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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
leucine zipper protein (sLZIP) is a member of the leucine zipper transcription factor family.
Although sLZIP is known to be involved in cancer cell migration and invasion, its biological
roles in cancer development and the cellular target genes are not fully understood. In this
study, we investigated the role of sLZIP in c-Jun expression, and their effects on expression
of MMP-9 and migration of cervical cancer cells. Methods and Results: sLZIP up-regulates
transcription of c-Jun by binding directly to the CRE region in the c-Jun promoter. Elevated
c-Jun due to sLZIP leads to activation of MMP-9 transcription by interaction with the AP-1
binding site in the MMP-9 promoter. c-Jun siRNA repressed migration and invasion of cervical
cancer cells, whereas sLZIP recovered migration and invasion of cells transfected with c-Jun
siRNA. Immunohistochemical analysis results revealed a significant correlation between the
expressions of sLZIP and MMP-9 in clinical cervical specimens. Conclusion: These results
indicate that sLZIP plays a role in expression of c-Jun, and migration and invasion of cervical
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
and pathological conditions, including inflammation, tissue repair, tumor invasion, and
metastasis [1-3]. MMP-9 is a 92 kDa type IV collagenase and is well-characterized as the
most prominent MMP involved in inflammation and tumorigenesis [1]. MMP-9 is expressed
at high levels in a variety of cancers, including glioma, breast, and lung cancers, whereas
it is expressed at low levels under normal conditions [4, 5]. MMP-9 is implicated in the
proliferation and growth of primary tumors, including prostate carcinoma, lymphoma,
neuroblastoma and glioblastoma [6, 7]. Inhibition of MMP-9 expression strongly reduces
the metastatic potential [8]. The 5’-flanking region of the MMP-9 promoter contains several
binding sites for AP-1, SP-1, NF-kB, and CRE that are important for regulation of MMP-9
activity [9]. MMP-9 also plays a critical role in tissue remodeling, tumor invasion, and
metastasis as a target molecule of AP-1 [10-12].

c-Jun, a major component of the AP-1 transcription factor, mediates several cellular
processes, including proliferation and survival. c-Jun acts as an oncogene for many cell
types and expression of c-Jun is elevated in many types of cancer [11]. c-Jun affects the anti-
proliferative activity of p53 by direct repression of p53 transcription [13], and cooperates
with Ras in tumor cell proliferation [14]. In prostate cancer cells, c-Jun promotes androgen
receptor transactivation and cell proliferation [15]. c-Jun is strongly expressed in skin cancer
and inhibition of c-Jun is accompanied by suppressed expression of MMP-2 and MMP-9 [16].
c-Jun also mediates transcriptional regulation in response to a variety of stimulants. c-Jun
modulates the TNF-a and TGF-f signaling pathways, both of which are implicated in liver
tumor development [17, 18]. Transcription of PMA-induced osteopontin is regulated by
c-Jun, which leads to cervical tumor growth [19]. c-Jun stimulates transactivation of MMP-9
as a cofactor of p38y to promote colon cancer invasion [20].

The human leucine zipper protein (LZIP) is a basic leucine zipper transcription factor
of the CRE/ATF gene family that is ubiquitously expressed in various cell types [21]. LZIP
contains a basic leucine zipper motif, a potent N-terminal transcriptional activation domain,
and a putative transmembrane domain, and is known to be involved in cell growth and
proliferation [22, 23]. Small LZIP (sLZIP), an isoform of human LZIP, functions as a negative
regulator of the glucocorticoid receptor (GR), leading to suppression of the gene expression
that is induced via the glucocorticoid-mediated GR transactivation pathway [24]. sLZIP
also regulates ADP-ribosylation factor 4 (ARF4) expression in response to PMA, leading to
activation of the AP-1 promoter, and breast cancer cell migration [25]. Although sLZIP is
involved in migration and invasion of cervical cancer cells [26], the cellular target genes and
biological roles of SLZIP in cancer development are not fully understood.

In this study, the role of sLZIP in c-Jun expression, subsequent regulation of MMP-9
activity, and migration of cervical cancer cells was investigated. sLZIP up-regulates c-Jun
expression at the transcriptional level by binding directly to the CRE (-1050/-1034) region
of the c-Jun promoter. Increased c-Jun expression due to sLZIP acts to enhance the activity
of MMP-9, and migration and invasion of cervical cancer cells. SLZIP probably contributes to
cervical cancer progression via regulation of c-Jun expression and MMP-9 activity.

Materials and Methods

Materials

Dulbecco’s modified Eagle’s medium (DMEM), RPMI 1640, and fetal bovine serum (FBS) were
purchased from Invitrogen (Carlsbad, CA). Anti-c-Jun and anti-a-tubulin antibodies were from Santa Cruz
Biotechnology (Santa Cruz, CA). Scrambled control, human sLZIP and c-Jun siRNAs were purchased from
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Bioneer (Daejeon, Korea). Lipofectamine 2000 reagent was obtained from Invitrogen (Carlsbad, CA).
Luciferase assay system was purchased from Promega Corporation (Madison, WI). 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) was obtained from Sigma (St. Louis, MO).

Cell culture and transient transfection

HeLa and SiHa cells were maintained in DMEM supplemented with 10% heat-inactivated FBS,
penicillin (100 U/ml) and streptomycin (100 ug/ml) at 37°C in 5% CO, incubator. LNCaP, DU145, PC3, MCF7,
A549 and HepG2 cells were grown in RPMI 1640 supplemented with 10% heat-inactivated FBS, penicillin
(100 U/ml) and streptomycin (100 pug/ml). Cells were seeded into 6-well plates at a density of 5 x 10°cells/
well. After 24 h of incubation, cells were transfected with the experimental plasmids using lipofectamine
2000 reagent according to the manufacturer’s instruction.

Electrophoretic mobility shift assay

The oligonucleotide was labeled with [y-*P]ATP using T4 polynucleotide kinase and incubated with
purified His-sLZIP protein for 30 min. The protein-DNA complexes were separated from free probes by
electrophoresis on a 4% polyacrylamide gel. For competition assay, binding reactions were incubated with
a 50 to 100-fold molar excesses of unlabeled oligonucleotide for 20 min. For supershift assay, anti-His
antibody was added to the reaction mixture for an additional 30 min at room temperature.

Chromatin immunoprecipitation assay

Approximately 1 x 107 cells were used per sample. HeLa cells were fixed with 1% formaldehyde in
the medium for 10 min at 25 °C, and glycine was added to a final concentration of 0.125 M for 5 min to stop
cross-linking. Cells were scraped into PBS and centrifuged at 1,000 x g for 5 min at 4°C. Chromatin samples
were co-precipitated with HA antibody. The -1274/-1034 region of the c-Jun promoter was amplified
from the prepared DNA samples using the specific primers: (F) 5-GGCCGGGAAAAACGGCCCGG-3’ and (R)
5’-ATGATGTCACCCCAAGGCCT-3.

Western blot analysis

Transfected cells with the experimental plasmids were scraped and washed with ice-cold PBS. Cells
were resuspended in RIPA lysis buffer containing protease inhibitors. The suspension was centrifuged
at 13,000 x g for 20 min at 4°C. Protein samples were separated by a 10% SDS-polyacrylamide gel
electrophoresis and transferred to nitrocellulose membranes. The blots were incubated with anti-c-Jun,
anti-sLZIP, anti-GST and anti-a-tubulin antibodies. Membranes were processed using chemiluminescence
detection reagent (Pierce, Rockford, IL).

c¢DNA preparation for PCR amplification

Total RNA was prepared from transfected cells with Trizol (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions. The cDNA was synthesized from 2 pg of total RNA
using Accupower RT Premix (Bioneer, Daejeon, Korea). RT-PCR was performed with the following
oligomers: c-Jun, (F) 5-TAACCTCACGTGAAGTGACG-3’ and (R) 5-GGCTTTAGTTCTCGGACACT-3’;
sLZIP (F) 5-AGCAGCAGCATGTACTCCTCT-3’ and (R) 5-CTAGCCTGAGTATCTGTCCT-3’; GAPDH (F)
5’-CACCACCATGGAGAAGGCT-G-3" and (R) 5-TTGTCATGGATGACCTTGGCCAGG-3". The PCR products were
electrophoresed on 1% (w/v) agarose gel containing ethidium bromide. The band intensity was analyzed
with UV image analyzer (Vilber Lourmat, Germany).

Luciferase reporter gene activity assay

HeLa and SiHa cells were cultured in 12-well plates at a density of 2 x 10° cells/well. Cells were co-
transfected with the MMP-9-luciferase reporter gene plasmid, sLZIP and si-c-Jun. After 24 h, cells were
lysed with the reporter lysis buffer. Luciferase activity was determined using the Luciferase Assay system
(Promega corporation, Madison, WI) and recorded in a Luminometer 20/20" (Turner BioSystems, Sunnyvale,
CA) according to the manufacturer’s instruction. Luciferase activity was normalized with -galactosidase
activity. For [3-galactosidase assay, pSV-B-galactosidase was co-transfected with the luciferase reporter
gene. Cell extracts were assayed for [-galactosidase activity using [3-galactosidase enzyme assay system
(Promega) and analyzed by DU530 spectrophotometer (Beckman Instruments, Fullerton, CA).
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Wound healing assay

Cervical cancer cells were grown in 6-well culture plates and wounded with P-10 pipette tip. After
scratching, cells were washed with fresh medium and added 30% conditioned media (CM) mixture. Images
were obtained at the indicated time points to compare the cell migration for the wound closure.

Invasion assay

Matrigel invasion assay was used to assess the invasiveness of cervical cancer cells. Transwell inserts
with 8.0-pum pore size were coated with Matrigel (BD BioScience). Matrigel was diluted with serum-free
DMEM and solidified overnight at 37°C. Approximately 1 x 10° cells in 500 pl of serum-free DMEM were
placed onto upper chamber per well. The lower chamber was filled with 30% CM mixture. After 48 h
incubation, non-invasive cells were removed by wiping with cotton-tipped swabs and invasive cells were
stained with Diff-Quick staining solution (Baxter, Deerfield, IL) according to the manufacturer’s instructions.
Five fields of cells were counted in each well and the results were numerically averaged and counted.

Cell proliferation assay

Cell proliferation was assessed by an MTT method. After 24 h of transfection, 5 x 10° cells were seeded
in 96-well plates per well. MTT was dissolved in medium and added to a final concentration of 500 pg/ml.
Cells were then incubated for 2 h at 37°C in the dark. The formazan product was dissolved by adding 100 pl
DMSO to each well. Absorbance was measured at 595 nm.

Gelatin zymography

MMP-9 activity was presented and measured by a gelatin zymography. Cervical cancer cells were
grown in 6-well plates at a density of 5 x 10° cells/well, and transfected cells were cultured in serum-free
medium for 48 h. Collected CM were mixed 1:1 with 2x substrate gel sample buffer (0.5 M Tris-HCl, pH 6.8,
glycerol, 10% (w/v) SDS, 0.1% bromophenol blue) and stood for 10 min at room temperature. The samples
were loaded onto a 10% SDS-polyacrylamide gel containing 0.1% gelatin (1 mg/ml). The gel was incubated
in the zymogram renaturing buffer containing 2.5% Triton X-100 (v/v) with gentle agitation for 30 min at
room temperature. The gel was rinsed with developing buffer (50 mM Tris-HC], 0.2 M NaCl, 5 mM CaCl,,
and 0.02% Brij 35) for 30 min, then replaced with fresh buffer and incubated at 37°C for overnight. After
incubation, the gel was stained with 0.5% Coomassie brilliant blue R-250 and destained with destaining
solution until the areas of protease activity appear as clear bands.

Immunohistochemistry

Immunohistochemistry was performed using a human cervical tissue array Kkit, containing 55
carcinomas and 5 normal tissue specimens (SuperBioChips Laboratories, Seoul, Korea). Normal and cervical
cancer tissues were immunostained for sLZIP and MMP-9 using anti-sLZIP and anti-MMP-9 antibodies. All
samples were fixed with 10% formalin, embedded in paraffin, sectioned and then HE-stained for histological
analysis. Representative data were examined to assess the histopathological characteristics of cervical
cancer.

Statistical analysis

Data were presented as the mean * SEM. Student's t-test was used for two-group comparisons.
Statistical evaluation was carried out by using one-way ANOVA. Data were considered statistically significant
when p < 0.05. All statistical analysis was performed using a computer program Prism (Graphpad Software,
La Jolla, CA).

Results

sLZIP induces c-Jun expression in cervical cancer cells

To investigate the role of sLZIP in expression of c-Jun and cancer development, we
first examined the effect of sSLZIP on the protein expression of c-Jun in various cancer cells.
Cancer cells, including cervical, prostate, breast, lung, and liver cancers, were transfected
with sLZIP, and the protein level of c-Jun was determined using Western blotting. sLZIP
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c-Jun c-Jun

Fig. 1. sLZIP induces c-Jun expression in cervical cancer cells. (a) Various cancer cell lines were transfected
with GST-sLZIP (2 pg). After 24 h of transfection, cell lysates were separated on a 10% SDS-polyacrylami-
de gel, and transferred to nitrocellulose membranes. The protein level was determined by immunoblot-
ting using specific antibodies. The membranes were stripped and reprobed with anti-a-tubulin antibody.
a-tubulin was used as an endogenous control. *p < 0.05. All experiments were performed in triplicate and
the bar represents the mean + SEM. (b) sLZIP expression plasmids (0, 0.5, 1, and 2 pg) or (c) si-sLZIP (0,
10, 30, and 50 nM) were transfected into HeLa and SiHa cells. Total RNA extracts prepared from transfected
cells were assessed by RT-PCR using specific primers. Equal volumes of each PCR product were analyzed
by 1% agarose gel electrophoresis. GAPDH was amplified as an endogenous control. Protein extracts were
subjected to 10% SDS-PAGE analysis and transferred to nitrocellulose membranes. The protein level was
determined by immunoblotting using specific antibodies and a-tubulin was used as an internal control.

increased c-Jun expression by 5-8 fold in HeLa and SiHa cervical cancer cells, compared with
a control (Fig. 1a). sLZIP also increased c-Jun expression in LNCaP prostate cancer cells,
whereas c-Jun expression was decreased by sLZIP in DU145 and PC3 cells (Fig. 1a). sLZIP
had no effect on expression of c-Jun in other cancer cells (Fig. 1a). Since the effect of sLZIP
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Fig. 2. sLZIP binds directly to the CRE region in the c-Jun promoter. (a) Transcriptional regulatory elements
of the c-Jun promoter. The various proteins that regulate transcription of c-Jun are shown relative to their
binding sites on the promoter. The abbreviations used are as follows: CREB, cAMP regulatory element bin-
ding protein; ATF-1, activating transcription factor-1; C/EBP, CAAT /enhancer binding protein; AP-1, activa-
tor protein-1. (b) HeLa cells were transfected with the c-Jun reporter gene plasmid (0.5 pg), the indicated
amounts of sLZIP or si-sLZIP, and -galactosidase (0.2 ug). After 24 h, cells were harvested and analyzed
for c-Jun luciferase activity. Luciferase activity was normalized by B-galactosidase activity. Results are ex-
pressed as the mean * SEM of three experiments performed in duplicate. *p < 0.05, **p < 0.01. All experi-
ments were performed in triplicate and the bar represents the mean + SEM. (c) EMSA was performed using
purified His-sLZIP protein and *?P-labeled c-Jun probe. An oligonucleotide containing the CRE region in
the c-Jun promoter (-1050/-1034) was incubated with 3, 5, and 10 pg of His-sLZIP protein. To perform the
competition assay, unlabeled c-Jun probe was used with 50- and 100-fold excesses. Arrows indicate the shift
corresponding to the position of the His-sLZIP-DNA complex. (d) Chromatin samples were obtained from
sLZIP overexpressing HeLa cells, and immunoprecipitated using anti-HA antibody. Rabbit IgG was used as a
negative control. The precipitated DNA was subjected to PCR with the primers specific for the target region
(-1274/ -1035). One aliquot of input DNA was used as a positive control.

on c-Jun expression was apparent in cervical cancer cells, the role of sSLZIP in expression of
c-Jun and cervical cancer development was targeted. We examined the dose dependency of
sLZIP in c-Jun expression. HeLa and SiHa cells were transfected with sLZIP, and the mRNA
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and protein expression levels of c-Jun were examined. Results revealed that sLZIP induces
c-Jun expression in a dose-dependent manner at both the mRNA and protein levels (Fig.
1b). For confirmation, sLZIP was depleted using siRNA. The level of sLZIP was effectively
decreased due to siRNA for sLZIP (si-sLZIP) (Fig. 1c). HeLa and SiHa cells transfected with
si-sLZIP exhibited decreased c-Jun expression at both the mRNA and protein levels (Fig.
1c). These results indicate that sLZIP induces c-Jun expression at the transcriptional level in
cervical cancer cells.

SLZIP binds directly to the CRE region in the c-Jun promoter

Since sLZIP induces c-Jun expression, we investigated whether sLZIP regulates the c-Jun
transcriptional activation. c-Jun promoter sequences were analyzed using the Transcription
Element Search System (TESS). Several potential sLZIP binding sites are located on the c-Jun
promoter (Fig. 2a). HeLa cells were transfected with sLZIP and the transcriptional activity of
c-Jun was assessed using a luciferase assay. sLZIP increased the c-Jun promoter activity, and
knockdown of sLZIP using a specific siRNA decreased the c-Jun promoter activity in a dose-
dependent manner, compared with a control (Fig. 2b). These results indicate that sLZIP
contributes to regulation of the c-Jun transcriptional activity. To examine the DNA binding
ability of sLZIP to the c-Jun promoter, an EMSA was performed using the purified His-sLZIP
protein and *2P-labeled probes containing various transcription factor binding motifs on the
5’ flanking regions of c-Jun in HeLa cells. Results indicated that sLZIP binds directly to the
CRE region (-1050 to -1034) in the c-Jun promoter (Fig. 2c). However, sLZIP did not bind
to other elements of the c-Jun promoter. The binding specificity of sLZIP to the CRE region
was confirmed using a competition assay. Binding of sLZIP to the CRE (-1050 to -1034) in
the c-Jun promoter was increased in a dose-dependent manner (Fig. 2c). The sLZIP-CRE
complex was not formed in the presence of 50- and 100-fold molar excesses of the unlabeled
probe (Fig. 2c). The sLZIP complex was supershifted by addition of the anti-His antibody,
indicating that binding of sLZIP to the CRE (-1050 to -1034) in the c-Jun promoter is specific
(Fig. 2¢). We also performed a ChIP assay to examine recruitment of sLZIP to the CRE region
in the c-Jun promoter. HeLa cells were transfected with HA-sLZIP, and resulting chromatin
samples were immunoprecipitated using the HA antibody. Results indicated that sLZIP is
recruited to the CRE region in the c-Jun promoter (Fig. 2d). Thus, sLZIP binds directly to the
CRE (-1050 to -1034) in the c-Jun promoter, leading to activation of c-Jun transcription.

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 luciferase reporter assay was performed. Cervical cancer cells were transfected with
sLZIP and the MMP-9 promoter reporter gene. Results showed that sLZIP up-regulates
the promoter activity of MMP-9 in a dose-dependent manner in both HeLa and SiHa cells,
compared with a control (Fig. 3a). We also examined the promoter activity of MMP-9 using
siRNA for c-Jun (si-c-Jun). In si-c-Jun transfected cells, the promoter activity of MMP-9 was
decreased, compared to sLZIP transfected cells (Fig. 3b). The 5’-flanking region of the MMP-
9 promoter contains two binding sites for AP-1 [3, 9]. c-Jun modulates the MMP-9 promoter
activity by binding to the AP-1 sites in the MMP-9 promoter [27, 28]. Therefore, the effect
of c-Jun induced by sLZIP on MMP-9 promoter activity was examined using a luciferase
reporter assay. Cells were transfected with the promoter reporter gene containing AP-1
binding sites. sLZIP increased the luciferase activity, whereas si-sLZIP down-regulated the
luciferase activity in HeLa cells, compared with a control (Fig. 3c). Deletion constructs of
the MMP-9 promoter were generated to confirm the binding site of c-Jun. HeLa cells were
transfected with the c-Jun expression plasmid and the MMP-9 promoter deletion mutants.
c-Jun increased the MMP-9 promoter activity by 2.5-fold, compared with a control; however,
the MMP-9 promoter activity was reduced approximately 2-fold in the AP-1 #2 binding site
deletion mutant, compared with the full-length MMP-9 promoter (Fig. 3d). To confirm these
results, we generated a site-specific MMP-9 promoter mutant in the AP-1 #2 biding site.
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promoter activity was determined by a luci-
ferase assay. (c) HeLa cells transfected with o
sLZIP (or si-sLZIP) and the AP-1 binding site s.zip - # - &
luciferase reporter construct (0.5 pg) were shedun - - ® #
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harvested for a luciferase assay. (d) The c-Jun expression plasmid (0.5 pg) and the deletion mutants of MMP-
9 reporter gene plasmid (0.5 pg) were transfected into HeLa cells. Luciferase activity was determined after "
24 h. All experiments were performed in triplicate and data are presented as the percentage of luciferase ac- [1‘5
tivity. (e) The c-Jun expression plasmid (0.5 pg), the WT MMP-9 reporter gene, and the AP-1 #2 site-specific r
mutant of MMP-9 reporter gene plasmid (0.5 pg) were transfected into HeLa cells. Luciferase activity was
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determined after 24 h. (f) HeLa cells were transfected with sLZIP (0.5 pg) with or without the MMP-9 repor-
ter gene (0.2 pg) and treated with ACTD (1 pg/ml) for 2 h. Results are expressed as the mean + SEM of three
experiments performed in duplicate. (g) Gelatin zymography was used to examine the MMP-9 proteolytic
activity. Supernatants were collected from transfected HeLa cells and cultured in serum-free medium for 48
h, then subjected to 10% SDS-polyacrylamide gel electrophoresis. *p < 0.05, **p < 0.01. All experiments were
performed in triplicate and the bar represents the mean + SEM.

c-Jun increased MMP-9 promoter activity by 3.8-fold; however, MMP-9 promoter activity
was reduced in the AP-1 #2 binding site mutant (Fig. 3e). We next treated HeLa cells with
the transcription inhibitor actinomycin D (ACTD). The promoter activity of MMP-9 was
decreased by inhibition of sLZIP-induced c-Jun expression, compared to sLZIP transfected
cells (Fig. 3f). The proteolytic activities of type IV collagenases were examined using gelatin
zymography. Concentrated CM was obtained from HeLa cells transfected with sLZIP and si-c-
Jun. Results showed that sLZIP increases the enzymatic activity of MMP-9; however, si-c-Jun
decreases sLZIP-induced MMP-9 promoter activity, compared to sLZIP transfected CM (Fig.
3g). MMP-2 activity was not affected by sLZIP (Fig. 3g). These results indicate that sLZIP
induces c-Jun expression, and elevated levels of c-Jun cause binding to the AP-1 binding site
in the MMP-9 promoter, leading to the transcriptional activation of MMP-9 in cervical cancer
cells.

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

To examine whether sLZIP and c-Jun are involved in migration of cervical cancer cells,
a wound healing assay was performed. CM was prepared from cells transfected with sLZIP
and si-c-Jun. The rate of wound closure was increased by 4.5-fold in HeLa and SiHa cells
treated with sLZIP CM, compared to a control (Fig. 4a and b). Cells treated with si-c-Jun
exhibited reduced migration; however, migration was recovered by sLZIP, compared to si-
c-Jun transfected cells (Fig. 4a and b). We also investigated the effect of SLZIP and c-Jun on
invasion of cervical cancer cells using a Matrigel invasion assay. HeLa and SiHa cells were
cultured in serum-free DMEM and 30% CM mixtures were placed in the lower chambers.
As shown in Fig. 4c and d, sLZIP enhanced invasion of HeLa and SiHa cells. Cells treated
with si-c-Jun exhibited a reduced degree of invasion; however, invasion was recovered by
SLZIP, compared to si-c-Jun transfected cells (Fig. 4c and d). To examine whether sLZIP and
c-Jun contribute to cell proliferation, cell viability was examined using an MTT assay. SLZIP
and si-c-Jun did not affect the proliferation of cervical cancer cells, compared with a control
(Fig. 4e). These results indicate that sLZIP and c-Jun play important roles in migration and
invasion of cervical cancer cells.

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

The relationship between expressions of sLZIP and MMP-9 in cervical tissues was
investigated using immunohistochemical analysis. Expressions of sLZIP and MMP-9 were
examined using a tissue microarray containing 5 normal cervical tissues, 50 squamous cell
carcinomas, and 5 metastatic carcinoma samples from lymph nodes. MMP-9 is overexpressed
in many tumors [4, 29]. Results showed that sLZIP and MMP-9 are highly expressed in
squamous cell carcinomas, compared with the expression levels of sLZIP and MMP-9 in
normal cervical tissues (Fig. 5a). Lymph node metastatic tissues exhibited higher expression
levels of SLZIP and MMP-9, compared to normal tissues (Fig. 5a). These results indicate that
the expression levels of sLZIP and MMP-9 are correlated. Quantitative analytical results
showed that sLZIP expression is significantly increased in tumor specimens, compared with
normal cervical tissues (Fig. 5b). These findings indicate that overexpression of SLZIP causes
up-regulation of MMP-9 expression, leading to aggressive tumor invasion and metastasis in
cervical cancer.
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Fig. 4. sLZIP and c-Jun indu-
ce migration and invasion of
cervical cancer cells. (a and
b) HeLa and SiHa cells were
transfected with the mock,
and sLZIP (2 pg) or si-c-Jun
(100 nM). Seeded cells in
6-well plates were scrat-
ched and incubated in 30%
CM mixture for 24 h. Repre-
sentative images of wound
healing were taken at the
indicated time points. Data
are expressed as the mean *
SEM. (c and d) Five hundred
ul of 1 x 10° cells were cul-
tured in serum free DMEM
and incubated in 30% CM
mixture for 48 h. After in-
cubation, non-invasive cells
were removed from the
chamber and invasive cells
were washed, fixed and stai-
ned with Diff-Quick staining
solution. Results are pre-
sented as the fold change of
invasion relative to control.
(e) Cells were transfected
with the mock, sLZIP (2 pg)
and si-c-Jun (100 nM). After
24 h, cells were re-seeded
in 96-well plates for the
indicated time points. Cell
proliferation was examined
by a MTT assay. Data are
presented as the fold change
of proliferation relative to 0
day. All measurements were
performed in triplicate.
*p < 0.05, **p < 0.01. All ex-
periments were performed
in triplicate and the bar
represents the mean + SEM.
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Fig. 5. Expressions of sLZIP and
MMP-9 are elevated in cervical tu- a Squamous cell Lymph node

mors. (a) The expression levels of Normal carcinoma metastatic carcinoma
sLZIP and MMP-9 were analyzed by
immunohistochemistry using anti-
sLZIP and anti-MMP-9 antibodies
in normal cervixes (n=5), squamous
cell carcinomas (n=50), and lymph
node metastatic carcinomas of the
cervix (n=5). Representative images
of immunostaining are shown (20-
fold magnification). Scale bar, 20 um.
(b) sLZIP expression was examined
by immunohistochemical staining of
tissue arrays representing 60 spe- b
cimens. Stained cells were counted
and analyzed quantitatively. The
data was expressed in order of in-
tensity of sLZIP expression. Hori-
zontal lines represent the median
levels, with the lower and upper,
respectively. *p < 0.05, **p < 0.01.
All experiments were performed in
triplicate and the bar represents the
mean * SEM. 0
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Discussion

As an early event in the metastatic cascade, degradation of the basement membrane
causes invasion and metastasis of cancer cells. Because MMP-9 destroys type 1V collagen,
which is the major structural protein of both ECM and basement membrane, expression of
MMP-9 is an indicator of diagnosis and for prognosis in various cancers [30, 31]. Invasion
of human tumor cells through the basement membrane is a result of MMP-9 activity [10,
32]. Additionally, enhanced expression of MMP-9 in cancers and a role for MMP-9 in tumor
progression and metastasis have been verified [29, 33, 34]. We have previously reported that
sLZIP binds directly to the CRE region of the MMP-9 promoter, resulting in enhancement of
migration and invasion of cervical cancer cells [26]. In this study, sLZIP was found to up-
regulate expression of c-Jun in cervical cancer cells. sLZIP induced c-Jun expression at the
transcriptional level in HeLa and SiHa cells, leading to enhancement of MMP-9 expression
and migration of cervical cancer cells. These results indicate that there exists an additional
regulatory mechanism for MMP-9 expression relating to sLZIP. These results are evidence
that sLZIP is involved in cervical cancer development and metastasis.

Transcription factor AP-1 is a heterodimeric protein composed of c-Fos, c-Jun, and ATF
subunits. Elevated c-Jun expression and AP-1 activity have been detected in various cancer
types [11], and activation of AP-1 for regulation of targets occurs via c-Jun phosphorylation
through the c-Jun activation signaling pathways [28]. c-Jun also interacts with other
transcription factors to regulate their expression in many biological processes [11, 35].
Therefore, regulation of c-Jun expression and c-Jun activation signaling is important in
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cancer development. There are several c-Jun regulatory proteins, including GR, C/EBP a, and
GSK3 [36-38]. Among these regulators, GR represses c-Jun expression in mouse fibroblasts
[36]. Since sLZIP is known as a negative regulator of GR [24], sLZIP is probably involved in
c-Jun expression via a GR-mediated indirect pathway.

MMP-9 is one of the target molecules of c-Jun. There are binding sites for AP-1 in the
MMP-9 promoter. sLZIP increased the promoter and enzymatic activities of MMP-9 via
induction of c-Jun. Elevated c-Jun levels due to sLZIP expression causes c-Jun to bind to the
distal AP-1 site in the MMP-9 promoter. The effect of c-Jun on transcription of MMP-9 was
verified using the transcription inhibitor ACTD. Inhibition of c-Jun transcription caused a
30% decrease in the MMP-9 promoter activity, compared to sLZIP alone, indicating that
sLZIP- induced c-Jun is involved in regulation of MMP-9 expression. Migration of cervical
cancer cells treated with sLZIP transfected CM was enhanced, but treatment with si-c-Jun
CM caused inhibition of this migration. However, migration was recovered in the presence of
sLZIP CM. Results from an invasion assay were consistent with wound healing assay results.
Enhanced migration and invasion of cervical cancer cells indicate that sLZIP is involved in
cell migration during cervical cancer progression. In addition, immunohistochemical results
indicate that elevated expression of sLZIP in tumors can serve as a marker for metastatic
cervical cancer. sLZIP is an important regulator of cell migration and invasion in cervical
cancer. sLZIP up-regulates c-jun expression and elevated levels of c-Jun due to sLZIP
subsequently activate transcription and proteolytic activity of MMP-9, leading to promotion
of metastasis during cervical cancer progression. These results suggest that sSLZIP can act as
a therapeutic target for cervical cancer.
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