[CANCER RESEARCH 58, 2715-2719. July I. 1998]

Advances in Brief

Genetic Changes in Inherited and Sporadic Ovarian Carcinomas by Comparative
Genomic Hybridization: Extensive Similarity Except for a Difference at
Chromosome 2q24-q32*
Johanna Tapper, Laura Sarantaus, Pia Vahteristo, Heli Nevanlinna, Samuli Hemmer, Markku SeppÃ¤lÃ¤,
Sakari Knuutila, and Ralf Butzow2
Department of Obstetrics and Cynecology Â¡J.T., L. S.. P. V.. H. N.. M. S., R. B.Â¡.Oncology Â¡S.HJ. and Pathology Â¡R.B.Â¡.Helsinki University Central Hospital, 00290 Helsinki,
and Department of Medical Genetics. Haanman Institute and Helsinki University Central Hospital. University of Helsinki. 00014. Helsinki [S. K.Â¡,Finland

Abstract
Germ-line mutations in the BRCA1 and BRCA2 genes confer a predis
position to breast as well as ovarian carcinoma. Except for loss of the
respective wild-type alÃ-ele,somatic genetic changes needed for the pro
gression of inherited ovarian tumors are unknown. A genome-wide search
for such alterations was performed by comparative genomic hybridization
analysis on BRCA1 and BRCA2 mutation-positive
(n = 20) ovarian
carcinoma specimens. Comparison with sporadic ovarian carcinomas
(n = 20) revealed extensive genetic similarity between the inherited and
sporadic carcinomas with the sole exception of a frequent gain of 2q24q32 in the inherited group, suggesting the presence of an oncogene at
2q24-q32 operating in the absence of BRCAI function. The overall sim
ilarity of gains and losses by comparative genomic hybridization suggests
a common main pathway in tumor progression of both inherited and
sporadic ovarian carcinomas.

Introduction
A total of 5-10% of ovarian carcinomas are associated with inher
ited dominantly acting cancer-predisposing genes (1). A germ-line

unknown are required for the malignant phenotype to emerge. Knowl
edge of these events is of importance for developing strategies to
intervene in the process of inherited carcinoma in the future.
CGH1 allows screening of the entire genome for chromosomal
aberrations (9). Regions showing an increased copy number (gain or
amplification) may harbor dominant oncogenes, whereas regions with
a decreased copy number (loss) may contain tumor suppressor genes.
Genetic profiling by CGH analysis can serve as a fingerprint for
tumors and the pathways of their development. We used CGH to
identify DNA sequence copy number changes in tumor specimens
from inherited BRCAI and BRCA2 mutation-positive ovarian carci
nomas and compared them with the changes observed in sporadic
tumors of similar histology. Our aims were to discover whether the
molecular karyotypes of these tumors are dissimilar, as suggested by
their differences in clinical outcome, and to screen for somatically
altered chromosomal regions in these tumors.
Materials and Methods

mutation of the BRCAI gene at chromosome 17q21 or the BRCA2
gene at 13ql2-13 confers a cumulative risk for ovarian carcinoma of
up to 26-85 and 10%. respectively (Ref. 2 and references therein).
Ovarian cancer risk may depend on the location of mutation in the
BRCAI or BRCA2 gene (3, 4), but little is known about other factors
that modify the ovarian carcinoma risk of the mutation carriers (1).
Ovarian carcinoma originates from the epithelium of the ovary and
takes many histolÃ³gica! forms including serous, mucinous, and endometrioid subtypes with distinct genetic abnormalities as judged by
molecular genetic karyotyping (5). For unknown reasons, virtually all
ÃŸ/?C4-associated ovarian carcinomas (referred to henceforth as "in
herited") are of the serous subtype (6). The inherited and sporadic
ovarian carcinomas cannot be distinguished from each other by rou
tine histopathology (7). Interestingly, patients with BRCAI mutationassociated ovarian carcinoma have a better survival rate compared
with that of patients with sporadic disease (8). The possible molecular
mechanisms underlying this difference are not known.
In sporadic ovarian carcinomas, somatic point mutations of the
BRCAI and BRCAI genes are rare (1). In the inherited form, somatic
loss of the wild-type alÃ-eleof BRCAI or BRCA2 takes place during
tumor development ( 1). Additional genetic changes that are thus far
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Tumor Samples. The study population comprised 20 hereditary ovarian
cancer patients from different hospitals in Finland. They were members of
breast-ovarian cancer families previously analyzed for BRCAI and BRCA2
mutations (10. 11) or unselected mutation-positive ovarian cancer patients
from the Department of Obstetrics and Gynecology. Helsinki University Cen
tral Hospital (Helsinki, Finland). Sixteen patients were BRCAI mutationpositive, and four patients were BRCA2 mutation-positive. Histologically, 14
tumors of the BRCAÃŒ
group were serous cystadenocarcinomas.
I tumor was an
endometrioid adenocarcinoma. and 1 tumor was a borderline mucinous cystadenoma. In the BRCA2 group, three tumors were serous cystadenocarcinomas.
one of which possibly originated from the fallopian tube, and one tumor was
an endometrioid adenocarcinoma (Table 1). The sporadic group consisted of
20 serous ovarian cystadenocarcinomas of similar stage and grade. All of the
patients with sporadic cancer were treated at the Department of Obstetrics and
Gynecology, Helsinki University Central Hospital. The study was approved by
the institutional review board of the department.
The histology of all tumor specimens was evaluated by the same investi
gator (R. B.). Tissue specimens containing more than 50% tumor cells were
selected for DNA extraction, which was performed using standard protocols
from either paraffin-embedded blocks or frozen sections.
CGH. The protocol regarding directly fluorochrome-conjugated nucleotides (12) was followed with some modifications. Briefly, l /ig of tumor DNA
was labeled with FITC-l2dUTP (DuPont New England Nuclear, Boston, MA)
or with FITC-12dUTP and FITC-12dCTP (1:1; DuPont New England Nu
clear), and l /ig of normal DNA was labeled with Texas Red-5dUTP (DuPont
New England Nuclear) or with Texas Red-5dUTP and Texas Red-5dCTP (1:1;
DuPont New England Nuclear) in standard nick translation. Equal amounts of
labeled test and reference DNA were hybridized to normal metaphase spreads.
The slides were counterstained with 4'.6-diamidino-2-phenylindole
(Sigma.
St. Louis. MO) for the identification of the chromosomes.
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1The abbreviation used is: CGH. comparative genomic hybridization.
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Table 1 Clinical features and mutation characteristics of the BRCA1- and BRCA2associated and sporadic ovarian carcinomas

CARCINOMA

Results

BRCA1 Mutation-positive Patients. DNA copy number changes
were observed in 13 of the 16 patients (average, 6 changes/tumor; SD,
4.9; Fig. \A). Gains were three times more common than losses. The
most common gains were at 2q24-q32, 3q25-q26.3, 7q31, and
8q22-qter, each of which occurred in 8 of the 16 (50%) patients.
Chromosomal regions 6p21.1-pter and Ilq21 revealed gains in five
tumors. High-level amplification (cutoff value, 1.5) was observed at
8q in five cases in which the common subregion narrowed down to
8q23-q24.1, twice at 6p22-p24, and once at 5p, 12p, and 12ql3-q21.
The most common region of loss was at 8p (6 of 16 cases, 38%), with
a common minimum region of 8p22-pter.
1883656655BKCA267667295657Sporadic9121522610224342426142825022847310140212583484108405440431Age
BRCA2 Mutation-positive Patients. All four cases in this group
had DNA copy number changes. Again, gains were more common
than losses. Gains were most frequent at 6p21.1-pter and 8q22-qter
(three of the four tumors). High-level amplification was found twice
at Iq32-qter and 3q26.1 and once at 6q21-q22 and 8q23-qter. The
-2)A-G9346(-2)A-G losses affected 8p21-pter and Xq.
Sporadic Cancers. CGH revealed changes in 17 of 20 patients
(average, 7.5 changes/tumor; SD, 6.2; Fig. IÃŸ).Gains were more
frequent than losses, with the gains:losses ratio being 2.3:1. The most
common gain was observed at 8q (14 of 20 tumors, 70%), with a
common minimum region of 8q23-q24. The other frequent gains
were detected at 3q26.1-q26.3 (40%) and 7q32-q33 (35%). Highlevel amplification was found four times at 8q22-qter, three times at
3q25-q26.1, twice at Iq32 and 12pl2, and once at 2q22-q24, 6ql3qter, 12ql4-q24.1, 13q32-qter, and 17q21-qter. The most frequent
losses were found at 8p22-pter and 17p (both in 5 of the 20 cases,
25%).
Difference at 2q. A significant difference between BRCA1muta
tion-positive tumors and sporadic tumors was found at 2q24-q32,
where gains were more common in the BRCA1group (57 versus 15%;
P = 0.03; only serous BRCAÃŒ
tumors included; Table 2).

no.BRCA18766167165467791181665966(166767372385
Case
(yr)58165244484243586650475970584157575055663843576647473948515547724368315147515847StageniinmmmmmmmminmmimmnmimmiinimimniIVniinmninumm

Discussion

' NA. not available.

In one sample, the amount of DNA was insufficient for CGH. This sample
was treated using degenerate oligonucleotide-primed
PCR, performed as de
scribed by Kuukasjarvi et al. (13), with some modifications. Briefly, six cycles
were used in the preamplification step, and Thermosequenase enzyme (Amersham, Cleveland, OH) was used in both amplification steps. The product was
labeled using a standard random priming method.
The results were analyzed using an Olympus fluorescence microscope
and an ISIS digital image analysis system (MetaSystems
GmbH, Altlussheim, Germany). Three-color Â¡mages (green for tumor DNA, red for
normal reference DNA, and blue for DNA counterstain) were acquired
from 6-10 metaphases/sample.
Green:red ratio profiles along the chromo
some axis were displayed. Chromosomal regions with a green:red ratio
exceeding 1.17 were considered to be overrepresented
(gains), whereas
regions with a ratio below 0.85 were considered underrepresented
(losses).
These values were set on the basis of the results of negative control
experiments in which two differently labeled normal DNAs were hybrid
ized together. In the negative controls, the ratios varied within these limits.
Tumor DNA with the known copy number alterations was used in positive
control experiments.
Reverse-labeling
CGH was performed on selected
cases (cases 671, 673, and 883), which confirmed the alterations detected
by the standard technique (14). All findings were confirmed using a
confidence interval of 99%. The cutoff level for high-level amplification
was 1.5. Telomeric and heterochromatic
areas were discarded from the
analysis.
Statistical Analyses. Differences in the frequency of copy number changes
between BRCA1 and sporadic groups were tested by using Fisher's exact test
with two-tailed Ps.

Genetic alterations in serous ovarian carcinoma turned out to be
complex. In sporadic carcinomas, our findings expand those ob
tained by alÃ-eleanalysis (15, 16), cytogenetic karyotyping (17),
and previous CGH studies (5, 18, 19). It was remarkable that the
frequency of gross genetic abnormalities was similar in both the
inherited and sporadic carcinomas. Also, qualitatively, the changes
were strikingly similar. This is different from breast cancer, in
which there are several significant differences between BRCAl/
BRCA2 mutation-positive and sporadic carcinomas (20). Thus, our
results suggest that unlike ductal carcinoma of the breast, serous
carcinoma of the ovary may progress along a relatively narrow
pathway, irrespective of its background. In fact, this may hold true
for serous tumors of the extended Miillerian tract in general,
because uterine papillary serous carcinomas show a basically sim
ilar profile of genetic abnormalities as that now reported for both
inherited and sporadic serous ovarian carcinomas (21).
Gains were found in several chromosomal regions in both the
inherited and sporadic carcinomas. One way of validating these find
ings and the value of CGH in mapping relevant oncogenes is to
compare the amplicons with the chromosomal localization of onco
genes known to be involved in ovarian carcinoma. Oncogenes and
growth factors like CMYC (8q24.12-q24.13), INT2 (Ilql3), CMET
(7q31), VECFA (6p21.3), and VEGFB (1Iql3) are all within the most
prominently gained regions found in this study, demonstrating the
applicability of CGH as a screening method for oncogenic chromo
somal regions. The similarity of gains in the inherited and sporadic
groups suggests that the genes listed above may be involved in the
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Fig. I. A. DNA copy number changes in 16
ÃŸ/?CA/-associated and 4 o/?C42-associated ovar
ian carcinomas evaluated hy CGH. Losses are
shown on the left of (he chromosome, and gains are
shown on the right of the chromosome. High-level
amplifications are displayed in bold. BRCA /-asso
ciated carcinomas are marked with a continuimi
line, and ÃŸ/?C42-associated tumors are marked
with a broken line. B, DNA copy numhcr changes
in 20 sporadic ovarian carcinomas evaluated by
CGH.
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inherited carcinomas as well. In addition, we identified new chromo
somal regions, such as 3q26, 5p, 6p, 7q (distal to CMET), and 8q
(proximal to CMYC), that are likely to be important in both inherited
and sporadic serous ovarian carcinomas.
Region 17ql2-q2l harboring ERBB2, which is frequently am
plified in ovarian carcinomas (22), failed to arise as a candidate

22

region in CGH screening. In the BRCAI mutation-associated tu
mors, we found only one loss at 17q, probably reflecting loss of the
wild-type alÃ-eleof the BRCAI gene. The rarity of changes is in
keeping with the results of a previous study on BRCAI mutationpositive breast cancer in which no losses were detected in the
BRCA I region by CGH (20). The most likely explanation for these
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gation of the 2q24-q32

Table 2 Summary und comparison of the frequency of particular aberrations hy CGH
in the BRC Al-associated and sporadic ovarian carcinomas (Fisher's exact test with

nomas.

two-tailed P.f)

Region+
Iq32-q41+
2q32+
3q25-q26.3-4q21-q24+
5pl4-pl5.2+
6p22-pter-6q25-qter+
7q-8p23+
8q24.l-qter+
llq+
12pll.2-pl3-I7p-18pll.2-pter-

18q22-qlerBRC
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