
Abstract. Zinc-finger protein 217 (ZNF217), a candidate
oncogene on 20q13.2, can lead cultured human ovarian and
mammary epithelial cells to immortalization, which indicates
selective expression of ZNF217 affecting 20q13 ampli-
fication during critical early stages of cancer progression.
In this study, we tested the hypothesis that ZNF217 is a key
factor in regulating ovarian cancer proliferation and pro-
gression. We examined the effect of the inhibition of ZNF217
expression on proliferation and invasion by establishing
the ZNF217 knockdown ovarian cancer cell line using RNA
interference (RNAi). Our results showed that silencing of
ZNF217 resulted in the effective inhibition of ovarian cancer
cell growth and invasive ability. The results suggested that
ZNF217 might play a crucial role in the proliferation and
invasion of ovarian cancer.

Introduction

Ovarian cancer causes the highest mortality of the gyneco-
logic cancers; the majority of ovarian cancers are diagnosed
in stages III or IV. In these advanced stages, 5-year-survival
rate is only 5-25% after surgery and chemotherapy (1).
Ovarian cancer is a heterogeneous disease with respect to
histopathology, molecular biology and clinical outcome. In
recent studies, the etiology and susceptibility of ovarian
cancer showed that the mechanism of carcinogenesis and
cancer development is associated with genetic, epigenetic,

and environmental factors, but its pathogenesis is still unclear.
Most cancer development including ovarian cancer could
attribute to an accumulation of genetic and/or epigenetic
changes (2).

Zinc-finger protein 217 (ZNF217), recently cloned by
positional cloning, is thought as one of the strong candidate
oncogenes at 20q13.2 in breast cancer (3). Its amplification
at 20q13.2 has also been frequently found in ovarian cancer
and other tumors (4-6) associated with aggressive tumor
behavior (7). Additionally, ZNF217 is presumed to encode
alternately spliced, Kruppel-like transcription factors of
1,062 and 1,108 aa, each having a DNA-binding domain
(eight C2H2 zinc fingers) and a proline-rich transcription
activation domain (3). Furthermore, ZNF217 can be function
as a transcriptional repressor and bind to C-terminal binding
protein 2 (CtBP2) through a Pro-X-Asp-Leu-Ser (PXDLS)
motif and Arg-Arg-Thr (RRT) domain to repress transcription
of a variety of genes (8).

In further study of breast cancer, ZNF217 immortalized
human mammary epithelial cells (HMEC) when it is over-
expressed (9). Similarly, in four independent experiments
transducing the gene into finite life span HMEC, ZNF217-
transduced cultures were found to give rise to immortalized
cells (10). In a prostate cancer xenograft, using combined cyto-
genesis, array-based comparative genomic hybridization
(CGH) and expression analyses, ZNF217 was found to be
significantly overexpressed in the prostate cancer (6). It is
reasonable to assume that an amplicon at 20q13.2 is likely
to harbour one or more putative oncogenes relevant to
gastric carcinogenesis, for which ZNF217 is one of the
candidates (11).

The frequency of ZNF217 amplification is high in colon
cancer and the extent of its amplification varies markedly
between tumors (12). Furthermore, poorer survival in patients
is associated with either gain or loss of ZNF217. Huang et al
(13) also reported that ZNF217 can immortalize HMEC.
Additionally, it may play a role in both early- and late-stage
breast cancers. In gastric cancer (14), ZNF217 may be
associated with specific tumor types or subtypes (8).

It is suggested that ZNF217, as an ovarian oncogene, is
detrimental to senescing normal ovarian surface epithelial
cells but contributes to neoplastic progression in ovarian sur-
face epithelial with inactivated p53/RB (15). Moreover,
ZNF217 and its associated proteins in a novel pathway may
have profound effects on cancer progression (16).
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The role of ZNF217 amplification in ovarian cancer is
still unknown. We investigated the mechanism of ZNF217 in
regulating ovarian cancer proliferation and invasion in this
study by using ZNF217 knockdown ovarian cancer cell line.
Our results showed that silencing of ZNF217 resulted in the
effective inhibition of ovarian cancer cell growth and the
invasive ability.

Materials and methods

Cell line. The human ovarian cancer cell line ZNF217K
D/clone2 was established from metastatic ovarian cancer
cell line HO-8910 cells which were obtained from ascites of
serous cystadenocarcinoma patients by transfection with
pGensil-1/ZNF217 plasmid. ZNF217KD/clone2 cells were
cultured in RPMI-1640 medium (Gibco, Grand Island, NY)
supplemented with 10% fetal bovine serum (FBS) at 37˚C
in a humidified atmosphere of 95% air and 5% CO2.

Design of shRNA and plasmid preparation. Plasmid vector
pGenesil-1 was purchased from Wuhan Genesil Biotech-
nology Co., Ltd. Two different targeted sequences were
designed to be homologous to the ZNF217 mRNA consensus
sequence (GeneBank NM_006526.2). A negative control
sequence was also designed as the same process, which had
no homology with human beings or mice. The comple-
mentary oligonucleotides encoded a hairpin structure with a
21-mer stem and a 9-bp loop. The stem was derived from the
mRNA target site. The loop sequence separated the two
complementary domains. All the sequences were transcribed
with DNA polymerase III U6 promoter in plasmid pGensil-1.
These two ZNF217 plasmids were named pGensil-1/
ZNF2171 and pGensil-1/ZNF2172 respectively. The negative
control plasmid was named pGenesil-1/Neg (Table I). The
transformation of these plasmids into competent cells DH5α
and extraction of plasmids followed the routine processes.

Construction of stable silencing lines. Approximately, 1x105

cells/well were plated in 24-well plates in medium containing
10% FBS to grow overnight to 80% confluency. Transfection
of the shRNA oligonucleotides was performed by using
Lipofectamine™ 2000 (Invitrogen, USA). HO-8910 cells
were divided into blank control group, negative control
group and two test groups (ZNF2171 and ZNF2172). Only
Lipofectamine™ 2000 was used for transfection in the blank
control group. Plasmid pGenesil-1/Neg was used for trans-
fection in the negative control group. Plasmids pGenesil-1/
ZNF2171 and pGenesil-1/ZNF2172 were used for transfection

in the test groups (ZNF2171 and ZNF2172) respectively.
In the above three groups, the cells were all transfected with
the mixture of plasmid and Lipofectamine™ 2000 (1:2) in
100 μl serum-free medium. At 6-h post-transfection, 500 μl
normal medium containing 10% FBS was added. At 48 h
after cultivation, the medium was replaced by normal medium
containing 10% FBS and 1000 μg/ml G-418 up to selected
for stable clones. There were viable cells and discrete G-418
resistance colonies, after 14 days of exposure to G-418.

Real-time reverse transcription polymerase chain reaction
(PCR) analysis for ZNF217. cDNA was synthesized by oligo
dT primed reverse transcription from 2 μg of total RNA using
an access reverse transcription system (Promega, Madison,
WI). Real-time PCR was performed using Mx3000P Real-
Time PCR System (Stratagene, La Jolla, CA) and Brilliant
SYBR Green QPCR Master Mix kit (Stratagene), following
the manufacturer's protocol. Briefly, the reaction mixture
(total volume 25 μl) contained 500 ng of cDNA, the forward
primer 5'-GAGAAGCGAATGGTGAAAGC-3', and the
reverse primer 5'-CAGCGCTCAAGTATGCAAAA-3' to
amplify human ZNF217 at a final concentration of 250 nM
and with 12.5 μl of 2x SYBR Green QPCR Master Mix kit.
Thermal cycling conditions were as follows: 94˚C for 2 min
and 50 cycles at 94˚C for 30 sec, followed by 55˚C for 30 sec
and 72˚C for 30 sec. Experiments were performed in triplicate
in the same reaction. Human ß-actin gene was amplified
as internal control. Target genes and ß-actin gene were
amplified in the same reaction. Comparative quantification
is determined using the 2-ΔΔCt method (17).

Western blot analysis. Cells were washed twice with cold
phosphate-buffered saline (PBS) and lysed on ice in RIPA
buffer 1x PBS, 1% NP 40, 0.1% sodium dodecyl sulfate
(SDS), 5 mM EDTA, 0.5% sodium deoxycholate, and 1 mM
sodium orthovanadate with protease inhibitors. Protein lysates
were resolved on 6% SDS polyacrylamide gel, electrotrans-
ferred to polyvinylidene fluoride membranes (Immobilon P;
Millipore, Bedford, MA), and blocked in 5% non-fat dry
milk in Tris-buffered saline, pH 7.5 (100 mM NaCl, 50 mM
Tris and 0.1% Tween-20). Membranes were immunoblotted
overnight at 4˚C with anti-ZNF217 polyclonal antibody
(Abcam Biotechnology, USA), and anti-ß-actin antibody
(Santa Cruz Biotechnology), followed by their respective
horseradish peroxidase-conjugated secondary antibodies.
Signals were detected by enhanced chemiluminescence
(Pierce, Rockford, IL).

In vitro cell growth assay. The cells were prepared at a
concentration of 1x104 cells/ml. Aliquots (100 μl) were
dispensed into 96-well microtiter plates. The cells were
incubated for 1, 2, 3, 4, 5, 6 and 7 days, respectively, and 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay was performed by adding 20 μl of MTT
(5 mg/ml; Promega) for 4 h. When MTT incubation had
been completed, supernatants were removed. Dimethyl
sulfoxide (150 ml) (Sigma, St. Louis, MO) was added to each
well. Fifteen minutes later, the absorbance value (OD) of
each well was measured with a microplate reader set at 570
nm. All experiments were performed in triplicate.
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Table I. Oligonucleotide sequences of ZNF217 specific and
negative control siRNA.
–––––––––––––––––––––––––––––––––––––––––––––––––
Name Target sequence
––––––––––––––––––––––––––––––––––––––––––––––––––––––
pGensil-1/ZNF2171 GGATGCCTTGTCAATGAAA

pGensil-1/ZNF2172 AAATGTCATCCAAATCGAGGG

pGensil-1/Neg GACTTCATAAGGCGCATGC
–––––––––––––––––––––––––––––––––––––––––––––––––
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Plate clone formation assay. About 1x102 cells/well were
plated into a 6-well culture plates, after incubation at 37˚C
for 14 days; the cells were washed twice with PBS and
stained with Giemsa solution. The number of colonies
containing ≥50 cells was counted under microscope. The
plate clone formation efficiency was calculated as: clone
formation efficiency = [number of colonies/number of cells
inoculated] x 100%.

In vitro invasion assay. This assay was performed using
the method of Albini et al (18), with modifications. The
cell invasion chamber (Chemicon) contains a polycarbonate
membrane with an 8-μm pore size, over which a thin layer
of ECMatrix (Chemicon) is dried. The extracellular matrix
(ECM) layer occludes membrane pores, blocking non-
invasive cells from migrating. Warm serum-free medium
was added to the top chamber to rehydrate the ECM layer
for 2 h at room temperature. Tumor cells in a serum-free
medium (300 μl containing 1x105 cells) were added to
the top chamber. The bottom chamber was prepared using
10% FBS as chemoattactant. After 24 h of incubation,
non-invasive cells were removed with a cotton swab. The
cells that had migrated through the membrane and had
adhered to the lower surface of the membrane were fixed
with methanol and stained with hematoxylin. For quanti-
fication, the cells were counted under a microscope in 5 pre-
determined fields (original magnification, x200).

Statistical analysis. The difference between in vitro cell
growths was tested for statistical significance using analysis
of variance (ANOVA) for factorial design. Plate clone
formation assay and in vitro invasion assay were tested
using one-way ANOVA. SPSS 13.0 software (Abbott
Laboratories, North Chicago, IL) was used for statistical
analysis. P<0.05 was considered statistically significant.

Results

Construction and validation of plasmid vector. The designing
and synthesis of two interfere parts of ZNF217 were compared
in GeneBank (www.ncbi.nlm.nih.gov/BLAST/), which
were not homologous to other exons. After digestion of
pGenesil-1 plasmid by BamHI and HindIII, it was clearly
discovered in 1% agarose gel electrophoresis (Fig. 1A).
The multiclone sites of plasmid pGenesil-1 were as follows:
HindIII-ShRNA-BamHI-U6 Promotor-EcoRI-SalI-XbaI-
DraIII. A SalI site for plasmid pGenesil-1 was designed
in the inserted fragments between the sites of BamHI and
HindIII. If the insertion was correct, a band about 400 bp
should be cut-off by SalI. The results of digestion with
restriction endonucleases and sequencing showed correct
plasmids (Fig. 1B). That was consistent with the plasmids
pGenesil-1 and insert shRNA fragments (63 bp) features.
The plasmids pGenesil-1/ZNF2171 and pGenesil-1/
ZNF2172 meet the design requirements by digestion. The
recombinant plasmid pGenesil-1/ZNF2171, pGenesil-1/
ZNF2172 and pGenesil-1/Neg was sequenced by Wuhan
Genesil Biotechnology Co., Ltd. The results showed that the
shRNAs, ZNF2171, ZNF2172 were successfully constructed
on the pGenesil-1 vector. Sequences were entirely correct
(Fig. 1C).

Establishment of ZNF217 silencing ovarian cancer cell
line. HO-8910 cells were transduced with pGenesil-1/Neg
and pGensil-1/ZNF217. After 24 h of transduction, recom-
binant plasmid emitting green fluorescent gathered in cells
was observed. As shown in Fig. 2, ZNF2171 vector was most
effective in blocking ZNF217 expression. There was no
difference in cell morphology. Subsequently, we transduced
pGensil-1/ ZNF2171 and pGensil-1/Neg into HO-8910
cells to select G-418-resistant single clones. After 14 days of
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Figure 1. (A) One percent of agarose gel electrophoresis of pGenesil-1 plasmid digested by BamHI and HindIII. 1, pGenesil-1 plasmid; 2, linearization
pGenesil-1 plasmid digested by BamHI and HindIII; 3, λEcoT-14 I Marker: 19329 bp, 7743 bp, 6223 bp, 4254 bp, 3472 bp, 2690 bp, 1882 bp, 1489 bp, 925 bp,
421 bp, 74 bp. (B) pGenesil-ZNF217 expression plasmid was identified. 1, ZNF217; 2, ZNF217 SalI; 3, ZNF217; 4, ZNF217 SalI; 5, negative control; 6,
negative control SalI; 7, Marker DL2000. (C) Partial sequencing map of plasmid, pGenesil-1/Neg; sequence of recombinant pGenesil-1/ZNF2171 (insertion
only); sequence of recombinant pGenesil-1/ZNF2172 (insertion only).
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selection, there were viable cells and discrete G-418
resistance colonies (Fig. 2). After 30 days of selection,
transduced clones were expanded and examined by real-time
RT-PCR and Western blot analysis for ZNF217 (Fig. 3).
Results showed that ZNF217 knock down clone 2
(ZNF217KD/clone 2), knock down clone 12 (ZNF217KD/
clone 12), exhibited 86 and 84% reduction in ZNF217
protein, respectively. The clone transduced by negative
control exhibited no change in ZNF217 expression.
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Figure 2. Ovarian cancer cells were transfected by pGenesil-1/ZNF217 plasmid after 24 h and established neomycin-resistant fluorescent cells (original
magnification, x10). (A) Overview in fluorescent microscope. (B) Overview in achromatic light.

Figure 3. Confirmation of ZNF217 expression in different clones by
real-time RT-PCR and Western blot analysis. (A) Western blot analysis
shows marked reduction of ZNF217 protein expression in clones 2 and 12;
(B) Quantification of ZNF217 mRNA expression in clones transduced
by the pGensil-1/ZNF217 plasmid relative to controls (clone transduced
by pGensil-1 plasmid).

Figure 4. ZNF217 gene silencing suppresses cell proliferation in vitro. (A)
The in vitro proliferative abilities of HO-8910 cells, negative control cells,
ZNF217KD/clone 2 cells were evaluated by MTT assay. Each value repre-
sents the mean ± SD of the absorbance value (OD). Results showed that
ZNF217 knockdown cells grew significantly more slowly than HO-8910 and
negative control cells, and ZNF217 protein expression correlated with cell
proliferation. (B and C) The plate colony formation efficiency of negative
control cells and ZNF217KD/clone 2 cells. Data represent the mean ± SD of
triplicate dishes. Compared with negative control cells, ZNF217KD/ clone 2
cells had significantly reduced ability for colony formation (P<0.01).
Results showed that plate colony formation efficiency also correlated with
ZNF217 protein expression.
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ZNF217 gene silencing suppresses cell proliferation in vitro.
The effect of ZNF217 protein reduction on the proliferation
of ovarian cancer cells was determined by MTT assay and
plate clone formation assay. As shown in Fig. 4A, although
HO-8910 cells showed in vitro growth ability similar to
negative control cells, ZNF217KD/clone 2 had reduced
growth ability with respect to HO-8910 cells. Therefore,
in vitro cell growth ability was correlated with ZNF217
expression.

The ability of cells to form colonies in plates was
examined since there was a correlation between clono-
genicity and metastatic capacity. Fig. 4B and C showed
that ZNF217 knockdown cells had a significant reduction
in their ability to form colonies, compared with negative
control cells, and their ability to form colonies correlated
with ZNF217 expression.

ZNF217 gene silencing suppresses cell invasion in vitro.
The tumor cell invasion through the ECM is an important
step in tumor metastasis. ECMatrix serves as a reconstituted
basement membrane matrix of proteins. The number of
cells migrating to ECMatrix was counted. Compared with
negative control cells, ZNF217 knockdown cells decreased
invasiveness significantly (P<0.01), as showed in Fig. 5.

Discussion

RNAi, was used to introduce of double-stranded RNA
into specifically inhibiters of eukaryotic gene expression
through the degradation cells to complementary messenger
RNA (mRNA). Both siRNA and shRNA are used widely by
researchers to silence the expression of many target genes
(19,20).

It has been proposed that ZNF217, which is amplified
at 20q13 in various tumor cells, plays a key role during neo-
plastic transformation. ZNF217 was purified from the
complexes that contain repressor proteins such as CtBP2,
suggesting that it acts as a transcriptional repressor. However,
the function of ZNF217 has not been well characterized due
to lack of target genes. Although ZNF217 played a critical
role in the 20q amplification in human breast carcinoma
(21), it was amplified less frequently in ovarian carcinomas
(22). It was reported that ovarian cancer and breast cancer
shared the similar mechanism of carcinogenesis. We found
in our previous study, that the amplification of ZNF217 was
associated not only with ovarian cancer (23), but also with
the tumor stage and poor prognosis of patients with ovarian
cancer (24). Like breast cancer, ZNF217 might promote
the neoplastic progression of human ovarian surface
epithelial cells by introducing important malignancy-
associated characteristics, which include immortalization,
increasing telomerase activity, stabilization of telomere
length, and resistance to transforming growth factor ß (TGF-
ß) growth inhibition (10). Furthermore, ZNF217 likely
promotes the neoplastic progression of epithelial ovarian
carcinomas (15). However, the exact biological function of
ZNF217 is unclear. Therefore, we performed biological
characterization of ZNF217 by silencing it in the HO-8910
cell line.

ZNF217 is a typical sequence-specific DNA-binding
protein (16). As nuclear transcription factors that regulate
the expression of genes, most zinc finger proteins have been
found to have nuclear signals. Protein can pass through
nuclear pores into the nucleus of the cell (25). Currently,
more and more studies have shown that zinc finger protein
family members play an important role in development
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Figure 5. Effect of ZNF217 knockdown on the invasive potential of ovarian cancer cells. In vitro invasion assay was carried out to compare and quantify
the invasiveness of negative control cells and ZNF217KD/clone 2. Results are representative of three independent experiments and bars represent the
mean ± SD. ZNF217 silencing cells showed decreased invasion that correlated with ZNF217 protein expression.
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process in varieties of cancers (26-28). ZNF217, one of
the zinc finger protein family members, was demonstrated
to encode alternatively spliced Kruppel-like transcription
factors. It has been identified as a new CtBP interaction
motif and was established as a transcriptional repressor
protein that functions, at least in part, in association with
CtBP (8).

Importantly, ZNF217 amplification at 20q13 was asso-
ciated with aggressive tumor behavior and poor clinical
prognosis in breast cancer (3,7,9). In a previous study, we
detected ZNF217 overexpression in cell lines and different
tissue specimens of ovarian cancer, finding that ZNF217
overexpression was highly related to ovarian cancer (26,27).
In the present study, we used a plasmid-mediated RNAi
method to obtain an efficient knockdown of ZNF217
gene. Recent results from other laboratories (29) and ours
have demonstrated that ZNF217 gene is correlated with
cell proliferation and invasion of human ovarian cancer.

In our study, we found that ZNF217 was one of the genes
associated with ovarian cancer proliferation. The ability in
promoting the proliferation of tumor cells was correlated
with invasion and poor outcome (30). We also found that
shRNA-mediated knockdown of ZNF217 not only strongly
inhibited in vitro cell growth and colony formation efficiency,
but reduced their ability to invade ECMatrix-coated mem-
branes in an invasion chamber assay. It was demonstrated
that the invasive ability of ovarian cancer cells was correlated
with ZNF217 expression, and ZNF217 silencing alone was
sufficient to attenuate invasion in ovarian cancer cells.
Collectively, data indicated that  ZNF217 may be a
positive regulator of tumor growth in ovarian cancer, which
supports the involvement of ZNF217 in the malignant
behavior of human ovarian cancer cells.

The increase in copy numbers and overexpression of
ZNF217 in primary tumors, theoretically, may inhibit tumor
suppressor gene promoter expression, and enhance tumor cell
proliferation, invasion and mobility. The immortalization
caused activation of telomerase in tumor cells, leading to
tumor growth. The silence of ZNF217 expression in primary
human ovarian cancer cell lines significantly inhibited
the proliferation, invasion and mobility of ovarian cancer
cells. It is suggested that development of ovarian cancer is
closely related to the increase of copy numbers and the
overexpression of ZNF217 in primary ovarian cancer.
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