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ABSTRACT

The BRCA1 gene is responsible for a high number of hereditary breast and ovarian cancers
that cluster in families with a strong genetic predisposition. Despite intense investigation,
the accumulating findings on BRCA1 biological functions have not yet been translated into
specific therapeutic approaches, also due to the lack of suitable experimental models. The
purpose of this study was to establish and characterize cell cultures and xenografts from
patients with BRCA1 —/— ovarian cancers. We derived two ovarian cancer cell lines, termed
PD-OVCA1 and PD-OVCA2, both from patients previously treated with chemotherapy, that
propagate in SCID mice as well as in vitro for a limited number of passages. Both cell lines
expressed cytokeratins and the CA125 tumour marker. A detailed molecular characteriza-

BRCA1 tion highlighted both constitutive and somatic genetic events that abrogate BRCA1 gene
Xenograft function. Both cell lines were shown to lose the wild type BRCA1 allele; intriguingly, these
CA125 deletions were apparently accompanied by gain of one or more copies of the mutant alleles.
MLPA Finally, a genomic profile of major chromosomal aberrations was obtained by the Multiplex
Ligation-dependent Probe Amplification (MLPA) technique, which disclosed chromosomal
imbalances targeting specific genes in each cell line. The PD-OVCA1 and PD-OVCA2 ovarian
cancer cell lines will provide a valuable tool for new experimental models for the study of

BRCA1-associated tumour biology.
© 2006 Elsevier Ltd. All rights reserved.
1. Introduction sion of ovarian cancer predisposition includes cancer
syndromes such as the Lynch Syndrome and the Hereditary
Ovarian cancer is the leading cause of death from gynecologic Breast Ovarian Cancer Syndrome. The latter is linked to
cancer in the world and it is one of the most common forms pathogenic mutations in the BRCA1 or BRCA2 genes which
of hereditary cancer in adult females.! Mendelian transmis- account for the majority of cases with an extensive cancer
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family history, with the BRCA1 gene making the major contri-
bution.? While precise estimates of BRCA1 and BRCA2 muta-
tion penetrances are still the subject of considerable
controversy, a recent meta-analysis of 22 population studies
estimated a cumulative risk of ovarian cancer of 39% and
11% for BRCA1 and BRCA? carriers respectively.?

A growing body of evidence suggests that BRCA1 protein
is involved in the DNA repair response as well as in the
maintenance of chromosomal stability.* Abnormal DNA re-
pair mechanisms contribute to carcinogenesis and also
modify the tumour’s response to chemotherapy. Accordingly,
loss of BRCA1 function is associated with increased sensitiv-
ity to DNA-damaging chemotherapy. Similar conclusions
were reached by retrospective clinical studies investigating
chemotherapy effectiveness in breast and/or ovarian cancer
patients who carry BRCA1 mutations, thus suggesting that
BRCA1 gene status may represent a relevant predictive bio-
marker for clinical response to DNA-damaging agents (re-
viewed by Ref. [5]). Therefore, there is much interest in
establishing xenografts and cell lines carrying mutations in
the BRCA1 gene as they could provide useful tools to inves-
tigate BRCA1 protein functions in vitro as well as in small
animal models. Although many ovarian cancer cell lines
have been described, they have been generally established
in vitro, mostly from patients with sporadic epithelial ovarian
cancer (EOC):*** only one BRCA1 negative ovarian cancer cell
line, derived from a relatively rare endometrioid carcinoma,
has been reported so far.'? In order to avoid in vitro selection
of tumour cells, which could result in the loss of some of the
features of the primary tumour, we attempted to grow tu-
mour cells in the peritoneal cavity of immunodeficient mice,
and obtained tumour xenografts of ovarian cancer from pa-
tients with a hereditary BRCA1 mutation. These xenografts
are usually maintained through serial passages in vivo, and
they can be cultivated as primary cultures for a limited num-
ber of passages. We report here the characterization of these
primary cultures which we feel will be useful to study the
molecular biology of hereditary ovarian cancer and to inves-
tigate novel therapeutic approaches.

2. Materials and methods

2.1. Patient information

CD, a 67-year-old white female underwent assessment lapa-
rotomy in July 2001, which disclosed peritoneal carcinomato-
sis of a grade 3, stage IV papillary serous ovarian carcinoma.
Of note, the patient was previously treated for breast cancer
with radical surgery followed by radiotherapy and chemother-
apy with taxotere/doxorubicin. Ovarian cancer was diagnosed
8 months after the end of adjuvant chemotherapy. Postopera-
tive chemotherapy consisted of 10 courses of carboplatin; a
partial clinical response was measured in March 2002. How-
ever, in September 2002, the patient had a liver recurrence,
which was treated with additional 4 courses carboplatin. In
January 2003, the patient received gemcitabin and topotecan
due to liver and lymph nodes disease progression and
achieved a partial response. In May 2003, however, the patient
developed abdominal ascites requiring paracentesis and was
treated with mitoxantrone i.p. The patient died in August

2003, 25 months after the original diagnosis of Stage IV ovar-
ian cancer.

The second patient, BMA, a 70-year-old white female was
diagnosed with a grade 3, stage III papillary serous ovarian
carcinoma and underwent cytoreductive surgery in April
2001. She was subsequently treated with carboplatin/taxol
chemotherapy for 6 cycles. The patient remained in com-
plete clinical remission until January 2004, when she devel-
oped a liver recurrence with ascites and increased CA125
serum levels. She was promptly treated with carboplatin/
taxol and achieved a complete response. In March 2005,
the patient developed an inguinal lymph node metastasis,
which was surgically removed. She is currently alive and dis-
ease free.

Blood and ascitic fluid samples were obtained from pa-
tients after receiving their informed consent.

2.2.  Establishment of the xenografts and primary cell lines

Ascitic fluid was obtained in May 2003 and January 2004 for
patient CD and BMA, respectively, and, when observed at
phase-contrast microscopy, it contained many large oval
cells with prominent nuclei. Tumour cells were isolated
from the neoplastic effusion by centrifugation at 500 g
and resuspended in RPMI 1640 tissue culture medium (Euro-
clone, Milan, Italy). Approximately 3 x 10° tumour cells were
injected i.p. into a 6-week old SCID mice (Charles River,
Wilmington, MA, USA). Procedures involving animals and
their care conformed with institutional guidelines that com-
ply with national and international laws and policies (EEC
Council Directive 86/609, OJ L 358, 12 December, 1987).
About 2 months later, animals developed ascites and were
sacrificed: autopsy revealed abundant haemorrhagic ascites
and multiple solid tumours infiltrating the liver capsule and
the diaphragm. The primary ovarian cancer cell lines PD-
OVCA1l and PD-OVCA2 were derived from the malignant
effusion of the mice injected with cells from patient CD
and BMA, respectively. Ascites cells were centrifuged; red
blood cells were lysed by ammonium chloride and the tu-
mour cells were resuspended in RPMI 1640 supplemented
with 10% v/v FCS, 2 mM L-glutamine, kanamicin (100 pg/
ml) and cultivated in 25 cm? tissue culture flasks. At
in vitro passage 2-3, when most of the tumour cells were
viable and proliferating, some of the cultures were used to
inoculate SCID mice i.p. (3x10° cells/mouse) in order to
propagate the xenograft: secondary tumours developed
slightly more quickly; the mice developed ascites and were
sacrificed 40 days after tumour cell injection. Biological con-
cordance between the in vivo tumour-derived cell lines and
the corresponding patients was performed on DNA, ex-
tracted by phenol-chloroform procedures and analysed by
means of the AmpFISTR Profiler identity kit (Applied Biosys-
tems) according to the conditions provided by the
manufacturer.

At time of writing, PD-OVCA1 and PD-OVCA2 cells have
been passed 15 and 8 times in vivo, respectively, fully main-
taining their tumourigenicity. EBV-immortalized lymphoblas-
toid cell lines were established from peripheral blood
lymphocytes of both patients according to standard
procedures.’?
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2.3.  Immunocytochemistry and immunohistochemistry

Immunocytochemistry studies were performed using avidin-
biotin complex (ABC) kit (Vector Laboratories, Burlingame,
CA) and a mouse streptavidin biotin complex (SABC) kit
(BioGenex, San Ramon, CA). The anti-cytokeratin AE1/AE3
and the anti-vimentin antibodies were from BioGenex and
were used at 1:100 dilution, the anti-desmin antibody was
from Dako (Glostrup, Denmark) and was used at a 1:50 dilu-
tion. Tumours grown in mice were quickly frozen in liquid
nitrogen after surgical removal and stored at —80 °C. Immu-
nohistochemistry was performed on frozen sections after a
10’ acetone fixation at 4 °C. The staining procedure was car-
ried out with Ab-4 antibody diluted 1:50 for 1 hour at room
temperature (mouse monoclonal, clone SD118) (Calbiochem,
Cambridge, MA) using the ImmPRESS technique (ImmPRESS
reagent kit, Vector Laboratories, Burlingame, CA) and 3-3’
diaminobenzidine (DAB kit, Dakocytomation, Glostrup, Den-
mark) as chromogen substrate. Finally, the sections were
lightly counterstained with Mayer’s haematoxylin. The speci-
ficity of the staining procedure was confirmed by replacing
the primary antibody with phosphate buffered saline.

2.4. CA125 measurement

The concentration of CA125 in the conditioned supernatant of
primary ovarian cancer cell cultures and in the sera of SCID
mice injected i.p. with these cells was determined by the
Bayer Advia Centaur analyzer (Diamond Diagnostics, Hollis-
ton, MA). Cells (1x10°%) were seeded into 25-cm? flasks in
complete RPMI medium and the conditioned supernatant
was harvested three days later and stored at —80 °C until as-
sayed. Sera were collected from animals bearing advanced tu-
mours, usually 1 month after tumour cell injection, and
stocked at —80 °C until assayed.

2.5. BRCA1 mutational analysis

Constitutive as well as somatic (tumour-acquired) mutations
were investigated by a combination of different mutation
detection approaches. More specifically, germ-line point
mutations were searched by screening all BRCA1 exons and
exon-intron boundaries by means of Denaturing High-Perfor-
mance Liquid Chromatography (DHPLC); major genomic rear-
rangements of the BRCA1 gene were evaluated by means of
the recently described Multiple Ligation-dependent Probe
Amplification (MLPA). The MLPA procedure was performed
according to the manufacturer’s instructions (MRC Holland,
Amsterdam, the Netherlands) on a PTC 200 (MJ Research
INC., Waltham, MA) thermal cycler using FAM-labelled prim-
ers. Variations in peak height were evaluated by comparing
each sample with a normal control.

2.6.  Loss of Heterozygosity (LOH) analysis

Deletion of the wild type allele in the ovarian cell lines was
performed by typing the microsatellites D1751855,
D17S1322, D17S1323 and D17S1327. Each marker was inde-
pendently PCR-amplified from the ovarian and lymphoblas-
toid cell lines using FAM-labelled forward primers. PCR

products were analysed by capillary gel electrophoresis using
the ABI Prism-310 Genetic Analyser (Applied Biosystems).

2.7.  Expression of the BRCA1 mutant alleles

RNA was isolated from ovarian and lymphoblastoid cell lines
using the RNAzol reagent (Tel-Test, Friendwood, TX), follow-
ing manufacturer’s instructions. RT-PCR analysis of BRCA1
transcripts was carried out using the Superscript™ RT
RnaseH ™ reverse transcriptase (Invitrogen, Carlsbad, CA). Pri-
mer couples employed to amplify the mutant transcripts are
available upon request. Sequence analysis of the mutant tran-
scripts was performed with the DNA sequencing kit (Applied
Biosystems) followed by capillary gel electrophoresis with the
ABI Prism-310 Genetic Analyser (Applied Biosystems).

For the immunofluorescence experiments, cells were
grown in 6 well plates onto glass coverslips (collagen I-coated
for the PD-OVCAL1 cell line). Living cells, cultured in RPMI
(ovarian cancer cell lines) or DMEM (HeLa-tat and IGROV-1)
medium supplemented with 10% v/v FBS and 2 mM L-gluta-
mine, were washed twice with PBS and fixed in phosphate-
buffered 3.7% v/v formaldehyde for 10 minutes, permeabilized
with 0.2% v/v Triton X-100 in PBS for 10 minutes, and blocked
with 3% w/v BSA for 30 minutes. Dual labelling immunofluo-
rescence experiments were carried out by staining cells with
Ab-1 antibody (1:80 dilution of the mouse monoclonal, clone
MS110) (Calbiochem) for the BRCA1 protein and CRM1-specific
antibody (1:200 dilution, kindly provided by Dr. M. Newmann).
Primary antibodies were visualized by secondary antibodies
Alexa Fluor 594 and 488 used at a 1:500 dilution (Molecular
Probes). Laser-scanning microscopy was carried out with a
Zeiss LSM 510 microscope (Carl Zeiss, Jena, Germany) using
Argon (488 nm) and Helium-Neon (543 nm) lasers. Scan
parameters such as laser intensity and pinhole aperture were
standardized to allow comparison of signals obtained in dif-
ferent samples. Negative controls were obtained by omission
of the primary antibody.

2.8. MLPA genomic profile

The SALSA human chromosomal aberration kits PO05, P006,
P007 (MRC-Holland, Amsterdam, the Netherlands) were em-
ployed for a genome-wide search for chromosomal aberra-
tions in the conditions suggested by the manufacturer.
Amplified samples were denatured and separated by capillary
electrophoresis on an ABI 310 sequencer (Applied Biosys-
tems). Probe specific signals were normalized by dividing
each peak height for total height of that specific probe set.
The resulting relative height was than compared to mean val-
ues of relative peak heights derived from normal female con-
trols. Each sample was analysed in duplicate. Three different
probes were excluded from the analysis as they gave incon-
sistent results.

3. Results

3.1.  In vivo and in vitro features

Xenografts were established from malignant ascites of two
patients with EOC. Grossly, the tumours grown in SCID mice
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were partly solid with abundant haemorrhagic ascites (not
shown). The appearance of the original tumours from the pa-
tients, the solid component of the tumours developed in SCID
mice, and the microscopic features of the cultured cell lines
PD-OVCA1 and PD-OVCA?2 that we derived from the xeno-
grafts are shown in Fig. 1. Briefly, tumours in SCID mice con-
sisted of invading nests of epithelial cells surrounded by
fibrotic stroma, apparently more abundant in the case of
PD-OVCA1 cells, with scarce evidence of inflammatory cell
infiltration. In vitro, both cell lines grew initially in suspension
forming floating spheroids with high cell viability (80-90%); in
the case of PD-OVCA2 cells, some adherent nests were ob-
served shortly after isolation from the animals. At later pas-
sages, usually passage 4-5, cells of both lines became
prevalently adherent with progressive disappearance of the
spheroids. Cell proliferation was very marked during the first
4-5 passages, as evaluated by the ViaLight ATP assay (Camb-
rex, Blatimore, MD), but slowed down thereafter and the
cultures invariably stopped to proliferate and died by passage
6-7, usually 14-21 days after their recovery from the animals
(data not shown). In vitro, PD-OVCA1 and PD-OVCA?2 at pas-
sage number 3 released 558.5 U/ml and 1480.7 U/ml CA125,
respectively. Moreover, sera from mice injected with PD-
OVCA1 and PD-OVCA2 cells and with advanced signs of peri-
toneal carcinomatosis yielded 16.4-162.8 and 7.1-20.7 U/ml of
CA125, respectively, indicating that tumour cells maintained
production of the CA125 antigen also in vivo. Results concern-
ing the expression of keratins and intermediate fillaments are
shown in Table 1. Both cell lines expressed keratins, revealed
with mAb specific for high molecular weight chains (AE1 and
AE3), confirming their epithelial origin. Among the intermedi-
ate filaments, vimentin was expressed by both cell lines,
albeit with stronger reactivity in PD-OVCA2 compared to
PD-OVCA1 cells, while desmin was negative or weakly ex-
pressed (Table 1). Interestingly, it has been demonstrated that

Table 1 - Expression of keratins and intermediate
filaments by PD-OVCA1 and PD-OVCA2 cells

Antibody PD-OVCA1 PD-OVCA2
AE1 ++ ++

AE3 +++ ++
Vimentin + +++
Desmin - —/+

—, hegative staining; —/+, positive staining of <25% of the cells; +,
positive staining of 25-50% of the cells; ++, staining of 50-75% of
the cells; +++, staining of >75% of the cells. AE1 and AE3 are high
molecular weight cytokeratins of 40-56.5 kDa and 40-70 kDa,
respectively.

coexpression of vimentin and cytokeratins is a peculiar fea-
ture of the ovarian surface epithelium and granulosa cells,*?
and it has also been observed in other EOC-derived cell lines.®

3.2.  BRCA1 genotype analysis

While patient CD was affected by both breast and ovarian
cancer and had a modest family history of both tumours,
BMA developed an ovarian cancer and belongs to a family
including at least two first-degree breast cancer cases. Both
these features (i.e. breast and ovarian cancer in the same pa-
tient and presence of ovarian cancer in a family with multiple
breast cancer cases) represent criteria that are strongly sug-
gestive of a BRCA1 mutation in our sample series.* Accord-
ingly, patient BMA was find to carry a frameshift mutation
(5083del19) whereas a genomic deletion removing BRCA1
exon 17 was recently identified in patient CD during the
search for major genomic rearrangements in a large number
of breast and ovarian cancer families without detectable
BRCA1 and BRCA2 point mutations (data not shown).

r !-‘1
Al

Fig. 1 - Morphology of the PD-OVCA1 and PD-OVCA2 cell lines. Histological preparations of the original tumours in the
patients (panels A and B, representing an haematoxilin/eosin stain of a soft tissue and a Diff-Quik stain of an inguinal lymph
node metastasis, respectively, 200x magnification), of the solid component of the xenograft tumours in SCID mice (panels C
and D, 400x magnification) and phase-contrast photomicrographs of the cultured ovarian cancer cells PD-OVCA1 and

PD-OVCA2 (panels E and F, 200x magnification).
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Although generated by two different mechanisms, the two
mutations cause premature termination codons at close ami-
noacid positions (1670 and 1672 in patients BMA and CD,
respectively), thus likely exerting very similar pathogenic
effects.

As a first step in the characterization of the BRCA1 geno-
type in PD-OVCA1 and PD-OVCA2 cell lines, we used the MLPA
technique to compare the profiles obtained from constitutive
DNA, derived from the EBV-immortalized lymphoblasts, ver-
sus the in vivo derived ovarian cancer cell lines. The complete
lack of the peak corresponding to exon 17 in PD-OVCA1 (Fig. 2)
clearly indicated the loss of the wild-type allele. It is notewor-
thy that 4 out of the 10 control probes were associated with
abnormally sized peaks. These probes recognize genes
located on different chromosomes whose copy number
variation likely reflects the cell line’s genomic instability. A
similar variability in control peaks was observed in the anal-
ysis of PD-OVCA2 (Fig. 2). In this case, however, the 19 nucle-
otides constitutive deletion did not perturb the annealing and
ligation of the exon 16 specific probes, thus precluding the
discrimination of mutant and wild type BRCA1 alleles. There-
fore, we decided to further investigate the allele loss by geno-
typing the four microsatellites D1751855, D1751322, D17S51323
and D1751327 which mark the BRCA1 locus. LOH for at least
one marker was observed by comparison of the normal ver-
sus cell line derived DNA in both cases, confirming the dele-
tion of one BRCA1 allele (data not shown).

3.3.  Expression analysis of BRCA1 mutant alleles

Using PCR primers located in the exons flanking those con-
taining the germ-line mutations, we retro-amplified the

BRCA1 transcripts from RNA extracted from the two ovarian
cancer cell lines. As shown in Fig. 3, only the band corre-
sponding to the size of the mutant allele was present in the
cell line PD-OVCAL1. Similarly, the RT-PCR product obtained
from the PD-OVCA2 cell line migrated slightly faster than
the wild type allele, thus suggesting the expression of the
19 nucleotides deleted allele. Direct sequencing of these PCR
fragments confirmed the selective expression of the mutant
transcripts in both cases (data not shown).

In order to evaluate the mutant proteins’ expression by
immunofluorescence, cells derived from fresh ex vivo pas-
sages were plated onto coverslips. While a good proportion
of the PD-OVCA2 cells adhered onto the coverslips, only a
small fraction of the PD-OVCA1 cells attached to the support,
even after collagen I treatment of the coverslips. Immunoflu-
orescence staining was performed with the MS110 mouse
monoclonal antibody that recognizes an epitope in the BRCA1
aminoterminal region which should be retained by both
BRCA1 mutant proteins. HelLa -tat as well as IGROV-1 cell lines
were used as positive controls, and showed the typical
S-phase-specific dot-like staining of the BRCA1l protein
(Fig. 4A). On the other hand, this was not observed in either
of the two cell lines PD-OVCA1 and PD-OVCA?2 (Fig. 4A), appar-
ently suggesting a very low expression or mislocalization of
the mutant proteins. To confirm these data, the anti-BRCA1
SD118 mouse monoclonal antibody, directed towards an exon
11 epitope, was used in immunohistochemistry on frozen sec-
tions from the xenografts grown in SCID mice. Similarly to
what observed by immunofluorescence, a clearly positive sig-
nal was obtained in the IGROV-1-derived tumour whereas no
BRCA1 signal was detectable in either of the two patient-
derived tumours (Fig. 4B). Overall, these results indicate that
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Fig. 2 - BRCA1 MLPA profile in PD-OVCA1 and PD-OVCAZ2. Profiles corresponding to BRCA1 exons (numbered at bottom figure)
and control probes (indicated by C) are obtained by the overlap of a normal control sample (red line) with each cell line (blue
line). The arrow indicates the absence of exon 17 in PD-OVCA1 DNA.
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Fig. 3 - Analysis of BRCA1 mutant transcripts. RT-PCR
analysis of BRCA1 transcripts (exons 15-20) and p-actin
control gene in ovarian cancer cell lines (PD-OVCA1 and
PD-OVCA2), lymphoblasts from patient CD and a normal
control (C).

PD-OVCA 1 and PD-OVCA2 cells lack detectable BRCA1
expression.

3.4.  MLPA genomic profile

In order to evaluate the type and number of chromosomal
aberrations that occurred in the two cell lines, metaphases
from proliferating cells were screened to define the specific
alterations. Both cell lines displayed a very complex karyo-
type, making assignment of single chromosomes impractical
as well as useless (data not shown). Therefore, the location of
genomic regions disrupted during tumourigenesis or cell line
establishment, were mapped by the MLPA technique using a
combination of multiple probes recognizing 107 genes and
one sequence tag located on different chromosomes.®
Normalized ratios for each of the 117 sequence-specific
probes are reported in Fig. 5 as a percentage of change versus
the normal female controls’ mean value (cut-offs were arbi-
trarily set at more than 35% signal decrease for deletions
and more than 30% signal increase for gains). A total number
of 42 probes were shown to be represented in anomalous
amounts in PD-OVCA2 and PD-OVCA1 likely reflecting a high
degree of genomic instability (Fig. 5). The vast majority of the
aberrations fell within chromosomal regions commonly al-
tered in EOC (Mitelman Database of Chromosome Aberrations
in Cancer: http://cgap.nci.nih.gov/Chromosomes/Mitelman)
and/or ovarian cancer cell lines.?® Notably, a few of these
aberrations involved only one or two contiguous probes thus
possibly identifying discrete minimal regions of alteration.

For instance, while the cell line PD-OVCA2 shows a pretty
large region of increased signal at 3g, only two contiguous
probes result in a higher signal in PD-OVCAL1. Significantly,
the signal corresponding to the IL12A probe largely overcomes
that of the adjacent MME probe, thus pointing out to a specific
sub-region likely to represent the true target of the 3q ampli-
fication. A total absence of signal was observed for probes rec-
ognizing the CDKN2A and CDKN2B genes in cell line PD-
OVCA2. Homozygous deletions of this chromosomal region
are rather common in specific tumour types."” Using the
CDKN2A/2B MLPA kit, the deletion breakpoints were located
between MLLT3 and INFB1 genes at the telomeric site and
TEK and ELAVL2 probes at the centromeric site (data not
shown), thus suggesting a biallelic deletion of a 2.7-6.7 Mb re-
gion including some other 42 genes.

Among all probes generating anomalous signals, nearly
half identified chromosomal sites subjected to the same type
of alterations in both cell lines. While most of them coincided
with common imbalances identified in ovarian carcinomas, a
few (deletion of B2M probe at 15921-q22 and gain for IL18 at
11922.2-q22.3) were concordant with chromosomal altera-
tions previously defined as specific to hereditary tumours.®

Alterations involving loci harbouring genes known to play
a role in ovarian cancer tumourigenesis were identified in
both cell lines. Among the most relevant, signal losses in
PD-OVCA1 involved TP53, CDH1 and PTEN. Surprisingly, the
BRCA1 gene was apparently duplicated, suggesting the pres-
ence of multiple copies of the mutant allele. Higher than nor-
mal signals in the same cell line also included the myc
oncogene, which is frequently amplified in ovarian cancer,
as well as FGF3 (INT2 proto-oncogene) and CCND1 genes,
which are located within the same chromosomal region.
Unexpectedly, the PIK3CA gene, recently suggested as a po-
tential oncogene frequently amplified in ovarian cancers,®
was excluded from the minimal amplified region at 3q25-
g26. While this finding might simply suggest the presence
of multiple oncogenes targeted by this chromosomal aberra-
tion, exclusion of PIK3CA from the over-expressed genes
might be counterbalanced by a “synonymous” genetic event
represented by the loss of its negative regulator PTEN likely
resulting in an analogous effect on the same signal transduc-
tion pathway. In the PD-OVCA2 cell line, potentially relevant
gene alterations were those causing copy number reductions
of the CDKN2A (see above) and BRCA2 loci. The highest signal
increase was associated with RENT2 gene probe consistent
with multiple copies of the genomic region containing this
gene. The apparently normal level BRCA1-specific signal was
likely the result of duplication of the mutant allele.

4, Discussion

In order to establish an in vivo model for the study of BRCA1 —/—
ovarian tumour, we derived two independent cell lines grown
in SCID mice. Primary cultures from both PD-OVCA1 and PD-
OVCA2 xenografts initially contained abundant spheroid-like
structures (see Fig. 1), which have often been associated with
the presence of cancer stem cells (reviewed by Ref. [20]).
Intriguingly, a recent report identified similar growth features
in primary ovarian cancer cultures from a sporadic EOC.?!
Thus, following optimization of in vitro culture conditions in
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Fig. 4 - Immunofluorescence and immunohistochemistry analysis of BRCA1 mutant proteins. A) Inmunofluorescent
detection of BRCA1 protein (red) and nuclear membrane-specific CRM1 protein (green) in Hela-tat (1), IGROV-1 (2), PD-OVCA2
(3) and PD-OVCA1 (4). Slides were photographed at 600X magnification. B) Imnmunohistochemical BRCA1 staining of frozen
tissue specimens from SCID mice tumours generated by inoculation of IGROV-1 (1), PD-OVCA1 (2) and PD-OVCA2 (3).

Photographs at 400X magnification.

order to preserve these structures, PD-OVCA1 and PD-OVCA2
cultures could be potentially useful to investigate the possible
existence and the features of BRCA1 —/— ovarian cancer stem
cells.

Functional inactivation of the BRCA1 gene was demon-
strated by a detailed characterization of both BRCA1 alleles.
Exon 17 deletion and 5083dell9 germ-line mutations have
an unambiguous pathogenic effect and cause premature pro-
tein termination. While the 5083del19 is one of the most
recurrent mutations in Italy and likely originated in the South
of the Country,?® the exon 17 deletion was identified in four
independent North-Italian breast and/or ovarian cancer fam-
ilies (Ref. [23] and data not shown). Both mutations disrupt
one of the best characterized BRCA1 domains known as BRCT
(for BRCA1 C-terminus). A specific biological role has been re-
cently assigned to the BRCT motif which is also present in a
large number of proteins mainly involved in DNA damage
check point control and DNA repair.?*?> According to the lat-
est studies, the BRCT domain is a phosphopeptide binding
motif able to discriminate the phosphorylation status of its
protein partners. 2%’

Using a combination of LOH and BRCA1-specific MLPA
analyses, we demonstrated that the wild-type alleles are lost
in both cell lines. Nonetheless, the genome-wide search for
major genomic changes disclosed a normal (PD-OVCA2) or
higher (PD-OVCA1) copy number of the chromosomal regions
17921-q25 where the BRCA1 gene is located. This finding is in
line with a previous report?® and may support the hypothesis

of a direct involvement of multiple mutant alleles in the onco-
genic process. In keeping with the genotypic data, BRCA1
transcript analysis showed the selective presence of the mu-
tant transcripts. Although we could not find evidence of
BRCA1 mutant proteins either by immunofluorescence exper-
iments or by immunohistochemistry on the tumours gener-
ated in SCID mice, we cannot exclude that the mutant
variants are mis-located within the cell and/or their lack of
expression reflects specific cell-cycle stages of the cells ana-
lysed. Whatever the case, on the basis of the structural alter-
ations introduced by the mutations, as well as of the severe
clinical phenotypes associated with inheritance of these
mutations in breast and/or ovarian cancer families, we can
conclude that both cell lines are null for a wild-type BRCA1
function.

The analysis of genome-wide chromosomal aberrations by
the MLPA technique revealed multiple genomic imbalances in
PD-OVCA1 and PD-OVCA2 reflecting a high-degree of genomic
instability. These findings are in line with previous reports on
BRCA1-associated breast and ovarian tumours and are consis-
tent with the involvement of the BRCA1 protein in the DNA
repair response. Most of the chromosomal alterations identi-
fied in the cell lines correspond to regions of frequent imbal-
ances in ovarian carcinogenesis, thus suggesting that, despite
of the high degree of genomic instability, the pathogenesis of
sporadic and hereditary BRCAl-associated tumours involves
similar genetic changes. On the other hand, since both pa-
tients have been treated with chemotherapeutics at the time
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Fig. 5 - Graphical representation of the genomic imbalances in PD-OVCA1 and PD-OVCA2. Green bars indicate gains and red
bar losses. Cut off values are shown by horizontal colored lines. Intensity values are expressed as percentage of variation

versus a normal control mean value.

of establishment of the xenograft, we cannot exclude that
some of the genomic changes could be treatment related.
Homozygous deletions were observed only in PD-OVCA2 cell
line at 9p21 and involved the CDKN2A/B loci coding for p16,
pl4 and p15 tumour suppressors. Deletions at this chromo-
somal region occur frequently in ovarian cancers® and in a
number of other tumour types'’ likely reflecting the involve-
ment of additional genes or the presence of alternative muta-
tion mechanisms. 3° Indeed, while a role for p16 inactivation
has been suggested in the pathogenesis of ovarian cancers
and a correlation as also been established as a prognostic
parameter,® whether CDKN2A/B loci are the only target of
the chromosomal deletions remains to be determined. Using
MLPA, chromosome 9p specific probes to further investigate
the deleted alleles we demonstrated the homozygous loss of
a several megabase-region containing a number of additional
genes. Copy number changes were detected at many other
chromosomal locations with a slightly different pattern in
the two cell lines and involved relevant genes playing a role
in ovarian carcinomas. Additional cancer related genes were
found to be present in anomalous dosage. While most of
these changes are likely to be relevant for the ovarian carcino-
genesis process, the unequivocal definition of their causal
role would need further supporting evidence. Nonetheless
we provide a sort of “oncogenomic profile” that might be use-
ful and instrumental to the design of specific studies of the
BRCA1 protein on different genetic backgrounds.

In summary, we derived ovarian cancer xenografts and cell
lines from patients affected by hereditary BRCAl-associated
ovarian cancers. We provide sound evidence of the functional
inactivation of the BRCA1 gene as well as a gene-specific chro-
mosomal aberration map. As the two cell lines were derived
in vivo from treated patients we speculate that they might
preserve bio-pathological features close to the original tu-
mours and therefore represent a valuable tool as experimen-
tal models for the study of BRCA1l-associated tumour biology
as well as for studying genes involved in resistance to
chemotherapeutics.
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