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Microarray analysis of gene expression in the ovarian cancer
cell line HO-8910 with silencing of the ZNF217 gene
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Abstract. Zinc-finger protein 217 (ZNF217), which is over-
expressed during cancer progression, can promote tumor cell
immortalization. To examine the function of ZNF217, a global
expression profile was carried out using Affymetrix Gene
Chip analysis with HG-U133 plus 2.0 arrays in the ovarian
cancer cell line HO-8910 after silencing of the ZNF217 gene.
The results were analyzed using the Gene Ontology program
to investigate the functional network affected by ZNF217
in ovarian cancer cells. Changes in the mRNA expression
of the affected genes were confirmed by real-time reverse
transcriptase-polymerase chain reaction (RT-PCR). The results
showed that the ZNF217 gene is a key regulator of ovarian
cancer, as the silencing of ZNF217 resulted in significant
down-regulation by at least 8-fold of 164 genes in the HO-8910
cell line compared to non-silenced control cells. Among these
down-regulated genes were ALOX15, CDID, FXYD3, GAS6,
KRT4, LIN7B, MMP-24, PDZK1, PEX6, PRSS8, SLC2A9,
STRN and WFDC?2. Down-regulation was confirmed by real-
time RT-PCR after the silencing of ZNF217 (p<0.05). The
results suggest that ZNF217 plays a central role in malignant
processes in ovarian cancer.

Introduction

Ovarian cancer is among the three most common cancers in
Chinese women, and the most common cause of mortality
among patients with gynecological tumors. The 5-year survival
rate for women presenting with early-stage disease is approxi-
mately 90%; however, the majority of women are diagnosed at
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late stages (stage III or IV) and have a 5-year survival rate of
less than 30% (1). Ovarian cancer is a heterogeneous disease
with respect to its histopathology, molecular biology and
clinical outcome. Though studies on the etiology of ovarian
cancer and susceptibility to the disease have shown that the
mechanisms of carcinogenesis and cancer development are
associated with genetic, epigenetic and environmental factors,
the pathogenesis of ovarian cancer remains unclear (2).

Among the current methods for the identification of gene
expression profiles in cancer, microarray analysis is the most
powerful. Gene expression profiling using oligonucleotide
microarrays is an important source of new insights into the
pathogenesis and the initiation/progression mechanisms of
cancer. With the advantage of a high-throughput nature, it has
been used to identify new candidate oncogenes and different
cancer markers, to classify disease entities based on gene
expression patterns, and to conduct prognosis or treatment
response studies (3,4).

Zinc-finger protein 217 (ZNF217) is thought to be involved
in malignant processes in various cancers, such as breast (5),
gastric (6), colorectal (7) and prostate (8) cancer. The exact
function of ZNF217 in the process of the ovarian cancer is at
present unknown. In a previous study, we found that silencing
ZNF217 resulted in the effective inhibition of ovarian cancer
cell growth and invasiveness (9). Hidaka et al also suggested that
ZNF217 was associated with increased metastasis potential in
ovarian cancer (7). Additionally, it was reported that the gene
was amplified in ovarian carcinoma and might play a central
role in the pathogenesis of the disease (10). The present study
was designed to determine, using oligonucleotide microarrays,
the effect of silencing the ZNF217 gene in HO-8910 cells and
the mechanism of ZNF217 in regulating the ovarian cancer
signal network. The results suggest that ZNF217 plays a central
role in the malignant process in ovarian cancer.

Materials and methods

Cell line and culture conditions. The human metastasic
ovarian cancer cell line HO-8910 was obtained from the ascites
of serous cystadenocarcinoma patients. A stable HO-8910/
ZNF217 cell clone was established in our previous study (9).
Briefly, shRNA against ZNF127 was inserted into pGensil-1,
and the pGensil-1/ZNF217shRNA plasmid was transfected into
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the HO-8910 cells. The cell line was established by selection
for 14 days using 1000 ug/ml G-418. HO-8910 cells were cul-
tured in RPMI-1640 medium (Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS). HO-8910/
ZNF217- cells were cultured in the above medium with the
addition of G-418 (1000 ug/ml). All cultures were grown at
37°C in a humidified atmosphere of 95% air and 5% carbon
dioxide for routine growth. Transfer to fresh medium was
performed when confluence reached 90%.

Isolation of RNA. Total RNA was extracted with Trizol
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA)
from HO-8910 and HO-8910/ZNF217- cells, according to the
manufacturer's instructions. The quality of total RNA was
determined by the Bioanalyzer (Agilent Technologies, Palo
Alto, CA, USA).

Hybridization of RNA to oligonucleotide arrays and data
analysis. The Affymetrix Human Genome U133 plus 2.0 Gene
Chip oligonucleotide array was used, containing 11 pairs of
matched/mismatched 25-mer oligonucleotide probes for each
of the ~38,500 transcripts of known genes. HO-8910/ZNF217-
cells were analyzed and compared with HO-8910 cells. For
hybridization, 20 ug of total RNA per sample was prepared
according to the manufacturer's protocol. Fragmented cDNA
(15 pg) was hybridized to the Human Genome oligonucleotide
arrays. The arrays were stained with phycoerythrin-streptavidin,
and signal intensity was amplified by treatment with a biotin-
conjugated antistreptavidin antibody, followed by a second
staining using phycoerythrin-streptavidin. After the second
staining, the arrays were scanned using the Affymetrix Gene
Chip Scanner 3000. Expression data were analyzed using
Gene Chip Operating Software 1.1 (Affymetrix) and Gene
Spring 6.1 (Silicon Genetics, Redwood City, CA, USA).

Bioinformatics analysis. The Gene Ontology (GO) database
(http://www.geneontology.org) was used to annotate and
analyze the function of down-regulation genes.

Analysis of mRNA expression by real-time quantitative reverse
transcriptase-polymerase chain reaction. Thirteen differen-
tially expressed genes were selected for real-time quantitative
reverse transcriptase-polymerase chain reaction (QRT-PCR)
analysis with the human (-actin gene as an internal control.
Thus, the reliability of the microarray data was verified by a
single method using a Brilliant SYBR Green QPCR Master
Mix Kit (Stratagene, La Jolla, CA, USA) and a Mx3000P Real-
Time PCR System (Stratagene) following the manufacturer's
protocol. cDNA was synthesized by oligo dT primed reverse
transcription from 2 ug of total RNA using an access reverse
transcription system (Promega, Madison, WI, USA). Primer
sequences are listed in Table I. PCR primers were designed
to amplify products of 200-250 bp within target and control
sequences. Experiments were performed in triplicate in the
same reaction. Target genes and the B-actin gene were ampli-
fied in the same reaction. Comparative quantification was
determined using the 244 method (11).

Statistical analysis. The Mann-Whitney U test was used to
determine the statistical significance of the associations
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Table I. Primers used for quantitative reverse transcriptase-
polymerase chain reaction.

Gene Direction Primer sequence (5'-3")
ALOXI15 F GCTGGGGCCAAACTATATGA
(NM_001140) R CTTGCTCTGACCACACCAGA
CDID F TGAGGCAGCTTTCATCACAC
(NM_001766) R GCACACCTTTGCACTTCTGA
FXYD3 F TCGCAAGAGGGTCTCTTTGT
(NM_005971) R ATATGAGGTCCCATGGCTGA
GAS6 F ATCAAGGTCAACAGGGATGC
(NM_000820) R CTTCTCCGTTCAGCCAGTTC
KRT4 F AGGAGGTCACCATCAACCAG
(NM_002272) R GCTCAAGGTTTTTGCTGGAG
LIN7B F GCTTTATGACACGCTGGACA
(NM_022165) R GATGACCCGGGAGATGTAGA
MMP-24 F TGAAGGCATTGACACAGATC
(NM_006690) R CGCTCAGTTTCTGGTTGTCA
PDZK1 F CTTCAACCCCCGAGAATGTA
(NM_002614) R CTTTCAAGTCCACCCGTGTT
PEX6 F ATGGCTCCCTTCAGAGGAAT
(NM_000287) R TGCAGTTTTGTCTCCACAGC
PRSS8 F GTGCCTCTGATCAGTCGTGA
(NM_002773) R TTTGGATCCAGGAGGCATAG
SLC2A9 F CATCAGCTGGGTCACTGAGA
(NM_020041) R TTCACCACCGACAGGTTGTA
STRN F CAGATGGCACTCTGCGTTTA
(NM_003162) R ATGAGCAGTGATGCTGATCG
WFDC2 F CGGCTTCACCCTAGTCTCAG
(NM_006103) R AAAGGGAGAAGCTGTGGTCA
[B-actin F GATGCAGAAGGAGATCACTG
(NM_001101) R GGGTGTAACGCAACTAAGTC

F, forward; R, reverse.

between the mRNA expression levels of the HO-8910 and
HO-8910/ZNF217- cells. The criterion for statistical signifi-
cance was p<0.05.

Results

c¢cDNA microarray analysis. The gene expression pro-
files of the HO-8910/ZNF217- cells were analyzed using
the high-throughput gene chip, which contains 54,675
oligonucleotide-based probe sets. The results of microarray
analysis showed that the expression levels of 164 genes were
significantly down-regulated by at least 8-fold in the ovarian
cancer cell line with silencing of ZNF217 compared to the
non-silenced control cells.

Gene Ontology stat tool for gene expression/microarray analysis.
The function of the down-regulated genes was analyzed by the
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Figure 1. Representation of the distribution of the GO functions of the 164 selected genes. The GO classifications were sorted by percentages. The left column
represents the number of genes for specific function. The middle column shows the percentages. The right column shows the name of the different functions.
Here, some genes bear multiple functions, which have all been accounted for in their different categories.
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Figure 2. Real-time RT-PCR confirmation of microarray results from a
HO-8910/ZNF217- cell line. The graph shows the average fold difference
compared with the HO-8910 cell line. The horizontal axis represents the genes
analyzed.

GO stat tool. The 164 annotated genes exhibited a wide range
of functions (Fig. 1). Genes involved in signal transduction,
cell communication, antioxidant activity, cell adhesion, apop-
tosis and regulation, as well as the cell cycle were targeted for
their possible roles in ovarian cancer development.

Validation of microarray data by real-time QRT-PCR analysis.
SYBR green-based real-time RT-PCR was used as an inde-

pendent method to accurately verify the microarray data. The
technique was also used to assess the relative gene expression
of a subset of genes that were at least 8-fold down-regulated in
the HO-8910/ZNF217- cells. The mRNA expression levels of
ALOX15, CD1D, FXYD3, GAS6, KRT4, LIN7B, MMP-24,
PDZK1, PEX6, PRSS8, SLC2A9, STRN and WFDC2 as
measured by real-time RT-PCR, were highly comparable with
the results of microarray analysis (Fig. 2). Down-regulation
was confirmed for each gene in HO-8910/ZNF217- cells
compared to HO-8910 cells. Although the fold changes
observed by real-time RT-PCR were larger than those observed
with the microarrays, there was a highly significant correlation
between the two methods (R? ~0.91; data not shown).

Discussion

Ovarian cancer is among the most lethal malignancies world-
wide, with a poor prognosis. The molecular mechanisms of
the function of ZNF217 in ovarian cancer remain unclear. We
therefore sought to assess the function of the protein in ovarian
cancer and to identify ZNF217-associated novel marker genes
with diagnostic value in ovarian cancer.

Gene expression profiling using high-density microarrays
is an excellent tool for the identification, in human cancer, of
novel candidate biomarkers associated with the regulation of
important cancer-related cellular events, such as cell growth
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and apoptosis. Microarray analysis has great potential for
identifying the pathophysiological processes of cancers and
carcinomas due to its ability to screen the entire genome and
the expression levels of mRNA.

In this study, a stable cell line with silencing of the ZNF217
gene was constructed from the human ovarian cancer cell line
HO-8910. Verification tests proved that the ZNF217 gene was
down-regulated by 86% (9). Affymetrix HG-U133 plus 2.0
oligonucleotide microarrays were used to analyze the gene
expression pattern in the stable cell line HO-8910/ZNF217-
and the parent cell line HO-8910. A high-throughput gene
chip contain 54,675 oligonucleotide-based probe sets was used
to analyze changes in gene expression after the silencing of
the ZNF217 gene in HO-8910 cells. Gene expression differed
dramatically between the HO-8910/ZNF217- and HO-8910
cells. The 164 genes that were down-regulated by at least
8-fold were used for the analysis of biological processes and
molecular function in ovarian cancer cells.

The Gene Ontology database provides a useful tool for
annotating and analyzing the function of large numbers of
genes. Modern experimental techniques, e.g., DNA micro-
arrays, often result in long lists of genes. To derive biological
information from this kind of data is desirable for functional
annotation or the identification of highly represented GO
groups. The GO stat program aids in the analysis of such lists,
providing statistics related to the GO terms contained in the
data and sorting the GO annotations, with the most representa-
tive GO terms first.

Compared to the expression profile of the HO-8910 cells,
the expression of 164 genes was significantly altered by at least
8-fold in the HO-8910/ZNF217- cells. Analysis revealed that
the functions of these genes were related to signal transduction,
cell communication, the regulation of biological processes and
protein binding (Fig. 1). According to GO annotation, these
genes spanned many members of distinct functional families
and biological processes.

Expression levels of the mRNA of thirteen genes selected
from the 164 down-regulated genes were verified by real-time
RT-PCR. The results show a good correlation between the
microarray and RT-PCR data. Among these genes, ALOX15,
CDID, FXYD3, GAS6, KRT4, LIN7B, MMP-24, PDZKI,
PEX6, PRSS8, SLC2A9, STRN and WFDC2 were involved
in the tumor process.

Of note, the expression of WFDC2 and MMP-24 is
closely related to ZNF217 in ovarian cancer cells. Human
epididymis4 (HE4), also named WAP four-disulfide core
domain 2 (WFDC2), is a member of the Whey Acidic Protein
(WAP) family and encodes a WAP-type 4-disulphide core
domain-containing protein. The WFDC2 gene is amplified in
ovarian carcinomas, whereas its expression in normal tissues,
including ovarian tissues, is low (12,13). It has been found to
be expressed primarily in certain ovarian cancers, and is thus
a marker of ovarian carcinoma (14-16). We found WFDC?2 to
be downregulated 32-fold after the silencing of the ZNF217
gene. This finding was consistent with that of Zhu et al (17),
who reported that WFDC2 and ZNF217 were upregulated
through the increased expression of eEF1A2 in lung cancer.
Notably, they suggested that eEF1A2 plays an important role
in processing. This suggests that eEF1 A2 mediates the function
of WFDC2 and ZNF217.
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Matrix metalloproteinase 24 (MMP-24), also termed
MT5-MMP, MMP25 and MT-MMPS5, is among the membrane-
type matrix metalloproteinases (MMPs) on 20qll.2. It is
identified and cloned from a human brain cDNA library. The
isolated cDNA encodes a polypeptide of 645 amino acids
that displays a similar domain organization to that of other
MMPs. The MMP-24 gene was down-regulated 32-fold in
the human ovarian cancer cell line HO-8910 after silencing
of the ZNF217 gene. Members of the MMP family have been
well documented as critical players in the breakdown of the
extracellular matrix (ECM) under both physiological and
pathological conditions. This is important in embryo implan-
tation and cancer progression (18-22). MMP-24 supports the
notion that membrane-associated proteolysis plays a critical
role in ECM degradation, necessary for many important
biological and pathological processes (22-24). It has been
reported that MMP-24 expression might have a key function in
brain tumor progression (25). Surprisingly, MMP-24 (20q11.2)
was frequently co-amplified with ZNF217 (20q13.2) in breast
carcinomas (26). A previous study showed that 20q11.2 was
amplified in male germ cell tumors, and was related to chemo-
therapy resistance (27). The present study showed that changes
in MMP-24, as an oncogene, are associated with the silencing
of the ZNF217 gene. Therefore, ZNF217 may act as a mediator
during ovarian cancer progression.

After integrating the information from GO classification
and the hierarchical clustering analysis of the selected genes,
there appeared to be a series of complicated molecular events
associated with ZNF217 activity. Since the information on
ZNF217 in ovarian cancer is limited, a comprehensive discussion
of all related genes or clusters is impractical. Nevertheless,
according to the available information, alterations in the
expression of genes involved in anti-oxidation, apoptosis,
metastasis, cell adhesion, the cell cycle and signal transduction
may highlight the importance of ZNF217 in ovarian cancer
cells.

It has been reported that ZNF217 may promote neoplastic
transformation and the progression of malignancy (28), and has
been associated with tumor progression and poor prognosis
in patients with ovarian cancer (29). Our results indicate
that ZNF217 is involved in different pathways that may have
profound effects on cancer progression (30). The identification
of thousands of ZNF217 target genes would enable further
studies on the consequences of aberrant expression of ZNF217
during neoplastic transformation (31). Our results suggest that
ZNF217 is an ovarian oncogene whose overexpression may
break the senesces in normal ovarian epithelium cells, there-
fore contributing to neoplastic progression. These findings,
combined with results from ZNF217-overexpressing lines in
ovarian carcinomas, provide a unique model for investigating
the interrelationships between these changes and ovarian
neoplastic phenotypes (32). Notably, eEF1A2 played a role in
mediating ZNF217-induced neoplastic progression (33).

In conclusion, the present study provided a novel and com-
prehensive expression profile of ovarian cancer cells under the
influence of the silenced ZNF217 gene, and identified genes
that may be correlated with the process of ovarian cancer. The
study shows that ZNF217 in ovarian cancer cells has an effect
on multiple intracellular biological events associated with the
up-regulation of anti-oxidants, cell growth, apoptosis and cell



cycle disturbance. Further investigation of the selected genes
will provide new insights into the molecular mechanisms of
ovarian cancer progression, and will aid in the construction of
a stronger ovarian cancer prediction rule.
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