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Abstract

Background—Families with a high incidence of hereditary breast cancer, and subsequently

shown to have terminating mutations in BRCA1 or BRCA2 appear to have a higher incidence of

prostate cancer among the male relatives. We aimed to determine whether the common germline

mutations of BRCA1 or BRCA2 in Ashkenazi Jewish men predisposed them to prostate cancer.

Methods—We examined genomic DNA from 83 (for BRCA1 185delAG) or 82 (for BRCA2

6174delT) Ashkenazi Jewish prostate cancer patients, most of whom were treated at a relatively

young age, for the most common germline mutation in each gene seen in the Ashkenazi

population.

Results—Our study should be able to detect a four to five fold increase in the risk of prostate

cancer due to mutation of BRCA1 or BRCA2. However, only one (1.15%, 95% CI 0-3.6%) of the

patients was heterozygous for the BRCA1 mutant allele, and only two were heterozygous for the

BRCA2 mutation (2.4%, 95% CI 0-6.2%).

Conclusions—The incidence of each of the germline mutations in these prostate cancer patients

closely matched their incidence (about 1%) in the general Ashkenazi Jewish population. This

suggests that unlike the cases of breast and ovarian cancers, mutations in BRCA1 or BRCA2 do

not significantly predispose men to prostate cancer.
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INTRODUCTION

Studies have suggested linkage between breast and ovarian cancer in families carrying

germline mutations of BRCA1 or BRCA2 and prostate cancer in male relatives _(1-4)_.

With the advent of genetic testing among vulnerable populations for mutations in these

genes, it is increasingly important to define the level of risk for prostate cancer for the

relatives of BRCA1 and BRCA2 heterozygotes. LOH, consistent with tumor suppressor

gene inactivation in somatic cells, is found in prostate cancers at both 17q, the location of

BRCA1 _(5-7)_, and 13q, the site of BRCA2 and Rb _(8-10)_. In addition, the region lost

on 17q _(11, 12)_ suppresses the malignant phenotype of a prostate cancer cell line _(13)_.

BRCA1 is mutated in up to 2% of Ashkenazi Jews, with a terminating mutation in exon 2

(185delAG) accounting for >50% of the deleterious changes _(1, 14, 15)_. For BRCA2, the

principal deleterious mutation (6174delT) occurs in ~1% of Ashkenazim _(1, 15-17)_.

Mutation in either gene is believed to confer an 80-90% lifetime risk of breast cancer in

affected families _(18, 19)_, although a recent article suggests the risk may be as low as

50% _(1)_. To test whether germline mutation of either BRCA gene correlates with an

increased risk of prostate cancer, we examined non-neoplastic tissue from relatively young

Ashkenazi men treated for prostate cancer for the presence of the BRCA1 185delAG or the

BRCA2 6174delT alleles.

MATERIALS AND METHODS

Archival records from both the New York University and Columbia Presbyterian medical

centers from 1991 to 1996 were examined for young prostate cancer patients with traditional

Eastern European Jewish surnames. The population dynamics of Jewish New Yorkers born

between 1920 and 1950 strongly suggests that these individuals are of Ashkenazic heritage.

Patients with surnames which might indicate either a Sephardic or Ashkenazic heritage were

eliminated from the analysis. Non-tumor tissue (principally lymph nodes), formalin fixed

and embedded in paraffin, was retrieved for 83 cases of stage B prostate cancer, assigned to

age bins (under 40, 40-50, 50-60, and over 60), and anonymized (see Table 1). Genomic

DNA was isolated from sections cut from the paraffin blocks by xylene extraction, ethanol

washing, and then processing using a tissue DNA isolation kit (Qiagen). The DNA was PCR

amplified by 45 cycles of 94°C for 45 seconds; 53 to 59°C for two minutes; and 72°C for

one minute. One of these cases failed to amplify using the BRCA2 primers and so was

excluded from the analysis. The primers to amplify the BRCA1 185delAG region are:

primer pair A, forward: GAAGTTGTCATTTTATAAACCTTT,

reverse: TGTATGATCCCTTCTTTTCTG;

primer pair B, forward: TTCTAATGTGTTAAAGTTCATTGG,

reverse: TACGTTTACTTGTCTTAACTGGAA;

primer pair C, forward: GGTTTGTATCATTCTAAAACC,

reverse: CCGATAACATTAACGACTAAA.

Nastiuk et al. Page 2

Prostate. Author manuscript; available in PMC 2014 October 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



The primers to amplify the BRCA2 6174delT region are:

primer pair A, forward: GTCTGGATTGGAGAAAGTTT,

reverse: AAGTCTGGTCGAGTGTTCTC;

primer pair B, forward: ATCACCTTGTGATGTTAGTTTGG,

reverse: CCATAGTCTACGAAGTATGTTT;

primer pair C, forward: GATAATGATGAATGTAGCACGC,

reverse: GCAAGTGGAAAGCAAGTTTCCA.

Presence of the mutant alleles was detected by heteroduplex analysis (HDA) of the PCR

products _(20)_. Briefly, PCR reactions were heated to 98°C for five minutes, cooled to

30°C over ninety minutes, separated on gradient four to twenty percent polyacrylamide,

TBE gels (Novex), and stained with ethidium bromide. The amplification products of primer

pair A for either BRCA1 or BRCA2 from selected patient samples were sequenced from the

nested (primers B, forward, see Figures 1 and 2) primer for each on an ABI 373A sequencer

at the Columbia University Cancer Center.

Ninety-five percent confidence limits were calculated for the carrier frequencies assuming

that the number of positives follow a Poisson distribution. The Poisson distribution was

selected for statistical analyses due to the rarity of the mutations.

RESULTS

BRCA1

Fifty seven young (less than 60 years at prostatectomy) prostate cancer patients and twenty

six older patients were screened for germline deletion of 185AG in BRCA1 (Table 1).

Genomic DNA was PCR amplified using primers flanking exon 2 (primer pair A, Fig. 1).

After HDA only one of the samples from patients who underwent prostatectomy before age

60, and none from older patients, showed heteroduplex formation (lane P54 in Fig. 1A).

Equivalently retarded bands appear in genomic DNA amplified from non-neoplastic tissues

of an individual heterozygotic for the 185delAG mutation (_(20)_; lane 723 in Fig. 1A), but

not in DNA known to be homozygous wild-type (lane 737 in Fig. 1A). The retardation of

the heteroduplex bands relative to the homozygous band (“homo” in Fig. 1A) was identical

for the patient samples and an equimolar mixture of PCR products amplified from BRCA1

mutant and normal plasmids constructed previously _(20)_. Heteroduplex formation was

confirmed by PCR-HDA using nested primers (primer pair B, Fig. 1B). Finally, to eliminate

any possibility of plasmid or PCR product contamination, the PCR-HDA was performed

with flanking primers complimentary to an area not represented in any of our cloned or

previously amplified DNA. Only the positive control (723) and sample P54 generated

heteroduplexes (primer pair C, Fig. 1C). The positive and an additional four negative

genomic DNA samples were sequenced. Each of the negative DNAs generated

unambiguous sequence corresponding to that reported in GENBANK, while the sample
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which gave heteroduplex bands (P54) produced unambiguous sequence up to the point of

the deletion, whereupon the sequence became degenerate exactly in accord with the

expected result of a two bp deletion in one allele, and as seen in the known heterozygote,

sample 723 (data not shown).

BRCA2

Fifty six young (less than 60 years old at prostatectomy) patients and twenty six older

patients were screened for germline deletion of 6174T in BRCA2 (Table 1). A PCRHDA

completely analogous to that employed for detecting the BRCA1 mutation was carried out

on these 82 samples (see schematic at the top of Fig. 2). Equimolar amounts of PCR

products from BRCA2 wild type and 6174delT mutant plasmids were used as standards

since we had not previously identified any heterozygotic patient samples to use as a control

(std in Fig. 2A and C). Two samples (cases P52 and P61) showed heteroduplex formation

with each primer pair (P52 shown in Fig. 2A, B, and C). PCR product from each sample was

sequenced, and as was the case for BRCA1, the resulting sequence was unambiguous up to

the point of the mutation, whereupon it showed the multiple peaks in the electropherogram

expected to result from a one base pair deletion in one allele (data not shown).

DISCUSSION

Several studies have suggested an increased risk of prostate cancer among male relatives in

families with a high incidence of breast and/or ovarian cancer who are heterozygotic for

termination mutations in either BRCA1 or BRCA2. In 33 families with linkage to BRCA1.

Ford et al. _(2)_ found a significant increase in prostate cancer among BRCA1

heterozygotes (relative risk 3.33). Phelan et al. _(21)_ report a relative risk of 4.22 for

developing prostate cancer in families who had mutations in BRCA2. In a smaller number of

families, Easton et al., estimate a relative risk of 2.89 _(22)_ Among first degree relatives in

Icelandic families with a terminating mutation in BRCA2, Sigurdsson et al., estimate a

relative risk of 4.6 _(23)_. In contrast, among women with mutations in BRCA1, FitzGerald,

et al., _(24)_ found a 27-fold increase in the relative risk of early onset breast cancer. In

their recent report, Struewing, et al. _(1)_ examined a self-identified population of

Ashkenazim which had a disproportionate number of subjects with family histories of

cancer. Among 380 reported incidences of first degree relatives with prostate cancer, 5 are

from subjects heterozygotic for BRCA1 185delAG and 6 from for BRCA2 6174delT

heterozygotes. From these groups they estimate the risk of prostate cancer in BRCA1 and

BRCA2 heterozygotes and report little estimated risk before age 50, but estimate a 25% (for

BRCA1 heterozygotes) or 5% (for BRCA2 heterozygotes) risk at the age of 70, while the

estimated risk for non-carriers is only 4%.

The cancer-prone families may have other genetic defects which contribute to the increase in

relative risk, and the risk estimates of Struewing et al. _(1)_ are based on a small number of

reports of relatives who have not been directly genotyped. To avoid these confounding

influences, we examined younger Ashkenazi prostate cancer patients, regardless of family

history, for evidence of an increase in the frequency of mutant germline BRCA1 and

BRCA2 alleles. A previous, smaller study of BRCA1 in younger prostate cancer patients of

Nastiuk et al. Page 4

Prostate. Author manuscript; available in PMC 2014 October 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



unknown genetic background was inconclusive _(25)_. In a study of approximately 3000

U.S. Ashkenazi individuals who were unselected for a personal or family history of cancer,

the carrier frequency of the BRCA1 185delAG mutation was found to be 1.15% (95%

confidence limit, based on the Poisson distribution, = 0.78-1.63%) _(15)_. The

corresponding prevalence of BRCA1 185delAG in our study is 1.2% (0-3.6%). While we

have not directly estimated the frequency of the 185delAG mutation in the Ashkenazi

population treated in our hospitals, we can estimate, using the general Ashkenazi population

value (above), that if BRCA1 185delAG increases the relative risk four fold, we would

expect to find 4 patients among our sample of 84. However, we find only one patient (0-3)

with the 185delAG mutation among 83 with predominantly early onset prostate cancer, in

line with the expected value if there is no increase the in relative risk of prostate cancer

among carriers.

Inactivation of BRCA2 by the 6174delT mutation occurs in 1.38% (0.97-1.9%) of the

Ashkenazi Jewish population _(15)_. If we again use the general population values for the

frequency of BRCA2 6174delT, and there is no increase in relative risk for our sample of

prostate cancer cases, we expect only 1 (0-3) positive sample. Instead, we found 2 (0-5)

heterozygotes among the 83 patients analyzed, a frequency of 2.4% (0-6.2%). If the

6174delT mutation increased the relative risk of prostate cancer in our sample five fold, we

would expect to see 6 or more BRCA2 6174delT carriers, rather than the 2 heterozygotes we

observed. Among Icelanders, a terminating mutation (999del5) of BRCA2 occurs in 0.4% of

the population. For Icelandic prostate cancer patients diagnosed at less than 65 years of age,

and chosen without regard to family history of breast and ovarian cancers, 2.7% (2 of 75)

had the terminating mutation, but the authors were unable to draw firm conclusions due in

part to the small sample population used to determine the mutant allele frequency among the

general Icelandic population _(18)_.

It is expected that germline terminating mutations of BRCA1 or BRCA2 should predispose

to early onset prostate cancer, as is seen for breast cancer. For example, BRCA1 is mutant in

21% of Ashkenazi women under 41 with breast cancer _(24)_, while BRCA2 is mutant in

8% of Ashkenazi women under 43 with breast cancer _(26)_. These values are in line with

the estimates reported in Struewing, et al. _(1)_. Most cases of prostate cancer are diagnosed

after the age of 70 _(27)_. Since our sample was heavily skewed towards younger patients

whose incidence of prostate cancer is akin to women under 45, our analysis should

overestimate the influence of BRCA1 and BRCA2 terminating mutations on the incidence

of prostatic carcinoma. A recent, analogous examination of the influence of the ATM gene

on early onset breast cancer similarly found no increase in relative risk _(28)_. Furthermore,

our study strongly suggests that the LOH of the BRCA1 _(5-7)_ and BRCA2 _(8-10)_ loci

in sporadic prostate cancer is likely to be related to other, nearby genes rather than the loss

of either BRCA gene. For example BRCA2 loss rarely occurs independently of Rb gene loss

_(9, 29)_, and when it does occur, there does not appear to be mutation of the other allele

_(30)_, and the loss seen on 17q appears to be slightly distal to the BRCA1 locus _(11)_ .

Knowledge that germline mutations in particular cancer predisposition genes do not

contribute to the pathogenesis of some cancers is essential to provide accurate genetic

counseling to cancer-prone families.
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Very recently, Lehrer, et al. _(31)_ published a very similar study of a smaller number of

prostate cancer patients. They examined 60 men with prostate cancer who self-identified as

Ashkenazim for both BRCA1 185delAG and BRCA2 6174delT. None of the samples of

normal tissue from these patients showed heterozygosity at either locus. While the mean age

of their patient sample was older than in our population (70.5 v approximately 55), the

finding of no mutations further reinforces our results.

In summary, we found similar estimates of mutant alleles as those found in a general

population of Ashkenazi Jews _(15)_. A much larger study of young Ashkenazi prostate

cancer patients will be needed to rule out smaller increases in relative risk, and any possible

influence of the three-fold less frequent BRCA1 5382insC mutation. Even though our

patient sample was small, we should have been able to detect a risk of fourfold or greater for

BRCA1 or five fold for BRCA2 when compared to this general Ashkenazi population

_(15)_. In addition, both the younger median age of the patients in our study population, and

the LOH dissociation of the BRCA genes in sporadic cancers, strengthen our contention that

mutations in either of these genes are not likely to predispose men to prostate cancer.
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Fig. 1.
BRCA1 185delAG mutation screen. Top-Schematic diagram of the region of the BRCA1

gene surrounding the 185delAG mutation, with exon 2 indicated by the box and the site of

the deletion indicated by the inverted triangle. PCR primer pair locations are indicated

below (f: forward, r: reverse). Numbering refers to base pairs from the transcription start site

of the cDNA (from GENBANK U14680). Shown are ethidium stained gels of HDA using

(A) primer pair A (amplicon length = 237 bp), (B) primer pair B (188 bp), and (C) primer

pair C (375 bp).
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Fig. 2.
BRCA2 6174delT mutation screen. Top-Schematic diagram of the region of the BRCA2

gene surrounding the 6174delT mutation (exon 11), with the site of the deletion indicated by

the inverted triangle. PCR primer pair locations are indicated below (f: forward, r: reverse).

Numbering refers to base pairs from the transcription start site (from GENBANK U43746).

Shown are ethidium stained gels of HDA using (A) primer pair A (275 bp), (B) primer pair

B (149 bp), and (C) primer pair C (477).
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Table 1

Age and genotype distribution of prostate cancer patients

Age Bin Total BRCA1 185delAG Total BRCA2 6174delT

<40 1 0 1 0

41-50 8 0 8 0

51-60 48 1 47 2

>60 26 0 26 0

Total 83 1 82 1
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