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INTRODUCTION

It is well established that germ-line mutations in tumour suppressor genes such as BRCAI

predispose women to breast cancer (1). In fact, 20-30% of families with familial breast cancer have

identified mutations in the BRA C1 and BRCA2 genes. However BRCAJ and BRCA2 mutations do

not account for the whole spectrum of hereditary breast cancer. It is well established that

methylation of the CpG rich promoter regions of tumour suppressor genes, including BRCA1, is

associated with gene silencing and tumour progression (2, 3). Indeed the impact and significance

of the epigenetic silencing of BRCA1 is functionally equivalent to carrying a germ-line BRCA1

mutation. Hypermethylation of tumour suppressor genes is only thought to occur in the somatic

cell in sporadic tumours. However, we propose that methylation of the promoter of tumour

suppressor genes, such as BRCA1, can be also be sporadically hypermethylated in the germ-line.

Germ-line inheritance of this epigenetic silent state would occur by a similar mechanism as the

inheritance of an imprinted gene and thus contribute to familial breast cancer.

Hypothesis: That epigenetic inheritance of methylated and silent tumour suppressor genes

predisposes families to hereditary cancer.

Objective/Overall aim: To study if methylation of the tumour suppressor gene BRCA 1 is inherited

through the germ-line and is associated with the hereditary breast cancer.

Specific Aims:

1. To develop a high-through put sensitive real-time assay to assess the methylation state of

BRCA1.

2. To determine the methylation state of the BRCA1 gene in the DNA from archival blood, and

biopsy samples from at least 100 women with familial breast cancer that have no defined

mutations in the BRCAlor BRCA2 gene.
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BODY

Task]: Develop real-time bisulphite methylation assay for detection of BRCA1 methylation.

1. Design primers and probe for high throughput quantitative bisulphite methylation assay

using real-time PCR for the detection of methylated BRCA 1 CpG island promoter.

a. We have designed a novel real-time PCR assay, a technique called Head-Loop PCR

methylation assay,that can specifically be used for the detection of methylated

BRCA1 CpG island promoter. The principal of the technique is outlined in Figure 1

and the primers and probe are listed in Table 1.

b. This technique was shown to be highly specific. Figure 2 shows that only

methylated BRCAJ DNA molecules are amplified in a mixture of methylated and

unmethylated DNA template.

c. The efficiency of the amplification was shown to be excellent in detecting

methylated DNA down to 0.2 % (R= 0.99665) (Fig 3).

d. The assay is also highly sensitive. Figure 4 shows that down to 10 molecules of

methylated DNA can be detected when spiked into 1 ml of blood.

e. The headloop BRCAJ assay also was demonstrated to detect breast cancer from

matched normal breast in biopsy samples (Fig 5).

2. Design primers and optimise conditions for genomic bisulphite sequencing of the BRCA1

CpG island promoter

a. We have designed primers for bisulphite sequencing of the BRCAJ promoter (Table

1). These primers have successfully been used to determine the methylation profile

of the CpG island promoter. Figure 6 shows examples of the tract from a methylated

Headloop amplification (Fig 6A) and from an unmethylated direct PCR sequence

(Fig 6B).

Task2: Determine if hypermethylation of the BRCA1 tumour suppressor gene is inherited in

familial breast cancer

1. Retrieve archival blood samples and biopsy samples from females with BRCA1 related

familial breast cancer that have no defined germline mutations in BRACL.
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a. We have analysed the methylation state from 28 breast biopsy cancer and matched

normal samples and from blood from the same patients. These patients had BRCA I

related familial breast cancer but no defined mutations in BRAC1 or BRCA2. Figure

7 summarises the results. 7/28 breast cancer biopsy samples contained methylated

BRCA1 DNA. Of these only 1/28 showed methylation in the matched normal

sample. Interestingly this same patient showed methylation of BRCA1 in the blood.

2 other patients were found to have methylated BRCA1 sequences in the blood but

were not methylated in the breast tissue.

b. We extended the analysis to include 96 archival breast cancer samples and found

methylation of BRCAI in 72/96 (75%) (Fig 8). Of these only 28 had matched normal

samples and only one was shown to be methylated. We compared these results to

published data for BRCA1 methylation and found a great disparity in the literature

depending on the method used for methylation analysis (Fig 9). Using our method

we detected a significantly higher proportion of methylation in breast tumours. The

choice of method is critical in interpreting methylation data as the sites tested can

vary as well as the sensitivity of each assay.



7

KEY RESEARCH ACHIEVEMENTS

Developed a sensitive and novel real-time PCR based assay for detection

of BRCA1 methylation.

Hypermethylation of the BRCA1 tumour suppressor gene was found to be

principally due to somatic mutations in familial breast cancer

One example however was found which indicated that hypermethylation of

the BRCA1 tumour suppressor gene may have been inherited through the

germline.
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REPORTBLE OUTCOMES

Manuscript in preparation reporting the novel methylation assay

The data was presented at the kConFab annual meeting in Couran Cove, Qld Australia in

September, 2004

Funding will be applied for 2005 to the NSW Cancer Institute to extend this study on more

extensive families

Wenjia Qu was employed on this grant and will continue to work on this topic through

support from the Garvan Cancer program.



9

CONCLUSION:

We have developed a high-through put sensitive assay for the detection of methylated BRCA1 from

biopsy samples and blood. Using this assay we have screened women with familial breast cancer to

determine if any carried a methylated BRCA1 copy through the germ line. We found a high

proportion (78%) of biopsy cancer samples were methylated. Of these only 1/28 (0.03%) showed

methylation in both matched normal and blood. It is therefore possible that this patient may have

inherited a germline methylation mutation of the BRCA1 gene. To test for this we need to assay for

BRCA1 methylation in other family members. Unfortunately these samples are not available in the

archival collection. A new study is now being organised assay more samples from other family

members. Intriguingly methylation was found in blood of 2 patients with no methylation in the

breast cancer or normal tissue suggesting that a low level of methylation of BRCA1 may occur in

normal blood.

Results from this study support the possibility of epigenetic inheritance and that inheritance of a

methylated BRCA1 allele may predispose the families to hereditary cancer. However such

inheritance must be very low as only 0.03% of samples showed any indication of BRCA1

methylation in blood and normal and cancer samples. Somatic changes in methylation of BRCA1

appear to be the primary source of epigenetic change in the cancers studied.
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