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Abstract: Epithelial ovarian cancer (EOC) carries the highest mortality rate of all gynecologic malignancies. This high 
mortality rate is attributed to the fact that most cases of ovarian cancer are detected at late stages when metasta-
ses are already present. Through microarray analysis, we previously demonstrated that castor zinc finger 1 (CASZ1) 
is up-regulated in EOC cells. In contrast to its role in EOC, CASZ1 functions a tumor suppressor in neuroblastoma. 
Human CASZ1 is predominantly expressed in 2 alternatively spliced isoforms: CASZ1a and CASZ1b. In the present 
study, we investigated the role of CASZ1 in ovarian cancer cell migration and invasion and assessed the value of 
CASZ1 expression as a prognostic indicator of metastasis in human ovarian cancer. We used a lentivirus express-
ing CASZ1-shRNA and a plasmid expressing CASZ1 from a CMV promoter to knockdown and overexpress CASZ1, 
respectively, in the MCAS, RMUG-S, TOV21G, and A2780CP70 ovarian cancer cell lines. mRNA expression levels in 
tumor tissues and cell lines were measured using quantitative real-time PCR, and CASZ1 protein expression in EOC 
and paired metastatic tumor tissues was analyzed using immunohistochemistry. We found that CASZ1 was highly 
expressed in EOC tissues and ovarian cancer cell lines and that CASZ1 knockdown suppressed cell migration and 
invasion in EOC cells. CASZ1a and CASZ1b exerted similar effects on cell migration and invasion in EOC cells. In 
addition, CASZ1 promoted the epithelial-mesenchymal transition in EOC cells, and CASZ1 knockdown suppressed 
cancer metastasis in vivo. Furthermore, CASZ1 protein levels were elevated in human metastatic ovarian tumor tis-
sues. Together, these results indicate that CASZ1 is a novel promoter of EOC metastasis and is highly up-regulated 
in metastatic EOC tumors.
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Introduction

Epithelial ovarian cancer (EOC) is the most 
lethal gynecological malignancy [1, 2]. This high 
lethality is attributed to the fact that the early 
stage of the disease is mostly asymptomatic; 
therefore, the disease often remains undiag-
nosed until the cancer has already disseminat-
ed throughout the peritoneal cavity [3]. When 
EOC is diagnosed at an early stage, prior to 
metastatic dissemination, the overall 5-year 
survival rate is approximately 80 to 90%. 
However, in the approximately 80% of women 
who are diagnosed after metastases are 
already present, the survival rate decreases to 
less than 30%. Metastases are most common-
ly found within the omentum, the peritoneum, 

the diaphragm, and the bowel surfaces [4]. As 
mortality in EOC is directly associated with met-
astatic disease, ovarian cancer metastasis 
merits further investigation.

Using a microarray-based analysis, we identi-
fied castor zinc finger 1 (CASZ1) as a gene that 
is up-regulated in EOC. CASZ1, which localizes 
to chromosome 1p36.22, is the human homo-
log of the Drosophila zinc finger transcription 
factor Castor (dCas) [5]. dCas regulates neuro-
nal differentiation and neural fate [6, 7]. In 
Xenopus laevis and mouse, CASZ1 regulates 
heart development, cardiomyocyte differentia-
tion, and cardiovascular development [8-11]. 
Recently, CASZ1 was recognized as a tumor 
suppressor in neuroblastoma due to its ability 
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to induce cell differentiation and inhibit tumor 
cell migration and growth in vitro and in vivo 
[12, 13]. Human CASZ1 localizes to the nucleus 
and is primarily expressed in 2 alternatively 
spliced isoforms: CASZ1a and CASZ1b [5]. 
CASZ1a is a 1,759 amino acid protein com-
posed of 11 zinc fingers. CASZ1b is a 1,166 
amino acid protein composed of 5 zinc fingers, 
and the first 1,166 amino acids of CASZ1b are 
identical to the sequence of the CASZ1a pro-
tein. CASZ1a and CASZ1b exert redundant 
effects in neuroblastoma [12]. However, the 
role of CASZ1 in other cancers, including ovari-
an cancer, remains unclear.

In the present study, we demonstrated that 
CASZ1 expression is up-regulated in EOC and 
that CASZ1 promotes EOC metastasis. 
Furthermore, both CASZ1a and CASZ1b pro-
moted the epithelial-mesenchymal transition 
(EMT), cell migration, invasion, and metastasis 
in EOC.

Materials and methods

Cell culture and transfection

The human EOC cell lines, TOV-21G and A2780, 
were obtained from the American Type Culture 
Collection (ATCC) (Manassas, VA). The MCAS 
and RMUG-S cell lines were purchased from 
the Human Science Research Resources Bank 
(HSRRB) (Osaka, Japan). TOV-21G cells were 
maintained in MCDB105 and M199 (1:1) media 
supplemented with 15% fetal bovine serum 
(FBS) (Invitrogen, Carlsbad, CA). A2780 and 
A2780CP70 cells were maintained in RPMI 1640 
medium supplemented with 10% FBS, 0.1 mM 
non-essential amino acids, and 1 mM sodium 
pyruvate. MCAS and RMUG-S cells were main-
tained in minimum essential medium alpha 
medium supplemented with 10% FBS and 
Ham’s F12 medium with 10% FBS, respectively. 
The immortalized ovarian epithelial cell line 
IOSE396 was generated by transformation with 
the simian virus 40 [14]. The IOSE396 cells 
were cultured in RPMI 1640 medium supple-
mented with 10% FBS. All of the cell lines were 
incubated in a humidified atmosphere with 5% 
CO2 at 37°C. The transient expression of CAS- 
Z1a and CASZ1b was achieved by transfecting 
cells with CASZ1a- and CASZ1b-expressing 
plasmids, respectively, using LipofectamineR 
LTX&PLUSTM reagent (Invitrogen) (A2780CP70 
cells) or electroporation using the NEON elec-

troporation system (TOV21G cells). Both trans-
fection procedures were performed according 
to the manufacturer’s protocol.

Patient and tumor specimens

EOC patients who underwent cytoreductive sur-
gery between January 2008 and January 2010 
at the National Cheng Kung University Hospital 
(NCKUH) in Tainan, Taiwan were enrolled in this 
study. Twenty-eight freshly frozen ovarian can-
cer specimens and 1 normal ovarian surface 
tissue were evaluated using quantitative real-
time PCR analysis. An additional 20 paired pri-
mary and metastatic EOC tissue specimens 
were evaluated using immunohistochemistry 
staining. The research protocol and consent 
form were approved by the NCKUH institutional 
review board of the hospital, and written 
informed consent was obtained from each 
patient.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was prepared using the RNeasy Mini 
Kit (Qiagen, Valencia, CA). One microgram of 
isolated total RNA was reverse transcribed for 
2 h at 42°C using M-MLV Reverse Transcriptase 
and Oligo(dT)15 primers in the presence of an 
RNase inhibitor (Promega, San Luis Obispo, 
CA). CASZ1a, CASZ1b, and β-actin mRNA ex- 
pression levels were measured using qRT-PCR 
with the Fast SYBR Green Master Mix and the 
Applied Biosystems StepOne Real-Time PCR 
System (Applied Biosystems, Foster City, CA) 
according to the manufacturer’s protocol. The 
resulting cDNA (1:10 dilution) was used as the 
template for PCR. The 10 μl PCR reaction vol-
ume contained 1 μl of cDNA, 0.2 μM forward 
primer, 0.2 μM reverse primer, and 1x Fast 
SYBR Green Master Mix. The reaction was con-
ducted using the following PCR conditions: 1) 
pre-incubation at 95°C for 2 min and 2) 40 
cycles of a denaturing step at 95°C for 3 sec 
and an annealing/extension step at 60°C for 
30 sec. The primer sequences were as follows: 
CASZ1a Forward, 5’-GGATGCTGAGACAGATGAG- 
TGC-3’ and CASZ1a Reverse, 5’-CTGTCGGCA- 
TAGAGATGGTGTT-3’; CASZ1b Forward, 5’-TCCC-
TCCGAGCCTCCGTAT-3’ and CASZ1b Reverse, 
5’-GGGTCCCTTCCACCCAAGA-3’; and β-actin 
Forward, 5’-GCCAACCGCGAGAAGATGA-3’ and 
β-actin Reverse, 5’-CATCACGATGCCAGTGGTA-3’. 
The expression levels of CASZ1a or CASZ1b 
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were normalized to the expression of β-actin, 
and relative expression levels were calculated 
using the following formula: -∆CT = -[CTCASZ1a/b - 
CTβ-actin]. The CASZ1a or CASZ1b cDNA/β-actin 
cDNA ratio was calculated as 2-∆CT. Relative 
expression levels of CASZ1a or CASZ1b mRNA 
are presented as the expression levels in EOC 
cells compared with normal cells. Control reac-
tions with no template added were included in 
each assay.

Western blot analysis

The cells were lysed on ice for 30 min in RIPA 
buffer (0.5% sodium deoxycholate, 0.1% SDS, 
and 1% Triton X-100 in 1 × TBS) using a stock 
solution at a 25-fold dilution supplemented 
with 1 mini protease inhibitor cocktail tablet 
(Roche Diagnostics, Basel, Switzerland) dis-
solved in 2 ml of distilled water. Total proteins 
were separated using SDS-PAGE, transferred to 
polyvinylidene membranes (Millipore, Billerica, 
MA) and probed with primary antibodies. The 
anti-β-actin monoclonal antibody was pur-
chased from GeneTex (San Antonio, TX). The 
anti-CASZ1 rabbit polyclonal antibody was 
obtained from Rockland Immunochemicals 
(Gilbertsville, PA). The anti-E-cadherin and anti-
N-cadherin monoclonal antibodies were ob- 
tained from BD Biosciences (San Jose, CA), and 
the anti-α-smooth muscle actin (α-SMA) mono-
clonal antibody was purchased from Abcam 
(Cambridge, MA). The antibodies were diluted 
in TBS (pH 7.5) supplemented with 0.05% (v/v) 
Tween 20 and 2% bovine serum albumin (BSA). 
The membranes were incubated with the appro-
priate horseradish peroxidase-conjugated sec-
ondary antibodies (GE Healthcare Life Sciences, 
Piscataway, NJ), and the bound antibodies were 
visualized using ECL staining.

CASZ1 knockdown and selection of stable 
clones

The CASZ1-shRNA-expressing lentiviral vectors 
were obtained from the National RNAi Core 
Facility (Academia Sinica, Taipei, Taiwan) and 
prepared according to standard protocols. The 
target sequences of sh-CASZ1 (2) and sh-
CASZ1 (3) are CGTCACTGAAGATGTAAACAT and 
CGGCTGCACATTCACTTTCAA, respectively. Bri- 
efly, HEK293T cells were co-transfected with 
pLKO.1 shRNA, pCMV-R8.91, and pMD.G. 
Virus-containing medium was collected 24 h 
post-transfection. To generate stably trans-

duced shRNA clones, MCAS or RMUG-S cells 
were infected with the shRNA-expressing lenti-
virus [multiplicity of infection (MOI) = 3] in 
media supplemented with 8 μg/ml Polybrene. 
Twenty-four hours post-infection, the cells were 
treated with puromycin to select for puromycin-
resistant clones.

Wound healing assay

The cells were seeded on ibidi culture inserts 
(ibidi GmbH, Munich, Germany). After the cells 
had formed a monolayer, a wound was created 
by removing the insert. Cell migration was 
observed, and the cells were imaged at 0 h and 
at the indicated time points following the cre-
ation of the wound. The wound area was mea-
sured using ImageJ software (NIH, Bethesda, 
MD), and the wound area at the indicated time 
points was normalized to the wound area at 0 
h.

Transwell migration assay and in vitro tran-
swell invasion assay

The transwell migration assay and invasion 
assays were conducted using an 8-μm pore 
transwell (Corning Costar, Cambridge, MA) 
coated without or with 100 μg of Matrigel (BD, 
San Jose, CA). The cells were suspended in 
media supplemented with 1% FBS and placed 
in the upper well of the chamber. The lower 
chamber was filled with media supplemented 
with 20% FBS. After incubating the cells for the 
indicated period of time, the cells on the mem-
brane of the transwell were fixed in methanol 
and stained with Giemsa’s solution. The cells 
attached to the upper surface of the membrane 
were removed using a cotton swab. Migrating 
and invasive cells were counted under a light 
microscope (100 × magnification).

Anchorage-independent growth assay

EOC cells (2 × 104) were seeded in triplicate in 
media with 0.35% agarose in 6-well plates 
coated with 0.7% agarose. Anchorage-inde- 
pendent growth was assayed after a 4-week 
incubation period in complete media, which 
was replaced every 3 days. The colonies were 
subsequently stained with 0.25% crystal violet 
in 20% methanol. After carefully removing the 
crystal violet solution and rinsing the colonies 
with water, the colonies were imaged and 
counted under an inverted microscope.
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Figure 1. CASZ1 is highly expressed in EOC tissues and EOC cell lines. (A, B) CASZ1 mRNA expression levels were 
evaluated in clinical EOC specimens using the (A) Affymetrix GeneChip HG-U133_Plus_2 (GSE44104), which includ-
ed 3 normal ovarian tissues, 12 clear cell, 11 endometrioid, 28 serous, and 9 mucinous ovarian cancer tissues, and 
(B) 2 GEO databases (GSE6008 and GSE18520). CASZ1 expression levels in the experimental groups and the nor-
mal group were compared using Student’s t-test. *P < 0.05; **P < 0.005; ***P < 0.001. (C) CASZ1a and CASZ1b 
mRNA expression levels in human EOC cell lines were determined using qRT-PCR. CASZ1a and CASZ1b expression 
was normalized to β-actin expression and to CASZ1 expression in IOSE398 cells (an immortalized human ovarian 
surface epithelial cell line). The qRT-PCR data presented represent 3 independent experiments. (D) CASZ1a and 
CASZ1b protein levels in human EOC cell lines were determined using immunoblotting assays. β-actin was used as 
the internal control. (E) CASZ1a and CASZ1b expression in a normal ovarian tissue and tumor tissues derived from 
28 EOC patients was assessed using qRT-PCR. The relative level of CASZ1 expression was normalized to β-actin 
levels and to CASZ1 levels in the normal tissue samples. The error bars represent the SEM.
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Figure 2. CASZ1 knockdown suppresses migration and invasion in EOC cell lines. MCAS (A, C, E, G, I) and RMUG-S 
(B, D, F, H, J) cells were infected with the control shRNA (sh-luc) lentivirus or 2 different sh-CASZ1 lentiviruses, and 
stable clones were selected using puromycin. (A, B) The expression of CASZ1a and CASZ1b in the stable clones was 
analyzed using immunoblotting assays. β-actin was used as the internal control. The effect of sh-CASZ1 on tumor 
cell migration was determined using the wound healing assay (C, D) and the transwell migration assay (E, F). For the 
wound healing assay, 2 × 104 cells expressing sh-luc, sh-CASZ1 (2), or sh-CASZ1 (3) were seeded on ibidi culture 
inserts. The wound area at 0 h and 16 or 24 h after the removal of culture inserts was measured using ImageJ (n ≥ 
3 per group). The wound area at 16 or 24 h was normalized to the wound area measured at 0 h. For the transwell 
migration assay, 1 × 105 cells expressing sh-luc, sh-CASZ1 (2), or sh-CASZ1 (3) were seeded on the transwells and 
incubated for 14 h. The cells that had migrated through the transwell were counted (n = 3 per group), and the values 
were normalized to the sh-luc group to calculate relative migration ability. (G, H) The effect of sh-CASZ1 on tumor 
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cell invasion was determined using the in vitro transwell invasion assay. Briefly, 5 × 105 cells expressing sh-luc, sh-
CASZ1 (2), or sh-CASZ1 (3) were seeded on transwells coated with 100 μg of Matrigel and incubated for 24 h. The 
cells that had invaded the membrane were counted (n = 3 per group), and the values were normalized to the sh-luc 
group to calculate relative invasive ability. (I, J) CASZ1 knockdown inhibits filopodium formation in EOC cells. Cells 
were stained with rhodamine phalloidin to visualize F-actin, and the stained cells were observed using confocal 
microscopy. The number of filopodia-positive cells among a total of 250 cells was counted. The data were normal-
ized to the sh-luc group to calculate the relative number of cells with filopodia. The data represent 3 independent 
experiments. The error bars represent the SEM. *P < 0.05; **P < 0.005; ***P < 0.001 by Student’s t-test.

Figure 3. CASZ1 knockdown does not affect cell proliferation but suppresses anchorage-independent growth in EOC 
cells. (A, B) The effect of CASZ1 knockdown on EOC cell proliferation. MCAS (A) and RMUG-S (B) cells (1 × 104) ex-
pressing sh-luc, sh-CASZ1 (2), or sh-CASZ1 (3) were seeded in 12-well plates and incubated for 4 days. The number 
of cells was counted each day. Each data point represents the mean ± SEM of 3 wells. (C, D) The effect of CASZ1 
knockdown on anchorage-independent growth in MCAS (C) and RMUG-S cells (D). Briefly, 2 × 104 of the indicated 
cells were plated in soft agar, incubated for 4 weeks, and then stained with 0.01% crystal violet. The number of 
visible colonies was counted. The data were normalized to the sh-luc group and expressed as the mean ± SEM of 3 
wells. *P < 0.05; **P < 0.005 by Student’s t-test.
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Experimental metastasis in vivo

MCAS cells (5 × 105) transfected with sh-luc or 
sh-CASZ1 (2) were suspended in 200 μl of 
Hank’s balanced salt solution (HBSS) and 
injected into 5 8-week-old SCID mice in each 
group via the lateral tail vein. The injected mice 
were euthanized 7 weeks later, and their lungs 
were resected and fixed in 10% formalin. The 
lung tumor cell colonies were counted under a 
dissecting microscope. Representative lung 
tumors were resected, fixed, and embedded in 
paraffin. The embedded tissue was sectioned 
into 4-μm sections, and the sections were 
stained with hematoxylin-eosin (H&E) for histo-
logical analysis.

Immunohistochemistry

The tissue sections used for the immunohisto-
chemistry analysis of CASZ1 protein expression 
were autoclaved in Tris-EDTA buffer (pH 9) at 
121°C for 10 min for antigen retrieval. The 
samples were subsequently treated with 3% 
H2O2-methanol and incubated with the antibody 
against CASZ1 diluted 1:1,000 in antibody dilu-
tion buffer (DakoCytomation Inc., Carpinteria, 
CA) overnight at 4°C. The immunoreactive 
staining was visualized using the LSAB+ system-
HRP and the AEC substrate (DakoCytomation, 
Inc.). Then, the samples were counterstained 
with hematoxylin. CASZ1 expression in the 
tumor tissues was scored as follows: 0, no 
CASZ1 expression; 1, 0-25% CASZ1-positive 
tumor cells; 2, 26-50% CASZ1-positive tumor 
cells; and 3, 51-100% CASZ1-positive tumor 
cells.

Statistical analysis

The data are presented as the mean ± stan-
dard error of the mean (SEM). Comparisons 

between 2 groups were calculated using 
Student’s t-test, and comparisons between 
paired tumor samples were calculated using 
the Wilcoxon signed-rank test using GraphPad 
Prism software (Version 5.0). All of the statisti-
cal tests were two-sided, and P-values <0.05 
were considered statistically significant.

Results

CASZ1 is highly expressed in EOC tissues and 
ovarian cancer cell lines

To identify putative EOC biomarkers and thera-
peutic targets, we analyzed the global gene 
expression profiles of ovarian cancer tissues 
obtained in our previous microarray study (GEO 
number: GSE44104) [15]. These data demon-
strated that CASZ1 was up-regulated in various 
types of EOC cells, including the clear cell, 
endometrioid, serous, and mucinous subtypes, 
compared with normal ovarian tissues (Figure 
1A). Consistent with these findings, an increase 
in CASZ1 expression in EOC tissues was report-
ed in other GEO databases, including GSE- 
18520 and GSE6008 (Figure 1B). In mammals, 
the CASZ1 gene encodes 2 isoforms: CASZ1a 
(hCasz11), which has 11 zinc fingers, and 
CASZ1b (hCasz5), which has 5 zinc fingers. 
These genes are co-expressed and have redun-
dant functions in suppressing tumor cell growth 
in neuroblastoma [12]. Therefore, we analyzed 
the expression levels of CASZ1a and CASZ1b in 
EOC cell lines and clinical EOC specimens. With 
the exception of the TOV21G cells, CASZ1a and 
CASZ1b mRNA and protein expression levels 
were elevated in the EOC cell lines (A2780, 
A2780CP70, MCAS, and RMUG-S) compared with 
an immortalized human ovarian surface epithe-
lial cell line (IOSE398) (Figure 1C and 1D). In 
addition, CASZ1a and CASZ1b were co-

Figure 4. Overexpression of either CASZ1a or CASZ1b enhances migration and invasion in TOV21G cells. A. Both 
CASZ1a and CASZ1b promote cell migration in TOV21G cells, as demonstrated by the wound healing assay. TOV21G 
cells were electroporated with the pCMV-tag2B, pCMA-tag-CASZ1a (left panel), pEGFP-C1 vector, or pEGFP-C1-
CASZ1b vector (right panel). Twenty-four hours later, 2 × 104 of the indicated cells were seeded on ibidi culture 
inserts. The wound was imaged (upper panel) at 0 h and 11.5 h after the removal of culture inserts, and the wound 
area was measured using ImageJ (n ≥ 3 per group). The wound area at 11.5 h was normalized to the wound area 
at 0 h (middle panel). CASZ1a and CASZ1b expression was analyzed using immunoblotting assays (lower panel). 
β-actin was used as the internal control. B. Both CASZ1a and CASZ1b promote cell migration in TOV21G cells, as 
demonstrated using the transwell migration assay. Briefly, 2 × 104 of the indicated cells were seeded on transwells 
and incubated for 6 h. The cells that had migrated through the transwell were counted (n = 3 per group), and the 
values were normalized to the vector control group to calculate relative migration ability. C. The effect of CASZ1a 
or CASZ1b on cell invasion in TOV21G cells was determined using the in vitro transwell invasion assay. Briefly, 1 
× 105 cells were seeded on transwells coated with 100 μg of Matrigel and incubated for 24 h. The cells that had 
invaded the membrane were counted (n = 3 per group), and the values were normalized to the vector control group 
to calculate relative invasive ability. The error bars represent the SEM. *P < 0.05; **P < 0.005; ***P < 0.001 by 
Student’s t-test.
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expressed in EOC cell lines. We also assessed 
CASZ1a and CASZ1b mRNA levels in 28 clinical 
EOC tumor specimens and 1 normal ovarian tis-
sue specimen using qRT-PCR (Figure 1E). 
CASZ1a expression levels were at least 2-fold 
greater in all of the EOC clinical specimens 
compared with the normal tissue, whereas 
CASZ1b was up-regulated in 9 of the 28 EOC 
clinical specimens. Compared with CASZ1b, 
CASZ1a was more frequently and more strongly 
up-regulated in EOC tissues.

CASZ1 knockdown suppresses cell migration 
and invasion in EOC cells

To determine the role of CASZ1 in EOC, 2 ovari-
an cancer cell lines, MCAS and RMUG, were 
infected with lentiviral-based shRNAs targeting 
CASZ1 or a control luciferase gene. Cell migra-
tion, invasion and proliferation were evaluated 
in the resulting CASZ1-knockdown EOC cells. 
CASZ1a and CASZ1b protein levels were effi-
ciently knocked down in MCAS and RMUG-S 
cells (Figure 2A and 2B). In addition, a wound 
healing assay (Figure 2C and 2D) and transwell 
migration assay (Figure 2E and 2F) demon-
strated that CASZ1 knockdown inhibited can-
cer cell migration, and an in vitro transwell inva-
sion assay (Figure 2G and 2H) demonstrated 
that CASZ1 knockdown inhibited cell invasion. 
Actin cytoskeleton rearrangements are involved 
in the formation of lamellipodia and filopodia 
and are vital for cancer cell migration/invasion 
and the cellular events that mediate metasta-
sis. Therefore, we investigated the influence of 
CASZ1 knockdown on cytoskeleton assembly 
in MCAS and RMUG-S cells and found that 
CASZ1 knockdown reduced the formation of 
filopodia in MCAS and RMUG-S cells (Figure 2I 

and 2J). Although CASZ1 was reported to regu-
late the expression of several cell growth-asso-
ciated genes and suppress cell proliferation in 
neuroblastoma [11], we found that CASZ1 
knockdown did not affect proliferation in MCAS 
and RMUG cells (Figure 3A and 3B). Furth- 
ermore, CASZ1 knockdown suppressed anch- 
orage-independent cell growth (Figure 3C and 
3D).

CASZ1a and CASZ1b exert similar effects on 
cell migration and invasion in EOC cells

As the CASZ1 gene encodes 2 isoforms, 
CASZ1a and CASZ1b, that are co-expressed in 
ovarian cancer cells, we overexpressed CASZ1a 
or CASZ1b in TOV21G cells expressing low lev-
els of CASZ1 to investigate their individual roles 
in EOC cell motility and invasion. Indeed, over-
expression of either CASZ1a or CASZ1b pro-
moted cancer cell motility, as demonstrated by 
a wound healing assay (Figure 4A) and a tran-
swell migration assay (Figure 4B). In addition, 
CASZ1a and CASZ1b overexpression enhanced 
cell invasion in TOV21G cells (Figure 4C). To 
confirm these findings, we overexpressed CA- 
SZ1a or CASZ1b in another ovarian cancer cell 
line, A2780CP70. Similar to what was observed in 
TOV21G cells, cell migration and invasion were 
enhanced in A2780CP70 cells overexpressing 
either CASZ1a or CASZ1b (Figure 5).

CASZ1 mediates EMT in EOC cells

We analyzed the expression of various EMT 
marker genes in CASZ1-overexpressing and 
CASZ1-knockdown EOC cells. In CASZ1a- or 
CASZ1b-overexpressing TOV21G and A2780CP70 
cells, the expression of the mesenchymal mark-

Figure 5. CASZ1a or CASZ1b overexpression enhances cell migration and invasion in A2780CP70 cells. A. CASZ1a 
and CASZ1b promote cell migration in A2780CP70 cells, as demonstrated by the wound healing assay. A2780CP70 cells 
were transfected with the pCMV-tag2B, pCMA-tag-CASZ1a (left panel), pEGFP-C1, or pEGFP-C1-CASZ1b vector (right 
panel). Twenty-four hours later, 2 × 104 of the indicated cells were seeded on ibidi culture inserts. The wound was 
imaged (upper panel) at 0 h and 24 h after the removal of the culture inserts, and the wound area was measured 
using ImageJ (n ≥ 3 per group). The wound area at 24 h was normalized to the wound area at 0 h (middle panel). 
CASZ1a and CASZ1b expression was analyzed using immunoblotting assays (lower panel). β-actin was used as the 
internal control. B. The effect of CASZ1a or CASZ1b on tumor cell migration in A2780CP70 cells was determined us-
ing the transwell migration assay. Briefly, 2 × 105 of the indicated cells were seeded on transwells and incubated 
for 14 h. The cells that had migrated through the transwell were counted (n = 3 per group), and the values were 
normalized to the vector control group to calculate relative migration ability. C. The effect of CASZ1a and CASZ1b 
on tumor cell invasion in A2780CP70 cells was determined using the in vitro transwell invasion assay. Briefly, 2 × 105 
cells were seeded on transwells coated with 100 μg of Matrigel and incubated for 24 h. The number of cells that had 
invaded the membrane was counted (n = 3 per group), and the values were normalized to the vector control group 
to calculate relative invasive ability. The error bars represent the SEM. *P < 0.05; **P < 0.005; ***P < 0.001 by 
Student’s t-test.
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Figure 6. CASZ1 promotes the epithelial-mesenchymal transition and cancer metastasis in EOC cells. Changes in 
the expression of EMT-associated genes in (A) CASZ1a- or CASZ1b-overexpressing TOV21G and A2780CP70 cells and 
in (B) CASZ1-knockdown MCAS and RMUG cells were analyzed using immunoblotting assays. Epithelial marker: E-
cadherin; mesenchymal markers: N-cadherin and α-smooth muscle actin (α-SMA). β-actin was used as the internal 
control. (C) The 5 most highly enriched networks identified by the MetaCore-based analysis of the microarray data 
derived from MCAS cells expressing sh-luc, sh-CASZ1 (2), and sh-CASZ1 (3).
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Figure 7. Human metastatic ovarian tumors express high levels of CASZ1. A, B. The effect of CASZ1 knockdown on 
metastasis in vivo. Briefly, 5 × 105 MCAS cells expressing sh-luc or sh-CASZ1 (2) were intravenously injected into 
mice, and the mice were euthanized 7 weeks after the injection. A. Upper panel: representative image of lungs 
derived from the mice injected with MCAS cells expressing sh-luc or sh-CASZ1 (2). Lower panel: histological analysis 
of a mouse lung using H&E staining. B. Quantification of lung metastatic nodules 7 weeks after the injection. The 
data are expressed as the mean ± SEM. *P = 0.02 by Student’s t-test. (n = 5 mice per group). C. Two representa-
tive paired ovarian primary and metastatic tumors stained with an antibody against CASZ1. Upper right, para-aortic 
lymph node; lower right, peritoneal metastatic tumor. Scale bar: 100 μm. D. Samples from a total of 20 EOC patients 
with stage III or IV disease were evaluated. The paired primary and metastatic tumors were stained with an antibody 
against CASZ1 and scored according to the following scoring system: 0: no expression, 1: 1-25% CASZ1-positive 
tumor cells; 2: 26-50% CASZ1-positive tumor cells; and 3: 51-100% CASZ1-positive tumor cells. Among the primary 
tumor samples, 1 was assigned a score of 0, 14 were assigned a score of 1, 4 were assigned a score of 2, and 1 
was assigned a score of 3. Among the metastatic tumor samples, 6 were assigned a score of 1, 4 were assigned a 
score of 2, and 10 were assigned a score of 3. Compared with the paired primary tumors, CASZ1 expression was 
significantly up-regulated in the metastatic tumors. P = 0.003 by Wilcoxon signed-rank test.

ers N-cadherin and α-SMA was up-regulated, 
whereas the expression of the epithelial marker 
E-cadherin was down-regulated (Figure 6A). 

Conversely, the expression of E-cadherin was 
up-regulated in CASZ1-knockdown MCAS and 
RMUG-S cells, whereas the expression of 
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N-cadherin and α-SMA was down-regulated 
(Figure 6B). These results indicate that CASZ1 
triggers EMT in EOC cells.

To investigate the mechanisms that mediate 
the effects of CASZ1 on EMT and cancer cell 
migration/invasion in EOC cells, we used the 
MetaCore tool to analyze genes identified by 
the microarray data as up- and down-regulated 
at least 1.5-fold in CASZ1-silenced MCAS cells 
compared with control cells. The top 5 net-
works associated with the differentially expre- 
ssed genes are presented in Figure 6C, and the 
most highly enriched network identified was 
“Cytoskeleton_actin filaments.” The 10 most 
highly up- and down-regulated genes are listed 
in Supplementary Table 1.

CASZ1 knockdown suppresses cancer metas-
tasis in vivo

Based on our in vitro data, we postulated that 
CASZ1 expression is associated with cancer 
metastasis in EOC. To determine the effect of 
CASZ1 expression on metastatic colonization, 
we intravenously injected severe combined 
immunodeficiency (SCID) mice with CASZ1-
knockdown MCAS cells transfected with sh-
CASZ1 (2) or control cells transfected with sh-
luc. The mice were euthanized 7 weeks after 
the injections. As shown in Figure 7A and 7B, 
mice injected with CASZ1 knockdown cells 
developed significantly fewer lung metastatic 
nodules compared with mice injected with the 
control cells. These results indicate that CASZ1 
knockdown suppresses the ability of MCAS 
cells to form metastatic nodules in the lungs.

CASZ1 expression is up-regulated in human 
metastatic ovarian tumors

To further investigate the metastasis-promot-
ing effects of CASZ1 in EOC, we evaluated 

CASZ1 expression in paired primary and meta-
static tumors from 20 EOC patients with stage 
III or stage IV disease using immunohistochem-
istry. As shown in Figure 7C, CASZ1 protein 
expression was up-regulated in metastatic 
tumor tissues compared with the paired prima-
ry tumor tissues. CASZ1 expression levels were 
assigned a score from 0 to 3 according to the 
following scoring system: 0, no expression; 1, 
1-25% CASZ1-positive tumor cells; 2, 26-50% 
CASZ1-positive tumor cells; and 3, 51-100% 
CASZ1-positive tumor cells. Among the primary 
tumors, 1 was assigned a score of 0, 14 were 
assigned a score of 1, 4 were assigned a score 
of 2, and 1 was assigned a score of 3. Among 
the metastatic tumors, 6 were assigned a score 
of 1, 4 were assigned a score of 2, and 10 were 
assigned a score of 3. Compared with the 
paired primary tumors, there was a statistically 
significantly increase in CASZ1 expression in 
metastatic tumors (P = 0.003 as calculated by 
Wilcoxon signed-rank test) (Figure 7D). Thus, 
higher CASZ1 expression was associated with 
metastatic EOC tumor tissues (Table 1).

Discussion

In the present study, we demonstrated that 
CASZ1 is overexpressed in EOC cell lines and 
tissues and promotes EOC metastasis. Both 
isoforms of CASZ1, CASZ1a and CASZ1b, pro-
moted EMT and enhanced cancer cell migra-
tion and invasion in vitro and promoted cancer 
metastasis in vivo. Furthermore, we confirmed 
that CASZ1 expression is up-regulated in meta-
static tumor tissues compared with matched 
primary tumors derived from patients with met-
astatic ovarian cancer. Thus, CASZ1 might be 
involved in EOC metastasis and thus serves as 
a potential prognostic marker of metastatic 
EOC.

CASZ1 is a zinc-finger transcription factor that 
plays a key role in various developmental pro-
cesses, including neurogenesis, heart develop-
ment, and vascular morphogenesis [5, 7-11]. 
The loss of CASZ1 is associated with a poor 
prognosis in patients with neuroblastoma [12, 
13]. In this context, CASZ1 is recognized as a 
tumor suppressor in neuroblastoma because it 
promotes cell differentiation and adhesion and 
inhibits cell proliferation and motility. However, 
the role of CASZ1 in other types of cancer, such 
as EOC, remains unclear. We evaluated the 
association of CASZ1 with EOC progression and 
found that in contrast to its tumor suppressor 

Table 1. CASZ1 expression in primary and 
metastatic tumors from 20 epithelial ovarian 
cancer patients as determined using immuno-
histochemistry staining

Primary 
tumor

Metastatic tumor

High CASZ1 expression 1 10
Low CASZ1 expression 19 10
P = 0.0014 by chi-square
High CASZ1 expression was defined as 50% CASZ1-
positive neoplastic cells, and low CASZ1 expression was 
defined as less than 50% CASZ1-positive neoplastic cells.
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role in neuroblastoma, CASZ1 promotes metas-
tasis in EOC. CASZ1 was up-regulated in EOC 
tissues, especially in metastatic tumor tissues, 
and CASZ1 promoted EOC cell migration, inva-
sion, and metastasis. We also analyzed CASZ1 
expression in the GSE66934 GEO dataset of 
gene expression in a mouse metastatic ovarian 
cancer model (Supplementary Figure 1). CASZ1 
expression was up-regulated in highly meta-
static ID8-M cells derived from ascites in mice 
intraperitoneally injected with parental ID8 
mouse ovarian epithelial papillary serous ade-
nocarcinoma cells. Consistent with previous 
reports, we found that the overexpression of 
CASZ1a or CASZ1b suppressed cell migration 
in the SH-SY5Y neuroblastoma cell line 
(Supplementary Figure 2). These findings indi-
cate that CASZ1 might have distinct functions 
and target genes in ovarian cancer and neuro-
blastoma tissues. An in silico data mining anal-
ysis using EST clustering data from the ECgene 
database (http://genome.ewha.ac.kr/ECgene/) 
revealed that CASZ1 mRNA was highly 
expressed in cancer tissues derived from the 
lung, muscle, ovary, pancreas, large intestine, 
stomach, and skin, whereas CASZ1 mRNA was 
down-regulated in prostate and breast cancer 
tissues (Supplementary Figure 3). Furthermore, 
the deletion of chromosome 1p36, which har-
bors the CASZ1 gene, is frequently observed in 
several types of cancers, including neuroblas-
toma, melanoma, and breast cancer [16]. 
These findings further indicate that CASZ1 
might be associated with cancer progression 
and that CASZ1 plays distinct roles in different 
types of cancers.

In addition to inhibiting cell migration and inva-
sion, CASZ1 knockdown suppressed anchor-
age-independent cell growth. However, CASZ1 
knockdown did not affect cell proliferation. The 
effect of CASZ1 on cell proliferation in MCAS 
and RMUG-S cells is interesting. Although 
CASZ1 regulates the expression of several cell 
growth-associated genes and suppresses cell 
proliferation and anchorage-independent cell 
growth in neuroblastoma [12, 13], the loss of 
CASZ1 expression inhibits cell proliferation by 
inducing cell cycle arrest at the G1/S transition 
in cardiomyocytes [17] and endothelial cells 
[11]. We used Ingenuity Pathways Analysis (IPA) 
to analyze the gene expression profiles of MCAS 
cells expressing sh-luc, sh-CASZ1 (2), or sh-
CASZ1 (3). The first, second and seventh most 

highly differentially expressed genes are 
involved in cell death and survival, cell move-
ment, and cellular growth and proliferation, 
respectively (Supplementary Figure 4). It is pos-
sible that we did not observe an effect on the 
proliferation of CASZ1-knockdown MCAS and 
RMUG-S cells during the time frame of our 
experiments due to their relatively low basal 
proliferation rate.

Furthermore, we observed a reduction in the 
expression of several genes associated with 
EOC progression and malignancy in CASZ1-
knockdown MCAS cells, including interleukin-6 
(IL-6), IL-8, TNF-α, CXCL1, CXCL2, CCL20, SAA1, 
SAA2, SAA4, MMP7, and S100A4, using micro-
array analysis (Supplementary Table 1). Pre- 
vious studies demonstrated that IL-6 and IL-8 
are cytokines that play key roles in EOC pro-
gression. Moreover, IL-6 is recognized as a ther-
apeutic target of EOC therapy [18, 19]. IL-6 
expression is associated with a poor prognosis 
and the presence of malignant ascites, and this 
cytokine plays a central role in tumor growth, 
angiogenesis, and malignancy in EOC [20-24]. 
IL-8, the most highly down-regulated gene in 
CASZ1-knockdown MCAS cells, is associated 
with a poor prognosis in EOC patients and pro-
motes cell growth, angiogenesis, EMT, migra-
tion, and invasion in EOC cells [20, 21, 25-29]. 
Therefore, in EOC, CASZ1 might trigger EMT, 
anchorage-independent cell growth, cell migra-
tion/invasion, and cancer metastasis via IL-6 
and IL-8 signaling. In addition, TNF-α is a prog-
nostic factor in EOC and is associated with EOC 
immunosuppression [30, 31]. TNF-α promotes 
a pro-inflammatory tumor microenvironment 
and induces the expression of several inflam-
matory chemokines, including CXCL1, CXCL2, 
and CCL20, via NF-κB activation [32]. These 
inflammatory chemokines control the recruit-
ment of neutrophils or tumor-derived Treg cells. 
The recruited cells promote cancer cell immu-
nosuppression and the expression of metasta-
sis-promoting genes associated with cancer 
migration/invasion [33-35]. Moreover, the 
blood levels of acute-phase serum amyloid A 
proteins, including SAA1, -2 and -4, increase 
during the early stages of various cancers, 
including EOC, and are overexpressed in EOC 
[36-38]. The expression of SAA proteins is 
induced by IL-1, IL-6, and TNF-α, and these pro-
teins stimulate immunosuppressive neutro-
phils to produce IL-10, thereby suppressing cell 
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immunity. Furthermore, we found that CASZ1 
might regulate the expression of matrix metal-
loprotease 7 (MMP7) in EOC cells. MMPs play 
an important role in tumor invasion via their 
extracellular matrix degradation activity. 
Indeed, MMP7 may serve as a valuable tumor 
or serum marker of malignant EOC due to its 
promotion of EOC cell invasion [39-41]. Finally, 
S100A4 regulates EMT and cancer metastasis, 
and S100A4 expression correlates with poor 
patient survival rates in several cancers [42]. 
S100A4 promotes EOC cell invasion via RhoA 
signaling, and nuclear expression of S100A4 is 
associated with aggressive cell behaviors and 
poor overall survival rates in EOCs [43]. 
Together, these findings suggest that CASZ1 
modulates the expression of several key cyto-
kines, chemokines, and metastasis-associated 
genes in EOC cells, thereby promoting EMT, 
invasion/metastasis, tumor growth and cancer 
immunosuppression.

Human CASZ1 is predominantly expressed as 2 
alternatively spliced isoforms: CASZ1a and 
CASZ1b [6]. In this study, CASZ1a and CASZ1b 
were co-expressed in EOC tissues and exerted 
similar inhibitory effects on cell migration and 
invasion. The expression patterns of CASZ1a 
and CASZ1b were similar in EOC cell lines, but 
differed slightly in tumor tissues derived from 
EOC patients; CASZ1a mRNA expression was 
more frequently and strongly up-regulated in 
EOC tissues compared with CASZ1b. The dis-
crepancy between CASZ1a and CASZ1b expres-
sion might result from distinct modes of post-
transcriptional regulation via the various 
microRNAs predicted to target the 3’UTR of 
CASZ1a and CASZ1b. However, CASZ1a and 
CASZ1b share the same promoter [12]. Using 
the bioinformatics software TargetScan to iden-
tify microRNAs that potentially target CASZ1a 
and CASZ1b, we identified a conserved miR-
142-3p binding sequence in the 3’UTR of 
CASZ1a, and conserved miR-146a and miR-
146b-5p binding sequences were identified in 
the 3’UTR of CASZ1b. The existence of an IL-6/
miR142-3p regulatory feedback-loop has been 
previously reported; IL-6 suppresses miR-142-
3p expression, whereas IL-6 is a target of miR-
142-3p [44]. Based on the decreased expres-
sion of IL-6 in CASZ1-knockdown MCAS cells, a 
CASZ1a/IL-6/miR142-3p regulatory feedback 
loop might be involved in EOC progression. 
However, the transcriptional and post-tran-
scriptional regulation of CASZ1a and CASZ1b 

expression in EOC requires further investi- 
gation.

In conclusion, our data indicate that CASZ1 is a 
novel promoter of metastasis in EOC. CASZ1 
expression was up-regulated in EOC cells and 
tissues, with the strongest up-regulation ob- 
served in metastatic tumor tissues. In the 
future, the identification of CASZ1 downstream 
target genes will provide insight into the mech-
anism of metastasis in EOC and facilitate the 
development a novel therapeutic strategy for 
malignant ovarian cancer.
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Supplementary Table 1. Top 10 up-and down-regulated genes and other metastasis-related genes 
in MCAS cells with sh-CASZ1 (2) and sh-CASZ1 (3), compared to that in sh-luc cells by the analysis of 
microarray data

Gene 
symbol Accession No. Gene description

Log2 fold-change
(sh-CASZ1 (2)/

sh-luc)

Log2 fold-change
(sh-CASZ1 (3)/

sh-luc)
IL8 NM_000584.2 Homo sapiens interleukin 8 -2.97 -2.84

SERPINA3 NM_001085.4 Homo sapiens serpin peptidase inhibitor, clade A, member 3 -2.32 -2.19

GDF15 NM_004864.1 Homo sapiens growth differentiation factor 15 -2.22 -2.39

CXCL2  NM_002089.3 Homo sapiens chemokine (C-X-C motif) ligand 2 -2.12 -2.10

SAA1  NM_000331.3 Homo sapiens serum amyloid A1 -2.10 -1.98

CXCL1  NM_001511.1 Homo sapiens chemokine (C-X-C motif) ligand 1 -2.10 -2.13

C15ORF48  NM_032413.2 Homo sapiens chromosome 15 open reading frame 48 -2.05 -2.12

FST  NM_006350.2 Homo sapiens follistatin -1.92 -1.96

PHGDH  NM_006623.2 Homo sapiens phosphoglycerate dehydrogenase -1.85 -1.76

RARRES3  NM_004585.3 Homo sapiens retinoic acid receptor responder 3 -1.84 -1.78 

CCL20 NM_004591.1 Homo sapiens chemokine (C-C motif) ligand 20 -1.76 -1.82

TNF  NM_000594.2 Homo sapiens tumor necrosis factor -1.24 -1.33

MMP7  NM_002423.3 Homo sapiens matrix metallopeptidase 7 -1.05 -1.05

SAA4  NM_006512.1 Homo sapiens serum amyloid A4 -0.78 -0.82

IL6  NM_000600.1 Homo sapiens interleukin 6 -0.72 -0.80

S100A4  NM_019554.2 Homo sapiens S100 calcium binding protein A4 -0.68 -0.74

SAA2  NM_030754.2 Homo sapiens serum amyloid A2 -0.62 -0.59 

DHRS9 NM_005771.3 Homo sapiens dehydrogenase/reductase member 9 1.41 1.41 

SNAPC4 NM_003086.2 Homo sapiens small nuclear RNA activating complex, polypeptide 4 1.43 1.49 

INTS1 NM_001080453.1 Homo sapiens integrator complex subunit 1 1.45 1.11 

NTSR1 NM_002531.2 Homo sapiens neurotensin receptor 1 1.49 1.48 

IL1RL1 NM_016232.4 Homo sapiens interleukin 1 receptor-like 1 1.60 1.53 

TXNIP NM_006472.2 Homo sapiens thioredoxin interacting protein 1.63 1.65 

ZDHHC11 NM_024786.1 Homo sapiens zinc finger, DHHC-type containing 11 1.75 1.66 

HAS3 NM_005329.2 Homo sapiens hyaluronan synthase 3 1.80 1.72 

KRT6A NM_005554.3 Homo sapiens keratin 6A 1.89 1.92 

MMP1 NM_002421.2 Homo sapiens matrix metallopeptidase 1 2.03 2.13 

Supplementary Figure 1. CASZ1 expression is higher in mouse ovarian cancer cells with accelerated metastatic 
phenotype. CASZ1 expression is analyzed in a GEO dataset, GSE66934. ID8-M cells is in vivo selected from ascites 
in mice intraperitoneally injected parental ID8 cells, a mouse ovarian epithelial papillary serous adenocarcinoma 
cell line. ID8-M exhibits a rapid metastatic phenotype.
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Supplementary Figure 2. Overexpression of CASZ1 inhibits the migration abilities in SHSY5Y cells. SH-SY5Y cells 
were transfected with pCMV-tag2B vector or pCMA-tag-CASZ1a (A), and pEGFP-C1 vector or pEGFP-C1-CASZ1b (B). 
The migration ability was examined by wound healing assay. Error bars represent SEM. **, P < 0.005 by Student’s 
t-test. (C) The expression of CASZ1a or CASZ1b in CASZ1-overexpressed SH-SY5Y cells was analyzed by immunoblot-
ting. β-actin was used as the internal control.
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Supplementary Figure 3. CASZ1 is highly expressed in ovarian cancer tissues analyzed by in silico data mining. 
The EST expression analysis of the CASZ1 gene in different normal and cancerous tissues was modified from the 
ECgene database (http://genome.ewha.ac.kr/ECgene/).

Supplementary Figure 4. Ingenuity Pathways Analysis (IPA) for microarray data of MCAS cells with sh-luc, sh-CASZ1 
(2), and sh-CASZ1 (3).

http://genome.ewha.ac.kr/ECgene/

