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Abstract 
Background/Aims: Matrix metalloproteinase-9 (MMP-9) plays an important role in tumor 
invasion and metastasis through the breakdown of extracellular matrix. The c-Jun protein, 
a major component of the AP-1 transcription factor, is elevated in various cancers. Small 

of MMP-9 and migration of cervical cancer cells. Methods and Results:
transcription of c-Jun by binding directly to the CRE region in the c-Jun promoter. Elevated 

binding site in the MMP-9 promoter. c-Jun siRNA repressed migration and invasion of cervical 

Conclusion: These results 

cancer cells via regulation of MMP-9 transcription. 
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Introduction 

Matrix metalloproteinases (MMPs) are a large family of zinc-dependent endopeptidases 
that are associated with breakdown of the extracellular matrix in a large range of ordinary 

metastasis [1-3]. MMP-9 is a 92 kDa type IV collagenase and is well-characterized as the 

proliferation and growth of primary tumors, including prostate carcinoma, lymphoma, 
neuroblastoma and glioblastoma [6, 7]. Inhibition of MMP-9 expression strongly reduces 

metastasis as a target molecule of AP-1 [10-12]. 

 In prostate cancer cells, c-Jun promotes androgen 

and inhibition of c-Jun is accompanied by suppressed expression of MMP-2 and MMP-9 [16]. 

The human leucine zipper protein (LZIP) is a basic leucine zipper transcription factor 

Materials and Methods

Materials 

http://dx.doi.org/10.1159%2F000356658


Cell Physiol Biochem 2014;33:151-164
DOI: 10.1159/000356658
Published online: January 24, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 153

Park et al.: Role of sLZIP in Migration and Invasion of Cervical Cancer Cells

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

Cell culture and transient transfection  

2

Electrophoretic mobility shift assay 
32

antibody was added to the reaction mixture for an additional 30 min at room temperature. 

Chromatin immunoprecipitation assay
7 

g 

Western blot analysis

 g 
electrophoresis and transferred to nitrocellulose membranes. The blots were incubated with anti-c-Jun, 

Luciferase reporter gene activity assay

n
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Wound healing assay

were obtained at the indicated time points to compare the cell migration for the wound closure. 

Invasion assay

Cell proliferation assay
3 cells were seeded 

Gelatin zymography 

2, 

Immunohistochemistry

cancer tissues were immunostained for sLZIP and MMP-9 using anti-sLZIP and anti-MMP-9 antibodies. All 

cancer. 

Statistical analysis
t-test was used for two-group comparisons. 

when p

Results 

sLZIP induces c-Jun expression in cervical cancer cells 
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had no effect on expression of c-Jun in other cancer cells (Fig. 1a). Since the effect of sLZIP 

Fig. 1.
-
-

*p < 0.05. All experiments were performed in triplicate and 
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Fig. 2.

-
-

-
*p < 0.05, **p < 0.01. All experi-

32

d
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sLZIP binds directly to the CRE region in the c-Jun promoter 

dependent manner, compared with a control (Fig. 2b). These results indicate that sLZIP 

protein and 32

probe (Fig. 2c). The sLZIP complex was supershifted by addition of the anti-His antibody, 

in the c-Jun promoter. HeLa cells were transfected with HA-sLZIP, and resulting chromatin 

Elevated c-Jun levels due to sLZIP expression up-regulate MMP-9 transcription 
To examine the effect of c-Jun induced by sLZIP on MMP-9 transcription, an MMP-

9 promoter contains two binding sites for AP-1 [3, 9]. c-Jun modulates the MMP-9 promoter 

transfected with the c-Jun expression plasmid and the MMP-9 promoter deletion mutants. 
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Fig. 3. 
expression up-regulate MMP-9 transcripti-
on. (a) HeLa and SiHa cells were transfected 
with the MMP-9 reporter gene plasmid (0.2 

-
-

riments were performed three times with 
similar results. Data are expressed as the 

-

-

-
ferase assay. (c) HeLa cells transfected with 
sLZIP (or si-sLZIP) and the AP-1 binding site 

-
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decreased by inhibition of sLZIP-induced c-Jun expression, compared to sLZIP transfected 

cells. 

sLZIP and c-Jun induce migration and invasion of cervical cancer cells 

Increased expression of sLZIP is involved in the aggressiveness of cervical cancer tissue 

. -

 *p < 0.05, **p < 0.01. All experiments were 

http://dx.doi.org/10.1159%2F000356658


Cell Physiol Biochem 2014;33:151-164
DOI: 10.1159/000356658
Published online: January 24, 2014

© 2014 S. Karger AG, Basel
www.karger.com/cpb 160

Park et al.: Role of sLZIP in Migration and Invasion of Cervical Cancer Cells

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

Fig. 4. sLZIP and c-Jun indu-

b) HeLa and SiHa cells were 
transfected with the mock, 

(100 nM). Seeded cells in 
6-well plates were scrat-

-

healing were taken at the 
indicated time points. Data 
are expressed as the mean ± 

 10 cells were cul-

-

-
ned with Diff-Quick staining 

-
sented as the fold change of 

and si-c-Jun (100 nM). After 

in 96-well plates for the 

proliferation was examined 
by a MTT assay. Data are 
presented as the fold change 

day. All measurements were 
performed in triplicate.  
*p < 0.05, **p < 0.01. All ex-
periments were performed 
in triplicate and the bar  
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Discussion

32]. Additionally, enhanced expression of MMP-9 in cancers and a role for MMP-9 in tumor 

Transcription factor AP-1 is a heterodimeric protein composed of c-Fos, c-Jun, and ATF 

Fig. 5.
-

sLZIP and MMP-9 were analyzed by 
immunohistochemistry using anti-
sLZIP and anti-MMP-9 antibodies 

node metastatic carcinomas of the 

of immunostaining are shown (20-

(b) sLZIP expression was examined 
by immunohistochemical staining of 
tissue arrays representing 60 spe-
cimens. Stained cells were counted 

data was expressed in order of in-
tensity of sLZIP expression. Hori-
zontal lines represent the median 

*p < 0.05, **p < 0.01. 
All experiments were performed in 
triplicate and the bar represents the 
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MMP-9 is one of the target molecules of c-Jun. There are binding sites for AP-1 in the 

distal AP-1 site in the MMP-9 promoter. The effect of c-Jun on transcription of MMP-9 was 
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regulate motility and matrix metalloproteinase-9 expression of human melanoma cells through adhesion-
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