain of GAL4(pFC dbd) or the 

transactivation domain of c-Jun fused to the 

GAL4 DNA-binding domain(pFAc-Jun). The data 

are typical of duplicate experiments. 
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Figure 4  PMA stimulates the trans-activating activity of c-Jun.
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6. Nuclear extract from UM-SCC-1 cells 

contains Ap-1 binding transcription factors

  Mobility shift assays were undertaken to identify 

transcription factors, which were binding to the AP-1 

site at -79 of the MMP-9 promoter. UM-SCC-1 

nuclear extract was incubated with an oligonucleotide 

containing the -79 AP-1 site in the presence, or 

absence, of the indicated reagent and the mixture 

electrophoresed in a 5% acrylamide gel. The mobility 

of the AP-1 containing oligonucleotide was 

reduced(arrow) in the presence of UM-SCC-1 

nuclear extract(Fig. 5). The specificity of the AP-1 

binding interaction was indicated by the ability of an 

excess of unlabelled oligonucleotide (specific comp.) 
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Fig. 5. Nuclei from UM-SCC-1 cells contain AP-1 

binding transcription factors. UM-SCC-1 

nuclear extract(5 μg) was incubated with 5 

fmol of a Klenow end-labeled (32P-ATP) 

30mer oligonucleotide which spans the AP-1 

binding site at -79 of the MMP-9 promoter in 

the presence, or absence, of a 100-fold 

excess of oligonucleotide

competitors. Antibodies to the indicated 

transcription factor or control IgG were 

added 20min later and incubated for an 

additional 15min. The reaction mixtures were 

electrophoresed in a 5% polyacrylamide gel. 

The experiment was carried out 3 times. The 

arrow indicates a specific binding complex of 

UM-SCC-1 nuclear factor(s) with an 

oligonucleotide spanning the Ap-1 motif at 

-79 of the MMP-9 promoter. 

to compete for the binding. Subsequently, the 

oligonucleotide containing the AP-1 site at -79, was 

incubated with nuclear extract and antibodies 

directed with at AP-1(X50, X100, X200) and 

NF-kB(X50, X100, X200). A supershifted species was 

detected when the nuclear extract was incubate with 

a polyclonal antibody(AP-1), dose dependently. The 

different position of the supershifted bands 

presumably is a consequence of the interaction of the 

antibody with the complex; this may be disruptive for 

the binding of other factors which form the complex. 

Ⅳ. DISCUSSION

  'Matrix metalloproteinases(MMPs) comprise a 

family of extracellular matrix degrading enzymes that 

are believed to play pivotal roles in embryonic 

development and growth as well as in tissue 

remodeling and repair. Excessive or inappropriate 

expression of MMPs may contribute to the 

pathogenesis of many tissue destructive processes, 

including highly prevalent diseases such as arthritis, 

multiple sclerosis, and tooth decay, as well as the 

leading causes of death in developed countries: 

cardiovascular disease(atherosclerosis plaque rupture 

and aneurysm formation), tumor progression, and 

chronic obstructive pulmonary disease'17-23). 

  The ability of tumor cells to establish a functional 

relationship with their host tissue microenvironment 

and to utilize the local resources to their advantages 

are key factors in determining tumor cell survival. 

local tumor development, and subsequent tumor 

invasion. Interaction between tumor cells and the host 

tissue to the invading tumor cells and, on the other 

hand, serves to facilitate and promote tumor 

development 24). 

  c-Jun and c-Fos are members of the AP-1 

transcription factor family, which contain a basic 

DNA-binding domain and a leucine-zipper 

dimerization motif. AP-1 complexes consist of a 

hemodimer of c-Jun or a heterodimer of c-Jun/c-Fos 

family members25). These AP-1 factors can bind to 

the TRE(TPA-response element) sequence and 

enhance gene expression
26)
. 

  AP-1 transcriptional activity is regulated at both 

transcriptional and post-translational levels27). c-Jun 

N-terminal kinases(JNKs: also named stress- 

activated protein kinases) were recently shown to be 

important for the expression and post-translational 

modification of c-Jun proteins
28)
. JNK phosphorylates 

the Ser63/Ser73 residues in the N-terminal 
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transactivating domain of c-Jun, and strongly 

augments its transcriptional activity29-34). 

  Besides c-Jun, the JNK pathway also activates the 

transcriptional factors ATF-2, Elk-1 and SAP-1a, 

and interacts with the NF-kB pathway35-37). MEKK1, 

an upstream kinase of JNK, can induce NF-kB 

dependent transcription activity. JNKs regulate the 

transactivating activity of c-Jun via phosphorylation 

of its aminoterminus38). However, a prevailing view 

is that the ability of phorbol ester to alter inducible 

gene expression is mediated through the classical 

signaling module (c-Raf-1-ERK) and several 

observations by other investigators have supported 

this view6,27,34-35). Thus, PMA induces ERK activity in 

a number of systems and the co-expression of 

kinase-defective ERK1/ERK2 expression constructs 

inhibits the PMA-dependent stimulation of AP-1- 

regulated gene expression. Further, Protein Kinase C, 

the receptor for PMA, binds to and activates c-Raf-1 

leading to ERK activation. On the other hand, several 

studies have demonstrated that JNK activity in the 

parallel signaling cascade is either not stimulated or 

only weakly activated by this phorbol ester15,16,26). 

While the cited studies would predict that the effect 

of PMA on MMP-9 expression is mediated through 

the c-Raf-1-ERK pathway, it is now becoming 

apparent that these signaling modules are by no 

means linear and, in fact, there is increasing evidence 

for cross-talk between the various cascades. With 

this in mind, the author undertook a study with 

following objective, namely to determine the 

requirement of JNK1 for the stimulation of MMP-9 

expression by PMA, which has been shown to be 

both over-expressed and mutation-activated in 

several malignancies including head and neck 

cancer39-41).

  Previous studies have shown that MMP-9 

transcription is strongly induced by the phorbol ester 

PMA42) and this experiment reported that this was 

mediated in part through an AP-1 motif located -79 

base pairs upstream of the MMP-9 transcriptional 

start site. How does PMA modulate MMP-9 gene 

expression at the transcriptional level? This data 

suggest that this is, in part, via c-Jun transactivating 

MMP-9 gene expression through the AP-1 motif at 

-79. Thus, this transcription factor was the main 

AP-1 binding factor in nuclear extracts from 

PMA-treated UM-SCC-1 cells bound to the MMP-9 

AP-1 motif at -79. Additionally, PMA stimulated the 

transcription from a GAL4-regulated luciferase 

reporter construct in UM-SCC-1 cells made to 

co-express a construct bearing a chimeric protein 

consisting of the transactivation domain of c-Jun 

fused to the DNA-binding domain of GAL4. 

Increased transcriptional activity of c-Jun has been 

ascribed to phosphorylation of residues 63 and 73 in 

the transactivation domain of this DNA-binding 

factor and prevailing evidence suggest that this is 

achieved through the JNKs rather than the ERKs 43). 

  Recent studies have reported on parallel signaling 

cascades which connect the cell surface to the 

nucleus 44-45). In the classical pathway, Ras 

stimulation leads to the sequential activation of 

c-Raf-1, MEK1 and the extracellular signal-related 

kinase(s) (ERK) subset of mitogen-activated protein 

kinases(MAPK), the latter modulating the activity 

and/or synthesis of a number of transcription factors 

including c-Fos and ATF-2. More recently, an 

alternate pathway utilized mainly by stress and death 

inducers such as ultraviolet light, gamma radiation 

and osmotic shock has been reported46-47). This 

Ras-activated signaling module consists of the 

sequential activation of Rac1, MEKK1, c-Jun 

amino-terminal kinase kinase(JNKK) and the c-Jun 

amino terminal kinase(JNK) subset of MAPK.

  In this study, the author demonstrated that the 

inductive effects of PMA to the expression of MMP-9 

in UM-SCC-1 cells is a consequence of a 

constitutively activated JNK-dependent signaling 

module, because the upregulation of MMP-9 by PMA 

was inhibited by SP600125. In conclusion, the present 

study suggests that the elevated MMP-9 expression 

in UM-SCC-1 cells is a consequence of a 

constitutively activated JNK-dependent signaling 

module. Considering the evidence implicating the 

MMP-9 in extracellular matrix degradation and 

tumor cell invasion/metastases, these findings raise 
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the intriguing possibility that interfering with this 

pathway may provide a means of reducing MMP-9 

synthesis and extracellular matrix degradation in at 

least a sub-population of head and neck squamous 

cell carcinoma.

Ⅴ. CONCLUSION

  The 92kDa type IV collagenase(MMP-9), which 

degrades type IV collagen, has been implicated in 

tissue remodeling, and previous studies have shown 

that the expression of this gene is strongly 

up-regulated by PMA. Although the signaling 

mechanism by which PMA modulates MMP-9 

expression is not well known, the effect of this 

phorbol ester on the expression of other genes has 

been ascribed to activation of the c-raf-1-ERK 

signaling pathway. However, in the current study the 

author examined an alternate possibility that the 

inductive effect of PMA on MMP-9 expression also 

required a JNK1-dependent signaling cascade usually 

associated with stress-inducing stimuli. 

  This experiment showed one of JNK inhibitor 

inhibited MMP-9 expression in UMSCC1 cell line, 

dose dependently. And when the cells were pretreated 

for 72hrs by JNK inhibitor, its inhibitory effects for 

induction of MMP-9 expression by PMA was 

greatest.

  PMA up-regulated the c-Jun transacting activity 

as indicated by the higher activity of a GAL4- 

regulated luciferase reporter in phorbol-ester-treated 

cells co-transfected with an expression vector 

encoding the c-Jun transactivation domain fused to 

the GAL4 DNA-binding domain. The stimulation of 

MMP-9 promoter activity by PMA required an intact 

upstream AP-1 motif(-79) and in PMA-treated cells 

this motif was bound with c-Jun as indicated from 

mobility shift assays. 

  In conclusion, the present study suggests that the 

elevated MMP-9 expression in UM-SCC-1 cells is a 

consequence of a constitutively activated JNK- 

dependent signaling module.
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국문초록

PMA 유도 제4형 단백분해효소 분비를 차단하는 SP600125에 

의한 Jun Aminoterminal Kinase의 억제

원광대학교 치과대학 구강내과학교실, 원광치의학연구소

신        민

  제 4형 콜라젠을 분해하는 MMP-9은 조직 재생에 중요한 역할을 하기 때문에 주목받아 왔는데, 이전의 문헌들

에서 PMA에 의해 이 유전자 발현이 강하게 상승발현된다고 알려져 있다. 비록 MMP-9 발현을 조절하는 PMA의 

기전이 잘 밝혀지지는 않았지만, 다른 유전자발현에서의 이 phorbol ester의 효과는 c-raf-1-ERK 신호전달통로

의 활성에 관해 연구되어 오고 있다. 하지만 이번 연구에서 저자는 MMP-9 발현에서 PMA의 상승효과에는 대개

는 스트레스성 자극과 관련된 JNK1 의존성 신호전달과정이 또한 필요하다는 다른 가능성을 조사하 다. 그 결과 

JNK 억제재중 하나인 SP 600125가 UM-SCC-1세포주에서 PMA에 의해 유도된 MMP-9 상승발현을 용량의존적

으로 억제하는 것으로 나타났고 72시간동안 전처치를 한 경우에 그의 억제효과가 최대이었다. phorbol ester로 

처리한 세포에 GAL4 luciferase reporter와 vector를 주입해서 조사한 결과 PMA가 c-Jun transacting 활성을 상

승시켰다. 그뿐 아니라 PMA에 의한 MMP-9 촉진자 활성에는 AP-1 motif가 필요하며 이 motif에 c-Jun이 결합

하는 것을 EMSA를 통해 확인하 다. 결론적으로 UM-SCC-1 세포주에서 PMA에 의한 MMP9의 증가된 발현은 

이미 밝혀진 ERK 경로뿐 아니라 JNK 경로를 통한 결과임이 밝혀져 이 경로를 차단하는 방법이 또하나의 암치료 

방향을 제시해주고 있다. 




