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Myeloid zinc finger 1 (MZF1) gene belongs to the Kruppel family of zinc finger transcription factors. MZF1
has been suggested to play an important role in the tumorigenesis, invasion, and apoptosis of various
tumor cells. However, the role of MZF1 in human cervical cancer remains unclear. To investigate the
molecular mechanisms of MZF1 and its functional role in human cervical cancer cell migration and inva-
sion, we experimented on stable SiHa cells overexpressing MZF1. We found that MZF1 overexpression
inhibits the migratory and invasive abilities of SiHa cervical cancer cells. In addition, the overexpression
of MZF1 significantly reduces MMP-2 protein and mRNA levels. Luciferase and ChIP assays suggested that
MZF1 directly binds to MMP-2 gene regulatory sequences in vivo and suppresses MMP-2 promoter activ-
ity in vitro. This study shows that MZF-1 represses MMP-2 transcription and suggests that this repression
may be linked to inhibition of human cervical cancer cell migration and metastasis.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Cervical cancer is the second most frequently diagnosed malig-
nancy and one of the major causes of death in women worldwide.
Human papillomavirus (HPV) infection is the most significant risk
factor in the etiology of cervical cancer [1]. Genetic changes and
the resulting genomic instability have long been known as impor-
tant in the mechanism underlying cervical cancer progression.
Cytogenetic studies have shown non-random chromosomal
changes in cervical cancer cells [2,3], and several molecular genetic
studies have found frequent loss-of-heterozygosity sites, suggest-
ing tumor suppressor gene involvement in the development of cer-
vical cancer [4,5].

The metastatic process involves multiple events involving cell
migration, invasion, adhesion, and degradation of the extracellular
matrix (ECM). The proteolytic degradation of ECM components is
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an event central to this process. Specifically, the ability to pierce
the basement membrane is related to an increased potential for
metastasis. Matrix metalloproteinases (MMPs) are a family of
zinc-dependent endopeptidases that can degrade various ECM
components [6]. Two members of the MMP family, MMP-2 (gela-
tinase-A) and MMP-9 (gelatinase-B), which show substrate speci-
ficity toward type IV collagen, play a pivotal role in ECM
degradation. The expression of MMP-2 and MMP-9 are strongly
linked to tumor migration, invasion, and metastasis in various
types of human cancer [7,8]. In cervical cancer, the expression of
MMP-2 and MMP-9 is involved in invasion and metastasis [9,10].
Additionally, MMP-2 increases with the increasing grade of CIN,
suggesting that the overexpression of MMP-2 may be associated
with a potential risk for invasion and metastasis [11]. These obser-
vations suggest that MMP-2 has a crucial effect on human cervical
cancer cells.

The myeloid zinc finger 1 (MZF1) gene, a member of the Krup-
pel family of C2H2 zinc finger transcription factors [12], was origi-
nally identified in the peripheral blood leukocytes of a chronic
myelogenous leukemia (CML) patient as an mRNA transcript that
encodes a 485 amino acid protein [13]. MZF1 is a bi-functional
transcription factor that can act both as transcription repressor
and transcription activator, and it is involved in cell differentiation,
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migration, and proliferation in hematopoietic and non-hematopoi-
etic cells [14,15]. The overexpression of MZF1 leads to the transac-
tivation of Axl promoter activity and induces the migratory,
invasive, and in vivo metastatic potential of solid tumor cells
[16]. In addition, reducing the expression of MZF1 inhibits PKCa
expression and cell migration and invasion in SK-Hep-1 cells
[17]; the suppression of MZF1 also inhibits tumor cell growth in
human hepatocellular carcinoma xenografts in nude mice [18].
However, little is known about the molecular mechanisms by
which MZF1 regulates the expression of MMP-2 in highly invasive
cervical cancer cells. In this study, we demonstrate the expression
of MZF1 in cervical cancer cell lines, examine the overexpression of
MZF1, and evaluate the overexpressed effect of stable transfection
on the migration and invasiveness of cervical cancer cells. Further-
more, we determine the effect of MZF1 overexpression on the
expression of MMP-2 transcription levels that play crucial roles
in the migration and invasion of cervical cancer cells. This study
hopes to provide insight into the mechanism by which MZF1 sup-
presses the migration ability and invasiveness of human cervical
cancer cells.
2. Methods and materials

2.1. Reagents

Antibodies to MZF1, MMP-2, MMP-9, and b-actin were pur-
chased from Santa Cruz Biotechnology (Santa Cruz, CA). Horserad-
ish peroxidase-labeled anti-mouse and anti-rabbit secondary
antibodies were obtained from Promega (Madison, WI). The
MMP-2 promoter constructs cloned into the pGL3-Basic luciferase
vector (Promega) and b-galactosidase plasmids were donated by
Dr. JL Ko of the Institute of Medicine, Chung Shan Medical Univer-
sity, Taichung, Taiwan.

2.2. Construction of plasmids and stable transfection

The pcDNA3.0 expression vector was obtained from Invitrogen.
The full-length MZF1 gene (GenBank Accession No. M58297, 1091–
2548) was obtained from SK-Hep-1 cells by RT-PCR assay using the
primer pairs 50-TATAAGCTTATGAATGAATGGTC CCCTTGTGTAT-30

(nucleotides of 234–253) and 50-TATCTCGAGCTACTC GGCGCT
GTGGACGCGCTGG-30 (nucleotides of 1520–1502). The PCR prod-
ucts were isolated and subcloned into the pcDNA3.0 expression
vector and verified by automated DNA sequencing. For stable
transfection, SiHa cells were plated at 2 � 105 cells per 100 mm
dish. At 70% confluency, cultures were transfected with pcDNA3.0
(Neo) or pcDNA-MZF1 (MZF1) using Jet-PEI reagent according to
manufacturer’s instructions. SiHa cells overexpressing Neo or
MZF1 cells were passaged at 1:10 split ratio 48 h after transfection,
selected in medium containing G418 (800 lg/mL) for approxi-
mately 28 days, and tested for the expression of stable transfection
by Western blot analysis.

2.3. Cell culture

SiHa cells were obtained from the American Type Culture Col-
lection (ATCC, Manassas, VA). They were grown in DMEM medium
supplemented with 10% fetal bovine serum (Hyclone Laboratories,
Logan, UT, USA), 100 U/mL penicillin, and 100 lg/mL streptomycin
in a humidified environment (5% CO2 at 37 �C).

2.4. RNA isolation and reverse transcriptase-PCR

Using TRIOL reagent, total cellular RNA was isolated from SiHa
cells overexpressing Neo or MZF1. RT-PCR was performed as de-
scribed previously [17]. The following primers were used: MZF1
forward, 50-AGGTCCAGGTAGTGTAAGCCCT-30; MZF1 reverse, 50-
ACTCTCCGATGCTCTTCCAG-30; b-actin forward, 50-GCACTCTTC-
CAGCCTTCCTTCC-30; and b-actin reverse, 50-TCACCTTCACCGTTC-
CAGTTTTT-30. The PCR products were analyzed by 1.5% agarose
gel electrophoresis and direct visualization after EtBr staining.

2.5. Western blot analysis

Equal amounts of protein extracts (30 lg) were subjected to
immunoblot following methods described previously [19]. Anti-
bodies to MZF1, MMP-2, MMP-9, and b-actin were used. The blots
were incubated with HRP-conjugated anti-mouse or anti-rabbit
antibody at room temperature for 2 h. Signals were detected via
enhanced chemiluminescence using Super-Signal West Dura Ex-
tended Duration Substrate (Pierce) or Immobilon Western HRP
Substrate (Millipore).

2.6. Cell viability assay

SiHa cells overexpressing Neo or MZF1 cell viability was de-
tected by 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide (MTT) assay as described in the manufacture’s manual.
Briefly, SiHa cells overexpressing Neo or MZF1 were cultured in
24-well culture plates (1 � 104cells per well). Cell proliferation
was determined at 24 and 48 h after incubation by adding MTT
(5 mg/ml) and incubating the cells further for 4 h. After shaking
for 20 min, the absorbance of solubilized formazan crystals was
read at 570 nm (A570) was detected using a spectrophotometer
microplate reader (BIORAD Laboratory, Hercules, CA).

2.7. Cell cycle analysis

Cell proliferation was determined by flow cytometry assay [19].
SiHa cells overexpressing Neo or MZF1 were fixed in 70% ethanol at
�20 �C overnight. The fixed cells were washed with PBS and incu-
bated in PBS containing 100 mg/ml RNase A, 0.1% Triton X-100 and
0.5 mg/ml propidium iodide at room temperature for 20 min. Cell-
cycle analysis was performed on the FACSCalibur flow cytometer
and the Cellquest software (Becton Dickinson, San Jose, CA).

2.8. Gelatin zymography

A conditioned medium from an equal number of cells was pre-
pared as described above and separated by 10% acrylamide gels
containing 0.1% gelatin. The gels were washed in 2.5% Triton
X-100 for 15 min twice and incubated in a buffer solution
[50 mM Tris–HCl (pH 8.8) containing 5 mM CaCl2 and 0.02%
(w/v) NaN3] for 16 h. After reaction, the gels were stained for 1 h
with staining solution (0.1% Coomassie Brilliant Blue, 30% metha-
nol, and 10% acetic acid) and destained in the same solution but
without Coomassie Brilliant Blue. The gelatinolytic activity of
MMP-2 and MMP-9 was visualized as a clear band against a dark
background of stained gelatin.

2.9. Migration assay

Migration assay was performed using the 48-well Boyden
chamber (Neuro Probe, Gaithersburg, MD) plated with 8 lm pore
size polycarbonate membrane filters (Neuro Probe). The lower
compartment was filled with DMEM containing 20% FBS. SiHa cells
were placed in the upper part of the Boyden chamber and incu-
bated for 12 h. After incubation, the cells were fixed with methanol
and stained with 0.05% Giemsa for 1 h. Cells on the upper surface of
the filter were removed with a cotton swab. Subsequently, the
filters were rinsed in distilled water until no additional stains



Fig. 1. SiHa cells were transfected with Neo (pcDNA3) or MZF1 expression vectors
to establish stable transfectants. (A) Expression of MZF1 level was determined by
Western blot analysis. (B) Total mRNA was isolated from Neo or overexpressing-
MZF1 cells, and the expression of MZF1 was investigated by RT-PCR with b-actin as
internal control. Results from three independent assays are expressed as
means ± SD.

464 S.-J. Tsai et al. / Biochemical and Biophysical Research Communications 425 (2012) 462–467
leached. The cells were then air dried for 30 min. Migratory pheno-
types were determined by counting the cells that migrated to the
lower side of the filter with microscopy at 200� magnification.
Fourth fields were counted for each filter, and each sample was as-
sayed in triplicate.

2.10. Invasion assay

Invasion assay was performed using a 48-well Boyden chamber
with polycarbonate filters. The upper side was precoated with
10 lg/mL Matrigel (Collaborative Biomedical Products, Bedford,
MA). SiHa cells were placed in the upper part of the Boyden cham-
ber and incubated at 37 �C for 24 h. The experimental procedures
were the same as in the migration assay.

2.11. Luciferase assay

SiHa cells overexpressing Neo or MZF1 were grown in a 24-well
dish and transiently cotransfected with 0.5 lg pGL3 or pGL3-MMP-
2 and 0.25 lg cytomegalovirus (CMV)-b-galactosidase plasmids
using Jet-PEI reagent. Cells were then lysed, and luciferase activity
was measured using a luminometer (Luminoscan Ascent, Thermo
Electron Co.). Luciferase activity was normalized to b-galactosidase
activity in cell lysates using an assay system (Promega, Madison,
WI) and expressed as an average of three independent
experiments.

2.12. Chromatin immunoprecipitation assay

Chromatin immunoprecipitation assay was performed as previ-
ously described [17]. Chromatin was sonicated and immunoprecip-
itated with 2 lg rabbit polyclonal MZF1 antibody (Santa Cruz
Biotechnology) or rabbit immunoglobulin G antibody as the nega-
tive control. The cross-links were reversed by overnight incubation
at 65 �C in the presence of 8 M NaCl, followed by the addition of
proteinase K (10 mg/mL) for 1 h at 45 �C and RNAase (10 mg/mL)
for 30 min at 37 �C. After extraction and precipitation, DNA was dis-
solved in 30 lL of ddH2O. Primers (forward 50-AGGCAAGTGGGGT-
GACGAGGTCG-30 and reverse 50- TACTCGCCCTCCTCCACTTTTCT-30)
were used for the amplification of the specific section of the
150 bp MMP-2 promoter region containing the predicted MZF1
binding site. The PCR products were analyzed by 2% agarose gels
and visualized by ethidium bromide staining.

2.13. Statistical analysis

All experiments were performed in triplicate. Results are ex-
pressed as means ± SD and representative of at least three inde-
pendently performed experiments. Statistical differences in
values were analyzed by Student’s t-test for unpaired data and
one-way ANOVA with threshold for significance set at P < 0.05.

3. Results

3.1. Inhibition of cervical cancer cell migration and invasion ability by
the overexpression of MZF1

The molecular mechanism by which MZF1 inhibits cell migra-
tion and invasion was determined through the transfection of SiHa
cervical cancer cells with Neo (pcDNA) or MZF1 expression vectors
(pcDNA-MZF1) and the selection of a stable cell line expressing a
high level of MZF1 protein (Fig. 1A) and mRNA (Fig. 1B). Prolifera-
tion is important in tumor invasion. To determine the effect of
MZF1 on the viability of SiHa cells, MTT assay was performed.
The overexpression of MZF1 did not affect cell viability within 24
and 48 h (Fig. 2A). To determine whether overexpression of MZF1
affected cell proliferation, flow cytometric analysis was used to
quantify proliferation of SiHa cells overexpressing Neo or MZF1.
Our data show that no effect on SiHa cells overexpressing Neo or
MZF1 cell proliferation (Fig. 2B). Cell migration and invasion is
indispensable in cancer metastasis, so migration assay was per-
formed to determine the role of MZF1 in this process. MZF1 re-
duced the migration ability of SiHa cells as proven by a 72%
decrease in cell movement (Fig. 2C). In addition, the number of
cells overexpressing MZF1 that moved through the membrane of
the Matrigel chamber was about 82% less than that of Neo cells
(Fig. 2D). The results indicate that MZF1 reduces the cell invasive-
ness of SiHa cervical cancer cells.

3.2. Down-regulation of MMP-2 by MZF1

The expression of MMP-2 and MMP-9 is strongly associated
with cervical cancer cell invasion [20]. In this study, the role of
MMP-2 and MMP-9 in MZF1-regulated cell migration and invasion
was examined. Western blot analysis was performed to determine
the effects of MZF1 on MMP-2 and MMP-9 protein expression lev-
els. Overexpressing-MZF1 cells showed a decrease in MMP-2 pro-
tein levels but not in MMP-9 protein levels (Fig. 3A). RT-PCR
assay confirmed the down-regulation of MMP-2 in overexpress-
ing-MZF1 cells (Fig. 3B). Furthermore, the activity of MMP-2 and
MMP-9 was confirmed through gelatin zymography assays. Only
the levels of active MMP-2 decreased in the culture medium of
overexpressing-MZF1 cells, and no differences in MMP-9 activity
were observed in overexpressing-MZF1 cells (Fig. 3C). These find-
ings suggest that MZF1 reduces the expression and enzymatic
activity of MMP-2 without affecting MMP-9 activity.

3.3. Suppression of MMP-2 promoter activity by MZF1

The regulation of MMP-2 transcription activity by MZF1 tran-
scription factors in cells overexpressing MZF1 was tested. The pro-
moter sequence of MMP-2 genes was analyzed using the
TRANSFAC 4.0 database to identify the putative MZF1 binding se-
quence. Only one putative MZF1 binding site was identified within
the MMP-2 promoter. The MZF1 binding site for the MMP-2 pro-
moter was located within the proximal promoter region upstream
of the transcriptional start site (Fig. 4A). MZF1 and a luciferase re-
porter of MMP-2, which reflects maximum MMP-2 promoter activ-
ity [21], were used to determine the ability of MZF1 to regulate
MMP-2 promoter activity. Cells were transiently cotransfected



Fig. 2. Overexpression of MZF1 decreases cell migration and invasion ability. (A)
The effect of Neo or MZF1 overexpression on cell proliferation after 24 and 48 h was
determined by MTT assay. Absorbance values obtained from Neo cells were taken as
100%. (B) Flow cytometry of Neo or overexpressing-MZF1 cells assessed for their
distribution in the cell cycle. Values are means ± S.E. of the percentage of cells in the
G0/G1 (White bars), S (Black bars) and G2/M (Gray bars) phases of the cell cycle
from three independent experiments. Neo or overexpressing-MZF1 cells were
plated on Boyden chambers without Matrigel for migration assay (C) or with
Matrigel (D) for invasion assay, and then collected after 8 h for migration assay or
16 h for invasion assay. Cells from the top and migrated/invaded cells from the
bottom of the chambers were counted. Migrating and invading cells were imaged
under a phase contrast microscope. Neo cells were used as control. Each bar
represents the mean ± S.E calculated from three independent experiments. ⁄⁄
P < 0.01.

Fig. 3. Down-regulation of MMP-2 expression and secretion by MZF1. (A) Total
lysate was extracted from Neo or overexpressing-MZF1 cells, and the protein
expression of MZF1, MMP-2, and MMP-9 was measured by Western blot analysis.
(B) Semi-quantitative RT-PCR was performed to test the mRNA levels of MZF1,
MMP-2, and MMP-9 in Neo or overexpressing-MZF1 cells. (C) Cell-conditioned
medium was collected and analyzed for the expression of MMP-2 and MMP-9 by
gelatin zymography assays with b-actin as internal control. Results from three
independent assays are expressed as means ± S.E. ⁄⁄P < 0.01.
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with a reporter gene that included the pGL3 or pGL3-MMP-2 pro-
moter and b-galactosidase. Cells overexpressing MZF1 showed a
greater decrease in MMP-2 promoter activity compared with Neo
cells (Fig. 4B). These findings indicate that MZF1 suppresses
MMP-2 promoter activity.

3.4. Transcriptional repression of MMP-2 by MZF1

To confirm whether MZF1 binds directly to the promoter region
of MMP-2, chromatin immunoprecipitation (ChIP) experiments
were performed using specific MZF1 antibodies followed by the
human MMP-2 promoter. Immunoprecipitated chromatin DNA
fragments from Neo or overexpressing-MZF1 cells were analyzed
by PCR of the MZF1 region of the MMP-2 promoter (Fig. 4C). In
overexpressing-MZF1 cells, the PCR amplification of the MZF1
binding region of the MMP-2 promoter increased, but no changes
were observed in Neo overexpressing cells. These findings indicate
that MZF1 may directly bind to the promoter region of MMP-2 and
repress MMP-2 transcription activity.

4. Discussion

Although MZF1 has been implicated in cell migration and inva-
sion [16], its underlying molecular mechanisms in human cervical
cancer progression and invasion have not yet been clearly eluci-
dated. Therefore, characterizing the biological, functional, and
molecular mechanisms of MZF1 on cervical cancer is of strategic
importance. In this study, relatively low endogenous MZF1 levels
were used to establish stable MZF1 overexpression in cervical can-
cer cells. We observed that MZF1 inhibited the expression and
secretion of MMP-2 by directly binding to the MMP-2 promoter re-
gion and suppressing MMP-2 transcription activity. These results
explain the role of MZF1 as a tumor suppressor in cervical cancer
cell metastasis.

MZF-l, a putative transcription factor belonging to the C2H2
zinc finger gene family, contains 13 zinc fingers arranged in two
distinct sets: the first set contains zinc fingers 1–4 domains, and
the second set in the carboxyl terminus contains zinc fingers 5–
13 domains. Both zinc fingers can bind to DNA, and DNA consensus
binding sites have been identified for each of these DNA-binding
domains [22]. Some studies have found that the overexpression
of MZF1 inhibits apoptosis and promotes oncogenesis [14,23],
and leads to the transactivation of Axl promoter activity and gene
expression, resulting in the induced migratory, invasive, and met-
astatic potential of solid cancer cells [16]. In addition, the knock-
out expression of MZF1 inhibits HCC cell growth in vitro and tumor
formation in human hepatocellular carcinoma xenografts in vivo
[17,18]. Recent study shows that, MZF1 activation have demon-
strated to signaling networks of cathepsins B on ErbB2 induced
invasive phenotype in breast cancer cells. These authors revealed
that the ErbB2-induced cathepsins B expression and invasive abil-
ity were critical for ErbB2-induced activation of MZF1, leading to



Fig. 4. (A) MZF1 directly binds to the nucleotide sequence of the MMP-2 promoter region. The binding consensus sites of transcription factors are labeled. (B) pGL3-basic or
pGL3-MMP-2 promoter plasmid was cotransfected with a b-galactosidase expression vector in Neo or overexpressing-MZF1 cells. After 16 h of transfection, MMP-2 promoter
activities in cell lysates were determined by luciferase reporter assay. Luciferase activity, determined in triplicates, was normalized to b-galactosidase activity. The values
presented are means ± S.E from three independent experiments. ⁄⁄P < 0.01. (C) Chromatin immunoprecipitation using anti-MZF1 antibodies was performed on chromatin
extracted from cells overexpressing Neo or MZF1, and specific MMP-2 promoter regions were amplified by PCR. Input samples were used as positive control. (D) Proposed
mechanism by which MZF1 inhibits cell migration and invasion in cervical cancer.
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MZF1 binding to an ErbB2-responsive enhancer element in the first
intron of cathepsins B, induces cathepsins B activation and pro-
motes invasion of breast cancer cells. These functioning down-
stream of ErbB2, such as PAK4, Cdc42bpb, PKCa and ERK2
signaling networks [24]. Taken together, all convenient evidence
suggests that MZF1 might function as a potential oncogene con-
tributing to the development and progression of human cancers.
In contrast, other studies demonstrated that nude mice lacking
MZF1 show increased tumorigenesis and that MZF1 may act as a
tumor suppressor in tumorigenesis [25]. MZF1, therefore, has bi-
functional properties depending on the cellular environment.

Cancer cell metastasis is a complex process involving a number
of stages, including invasiveness, intravasation, extravasation, and
growth in a secondary organ. Tumor invasion across the ECM is
thought to be one of the critical stages. The ability of tumor cells
to degrade ECM components is correlated with the presence of
cells with metastatic potential [26]. Several proteolytic enzymes,
such as MMP-2 and MMP-9, are thought to be involved directly
in the migration, invasion and metastasis of tumor cells [27,28].
The elevated expression of MMP-2 has been observed in various
solid tumors, including cervical cancer, and is associated with the
prognosis factor [29,30]. With Western blot analysis and RT-PCR
assay, we also assessed the expression levels of MMP-2 in cells
overexpressing MZF1. Endogenous MMP-2 protein mRNA expres-
sion was markedly down-regulated in cells overexpressing MZF1.
Furthermore, with gelatin zymography, we noted a decreased
secretion of MMP-2 in cells overexpressing MZF1. MMP-9 is an-
other factor playing an important role in cell invasiveness in cervi-
cal cancer cells [20]. Surprisingly, in our study, MMP-9 expression
levels remained unchanged in Neo or overexpressing-MZF1 cells as
seen through Western blot analysis, RT-PCR, and gelatin zymogra-
phy, suggesting that protein and MMP-9 secretion are not involved
in MZF1-dependent invasion in cervical cancer cells. This finding
suggests that the down-regulation of MMP-2 is involved in the
MZF1-mediated reduction in cell migration and invasion potential.

Our RT-PCR experiment showed a decreased expression of
MMP-2 mRNA in cells overexpressing MZF1, confirming that the
transcription factor MZF1 may function as a transcription repressor
of MMP-2 expression in human cervical cancer cells (Fig. 3B).
Evidence indicates that MMP-2 activity is regulated by several
mechanisms, including gene expression, at the transcription level.
The transcriptional up-regulation of MMP-2 involves the activation
of several well-known factors, including p53, AP-1, Ets-1, C/EBP,
CREB1, PEA3, YB-1, Sp1, and AP-2 [31]. Promoter region analysis
indicated that the upstream region between �475 and +7 of the
MMP-2 gene, which we characterized previously as the site of
maximum MMP-2 promoter activity [21], contains the only MZF1
binding motifs. Interestingly, the transcription factor MZF1 has
not been earlier reported to regulate MMP-2 promoter activity.
We used luciferase activity and ChIP assays to confirm that MZF1
can bind to one region in the MMP-2 promoter area (nucleotides
�690 to �483 bp) because MZF1 itself contains the DNA-binding
domain, suggesting that the functional trans-element is MMP-2.
Therefore, as a transcription repressor, MZF1 regulates human
MMP-2 promoter activity in human cervical cancer cells.

In summary, we have demonstrated for the first time that the
overexpression of MZF1 inhibits MMP-2 promoter activity and
gene expression, resulting in the suppressed migration and inva-
sion of human cervical cancer cells (Fig. 4D). Further work is re-
quired to better understand the signaling pathways by which
MZF1 regulates MMP-2 gene expression in cervical cancer cells,
and the screening of cervical cancer patients is clearly warranted.
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