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Abstract To investigate clinical, pathological, and

familial characteristics of Korean patients with double

heterozygosity for BRCA1 and BRCA2 mutations, six

breast tumors of five patients who carried deleterious

mutations in both of the genes were included. Medical

records of the patients were reviewed and genetic testing

by direct sequencing was undertaken to detect mutations in

BRCA1 and BRCA2. Seven frameshift and three nonsense

mutations were identified, and four mutations are novel in

the Breast Cancer Information Core. There were no Ash-

kenazi founder mutations detected. The mean age at

diagnosis for breast cancer was 33 years. All six tumors

were infiltrating ductal carcinoma and poorly differenti-

ated. Pathologic stage was I or II, and immunohistochem-

istry showed negative immunoreactivity for estrogen

receptor and Her-2/neu in all tumors. Positive immunore-

activity for progesterone receptor was found only in one

tumor. Three patients had familial history of breast, ovarian

or other cancers. One patient who was diagnosed for breast

cancer at the age of 26 had two maternal family members

of metachronous bilateral breast cancer. Another patient

who experienced metachronous bilateral breast cancer had

maternal history of ovarian and esophageal cancer. In

summary, Korean patients with double heterozygosity for
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BRCA1 and BRCA2 were young at diagnosis of breast

cancer. Tumors were early stage, high grade, and almost

triple-negative phenotype. All familial history of breast,

ovary or other cancer was maternal. Close surveillance and

accurate risk assessment should be provided for the

patients with mutations in the both of the genes.

Keywords Breast cancer � BRCA1 gene � BRCA2 gene �
Heterozygote

Introduction

Younger age at onset of breast cancer has been a distinctive

characteristic in Korea. The peak age at onset of breast cancer

occurs in the fifth decade of life and about two-third of cases

occur in premenopausal women younger than 50 years [1–3].

Hereditary breast cancer accounts for only 5–10% of total

cases. It has been known that mutations in BRCA1 and

BRCA2 genes are associated with the development of early-

onset breast cancer [4–7]. There have been several reports

regarding BRCA1 and BRCA2 mutations in Korean patients

[8–14]. The prevalence of BRCA1 and/or BRCA2 mutations

was reported to 2.5–3.1% in sporadic breast cancers [10, 12,

13]. It strikingly increased to 19.4–22.1% in patients with

family history of breast cancer [10, 14]. Younger age of onset

was also related to increased frequency of BRCA1/2 muta-

tions ranging 8.1–18.3% [10, 11, 14, 15]. The frequency of

deleterious mutations in BRCA1/2 of young Korean breast

cancer patients was similar to that of African-American and

Caucasian women [15].

Patients with deleterious mutations in both BRCA1 and

BRCA2 are extremely rare and it is remarkable that two

patients in a relatively small series had mutations in both

BRCA1 and BRCA2, who were reported previously [16].

Most studies dealing with double heterozygosity for

BRCA1 and BRCA2 mutations have been come from

western countries, including Ashkenazi Jewish population

[17–21]. But there has been few reports regarding double

heterozygosity for the genes in Asia. In Korea, the Korean

Hereditary Breast Cancer (KOHBRA) study has been

conducted to examine the prevalence of BRCA1/2 muta-

tion and the prevalence of ovarian cancer among the high-

risk group of hereditary breast cancer patients and their

families [22]. During the prospective study, two more

patients have been discovered to have mutations in both

BRCA1 and BRCA2 genes. And one patient with

metachronous bilateral breast cancer was discovered to

have mutations in both of the genes at Samsung Medical

Center.

In this study, we describe the clinical, pathological, and

familial characteristics of the five Korean patients with

double heterozygosity for BRCA1 and BRCA2 mutations.

Methods

Five Korean patients with breast cancer who carried dele-

terious mutations in both BRCA1 and BRCA2 were

included in this study. Patients with a known deleterious

mutation in one BRCA site and unknown significance in

the other site were excluded. Two patients were found to

have the double heterozygosity during the course of a

hospital-based study as previously reported [16]. Another

two patients were found during the course of KOHBRA

study. And the last patient was referred to genetic coun-

seling because of metachronous bilateral breast cancer with

an interval of 6 years, and then mutations in both of the

genes were detected.

Genomic DNA was extracted and purified from patients’

peripheral blood. For the two patients from KOHBRA

study, fluorescence-based conformation sensitive gel elec-

trophoresis or denaturing high performance liquid chro-

matography was preceded as screening test, followed by

direct sequencing to confirm the mutations [22]. Samples

from the other three patients were examined by direct

sequencing. All mutations are described according to the

Breast Cancer Information Core (BIC) nomenclatures.

Clinical, pathological, and familial history data were

collected from medical records and informed consent was

obtained from the patients. Because the last patient had

metachronous bilateral breast cancer, pathological charac-

teristics were described for the overall six tumors.

Results

The data on the patients’ mutations of BRCA1 and BRCA2

are given in Table 1. By mutation type, seven frameshift

and three nonsense mutations were identified. Four muta-

tions are novel in the BIC. Figure 1 demonstrates muta-

tions at 509C [ A in BRCA1 and 3246delA in BRCA2 of

patient No. 4. Four patients were diagnosed to have breast

cancer at 35 years or younger (Table 1). The mean age at

diagnosis for breast cancers was 33 years.

Three patients had familial history of breast, ovarian

or other cancers. Patient No. 2 had maternal history of

stomach cancer at the age of 62 years. Patient No. 3 from

the KOHBRA study had two maternal relatives with a

history of metachronous bilateral breast cancer. Her mother

was diagnosed to have breast cancer at the age of 43 years,

followed by contralateral breast cancer 7 years later. Her

maternal aunt had also metachronous bilateral breast can-

cer with an interval of 3 years. Patient No. 5 had two

familial members with history of cancer. Her maternal

grandmother experienced ovarian cancer and maternal

aunt experienced esophageal cancer. All the tumors were

infiltrating ductal carcinoma and poorly differentiated
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(Table 2). The tumors of the patient with metachronous

bilateral breast cancer were both pathologic stage I, and

that of the others were stage II. Immunohistochemistry

showed negative immunoreactivity for estrogen receptor

and Her-2/neu in all tumors. Only one tumor had positive

immunoreactivity for progesterone receptor.

Discussion

At present, five Korean cases of double heterozygosity for

BRCA1 and BRCA2 mutations have been described.

Ashkenazi founder mutations, 185delAG and 5382insC in

BRCA1 gene and the 6174delT mutation in BRCA2 gene,

did not appear in these cases. In Korea, there has been no

report presenting Ashkenazi founder mutations and no

established founder mutations in the genes [9, 12, 14]. It is

interesting that 1627A [ T with BRCA2 gene of patient

No. 5 was found seven times in previous report [9, 13, 14].

This could be a possible candidate for founder mutations in

Korea next to 7708C [ T and 3972del4.

Recently, the interim report of KOHBRA study has been

published [23]. Among 853 probands, a total of 167

(19.6%) mutations carriers identified. The prevalence of

BRCA mutation was 24.8% for breast cancer patients with

a familial history of breast/ovarian cancer and 11.3% for

patients with early-onset (\35 years) breast cancer without

a familial history. For patients with bilateral breast cancer,

the prevalence was 22.1%. They identified 33 types of

BRCA1 mutations in 68 cases and 35 types of BRCA2

mutations in 80 cases. The most frequent mutations in

BRCA1 gene were 509C [ A and 5615_5625del11insA,

each of them was found 11 times, respectively. In BRCA2

gene, 7708C [ T was most frequently identified, which

Fig. 1 Direct sequencing data

of the BRCA1 and BRCA2

genes demonstrating mutations

at 509C [ A in BRCA1 and

3246delA in BRCA2 (patient 4)

Table 1 Genetic mutations for

both BRCA1 and BRCA2 in

Korean breast cancer patients

No. Age at diagnosis Gene Mutation Site (Exon) Citation No.

in BIC

Familial history

of cancer

1 26 BRCA1 1623del5 11 28 –

BRCA2 3026delCA 11 Novel

2 33 BRCA1 E1661X 16 Novel Stomach

BRCA2 6714del4 11 21

3 26 BRCA1 3746_3747insA 11 6 Breast

BRCA2 6952_6953delGA 11 Novel

4 45 BRCA1 509C [ A 7 1 –

BRCA2 3246delA 11 Novel

5 35 BRCA1 5149delCTAA 17 17 Ovary

BRCA2 1627A [ T 10 2 Esophagus
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was found 18 times. The 1627A [ T with BRCA2 gene was

found eight times, too. The mutations of patient No. 3,

3746_3747insA in BRCA1 and 6952_6953delGA in BRCA2,

were also detected in other patients from the KOHBRA study.

As accumulation of data regarding BRCA1 and 2 mutations,

founder mutations in Korean patients possibly might be

established.

The prevalence of double heterozygosity for BRCA1

and BRCA2 mutations is 1.8–1.85% among carriers of one

of the three Jewish Ashkenazi BRCA gene mutations [18,

21]. But there has been few reports regarding the preva-

lence among non-Ashkenazi carriers. One study from Italy

reported the prevalence as 0.62%, which was lower than

that of Jewish Ashkenazi carriers [24]. According to the

interim report of the KOHBRA study, the prevalence could

be estimated as 1.2% (2/167) among Korean mutation

carriers [23].

It is important to determine whether double heterozy-

gosity for the genes has an effect on phenotypic expression

of breast cancer or not. In the review of 34 cases with the

double heterozygosity by Leegte et al. [19], the phenotypic

expression was comparable to the severe end of the spec-

trum of BRCA1 mutation. The mean age at diagnosis for

breast cancers was 41.1 years and the cumulative incidence

proportion of cancer in double heterozygosity at age

70 years was 80% for breast cancer. Four cases from Italy

showed more severe phenotype than the above series, since

three of them developed both a breast and an ovarian

cancer [24]. The tumors of the four patients were all high

grade, stage II, mostly negative for hormonal receptor and/

or Her-2/neu expression, which was nearly the same as the

tumors of the five Korean cases. There have been no known

histopathological features that distinguish BRCA2 from

sporadic tumors. But tumors of BRCA1 mutation carriers

usually exhibit high histologic grade and triple-negative

phenotype [25]. Like the above series from Italy, Korean

patients with double heterozygosity showed similar histo-

pathological features with BRCA1 mutation carriers. Given

that BRCA1 patients typically have triple negative cancers,

while BRCA2 patients typically have hormonally positive

cancers, it appears that in those patients with both BRCA1

and BRCA2 mutations, the BRCA1 genotype tends to drive

the phenotype from a pathology perspective. The mean age

at onset of breast cancer was about 10 years younger than

that of the 34 patients from the series mentioned above.

Although the histopathologic features of the double

heterozygosity are similar to that of patients with BRCA1

mutation, increased risk of cancer is related to not only

BRCA1 but also BRCA2 [26–28]. In addition to breast and

ovarian cancer, increased risk of cancer of pancreas,

stomach, biliary tract, and melanoma is associated with

BRCA2 mutation. When the mutation of BRCA1 detected,

comprehensive analysis should be carefully considered to

detect second mutation of BRCA2 [29].

There were three patients who had familial history of

breast, ovarian or other cancer. It is interesting that all of

the familial history were maternal. The 34 patients in the

study of Leegte al. [19] also showed more frequent

maternal history of breast and/or ovarian cancer than

paternal history. Another distinguishable feature of the

present cases is that one patient had metachronous bilateral

breast cancer. The risk of contralateral breast cancer in

BRCA1 and BRCA2 carriers was estimated in a recently

published study [30]. The 15-year actuarial risk of con-

tralateral breast cancer was 36.1% for women with a

BRCA1 mutation and 28.5% for women with a BRCA2

mutation. Women younger than 50 years of age at the time

of breast cancer diagnosis and who had two or more first-

degree relatives with early-onset breast cancer were at high

risk of contralateral breast cancer. The Korean patient with

contralateral breast cancer was 35 years old at diagnosis of

first breast cancer, so she had been also at high risk of

developing contralateral breast cancer. It is interesting that

another patient from the KOHBRA study had two maternal

familial members with metachronous bilateral breast can-

cer. The age at diagnosis of first breast cancer of her

mother and maternal aunt were 43 and 35 years old,

Table 2 Pathological characteristics of the tumors

Characteristic No. of tumors (N = 6)

Tumor histology

Infiltrating ductal 6

Location

Right 2

Left 4

T-stage

1 4

2 2

N-Stage

0 3

1 3

Histologic grade

Poorly differentiated 6

Nuclear grade

Low 2

Intermediate 1

High 3

Lymphovascular invasion 3

Extensive intraductal component 1

Immunohistochemistry

Estrogen receptor 0

Progesterone receptor 1

Her-2/neu 0

p53 3
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respectively. In addition to the familial history, her age at

diagnosis of breast cancer was 26 years old. According to

the recent study, she is at very high risk of contralateral

breast cancer [30]. The authors suggested that both ooph-

orectomy and contralateral mastectomy should be dis-

cussed as a component of the treatment plan to reduce the

risk of contralateral breast cancer in high-risk women. This

suggestion could be an effective treatment option to the

high-risk patient.

In summary, Korean patients with double heterozy-

gosity for BRCA1 and 2 genes were younger at diagnosis

of breast cancer than Jewish Ashkenazi carriers. The

histopathologic features, high grade and triple-negative

phenotype were similar to that of BRCA1 mutation car-

riers. All familial history of breast, ovary or other cancer

was maternal. Close surveillance and surgical options to

reduce risk of secondary cancer should be provided for

the patients with mutations in both BRCA1 and BRCA2

genes.
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