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The transcription factor ZNF217 is often ampliﬁed in ovarian cancer, but its role in neoplastic progression is unknown. We introduced ZNF217-HA by adenoviral and retroviral infection into
normal human ovarian surface epithelial cells (OSE), i.e., the
source of ovarian cancer, and into SV40 Tag/tag expressing, p53/
pRB-deﬁcient OSE with extended but ﬁnite life spans (IOSE). In
OSE, ZNF217-HA reduced cell–substratum adhesion and accelerated loss of senescent cells, but caused no obvious proneoplastic
changes. In contrast, ZNF217-HA transduction into IOSE yielded
two permanent lines, I-80RZ and I-144RZ, which exhibited telomerase activity, stable telomere lengths, anchorage independence
and reduced serum dependence, but were not tumorigenic in
SCID mice. This immortalization required short-term EGF treatment near the time of crisis. The permanent lines were EGF-independent, but ZNF217-dependent since siRNA to ZNF217 inhibited
anchorage independence and arrested growth. Array CGH
revealed genomic changes resembling those of ovarian carcinomas, such as amplicons at 3q and 20q, and deletions at 4q and 18,
associated with underexpressed annexin A10, N-cadherin, desmocollin 3 and PAI-2, which have been reported as tumor suppressors. The lines overexpressed EEF1A2, SMARA3 and STAT1 and
underexpressed other oncogenes, tumor suppressors and extracellular matrix/adhesion genes. The results implicate ZNF217 as an
ovarian oncogene, which is detrimental to senescing normal OSE
cells but contributes to neoplastic progression in OSE with inactivated p53/RB. The resemblance of the genomic changes in the
ZNF217-overexpressing lines to ovarian carcinomas provides a
unique model to investigate interrelationships between these
changes and ovarian neoplastic phenotypes.
' 2007 Wiley-Liss, Inc.
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The candidate oncogene ZNF217, predicted to encode alternatively spliced Krúppel-like transcription factors, was originally
identiﬁed because of its location in an amplicon on chromosome
20q13.2 in breast cancer cell lines and tumors and by its recurrent
expression in other malignancies.1 ZNF217 is expressed in normal
tissues, and is overexpressed in all cell lines and tumors where the
gene locus is ampliﬁed.2 Ampliﬁcation of 20q, which involves a
large number of potentially relevant genes, has since been
described in many types of human cancers.3–10 The 20q region,
and ZNF217 speciﬁcally, is ampliﬁed in a high proportion of ovarian carcinomas, and expression levels of ZNF217 correlate with
their copy numbers in primary ovarian cancers.11,12 However,
because of the coexistence of other ampliﬁed genes in the same
region, it has been difﬁcult to deﬁne the speciﬁc inﬂuence of
ZNF217 on malignant progression. An increased copy number of
ZNF217 is associated with reduced survival of ovarian cancer
patients.13,14 In experimental systems, 20q13 ampliﬁcation has
been associated with genome instability and immortalization in
cultured human uroepithelial cells.15,16 Furthermore, overexpression of ZNF217 in 2 human mammary epithelial cell lines with ﬁnite lifespans resulted in the establishment of permanent cell lines
with increased telomerase activity, stabilized telomere length and
resistance to TGF-b-mediated growth inhibition.17 Recently,
ZNF217 overexpression was found to be associated with resistance to chemotherapy and telomere dysfunction.18
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We investigated the functional consequences of ZNF217 overexpression by transducing the gene into human ovarian surface
epithelial (OSE) cells, which are thought to be the source of ovarian epithelial carcinomas.19 Normal OSE cells were investigated
soon after explantation into culture and after ﬁnite extension of
their life span with SV40 Tag/tag (IOSE).20 Transient adenoviral
infection of ZNF217-HA into OSE caused selective loss of senescent cells, but no other obvious changes. In 2 separate IOSE lines,
retroviral infection with ZNF217-HA in conjunction with brief epidermal growth factor/hydrocortisone treatment during crisis gave
rise to permanent cell lines with activated telomerase, stable telomere lengths, increased anchorage- and serum-independence and
genomic changes resembling those of ovarian cancers. The results
support the hypothesis that ZNF217 contributes to the neoplastic
progression of epithelial ovarian carcinomas.
Material and methods
Cell culture
Normal ovarian surface epithelial cells (OSE) were obtained at
surgery for nonmalignant gynecological disorders. Ethical permits
were obtained as required by the University of BC. The origin of
each culture was identiﬁed by a hyphenated number. OSE cells in
low passage were transfected with SV40 large T and small t antigen
(Tag/tag) to give rise to IOSE (‘‘immortalized OSE’’), which have
an extended but ﬁnite lifespan.20 OSE and IOSE cells were transfected or infected with HA-tagged ZNF217 constructs and control
vectors as described below. The cultures were maintained in medium 199/MDCB105 (Sigma, Mississauga, ON, Canada) with 10%
(for OSE) and 5% (for IOSE) FBS (Hyclone, Logan, UT) in
humidiﬁed 5% CO2/air. OSE and IOSE cells senesced after approximately 4–5 and 16–22 passages, respectively. In some experiments,
10 ng/ml epidermal growth factor/1.0 lg/ml hydrocortisone (EGF/
HC) (Sigma, Mississauga, ON, Canada) was added.
To evaluate the inﬂuence of EGF on signal transduction pathways in ZNF217-infected IOSE cells that were approaching crisis,
cells were grown with and without EGF/HC. Cells grown without
EGF/HC senesced by passage 15 and could not be subcultured further. Cells grown in the presence of EGF/HC from passage 14 on
could be subcultured twice more to passage 17. Inhibitors of the
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PI3K pathway ( 20 lM LY294002, Calbiochem, San Diego, CA)
or the MAPK/ERK pathway (10 lM PD98059, Calbiochem), in
199:105/5% FBS with EGF/HC, were added to subconﬂuent, passage 17 cultures, 24 hr after seeding and daily for 3 days. Then,
the cells were lysed in 100 ll of lysis buffer (see below). Total
protein for each culture was calculated, and the lysates were used
for Western blot analysis.
Retroviral infection of ZNF217
IOSE cells were infected with recombinant retroviruses containing the HA-tagged ZNF217 minigene17 or empty vector control.
The recombinant retroviral vector pLXSN, (BD Biosciences, Mississauga, ON, Canada) containing ZNF217-HA, and empty
pLXSN vector were ampliﬁed in STBL2 competent cells (Invitrogen) and high titer amphotrophic stocks of ZNF217-HA and
control retrovirus were prepared using a transient packaging system. Forty-eight hours after infection, the cells were selected with
150 lg/ml G418. G418-resistant cells were pooled after 2–3
weeks, when selection was complete. Infection efﬁciency was
evaluated with the recombinant retrovirus containing EGFP.
Construction of recombinant adenovirus and infection
of IOSE cells
The ZNF217-HA cDNA fragment was cut out from the retroviral vector used earlier with EcoR I enzyme. After electrophoresis,
the fragment was isolated and gel-puriﬁed before ligating into a
recombinant adenovirus pShuttle vector (Clontech Laboratories,
Palo Alto, CA). pShuttle clones containing right orientation of
ZNF217-HA were conﬁrmed by analyzing restriction digestion
patterns and by direct DNA sequence analysis. The cDNA fragment was transferred from the pShuttle vector into an adenoviral
vector as per the instruction manual. The recombinant adenovirus
containing ZNF217-HA was rescued from packaging 293 cells
2 weeks after transfection. IOSE cells were infected with recombinant adenoviruses (either EGFP or b-galactosidase controls or
ZNF217-HA virus) at a concentration of 20 MOI for 1 hr at 37°C
and incubated for 24–96 hr before ZNF217-HA gene expression
was analyzed. Infection efﬁciency was evaluated with recombinant adenovirus containing the gene for EGFP.
Immunoﬂuorescence microscopy
Cells grown on coverslips were rinsed in serum-free medium,
ﬁxed in 220°C methanol, permeabilized 5 min in 220°C methanol-acetone (1:1), dried, rinsed in PBS, blocked in DAKO (Mississauga, ON, Canada) protein block for 30 min, treated with primary
antibody to HA (F-7, Santa Cruz Biotechnology, Santa Cruz, CA)
in DAKO protein block 1:400 for 1 hr, rinsed, incubated in secondary antibody (Alexa-594 conjugated goat anti-mouse IgG antibody, Molecular Probes, Eugene OR) in DACO protein block
1 hr, washed and mounted in Gelvatol.
Array CGH
Whole genome scanning BAC arrays (HumArray 2.0) composed
of 2,464 clones were prepared by the UCSF Array Core.21,22 Labeling of genomic DNA (CY3- and CY5-dUTP for tumor and female
genomic DNA, respectively), array CGH hybridization and image
processing were performed as previously described.22 The CY3,
CY5 and DAPI (40 , 6-diamidino-2-pheylindole) images were segmented and analyzed to determine CY3/CY5 ratios for each array
element using custom software as described.23
Affymetrix array analysis
Total RNA was puriﬁed from cells grown to 70–80% conﬂuency with the RNeasy kit from Qiagen by following manufacturer’s instructions (Qiagen, Mississauga, ON, Canada). Biotin labeled cRNA was then prepared from puriﬁed total RNA according
to manuals at www.affymetrix.com. Twenty micrograms of labeled cRNA was hybridized to Affymetrix U133A chips which
were later scanned in the genome core facility at the Gladstone

Institute of UCSF. Relative expression levels of probe sets on the
arrays were analyzed and calculated by GeneTrafﬁc one color
Microarray Data Analysis software (www.iobion.com) using the
robust multiarray average (RMA) algorithms.24 At least 4 samples
for each line were analyzed.
RT-PCR
Total RNA was puriﬁed as described earlier. First-strand cDNA
synthesis was generated with a ﬁrst-strand cDNA synthesis kit
(Amersham Biosciences, Baie d’Urfe, Quebec). Five micrograms
total RNA was denatured at 65°C for 10 min and then chilled on
ice. Then, 11 ll of bulk ﬁrst-stand cDNA reaction mix, 1 ll of
DTT (200 mM), and 1 ll of random primer (0.2 lg/ll) were
added, and the samples were incubated at 37°C for 1 hr. A pair of
primers spanning ZNF217 (50 —CCTGCACCGGATAATACAAA—30 ) and HA-fusion tag (50 —TCTGGCACGTCGTATGGGTA—30 ) was used to amplify transgene (ZNF217-HA)
expression. For the PCR reaction, 2 ll of ﬁrst-strand cDNA was
used for ampliﬁcation in a 50-ll reaction volume with a ﬁnal concentration of 50 mM KCl, 10 mM Tris (pH 9.0) and 200 lM
dNTPs, 100 lM of both forward and reverse primers and 5-U taq
polymerase. PCR ampliﬁcation was carried out as follows: a one
time denaturation for 5 min at 94°C; 30 cycles of 30-sec denaturation at 94°C, annealing at 55°C for 30 sec, and extension at 72°C
for 1 min, followed by a 10-min ﬁnal extension at 72°C. PCR
products were analyzed by agarose gel electrophoresis.
Anchorage independence
Cells (1.3 3 104) were suspended in 5 ml 0.3% agarose in
M199:105 medium with 10% FBS and plated on pre-solidiﬁed
agarose (0.5%) in 60-mm dishes with grids for colony quantiﬁcation. After 3 weeks, colonies were sized and counted in triplicate
dishes per group.
Serum dependence
Exponentially growing cells were plated in 96-well strip plates
(Corning, NY) at 2 3 103 cells/well. Cells were incubated in
199:105 medium with serum concentrations from 0 to 5% and
were collected after 7–9 days. At the end of the assays, cells were
washed with serum-free medium and ﬁxed with 220°C methanol
for 20 min followed by 3 washes with PBS. Cells were then
stained with 5.0 lg/ml Hoechst 33258 (Sigma) for 2 min, washed
to remove unbound dye, and analyzed on a ﬂuorescence plate
reader at wavelength ﬁlters 360/40 and 460/40.
Western blot analysis
Cells were lysed in buffer (1% Triton X-100, 50 mM Hepes pH
7.4, 150 mM NaCl, 1.5 MgCl2, 1 mM EGTA, 10 mM NaF, 100 mM
NaPPi, 10% glycerol, 1 mM PMSF, 1 mM Na3VO4 and 10 lg/ml
aprotinin) and protein concentration was measured with the
Bio-Rad protein assay kit. To analyze ZNF217 and the HA tag,
proteins (50 lg) were separated on 8% SDS-PAGE gels followed
by transfer onto nitrocellulose membranes. After blocking for
30 min with 5% nonfat dried milk, blots were probed at room temperature with rabbit polyclonal antibody to ZNF217 (Dr. P. Yaswen, Lawrence Berkely Laboratory, Berkely, CA) at a 1:500 dilution for 3 hr, or with mouse anti-HA monoclonal antibody GO36
(Applied Biological Materials, Vancouver, Canada) at a 1:1,000
dilution for 1 hr. After extensive washing with TBST, the immune
complexes were detected with horseradish peroxidase conjugated
goat anti-rabbit or goat anti-mouse secondary antibodies (1:2,500,
Bio-Rad Laboratories, Hercules, CA) for 1 hr followed by ECL
(BioLynx, Brockville, ON, Canada). To demonstrate total and
phosphorylated Akt and ERK1/2, protein was processed as earlier
but was separated on 10% SDS-PAGE gels, and the blots were
probed overnight with mouse monoclonal antibody against phosphorylated p44/42 MAP kinases (pERK1/2), rabbit polyclonal
antibodies against p44/42 MAP kinases (ERK1/2), phosphorylated
Akt and Akt (all from Cell Signaling Technology, Beverly, MA)
at a 1:1,000 dilution.
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ZNF217 gene-speciﬁc siRNA assays
Exponentially growing IOSE-144RZ cells were seeded at 70%
density for 24 hr. Then, the cells were transfected with ZNF217
gene speciﬁc siRNAs (Smart-poolTM, Dharmacon Research, Lafayette, CO) at concentrations of 30, 40 and 50 nM using Lipofectamine 2000 (Invitrogen). The transfected cells were incubated
overnight before being trypsinized, counted and assayed for anchorage independent growth. After 7 days of incubation, colonies
were counted. Both the transfection reagent and siRNA scramble
controls were included. Changes in growth and morphology associated with the ZNF217 siRNA assay were also examined with
cells that were transfected with siRNA and maintained under
standard conditions for 1–4 days posttransfection.
Telomerase assays
Telomerase activity was measured using both TRAPeze Telomerase detection systems (Chemicon International, Temecula,
CA) and the Telo TAGGG Telomerase PCR ELISA assay (Roche
Diagnostics, Laval, QC, Canada) according to the manufacturer’s
instructions. Telomere length measurements were carried out as
described previously.25 Brieﬂy, the Telorette 3 oligonucleotide
was ligated to chromosome ends by virtue of a 7-bp sequence
complimentary to the 30 overhang of telomeric DNA. Long PCR
was then conducted using a primer speciﬁc for the Telorette 3
sequence (TelTail) and a primer in the telomere-adjacent region of
Xp/Yp, 407 bp from the start of the telomere (XpYpE2). Amplicons were resolved on agarose and detected by Southern Blotting
and hybridization to a probe speciﬁc for the Xp/Yp telomere-adjacent region. The primers were as follows:
Telorette 3; 50 -TGCTCCGTGCATCTGGCATCCCTAACC-30
TelTail 50 -TGCTCCGTGCATCTGGCATC-30
XpYpE2 50 -TTGTCTCAGGGTCCTAGTG-30
XpYpB2 50 -TCTGAAAGTGGACC(A/T)ATCAG-30 (together
with XpYpE2 makes up probe).
Since EGF/HC was used in some experiments in conjunction
with ZNF217 transduction, we also determined whether EGF/HC
alone would activate telomerase in IOSE cells.26
Quadruplicate cultures of the parent lines IOSE-80 and IOSE144 and low passage OSE maintained on EGF/HC for several passages were grown to 90% conﬂuence, changed to serum-free medium, and 24 hr later treated with serum-free medium with/without EGF/HC. After 24 hr, the cells were processed by the Roche
assay for telomerase activity as described earlier.
Tumorigenicity assay
Six- to eight-week-old female SCID mice (Charles River, Wilmington, MA), 3 animals per group, were injected i.p. with 5 3 106
cells in 300 ll medium. Cells were IOSE-144 at passage 12 or
ZNF217-HA-transduced IOSE-144RZ (see later) at passage 56. After 4 months, the animals were killed and examined for tumor formation.
Statistical analysis
The one-way ANOVA test (Tukey) was used for statistical analysis. All statistical evaluations were performed using the Prism
statistical software package (GraphPad Software, San Diego, CA).
Results
OSE cells in low passage
Eight sets of cultures of normal OSE cells in passages 1–7 (after
approximately 1–2 months in culture) were adenovirally infected
with ZNF217-HA or a b-galactosidase control vector. Expression
of an EGFP adenoviral construct conﬁrmed that infection efﬁciency was near 100% (data not shown). By immunoﬂuorescence
microscopy, the subcellular location of ZNF217-HA depended on

FIGURE 1 – Immunoﬂuorescence analysis of ZNF217-HA distribution and morphology of low passage OSE cells infected adenovirally
with ZNF217-HA. (a,b) Merged phase and IF images; (a) the HAtagged ZNF217 (red ﬂuorescence) is localized in most nuclei in a culture where cells are stationary and senescescent, as indicated by large
size, ﬂat shapes and binucleation. (b) In a mixed culture of proliferating and stationary cells, nuclear HA tag is detectable only in senescent
cells (arrows). (c) Phase microscopy of a culture grown in parallel
with the culture in Figure 1b, composed of a mixture of small proliferating cells and large ﬂat senescent cells (arrows). In cultures infected
with ZNF217-HA, the senescent cells have disappeared selectively after 48 hr, while small replicating cells exhibit reduced adhesiveness to
plastic. b-gal is a control culture, infected with a b-galactosidase vector, where the senescent cells persist.

the proliferative activity and/or replicative stage of the cells;
intense punctate nuclear staining was observed in cells that were
senescent as indicated by lack of proliferation, large cell size, ﬂattened cell shapes and multinucleation. In contrast, in younger, proliferating OSE cells and in OSE cells that were proliferating in
response to EGF treatment,27 ﬂuorescence was weakly cytoplasmic or undetectable (Figs.1a and 1b). Furthermore, ZNF217-HA
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FIGURE 2 – Effects of retrovirally transduced ZNF217-HA and EGF/HC on the proliferation of IOSE-80 and IOSE-144 cells. ZNF217-HAtransduced cells (n) grew at the same rates and senesced at similar times as the parent lines. Growth in EGF/HC-supplemented medium without
ZNF217-HA infection () delayed crisis by several passages, but did not prevent it. ZNF217-HA-transduced cultures, exposed for 3 passages to
EGF/HC just prior (IOSE-80) or during (IOSE-144) the time of crisis, gave rise to the EGF-independent, permanent lines I-80RZ and I-144RZ
(m), most likely because EGF/HC treatment extended the life span of the senescent, genomically unstable cell populations at the time of crisis.

FIGURE 3 – ZNF217-HA expression in precrisis
IOSE-80 and IOSE-144 cells infected with ZNF217HA and in the postcrisis lines I-80RZ and I-144RZ.
(a,b) Western blots: (a) monoclonal antibody G036
reveals HA tag expression in ZNF217-HA infected
pre- and postcrisis cultures of lines IOSE-80 and
IOSE-144 but not in the controls, MCF7 and IOSE
parent lines. (b) Rabbit polyclonal antibody to
ZNF217 shows increasing expression of ZNF217
protein from parent line to precrisis to postcrisis
ZNF217-transduced lines of IOSE-80 and IOSE-144
cells. The MCF-7 cell line was used as positive control. (c) RT-PCR demonstrates ZNF217-HA expression in I-80RZ and I-144RZ, but not in the parent
lines or vector control.
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did not interfere with growth or cause visible damage when introduced into proliferating cells, while 65–95% of presenescent and
senescent cells were dead within 3 days post-infection. In cultures
containing both cell types, senescent cells disappeared within few
days, while nonsenescent cells retracted partially from plastic but
continued to replicate (Fig. 1c). Thus, overexpression of ZNF217HA accelerated the loss of senescent cells and induced changes in
growth pattern indicative of reduced cell-substratum adhesion.
IOSE lines
IOSE lines have an extended but ﬁnite life span and lack functional p53 and pRb.20 ZNF217 was introduced into IOSE cells by
adenoviral and retroviral infection.
IOSE-120 cells were transiently infected with an adenoviral
ZNF217 construct to determine whether a high infection efﬁciency
would cause phenotypic changes. A control EGFP vector indicated near 100% infection efﬁciency (data not shown). Infection
with either adenoviral ZNF217 or vector controls caused no phenotypic changes other than nonspeciﬁc transient damage such as
detachment and vacuolation, which was similar in both groups.
The cultures senesced after about 20 passages as did the controls
(data not shown).
Infection with a retroviral vector containing ZNF217-HA produced cells that were G418 resistant, positive for the HA-tag and
overexpressed ZNF217 protein, but showed no changes in growth
characteristics, were not anchorage independent, and crisis was
not delayed or obviated. Like the parent lines and vector controls,
the retrovirally infected cells senesced by 15–20 passages (approximately 50 population doublings). Thus, overexpression of
ZNF217-HA alone was insufﬁcient to induce immortalization or
phenotypic alterations in precrisis IOSE cultures (Fig. 2).
Inﬂuence of epidermal growth factor/hydrocortisone
EGF/HC acts as a mitogen and delays senescence in low passage OSE cells, with EGF being the crucial component. HC
enhances EGF effects, but does not by itself stimulate growth or
contribute to immortalization.27 We hypothesized that EGF/HC
might similarly delay crisis in ZNF217-infected IOSE lines and alter the cells’ response to ZNF217 overexpression. The culture medium of retrovirally ZNF217-infected IOSE-80 and IOSE-144 cultures was therefore supplemented for 3 passages with 10 ng/ml
EGF/HC just prior to crisis (IOSE-80) or at the time of crisis
(IOSE-144) (Fig. 2). As mentioned earlier, ZNF217-HA alone did
not immortalize the cells; rather they became stationary and senesced around passage 15. Addition of EGF/HC alone to uninfected
IOSE lines extended their life span by several passages and population doublings, but then they, too, entered crisis and died. In contrast, cultures infected with retroviral ZNF217-HA and treated
with EGF/HC for 3 passages near the time of crisis not only underwent 3–4 additional population doublings before senescence, but a
limited number of cells remained in crisis for up to 3 months,
when rare colonies of proliferating cells appeared, which were independent of EGF for unlimited growth. The colonies of each line
were pooled, and each resulting polyclonal cell line was identiﬁed
with the preﬁx ‘‘I’’ for IOSE, and the sufﬁx ‘‘RZ’’, for ‘‘retroviral
ZNF217’’. In both I-80RZ and I-144RZ cells, RT-PCR and immunoblotting demonstrated ZNF217-HA message and ZNF217-HA
protein (Fig. 3). Both lines have undergone over 50 passages
(more than 120 population doublings), and thus are considered as
permanent.
As shown in Figures 4a and 4b, EGF activation of Akt and
ERK1/2 in precrisis ZNF217-HA infected IOSE cells was inhibited by the PI3K inhibitor LY294002 and the MAPK/ERK inhibitor PD98059, respectively. EGF appeared to enhance the proliferation, and consequently the lifespan, of these cultures predominantly via activation of the PI3K pathway rather than the MAPK
pathway, because addition of LY294002 arrested growth and initiated senescence, while the effects of PD98059 were relatively
minor (Figs. 4c and 4d).

FIGURE 4 – Signaling pathways mediating the effect of 3 days of
EGF/HC treatment on precrisis ZNF217-infected cells. (a) EGF/HCinduced activation of Akt is inhibited by LY294002, while (b) ERK1/
2 activation by EGF/HC is inhibited by PD98059. (c) Phase micrographs: untreated control cells (a) and PD98059-treated cells (c)
resemble one another morphologically and proliferate in the presence
of EGF/HC, while LY294002-treated cells (b) are growth arrested and
exhibit morphologic features of senescence. (d) LY294002 arrested
growth over 3 days of EGF/HC treatment, while PD98059 did not;
mean and range of duplicate cultures.

CGH and affymetrix analysis
Minimal ampliﬁed/deleted genomic regions were deﬁned with
array CGH data from either the I-144RZ or I-80RZ line, whichever had smaller regions (Fig. 5, Supplement 1, online). Genes
with more than 2-fold of expression levels in the ampliﬁed regions
or less than 0.5 fold in the deleted regions of either ZNF217-HA
transduced line compared to the expression levels of control cell
lines are listed in Table I and Supplement 1 (online). Array CGH
analysis showed gains on 3q13-28, 8q24, 14q24 in I-144RZ and
on 4p15, 6q, 9, 17p11-13, 20q11-13 in I-80RZ, while copy numbers were reduced in both lines at 18p11-q23 and Xq21-q22, and
in I-144RZ at 3p21-14, 7q21 and 13q22 (Fig. 5). There was a
striking resemblance between genomic aberrations formed during
ZNF217-immortalization and recurrent low-level abnormalities in
ovarian tumors. Of particular interest were gene deletions in both
cell lines on chromosomes 18 and X, as well as the ampliﬁcations
at 3q in line I-144RZ and at 20q in line I-80RZ, both of which are
among the most frequent and important amplicon sites in ovarian
carcinomas.
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FIGURE 5 – Low level genomic aberrations formed during ZNF217-IOSE passage through crisis in the ZNF217-HAtransduced lines I-80RZ and I-144RZ
match recurrent low-level abnormalities
in ovarian tumors. Array CGH analysis of
gene copy numbers; CGH ratios are
arranged from short arm to long arm and
from chromosome 1 to chromosome 22,
then X. (a) aberrations in line I-80RZ; (b)
aberration frequencies in the genomes of
225 serous ovarian tumors; (c) aberrations
in line I-144RZ. (d) Parent line controls
prior to infection with ZNF217. In panels
a, c and d, genome copy numbers are
shown as log 2 relative copy numbers on
the Y-axis. In panel b, positive values
indicate frequencies of copy number
increases, and negative values indicate
frequencies of copy number decreases.

The Affymetrix expression arrays were analyzed for 2-fold or
greater changes in gene expression that occurred in both I-80RZ
and I-144RZ. None of the genes that were overexpressed by these
criteria paralleled gene ampliﬁcations; however, 8 underexpressed
genes localized to deleted chromosome regions (Table I; Supplement 1, online). These included ANXA10 on 4q and YES1,
FLJ12542, GATA6, CDH2, DSC3, SCOP and SERPINB2, all on
chromosome 18. Importantly, of these 8 gene products, 4 have
been implicated in tumor suppression: Annexin A10,28 desmocollin 3,29 PAI2,30 and N-cadherin.31 N-cadherin is also the major
intercellular adhesion molecule of normal OSE.19 The expression
of many other genes was increased or decreased 2-fold or more in
one or both lines, unrelated to gene ampliﬁcations and deletions,
presumably by epigenetic means. Table I lists some of the genes
that were altered in both lines, and which may have contributed to
their neoplastic progression. They included increased expression
of the translation elongation factor and oncogene, EEF1A2, and of
STAT1 and SMARA3. In contrast to the small number of overexpressed genes, expression of many more genes was reduced in
both lines. These included the oncogenes RAB31 and v-YES1,
TGF-b family members, the tumor suppressors listed earlier and
several extracellular matrix, cytoskeleton- and adhesion-related
gene products.

Phenotypic analysis
Line I-144RZ showed only weak to moderate cytoplasmic staining for ZNF217-HA; nuclei were unstained for HA tag (Fig. 6a).
Telomerase activity was absent in the parent line and vector control, but present in I-144RZ (Fig. 6b). As expected, telomere
lengths were reduced at crisis compared to the parent line at earlier passages, but their lengths increased with time after crisis, to
levels similar to the parent line (Table II). I-144RZ was more serum-independent and replicated even in the complete absence of
serum and was anchorage independent while the parent line
formed no colonies (Figs. 6c and 6d). Changes in gene expression,
based on Affymetrix analysis, which may have contributed to anchorage independence, were a 2.0-fold increase in EGF receptor
expression and a 5.6-fold reduction in the expression of TGFb2.
siRNA to ZNF217 mRNA completely arrested proliferation and
inhibited anchorage independence. The scramble controls had
lesser and reversible effects (Fig. 7).
Line I-80RZ also survived crisis under the combined inﬂuence of
ZNF217 and EGF/HC and subsequently proliferated without EGF/
HC (Fig. 2). ZNF217-HA expression was conﬁrmed by RT-PCR
and Western blots (Fig. 3). By immunoﬂuorescence, protein was
undetectable or weakly cytoplasmic. Telomerase activity was
expressed in I-80RZ but not in the parent line (Fig. 6b) and telomere
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TABLE I – OVER- OR UNDEREXPRESSED GENES, SELECTED FROM AFFYMETRIX EXPRESSION ARRAYS BY
RELEVANCE TO NEOPLASTIC PROGRESSION
Gene symbol

Gene description

Increased expression
EEF1A2
Eukaryotic translation elongation factor 1 alpha 2
SMARCA3
SWI/SNF related, matrix associated, actin dependent
regulator of chromatin
STAT1
Signal transducer and activator of transcription 1
Decreased expression
Oncogenes, tumor suppressors
RAB31
RAB31, member RAS oncogene family
YES1
V-YES-1 Yamaguchi sarcoma viral oncogene homolog 1
RIS1
Ras-induced senescence 1
THBS1
Thrombospondin
ACTA
Activin A
TGFBR2
TGF beta receptor 2
Extracellular matrix components, proteases, protease inhibitors
SERPINB2 Serine (or cysteine) proteinase inhibitor
COL3A1
Collagen type III alpha 1
COL5A1
Collagen type V alpha 1
DCN
Decorin
FN
Fibronectin
MMP2
Matrix metalloproteinase 2
TIMP3
Tissue inhibitor of metalloproteinase 3
Cell adhesion, cytoskeleton
DSC3
Desmocollin 3
CDH2
Cadherin 2, type 1, N-cadherin (neuronal)
CAV2
Caveolin 2
CDH11
Cadherin 11, type 2, OB-cadherin (osteoblast)
ACTA2
Actin, alpha 2, smooth muscle, aorta
KRT19
Keratin 19
Others
FLJ12542
Hypothetical protein FLJ12542
ANXA10
Annexin 10
GATA6
GATA binding protein 6
SCOP
SCN circadian oscillatory protein (SCOP)
RALBP1
ralA binding protein 1
CALR
Calreticulin
TFPI2
Tissue factor pathway inhibitor 2
TSG
Twisted gastrulation

Fold change from
control1
I-80RZ

I-144RZ

3.4
2.7

4.4
2.7

3.3

4.3

23.1
22.5
210.6
22.5
224.9
23.0

23.4
22.1
27.7
210.0
23.3
23.5

23.3
22.6
22.0
22.3
22.2
22.7
26.7

231.6
271.8
22.3
25.0
23.4
25.8
24.9

23.2
23.2
22.3
261.0
22.1
2137.8

22.5
23.1
22.2
222.3
23.1
22.6

22.7
241.1
211.0

22.8
22.8
214.8
22.3
22.1
22.0
24.5
22.0

24.2
23.50
210.4
24.2

Two-fold or greater changes in gene expression, associated with genes that are ampliﬁed or deleted in
both lines I-80RZ and I-144RZ by array CGH are listed in bold; other genes, that are transcriptionally
up- or downregulated in both lines are in ordinary type.
1
Controls: average of IOSE-144 and IOSE-144vector control, and IOSE-80, respectively.

lengths increased after crisis (Table II). I-80RZ cells grew more
slowly than the parent line; however, they reached higher saturation
densities and were more serum independent in that they proliferated
in the complete absence of serum (Fig. 6c). I-80RZ cells were also
signiﬁcantly more anchorage independent than the parent line (Fig.
6d). Changes in gene expression that may have contributed to anchorage independence included 2.6–5.4-fold increases in the
expression of amphiregulin, laminin alpha 5, and integrin beta 4, as
shown by Affymetrix analysis. As in the I-144RZ line, siRNA to
ZNF217 arrested proliferation and reduced anchorage independence (Fig. 7). Over a 4-month period, neither I-144RZ cells nor I80RZ cells formed tumors or caused ascites in SCID mice.
Since the cells had been transiently treated with EGF during crisis, and since it has been reported that EGF can induce telomerase
activity directly,26 we investigated whether EGF/HC alone, without ZNF217, would activate telomerase in our system. No telomerase activity was detected in response to EGF/HC stimulation
in either low passage OSE cells or in the parent lines IOSE-80 and
IOSE-144 (data not shown).
Discussion
Our study shows that ZNF217 promoted the neoplastic progression of human OSE by introducing 4 important malignancy-associated characteristics: immortality, telomerase activity, reduced
serum dependence and anchorage independence. In view of the re-

semblance of the ZNF217-induced genomic aberrations and
changes in gene expression to common aberrations observed in
ovarian carcinomas, these cell lines represent a unique model to
investigate relationships between genomic and phenotypic aspects
of ovarian epithelial neoplastic progression.
Our results supplement those of Nonet et al.17 who demonstrated a similar inﬂuence of ZNF217 on human mammary epithelial cells. In both cases, constitutively active ZNF217 was introduced into precrisis cell lines with defective proliferative controls:
the mammary cells lacked functional p16INK4a, while the IOSE
lines lacked functional p53 and pRB. In both systems, the target
cells had extended, but limited lifespans compared to normal cells.
Introduction of ZNF217 was followed by telomerase activation
and an apparently indeﬁnite proliferative potential in both systems.
Our CGH data and expression arrays provide new information
about possible mechanisms involved in ZNF217-mediated neoplastic progression and extend them speciﬁcally to ovarian carcinogenesis. In particular, our study identiﬁed changes in gene expression
associated with ZNF217 overexpression, which include downregulation of several tumor suppressors and overexpression of oncogenes,
including EEF1A2, which is frequently ampliﬁed in ovarian cancer.
In addition to phenotypic changes reported for the mammary system, we demonstrated that ZNF217 induces anchorage independence and serum independence, both suggestive of activation of autocrine growth promoting factors and conﬁrmed the ZNF217-dependence of such neoplastic progression by siRNA assays. Importantly,
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FIGURE 6 – Phenotypic characteristics of lines I-144RZ and IOSE-80RZ. (a) ZNF217-HA distribution in line I-144RZ. The ﬂuorescence is
mainly cytoplasmic. (b) Telomerase activity is detected only in the ZNF217-HA-expressing lines but not in the parent lines or in the vector control I-144V. (c) Serum and anchorage dependence: at all serum concentrations, line I-144RZ is signiﬁcantly less serum dependent (p < 0.05)
than the parent line and proliferates even in the complete absence of serum. I-80RZ cells grow more slowly than IOSE-80 cells, but in contrast
to IOSE-80, they also proliferate without any serum, indicating increased serum independence. Mean and SD of 6 replicates/serum concentration, collected after 9 days. (d) Anchorage independence: over 20 days, the parent lines, IOSE-144 and IOSE-80 formed no or few colonies in
agarose while lines I-144RZ and I-80RZ produced signiﬁcantly more colonies (p < 0.01 for total number of colonies, in both lines). Mean and
SD of 3 cultures per group.
TABLE II – SIZE VARIATION OF XP/YP TELOMERE LENGTHS BETWEEN PARENT LINES AND RETROVIRALLY
ZNF217-HA-INFECTED IOSE CELL LINES (I-80RZ AND I-144RZ) AT VARIOUS PASSAGES
Cell line

Stage

Passage

Telomere activity

No. of Xp/Yp telomeres
analyzed

Mean telomere length (kb)

IOSE-80
I-80RZ
I-80RZ
I-144
I-144RZ
I-144RZ

Parent line
Postcrisis
Postcrisis
Parent line
Postcrisis
Postcrisis

12
26
36
17
27
58

–
11
11
2
11
11

84
151
98
178
176
150

2.18 6 0.13
1.33 6 0.06
1.91 6 0.09
2.88 6 0.31
1.23 6 0.08
2.64 6 0.2

by comparing low passage and SV40Tag/tag-immortalized cells, we
deﬁned, for the ﬁrst time, major differences in the cellular responses
to ZNF217 depending on the state of p53 and pRB.
The ovarian IOSE cell lines lack functional p53 and pRB, 2 of
the principal regulators of cell proliferation and senescence. Both
telomeric and nontelomeric signals induce cell cycle arrest and senescence in human cells via the p53-p21-pRB pathway (reviewed
in ref. 32 ). It was shown previously that inactivation of p53 and
pRB extends the life span of ovarian epithelial cells in culture20
and contributes to ovarian tumorigenicity in vivo.33,34 Furthermore, p53 is the most commonly inactivated tumor suppressor in
ovarian cancers. In contrast, p53 was not inactivated in the mammary system and pRB was not investigated.17 Interestingly
though, the mammary cells lacked functional p16INK4a, which is
an upstream regulator of both p53 and pRB and interferes with
pRB function via an alternate pathway.32 Together, the results of
the two studies suggest that hypophosphorylation of pRB as well
as p53 may be contributing factors in ZNF217-mediated immortalization and neoplastic progression.
Our observations on freshly explanted OSE cells represent the
ﬁrst available information on effects of ZNF217 overexpression
on cells with normal genomes. ZNF217 accelerated the death of
OSE cells approaching senescence and interfered with cell adhesion, which may reﬂect the reduced expression of several adhe-

sion-related genes (Table I, online supplement 1). There is
increasing evidence that oncogenes can promote senescence in
normal cells, and this response has been interpreted as representing a natural barrier to tumorigenesis.32 Importantly, this defense
mechanism depends on either or both the tumor suppressor proteins p53 and p16INK4a. The deleterious effect of ZNF217 overexpression on normal OSE cells with their wild type p53 and pRB,
and the opposite, immortalizing effect on the p53, pRB-deﬁcient
IOSE cells is strikingly similar to the inverse effects of, e.g., activated H-RAS on primary vs. p53-deﬁcient human cells.32,34
In precrisis IOSE cultures, EGF alone delayed crisis but did not
prevent it, in keeping with previous results.35,36 However, brief
EGF treatment during crisis in conjunction with overexpressed
ZNF217 allowed cells to overcome crisis and to acquire additional
neoplastic features. EGF acts as a mitogen, promotes survival and
delays senescence via activation of the PI3K and MAPK pathways.36 Our results conﬁrmed that EGF treatment extended the lifespan of ZNF217-infected precrisis IOSE cells by several population
doublings. Furthermore, this change was based, at least in part, on
an increased proliferative potential which, in turn, depended on
activated PI3K. The resulting extended life span of IOSE cultures
approaching senescence, which is a period of genetic instability,
most likely increased the chance for random genetic changes which
predisposed the cells to ZNF21F-mediated immortalization.
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FIGURE 7 – Effects of 30 nM ZNF217siRNA adenovirally infected into I144RZ and I-80RZ cells. (a) Western blot
demonstrating reduced ZNF217 protein
expression in the presence of siRNA. (b)
In both lines, siRNA signiﬁcantly reduced
cell proliferation, while the scramble control cells recovered from infection damage. (c) In both lines, siRNA signiﬁcantly
inhibited colony formation in agarose
compared with controls and scramble
siRNA (p < 0.01 for I-144RZ, p < 0.05
for I-80RZ). The reduced number of I144RZ colonies with scramble siRNA is
interpreted as due to transfection damage.
Mean and SD of 3 cultures per group.

In contrast to the EGF-independence of the postcrisis lines I80RZ and I-144RZ, which suggests activation of autocrine regulatory mechanisms,37 anti-ZNF217 siRNA resulted in the rapid cessation of proliferation, demonstrating that ZNF217 was an essential
component leading to the acquisition of a permanent life span. Activation of hTERT is an early event in most malignant tumors and
contributes to the establishment of permanent cell lines. Although it
has been reported that EGF can directly activate hTERT transcription,26 our present investigation produced no evidence of telomerase activation by EGF alone. The siRNA effect may be related to
interference with ZNF217-induced telomerase activity, since telomerase has been shown to maintain proliferation.38
Array CGH revealed ampliﬁcations at 3q, 8q and 20q and deletions at 3p and 18q, all of which are common in ovarian cancer.39
Both lines exhibited deletions on 18 and X. In both lines, Affymetrix expression arrays revealed reduced expression of 4 genes with
tumor suppressor activity that are located in the deleted region on
18q (ANXA10, CDH2, DSC3 and SCOP), as well as downregu-

lated expression of the tumor suppressors thrombospondin,
TIMP3 and members of the TGFb family. Increased gene expression included overexpression of EEF1A2, a known ovarian cancer
oncogene which, like ZNF217, resides on chromosome 20q13,40
and of SMARA3 and STAT1, which have also been implicated in
neoplastic progression. On the other hand, expression of several
genes that enhance neoplastic progression in other systems was
downregulated, including SERPINB2, YES1 and MMP2, suggesting that activation of these genes does not play a role in ZNF217mediated transformation.
Anchorage independence is one of the best in vitro indicators of
neoplastic progression, though it is not always paralleled by
tumorigenicity. It requires reduced dependence on normal interactions with the extracellular matrix, which is promoted by substituting autocrine ECM products, matrix and growth factor secretion
and by changes in integrin composition and action.41 The reduced
serum dependence of I80RZ and I-144RZ and the altered expression of many extracellular matrix- and adhesion-related proteins
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and growth factors (Table I) point to such autocrine regulatory
mechanisms. ZNF217 overexpression did not result in tumorigenicity. There are other indications that disruption of the p53 and
RB pathways by SV40 large T antigen and small T antigen plus
hTERT activation are insufﬁcient to render OSE cells tumorigenic.34 Therefore, our ﬁndings suggest that, although ZNF217 is
an important determinant of ovarian neoplastic progression, the
acquisition of tumorigenesis seems to involve interactions with
additional factors.
A topic requiring further study is the varying subcellular distribution of ZNF217-HA. In cultures of normal OSE, ZNF217-HA
was undetectable or detectable at low levels in the cytoplasm of
proliferating cells, but was prominent in the nuclei of stationary,
senescent cells. The nuclear accumulation of ZNF217 seemed to
accelerate cell detachment and death, perhaps by acting as a transcriptional repressor.18,42 In contrast, ZNF217-HA was cytoplasmic in proliferating OSE cells, in I-144RZ and I-80RZ cells, and
in several ovarian cancer lines that were transiently transduced
with ZNF217-HA (data not shown), suggesting that its localization
may depend on the cells’ proliferative state. Whether ZNF217 is

stored and/or has alternate functions in the cytoplasm, as reported
for other transcription factors,42 remains to be determined. Possible relationships of its subcellular distribution to mechanisms of
oncogene-induced senescence32 represent another topic for future
investigations.
Taken together, this study supports other evidence for the oncogenic potential of ZNF217 and indicates that ZNF217 likely contributes to neoplastic progression in epithelial ovarian cancer. The
I-144RZ and I-80RZ lines represent the ﬁrst available experimental model to study the mechanisms involved in this process in
human OSE-derived cells.
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