
Abstract. Background: Recently we reported that
amplification of the Zinc Finger Protein 217 (ZNF217) gene
adversely affects survival of patients with ovarian clear cell
carcinoma. This study sought to determine the mechanism by
which ZNF217 amplification affects patient survival.
Materials and Methods: Fluorescence in situ hybridization
(FISH) was used to detect ZNF217 gene amplification status
and ZNF217-specific siRNA was used to inactivate ZNF217
for in vitro biological analyses. Results: We found ZNF217
gene amplification to be significantly correlated with lymph
node metastasis (p<0.05) in ovarian clear cell carcinoma.
Profound inhibition of cell migration and invasion was
observed in siRNA-treated cells with ZNF217 amplification,
compared to cells without amplification. Conclusion: These
findings provide new insight into the biological role of
ZNF217 gene amplification in ovarian clear cell carcinoma.
Additionally, our observations have an important therapeutic
implication for patients with ovarian clear cell carcinomas
with ZNF217 amplification, as these patients may potentially
benefit from ZNF217 targeted-therapy.

Ovarian carcinoma is the most lethal gynecological
malignancy in the developed countries and the second
worldwide (1) and it comprises of several different histological
subtypes (2-4). Among the different histological subtypes,
ovarian clear cell carcinoma (OCCC) comprises of more than

20% of ovarian carcinoma cases in Japan, although it only
represents 8-10% of all ovarian carcinoma cases in the USA
(5, 6). Advanced OCCC is associated with poor prognosis, and
surgical resection and subsequent platinum-based
chemotherapy are the best available treatment at present.
However, recurrence and metastasis are still the major causes
of mortality in patients treated by surgical resection and
chemotherapy. Furthermore, even with the present knowledge
of the cellular and molecular mechanisms of OCCC, only a
few biological markers can predict the behavior of OCCC (7,
8). We recently reported a numerical chromosome aberration
in OCCC (9). In that study, we demonstrated that
amplification of the ZNF217 locus, located in 20q13.2, is the
most frequent aberration in OCCC (9). In a subsequent study,
we demonstrated that patients with OCCC and ZNF217
amplification have poor survival (10). However, how ZNF217
amplification affects the outcome of OCCC is not clear. In the
current study, we investigated the mechanism by which
ZNF217 regulates OCCC progression by using ZNF217
silencing in an OCCC cell line with ZNF217 amplification. 

Materials and Methods 
Tissue samples. Formalin-fixed, paraffin-embedded tissue samples of
60 OCCC cases were used. All OCCC samples used in this study
were pathologically pure OCCCs. Samples were obtained from the
Department of Obstetrics and Gynecology at the Shimane University
Hospital and the Department of Obstetrics and Gynecology at Seirei
Hamamatsu General Hospital. Diagnosis was based on conventional
morphological examination of sections stained with hematoxylin and
eosin (H&E), and tumors were classified according to the WHO
classification. Tumor staging was performed according to the
International Federation of Gynecology and Obstetrics (FIGO)
classification. All patients were first treated with cytoreductive surgery
and adjuvant platinum agent- and taxane-based or irinotecan
chemotherapy [carboplatin (AUC5) with paclitaxel at 175 mg/m2,
docetaxel at 70 mg/m2, or irinotecan at 180 mg/m2 with cisplatin at
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60 mg/m2]. All patients underwent 6-12 courses of chemotherapy.
Acquisition of tissue specimens and clinical information was
approved by an Institutional Review Board (Shimane University and
Seirei Hamamatsu General Hospital). Paraffin tissue blocks were
organized into tissue microarrays, each made by removing 3-mm
diameter cores of tumor tissue from the block. Selection of the area to
core was made by a gynecological oncologist (K.N.) and a pathology
technician (K.I.) and was based on review of the H&E slides.

Fluorescence in situ hybridization. BAC clones (RP5-823G15 and
RP4-724E16) containing the genomic sequences of the 20q13.2
amplicon were purchased from Bacpac Resources (Children’s
Hospital, Oakland, CA, USA) and Invitrogen (Carlsbad, CA, USA).
BAC clones corresponding to the Ch20P centromere (RP5-1025A1
and RP4-738P15) were used to generate reference probes. The
method for fluorescence in situ hybridization (FISH) has been
previously described (11). The hybridization signals were counted
by two individuals. A signal ratio of experimental probe/reference
probe greater than three was considered as amplification.

Immunohistochemistry. Expression of ZNF217 was assessed by
immunohistochemistry and/or western blot analysis. The antibodies
used in this study included a rabbit polyclonal antibody that reacted
with ZNF217 (Abcam, Cambridge, MA, USA). The detailed
procedures for immunohistochemistry and western blotting were
described previously (10).

Cell culture and cell lines. The human ovarian carcinoma cell line
MDAH2774 (serous carcinoma) was obtained from the American
Tissue Culture Center (Rockville, MD, USA). JHOC9 (clear cell
carcinoma) human ovarian cancer cell line was obtained from the
Riken Bioresource Center (Ibaragi, Japan). The OVMANA cell line
was obtained from the Japanese Health Science Research Resources
Bank (Osaka, Japan). 

Silencing RNA knockdown of ZNF217 gene expression. Two
silencing RNAs (siRNAs) that targeted ZNF217 were designed with
the following sense sequences: GAACAGAACCUCCCAAGGA and
GAGGAUGCCUUGUCAAUGA. Control siRNA (luciferase
siRNA) (UAAGGCUAUGAAGAGAUAC) was purchased from IDT
(Coralville, IA, USA). Detailed procedures for siRNA transfection
were described previously (10).

Simulated wound assay to assess cell motility. Cells were seeded in
six-well plates and grown to a confluent monolayer. An acellular
area was created by scraping the cell surface using a 200-μl pipette
tip (time 0). Floating cells were removed by two gentle washes with
culture media. The rate at which the defect closed was monitored
for 24 h. The numbers of cells invading the acellular area were
counted at 4, 8, and 12 h post-scraping. Cells in the monolayer
defect were quantified as an average from multiple fields (at least
five) at ×200 magnification for each experiment.

Matrigel invasion assay. The invasion study was performed using
chemotaxis cell culture chambers, containing a membrane with a
0.8-μm pore size (Kurabo Inc., Osaka, Japan). 

Thirty microlitres of serum-free DMEM-diluted Matrigel (1 mg/ml)
(BD Bioscience, Bedford, MA, USA) was added to the membrane
which was then incubated at room temperature for 4 h to form matrix
gels. Chambers without the Matrigel coating were used as control
chambers. Control siRNA-transfected JHOC9, OVMANA, and

MDAH2774 cells and NAC1 siRNA-transfected cells were seeded
individually in wells at a density of 25,000 cells/250 μl in serum-free
medium in the upper chamber. In the lower compartment, 750 μl of
DMEM containing 5% FBS were added. After 22 h of incubation at
37˚C under 5% CO2, the Matrigel was carefully removed using a
cotton swab. The membranes were fixed with 4% paraformaldehyde
and stained with crystal violet. Cells migrating through the membrane
and cells invading the Matrigel were counted in five non-overlapping
fields at ×200 under a light microscope.

Statistical methods for clinical correlation. The Student’s t-test (for
comparison of two groups) was used to evaluate numeric data. The
chi-square test was used for comparisons of categorical data. 

Results and Discussion

The ZNF217 gene amplification was detected in 12 (20.0%)
out of 60 OCCC samples, and the ZNF217 gene amplification
significantly correlated with shorter progression-free and
overall survival in our previous report (Figure 1) (10). The
ZNF217 amplification is significantly correlated with
ZNF217 protein expression (10). In the current study, in order
to clarify how ZNF217 gene amplification affects patient
survival in OCCC cases, we searched for clinicopathological
parameters correlated with ZNF217 gene amplification.
Interestingly, the ZNF217 gene amplification significantly
correlated with lymph node metastasis in OCCC (Table I)
(p<0.05). Therefore, we focused our analysis on the
relationship between ZNF217 gene amplification and cell
migration and invasion. In our previous reports, we identified
two ZNF217 gene-amplified cell lines, OVMANA and
JHOC9. Therefore, we used these two cell lines as models of
ZNF217-gene-amplified OCCC. ZNF217 siRNA treatment
significantly reduced ZNF217 protein expression compared
with control siRNA treatment (10). Cell motility was then
investigated with a wound-healing assay. ZNF217-knockdown
in OVMANA and JHOC9 cells resulted in an 83% and an
87% decrease, respectively, in cell motility in comparison
with cells transfected with the control siRNA (p<0.01)
(Figure 2A-C). In the Matrigel invasion assay, a 48% and a
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Figure 1. Dual-color fluorescence in situ hybridization (FISH)
demonstrates amplification of the ZNF217 gene in ovarian clear cell
carcinoma. FISH analysis reveals a homogeneously stained region in
the carcinoma portion with ZNF217 gene amplification.



31% decrease in cell invasion was observed in ZNF217-
knockdown OVMANA and JHOC9 cells, respectively, in
comparison with control siRNA-transfected cells (p<0.01)
(Figure 3A and B). In contrast, the same treatment did not
affect cell growth of MDAH2774 cells, which have no
ZNF217 gene amplification (Figure 2D and Figure 3B),

suggesting that OCCCs with the ZNF217 gene amplification
are more dependent up-on activation of the ZNF217-related
pathway for cell migration and invasion than those without
the ZNF217 gene amplification. These results are consistent
with a previous report that ZNF217 silencing inhibits cell
migration and invasion in the ovarian carcinoma cell line HO-
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Figure 2. A: Effect of ZNF217 knockdown on cell migration in a simulated wound-healing assay. A simulated wound was created by scraping a
confluent monolayer of JHOC9 cells. Compared to the JHOC9 cells treated with control siRNA, there was a significant reduction in the number of
ZNF217 siRNA-treated JHOC9 cells migrating into the wound area. The number of migrated cells was significantly lower in ZNF217 siRNA-
transfected JHOC9 (B) and OVMANA (C) cells than in control siRNA-transfected cells in a time course assay. *p<0.05. The number of migrated cells
was not significantly lower in ZNF217 siRNA-transfected MDAH2774 cells (D) than in control siRNA-transfected cells in a time course assay. 



8910 (12). Taken together, current and previous findings
suggest that the ZNF217 amplification may affect lymph node
metastasis of OCCC, by increasing cell invasion ability. 

The key question is how ZNF217 amplification regulates
cell invasion and migration in OCCC. ZNF217 contains eight
Cys2-His2 zinc-fingers and belongs to the large family of
Kruppel-like transcription factors (13). Although the exact
function of ZNF217 has not been established, biochemical
purification studies have found ZNF217 to be a constituent
of several related transcriptional co-repressor complexes that
contain the histone deacetylases HDAC1 and HDAC2 (14-
16). ZNF217 has also been identified as a component of the

C-terminal binding protein (CtBP1) complex (17). CtBP1
can serve as a co-repressor for several classes of transcription
factors in both an HDAC-dependent and -independent
fashion (18). Chromatin immunoprecipitation (ChIP) assays
have shown that CtBP1 and several of its associated proteins
target the E-cadherin promoter in various breast cancer cell
lines (17). Recently, Cowger et al. reported that ZNF217
negatively regulates the expression of E-cadherin, which
might result in the activation of cell invasion and migration
in cancer cells (19).

Genetic events that arise during tumor progression may
become essential for tumor survival, a phenomenon generally
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Figure 3. Matrigel invasion chamber assay. The invasion abilitiy of JHOC9, OVMANA, and MDAH2774 cells were evaluated by their ability to
invade and penetrate through the Matrigel-coated pores on membrane inserts in transwells. A: Control siRNA-treated JHOC9 cells had a significantly
higher invasion capacity than the ZNF217 siRNA-treated JHOC9 cells. B: JHOC9 and OVMANA ZNF217 siRNA-transfected cells exibited
significantly lower invasion capacity than control siRNA-transfected JHOC9 and OVMANA cells. *p<0.05. The error bars represent the standard
deviation. MDAH2774 cell were not affected by ZNF217 siRNA.



described as oncogene addiction (20). This addiction may be
targeted in the treatment of human cancer. The best
illustration is that of breast cancer with (HER2; ERBB2) gene
amplification on chromosome arm 17q (21), which is
sensitive to Herceptin, an antibody targeting the receptor
(22). Our recent study (10) and current findings suggest that
ZNF217 gene amplification may be an effective target for the
development of novel therapeutics for blocking transformed
growth and metastasis of OCCC.
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Table I. The relationship between ZNF217 gene amplification and lymph
node (LN) metastasis.

LN p-Value

Negative Positive

Normal 43 (90%) 5 (10%) <0.05
Amplification 8 (67%) 4 (33%)


