
Introduction

The BRCA1 gene, localized on chromosome 17q,

and the BRCA2 gene, localized on chromosome

13q, are tumor suppressors. A complete loss of their

wild-type allele is a common mechanism of their

inactivation in tumors. Loss of heterozygosity

(LOH) studies have revealed frequent allelic imbal-

ance of chromosome 17 and 13q loci in malignant

ovarian tumors, especially in those associated with

germ-line BRCA1 mutations (Bertchuck et al.

1998; Kashima et al. 2000). Therefore, some au-

thors suggest the use of LOH analysis as a first

step in a screening strategy to increase the chance

of identifying BRCA1 carriers (Geisler et al.

2002). The high prevalence of LOH harboring the

BRCA1 gene in poorly differentiated

adenocarcinomas with serous component has been

revealed in some studies (Piretti et al. 1995, 1997;

Press et al. 2008). Losses of chromosome 17 are

more likely to occur in tumors arising in older

women (Piretti et al. 1997).

In this study, we evaluated the presence of

LOH at several loci on chromosomes 17 and 13q

in tumor tissues of a series of hereditary and spo-

radic ovarian cancer patients.

Patients

At the Department of Gynecology, Medical Uni-

versity of Gdañsk, 151 consecutive primary ovar-

ian tumors were collected between 1995 and 2004.

Fresh samples from surgery were stored at –70°C

J Appl Genet 50(4), 2009, pp. 379–384

Original article

Loss of heterozygosity at BRCA1/2 loci in hereditary and sporadic

ovarian cancers

I. Bro¿ek*1,3, K. Ochman*1, J. Dêbniak2, L. Morzuch1, M. Ratajska1, M. Stepnowska1, M. Stukan2,

J. Emerich2, J. Limon1,3

1 Department of Biology and Genetics, Medical University of Gdañsk, Poland
2 Department of Gynecology, Medical University of Gdañsk, Poland
3 Regional Oncological Center of Gdañsk, Poland

Abstract. Loss of heterozygosity at BRCA1/2 loci in breast and ovarian tumors is a suggested risk factor for

germline BRCA1/2 mutation status. We evaluated the presence of losses of selected microsatellite markers local-

ized on chromosomes 17 and 13q in hereditary and sporadic ovarian tumors. 151 consecutive primary ovarian tu-

mors (including 21 with BRCA1/2 mutations and 130 without the mutations) were screened for loss of

heterozygosity at loci on chromosomes 17 and 13q. Losses of heterozygosity of at least one microsatellite marker

localized on chromosomes 17 and 13q were revealed in 123 (81.5%) and 104 (68.9%) tumors, respectively.

Losses of all informative markers on chromosomes 17 and 13 occurred in 30 (19.9%) and 31 (20.5%) tumors, re-

spectively. There was no difference in the frequency of losses at BRCA1 intragenic markers (D17S855 and

D17S1323) between BRCA1-positive and BRCA1-negative patients. The frequency of losses on chromosome 17

was higher in high-grade than in low-grade carcinomas. Loss of heterozygosity on chromosomes 17 and 13q is a

frequent phenomenon in both hereditary and sporadic ovarian cancers. The frequency of losses at BRCA1

intragenic markers in the ovarian tumor tissue is not strongly related to the presence of BRCA1 germline muta-

tions.

Keywords: BRCA1, BRCA2, hereditary, loss of heterozygosity, mutations, ovarian cancer.

*These authors contributed equally to this work

Received: February 12, 2009. Accepted: April 10, 2009.

Correspondence: I. Bro¿ek, Department of Biology and Genetics, Medical University of Gdañsk, Dêbinki 1, 80–211 Gdañsk,

Poland; e-mail: izabro@amg.gda.pl



for molecular analysis. For each patient, data on

age at diagnosis, clinical stage, histological tumor

type, stage of tumor, and Ca125 serum level were

recorded. Histopathological review confirmed ep-

ithelial carcinoma in all included patients. Clinical

stage was determined according to the Interna-

tional Federation of Gynecologists and Obstetri-

cians (FIGO) criteria, and the histological subtype

was evaluated according to the World Health Or-

ganization classification (Lee et al. 2003).

Debulking surgery, followed by a platin-based

combination chemotherapeutic regimen, was ap-

plied in all patients. Informed consent for the ge-

netic analysis was obtained from all study

subjects, and the study received the approval of

the Ethics Committee review board of the Medical

University of Gdañsk. BRCA1/2 mutations were

previously revealed in 21 patients (14%), and were

not found in the other 130 patients (Bro¿ek et al.

2008). Among the 21 patients, we identified 17

BRCA1 and four BRCA2 mutation carriers.

Methods

DNA was extracted from frozen tumors and
matched with genomic DNA by using a standard
protocol with proteinase K incubation followed by
phenol/chloroform extraction. Each sample was

diluted to a concentration of DNA 30 ng �L–1 via
spectrophotometric estimation. All tumors were
evaluated for LOH by using 8 highly polymorphic
markers from chromosome 17 (D17S1584,
D17S953, D17S1880, D17S1323, D17S855,
D17S1861, D17S1811, D17S1830), 7 markers
from chromosome 13q (D13S175, D13S1246,
D13S260, D13S171, D13S267, D13S264,
D13S285), 2 markers from chromosome 15

(D15S97, D15S205), and 2 markers from chromo-
some 16 (D16S403, D16S3089) (Figure 1).
Microsatellite marker locations and primer se-
quences were described in the NCBI Map Viewer
option (www.ncbi.nlm.nih.gov/mapview/). For
the BRCA1 gene markers, D17S1323, D17S855
were intragenic and D17S1880, D17S1861 were
the flanking ones. For BRCA2 gene, the closest to
its location were D13S171 and D13S267. To
check whether LOH were reserved only to chro-
mosomes 13 and 17, an additional set of 4 makers
from chromosomes 15 and 16, corresponding with
13 and 17 in size, were analyzed.

For the PCR amplification, the forward primer

was modified with 6-FAM, TET or HEX mole-

cule. PCR products were prepared for capillary

electrophoresis with GenScan-300 TAMRA, used

as a size standard marker, and analyzed in Genetic

Analyzer ABI PRISM 310 using GENESCAN

software in accordance with the recommended

procedure (Applied Biosystem, Foster City, CA,

USA). PCR-amplified alleles were compared in

normal/tumor DNA pairs. The LOH was recorded

only when, in informative cases, the observed al-

lele peak height was decreased below 70%. In con-

trol samples, allele drop out was not observed in

the PCR method. More information about LOH

screening protocols, including the conditions of

PCR, can be obtained upon request from the corre-

sponding author.

All comparisons for statistical significance

were performed by use of �
2 and Fisher exact tests,

as appropriate. The Student t-test and

nonparametric Mann-Whitney U test were used to

analyze data in which 2 groups were compared.

For survival analysis, Kaplan-Meier survival

probabilities were calculated and differences were

tested by the log-rank test. P values less than 0.05
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Figure 1. Location of microsatellite markers on chromosomes 17, 13, 15, and 16 in relation to the BRCA1 and BRCA2

genes.



were considered statistically significant. All statis-

tical analyses were calculated with STATISTICA

standard package from Stat Soft Poland.

Results

LOH frequency

LOH patterns were evaluated for 8 loci on chro-
mosome 17 (including 2 intragenic BRCA1 mark-
ers) and for 7 loci in chromosome 13q. As a
control, we analyzed the LOH occurrence on chro-
mosomes 15 and 16. Overall LOH frequencies for
the markers investigated are high (Table 1).
Losses are present for all informative markers
spread over chromosomes 17 and 13q. The frac-
tion of ovarian tumor samples displaying a LOH
pattern is highest for chromosome 17, slightly
lower for 13, and the lowest for chromosomes 15
and 16 (Table 1). Of the 151 examined tumors,
123 (81.5%) revealed LOH of at least one
microsatellite marker on chromosome 17. On
chromosome 13, we observed losses of one or
more markers in 104 (68.9%) cancers. In our
study, D17S1880 displays the highest frequency
(57% of informative tumors) of LOH, closely fol-
lowed by D17S1811 (56%). On chromosome 13,
the most frequent loss concerns marker D13S171
(49.5%).

In 55 (36.4%) tumors, LOH patterns could be
evaluated for at least 5 loci on chromosome 17,

while 50 (33.1%) cancers revealed loss of at least 4
markers on chromosome 13q. LOH of all informa-
tive markers on chromosome 17 occurs in 30
(19.9%) tumors, indicating the loss of one chro-
mosome 17 homolog. On chromosome 13q, the
loss of all informative markers was observed in 31
(20.5%) patients. In only 28 (18.5%) of 151 pa-
tients we observed retention of all informative
markers located on chromosome 17, and in 47
(31%) patients there was no loss at all of chromo-
some 13 markers.

LOH and mutations

Loss of heterozygosity at intragenic BRCA1 mark-

ers D17S855 and D17S1323, was found in 5 of 8

(62%) informative ovarian cancers with BRCA1

germline mutation. However, respectively, 56 of

108 (52%) and 40 of 87 (46%) informative tumors

that developed in non-BRCA1-carriers exhibited

LOH at these loci. In the Fisher exact tests analysis,

there was no significant difference in frequency of

LOH of intragenic BRCA1 markers between

BRCA1-positive and BRCA1-negative patients

(P = 0.72 and P = 0.47, respectively). In univariate

analysis, 3 markers from chromosome 17

(D17S1830, D17S1880 and D17S1811) were sig-

nificantly more frequent in BRCA1-positive than

in sporadic tumors (P = 0.002, P = 0.04 and

P = 0.02, respectively). In a multivariate logistic

regression model, however, this significance per-
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Table 1. LOH frequency in 151 ovarian tumors grouped according to germline BRCA1 mutation status.

Chromosome Microsatellite marker Number of LOH / Number of informative tumors (%)

BRCA1 carriers BRCA1-wild type total P (Fisher two-tailed)

17 D17S1584 11/17 (65) 56/111 (51) 67/128 (52) 0.31

D17S953 8/12 (67) 41/89 (46) 49/101 (49) 0.23

D17S1880 12/14 (86) 60/111 (54) 72/125 (58) 0.04

D17S1323 5/8 (63) 40/87 (47) 45/95 (47) 0.47

D17S855 5/8 (63) 56/108 (52) 61/116 (53) 0.72

D17S1861 10/15 (67) 45/109 (42) 55/124 (44) 0.10

D17S1811 12/14 (86) 59/112 (53) 71/126 (56) 0.02

D17S1830 12/13 (92) 50/106 (48) 62/119 (52) <0.01

13 D13S175 6/13 (46) 31/90 (35) 37/103 (36) 0.54

D13S1246 6/13 (46) 37/93 (40) 43/106 (41) 0.77

D13S260 8/14 (57) 46/121 (38) 54/135 (40) 0.25

D13S171 6/13 (46) 49/98 (51) 55/111 (50) 1.0

D13S267 7/13 (54) 46/103 (45) 53/116 (46) 0.57

D13S264 8/11 (73) 43/99 (43) 51/110 (46) 0.11

D13S285 8/13 (62) 52/115 (45) 60/128 (47) 0.38

15 D15S97 5/14 (36) 32/94 (34) 37/108 (34) 1.0

D15S205 8/14 (57) 35/110 (32) 43/124 (35) 0.76

16 D16S403 4/17 (24) 18/97 (19) 22/114 (19) 0.74

D136S3089 7/15 (47) 25/102 (25) 32/117 (27) 0.12



sists only for D17S1830 (P = 0.017), localized at

17q25.

LOH and clinical correlations

The relationship of LOH on chromosomes 17 and

13 to clinicopathological parameters and patient

survival was analyzed. High-grade ovarian can-

cers (G3) were present in 59 patients and the me-

dian number of losses of markers from

chromosome 17 was in this group 3.95, whereas

low-grade tumors (G1–G2) were present in 85 pa-

tients and median LOH number in this group was

2.66. For most markers from chromosome 17 and

two markers from chromosome 13 (D13S260 and

D13S285), frequency of allelic losses was higher

in high-grade carcinomas than in low-grade tu-

mors (Table 2). We found no differences in LOH

frequencies between cases of different FIGO

stages, histological type, age, Ca125 serum level

(with the exception of D17S1323), and survival.

Discussion

Our observations confirm the high prevalence of

LOH at chromosomes 17 and 13 loci in ovarian tu-

mors. The fraction of patients with losses of

microsatellite markers at chromosome 17 ranged

from 47% (D17S1861) to 58% (D17S1880). In the

previously reported analysis of unselected ovarian

tumors, the LOH of at least one microsatellite

marker from chromosome 17 occurred in about

50-65% ovarian cancers (Geisler et al. 2002;

Wang et al. 2004; Dion et al. 2000; Takahashi et al.

1995). In our series, we used as many as 8 different

microsatellite markers, so the frequency of LOH

was high. However, the previously reported analy-

sis of LOH at chromosome 13q revealed slightly

less frequent microsatellite marker losses. Gras et

al. (2001) noticed that almost 43% of malignant

ovarian tumors exhibited LOH at one or more loci

at chromosome 13q12–14. Jongsma et al. (2002)

detected LOH at 13q loci in over 50% of ovarian

cancers. In our study, the proportion of unselected

ovarian tumors with a loss at 13q loci was also

lower than in chromosome 17, but for most mark-

ers it exceeded 40%.

It was previously suggested that the losses of

BRCA1 markers are particularly frequent in serous

ovarian tumors (Berchuck et al. 1998; Wang et al.

2004; Dion et al. 2000; Garcia et al. 2000; Otis

et al. 2000) and rare in mucinous type (Piretti et al.

1995). In our study, neither of these histological

types was statistically more frequent in patients

with LOH at BRCA1 or 13q loci. On the other

hand, our results confirm previous observations

that poorly differentiated adenocarcinomas were

more likely to demonstrate losses at chromosome

17 microsatellite markers (Garcia et al. 2000).
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Table 2. LOH frequency in 151 ovarian tumors grouped according to gradeing.

Chromosome Microsatellite
marker

Number of LOH / Number of informative tumors (%)

Low grade
(G1+G2)

High grade
(G3)

total P (�)

17 D17S1584 32/74 30/47 62/121 0.03

D17S953 23/60 22/35 45/95 0.02

D17S1880 33/69 38/50 71/119 0.002

D17S1323 18/53 25/38 43/91 0.003

D17S855 34/68 24/43 58/111 0.50

D17S1861 26/69 28/49 54/118 0.04

D17S1811 33/72 35/48 68/120 0.003

D17S1830 28/66 31/48 59/114 0.02

13 D13S175 17/57 20/42 37/99 0.07

D13S1246 24/63 17/38 41/101 0.51

D13S260 22/76 30/54 52/130 0.002

D13S171 28/62 23/43 51/105 0.40

D13S267 22/63 25/47 47/110 0.06

D13S264 22/58 26/47 48/105 0.08

D13S285 26/70 30/52 56/122 0.02

15 D15S97 22/63 14/39 36/102 0.92

D15S205 21/69 19/48 40/117 0.31

16 D16S403 11/62 10/45 21/107 0.57

D136S3089 16/65 14/46 30/111 0.50



Previous reports indicate that, in unselected

ovarian tumors, allele losses of all informative

markers on chromosome 17q are a significantly

more frequent phenomenon than focal losses

(Berchuck et al. 1998; Piretti et al. 1995; Dion et

al. 2000; Chisholm et al. 2008). Chisholm et al.

(2008) documented frequent LOH occurring at

multiple chromosome 17 loci localized on short

and long arms of the chromosome in BRCA1-posi-

tive ovarian cancers. This is in agreement with our

results indicating frequent loss of multiple chro-

mosome 17q loci as well as losses of other

microsatellite markers localized in chromosomes

17p and 13q.

Some authors suggest the use of LOH analysis

as a first step in a screening strategy to increase the

chance of identifying tumors developing in

BRCA1 carriers (Geisler et al. 2002; Górski et al.

2003) . In some reports, loss of heterozygosity at

BRCA microsatellite markers was found in all in-

formative ovarian cancers diagnosed in

BRCA1-positive patients, whereas only about

44-60% of tumors arising in BRCA-negative

women had LOH at these loci (Berchuck et al.

1998; Kashima et al. 2000; Russell et al. 2000).

Geisler et al. (2002) observed that LOH/noninfor-

mative was a strong predictor for mutation status.

By contrast, in our analysis we did not take into ac-

count the noninformative markers, as it is not pos-

sible to group them together with LOH-positive

ones. In our study, the LOH at intragenic BRCA1

markers did not occur more frequently in

BRCA1-positive than in sporadic ovarian cancer

patients. Interestingly, we observed a high fre-

quency of LOH at some other 17q loci in BRCA1

carriers. In multivariate analysis, however, the

only predictor for mutation status was LOH of

marker D17S1830, localized at 17q25. On the

other hand, we did not examine epigenetic effects,

which can be an important mechanism that can

also inactivate the BRCA1 gene.

The relatively high proportion of BRCA1/2 car-

riers among unselected ovarian cancer patients

(Menkiszak et al. 2003; Bro¿ek et al. 2008) indi-

cates that it is advisable to search for BRCA muta-

tions in each case of ovarian carcinoma, despite

the presence of LOH at BRCA1/2 loci. High fre-

quency of LOH in sporadic cancer limits the pre-

dictive value of LOH at BRCA1/2 loci for

germline mutation screening.
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