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Introduction

Germline mutations of the BRCA2 gene on chromosome
13q12-13 predispose humans to the development of early-
onset breast cancer and ovary cancer (Wooster et al. 1995).
Most germline mutations in BRCA2 are predicted to result in
truncation (Wooster et al. 1995; Tavtigian et al. 1996) and
hence, inactivates the critical functions of the encoded pro-
tein (Shamoo 2003). Tumours arising in carriers of BRCA2
germline mutations usually exhibit loss of heterozygosity
(LOH) of chromosome 13q polymorphic markers flanking
BRCA2. The allele lost is the wild-type allele inherited from
the nonmutation-carrying parent (Collins et al. 1995), a pat-
tern that is characteristic of a tumour-suppressor gene and
that is predicted to result in the absence of the functional
protein in the tumour cell.

In addition to germline mutations, many cancer predispo-
sition genes including RB1, p53, NF-2, APC, WT1 (Fearon
1997), VHL (Shuin et al. 1994) NF-1 (Li et al. 1992) and
MTS1 (Caldas et al. 1995) are somatically mutated in spo-
radic cancers. These somatic mutations are usually associ-
ated with a high frequency of LOH near the susceptibility
gene, relevant to the sporadic cancers. Loss of heterozygos-
ity at the BRCA2 locus has been observed in 30%–40% of
sporadic primary breast cancers (Callens et al. 2003) and ap-
proximately 50% of sporadic primary ovarian cancers (Taka-
hashi et al. 1996). However, exhaustive analyses of many
sporadic breast, ovarian and other cancers have indicated that
somatic mutations in BRCA2 gene are very rare (Collins et al.
1997).
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For certain tumour-suppressor genes, an alternative epi-
genetic mechanism of inactivation within tumour cells has
been proposed. In some cancers, normally unmethylated cy-
tosine residues within or near the promoter region of genes
such as MTS1 (p161NK4a) (Gonzales-Zulueta et al. 1995),
RB1 (Ohtani et al. 1993), E-cadherin (Yoshiura et al. 1995),
VHL (Herman et al. 1994, 1995); FHIT, FANCF, cyclin-
D2, RUNX3 (Dhillon et al. 2004) and RASSF1A (Lehmann
et al. 2002) become methylated. There is a shift in methy-
lation patterns and some promoter region CpG islands be-
come methylated leading to silencing of the adjacent genes,
and this process is considered to be a critical step in cancer
development (Herman and Baylin 2003).

Although preliminary studies on breast (Collins et al.
1997) and ovarian (Gras et al. 2001) tumours, reported the
absence of cytosine methylation in BRCA2 gene promoter,
a later study showed methylation of BRCA2 gene promoter
in 4% of the patients with ovarian cancer (Dhillon et al.
2004). The structure of BRCA2 gene, and the high density
of CpG dinucleotides (more than 50) within a 1.1-kb region,
prompted us to study the cytosine methylation status on two
unstudied sites of the gene in women with sporadic breast
cancer.

Materials and methods

Archival tumour tissue samples of six, and both tumour and
normal tissue samples of 12 women with the diagnosis of
sporadic breast cancer were the subjects of this study. The
normal breast tissue samples were used as controls in order to
show the differences between BRCA2 gene methylation pat-
terns of normal and cancerous cells of the same individuals.
All patients were untreated at the time of surgery, none were
smokers, and their age ranged between 40 and 58 years, and
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they did not exhibit LOH of BRCA2 gene during routine anal-
ysis. We obtained the genomic DNA sequence (from −79 to
+420) at the 5′ end of the BRCA2 gene from the literature
(Collins et al. 1997). Site 4 (from +97 to +282) and site 5
(−59 to +96) were determined according to their high CpG
contents (figure 1).

DNA isolation

The DNA isolation was performed by following QI-Amp
DNA mini Kit (Qiagen, Valencia) protocol for fresh tumour
and normal tissue samples, and by applying the cell lysing
technique (Williams et al. 1988) for archival breast tissue
samples. We made slight modifications to the homogeniza-
tion step of both the methods, prolonging it to overnight, and
adding proteinase K (20 µl) from time to time, as needed,
due to the loss of enzymatic activity. DNA samples from tu-
mour and normal tissue samples were exposed to bisulphite
treatment, following Herman et al. (1994).

Designing of primers

The unmethylated primer pairs designed originally for
methylation specific amplification of sites 4 and 5 were:
(Site 4) BRCA 211 U→ 5′ - TTCCGGCTGGTGCGTGTG - 3′ sense

212 U→ 5′ - CGGCGACCACCGCCGAA - 3′ antisense

(Site 5) BRCA 221 U→ 5′ - CCGGGAGAAGCGTGAGG – 3′ sense
222 U→ 5′ - CCGCGGCAGGCGACCG - 3′ antisense,

and the methylated primers were:

(Site 4) BRCA 211 M→ 5′ - TTTTGGTTGGTGTGTGTG - 3′ sense
212 M→ 5′ - CAACAACCACCACCAA - 3′ antisense

(Site 5) BRCA 211 M→ 5′ - TTGGGAGAAGTGTGAGG - 3′ sense
212 M→ 5′ - CCACAACAAACAACCA - 3′ antisense.

All cytosines in sense-methylated primers were con-
verted into thymine. All guanines of the antisense-
methylated primers were converted into adenine, because of
the conversion of methyl-cytosines of the template into uracil
by bisulphite treatment. The primers were synthesized by
Proligo-Sigma, Paris.

PCR mixture and cycles

Amplification by the methylation specific PCR (MS-PCR)
and detection of the CpG methylation of sites 4 and 5
was performed under the following conditions. MS-PCR
mixtures were prepared for methylated and unmethylated
primers separately. Contents of the PCR mixture includes
5 µl of bisulphite treated template DNA, 5 µl of PCR buffer,
4 µl of MgCl2 (25 mM), 4 µl of dNTPs (2.5 mM), 5 µl of
primer 1-1 (10 ppm), 5 µl of primer 1-2 (10 ppm), 5 µl of
DMSO and 0.5 µl of TaqDNA polymerase (Sigma, St Louis),
made up to a total of 50 µl by adding distilled water.

The PCR programme was as follow: after the denatura-
tion step at 95◦C for 5 min, 95◦C (30 sec), followed by 57◦C
(30 s) and 72◦C (30 s), for a total of 40 cycles, followed by
a final extension step at 72◦C for 10 min. MS-PCR prod-
ucts were loaded on 2% agarose gel and electrophoresed at
75 V for 20–30 min, and then the bands were evaluated via
photographs of the gels.

Results and discussion
We examined both site 4, extending from +97 to +282 posi-
tions, and site 5 extending from −59 to +96 positions, in the
exon 1 of the BRCA2 gene, using sodium bisulphite treat-
ment, and MS-PCR amplification of the genomic DNA. Site
4 overlapped with three sites (sites1 and 3 partially and site
2 completely) that have been studied previously (Collins et
al. 1997). The extra part from +96 to +103 at 5′ upstream of
site 1, and the excluded part of site 3 from +282 to +334 po-
sitions were nonoverlapping regions of site 4, and we found
cytosine methylation at site 4 in neither normal nor tumour
samples of 12 patients, nor in the six archival tumour samples
(figure 2).

However, we found CpG methylation at site 5 in the pro-
moter of BRCA2 gene. Interestingly, five out of twelve pa-
tients (41.67%) had cytosine methylation at site 5 in both
the tumours and normal DNA, and the other seven (58.33%)
cases did not show methylated CpGs in the same site of either
normal or tumour tissue DNA (figure 3). In addition, four of
six archival tumour samples (66.67%) also showed cytosine
methylation at site 5 (figure 2).

Figure 1. The illustration of the sites 1–5 on the promoter region of BRCA2 gene. Methylation status of the sites 1–3
was examined by Collins et al. (1997) previously, and the sites 4 and 5 have been examined in the present study.
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CpG methylation in promoter region of human BRCA2 gene

Figure 2. Methylation specific PCR amplified products of site 5 DNA after
gel electrophoresis. sm, size marker; n, normal tissue DNAs of patients 1–4; t,
tumour tissue DNAs of the same patients; u, unmethylated; m, methylated.

Figure 3. Methylation specific PCR amplified products of site 4 DNA after
gel electrophoresis. sm, size marker; n, normal tissue DNAs of patients 1–4; t,
tumour.

BRCA2 is a large gene containing 10,274 nucleotides en-
coded by 26 exons (Wooster et al. 1995; Tavtigian et al.
1996). As mentioned in the introduction, within the 1.1-kb
region of BRCA2 extending from −380 to +700, with 0 in-
dicating the transcription start site, the G+C content exceeds
60% and there is an elevated CpG/GpC ratio. The high den-
sity of CpG dinucleotides and the location of this region are
characteristic of ‘CpG islands’ that are found in the vicinity
of the transcriptional start site of approximately 60% of most
known housekeeping and tissue specific genes (Bird 1986).
This 1.1-kb region also contains short sequences correspond-
ing to the recognition sites of the transcription factors SP1,
USF, AP2 and CP2, that are often localized within the pro-
moters of the genes. However, this region presents no TATA
or CAAT box (Collins et al. 1997). Previous research to iden-
tify the methylation status of the CpG rich promoter region
of the BRCA2 gene has been limited to one study on breast
cancer (Collins et al. 1997), and the two others performed
with ovarian tumours (Gras et al. 2001; Dhillon et al. 2004).

Among the two sites studied by us, site 4 did not show
any methylated cytosine residues. Although the methods
used are different, our data related to overlapping regions
of site 4 and earlier studied sites is consistent with previ-
ous observations of Collins et al. (1997). As far as we know,
the methylation status of the nonoverlapping part from +96

to +103 at 5′ upstream of the site 1, which includes a CpG
island, has not been studied before.

In contrast to site 4, we observed methylation in site 5,
extending from −59 to +96 positions in the promoter region
of the BRCA2 gene. To our knowledge, this is the first study
to examine the methylation status of a site which extends to
the 5′ upstream of the start site of exon 1 of the BRCA2 gene.
This site was found methylated in 50% of the studied women
with breast cancer. Site 5 was methylated both in normal
and tumour cells in same patients, but surprisingly it was un-
methylated in both normal and tumour cells in 58.33% of
sporadic breast cancer women, and 66.67% of archival breast
tumours with missed normal cell samples, because of the ret-
rospective character. The importance of this data, in the con-
text of the epigenetic role of DNA methylation on BRCA2
gene transcription activity, is not supported by some previ-
ous reports (Ohtani et al. 1993; Herman et al. 1994, 1995;
Yoshiura et al. 1995; Collins et al. 1997). In these previous
studies, the increases in methylation on promoter regions in
cancers were associated with increases in methylation at all
the CpG dinucleotides studied. However, one cannot predict
how many CpG methylations for a given gene are required
to trigger tumourigenesis (Kang et al. 2001). For example,
it has been shown that a single-site methylation that occurs
216 nucleotides upstream from 85-bp reduced promoter ac-
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tivity by 85% and was associated with transcriptional inacti-
vation of p53 gene in mouse hepatocarcinogenesis (Pogribny
et al. 2000). Similar data, related to the p53 gene methyla-
tion has also been reported for human breast cancers (Kang
et al. 2001). Therefore, it is hard to draw any definitive con-
clusions about the possible role of methylation as an epige-
netic factor in tumourigenesis, without expression studies of
the BRCA2 gene, with a comparison of methylated and un-
methylated site 5 in women with sporadic breast cancer.
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Kreipe H. 2002 Quantitative assessment of promoter hyperme-
thylation during breast cancer development. Am. J. Pathol. 160,
605–612.

Li Y., Bollag G., Clark R., Stevens J., Conroy L., Fults D. et al.
1992 Somatic mutations in the neurofibromatosis 1 gene in hu-
man tumors. Cell 69, 275–281.

Ohtani Fujita N., Fujita T., Aoike A., Osifchin N. E., Robbins P. D.
and Sakai T. 1993 CpG methylation inactivates the promoter ac-
tivity of the human retinoblastoma tumor-supressor gene. Onco-
gene 8, 1063–1067.

Pogribny I. P., Pogribna M., Christman J. K. and James S. J. 2000
Single-site methylation within the p53 promoter region reduces
gene expression in a reporter gene construct: possible in vivo
relevance during tumorigenesis. Cancer Res. 60, 588–594.

Shamoo Y. 2003 Structural insights into BRCA2 function. Curr.
Opin. Struct. Biol. 13, 206–211.

Shuin T., Kondo K., Torigoe S., Kishida T., Kubota Y., Hosaka M.
et al. 1994 Frequent somatic mutations and loss of heterozygos-
ity of the von Hippel-Lindau tumor suppressor gene in primary
human renal carcinomas. Cancer Res. 54, 2852–2855.

Takahashi H., Chiu H. C., Bandera C. A., Bekbaht K., Lui P. C.,
Couch F. J. et al. 1996 Mutations of the BRCA2 gene ovarian
carcinomas. Cancer Res. 56, 2738–2741.

Tang A., Varley J. M., Chakraborty S., Murphree A. L. and Fung Y.
K. 1988 Structural rearrangement of the retinoblastoma gene in
human breast carcinoma. Science 242, 263–266.

Tavtigian S. V., Simard J., Rommens J., Couch F. J., Shattuck-
Eidens D., Neuhausen S. et al. 1996 The complete BRCA2
gene and mutations in chromosome 13q-linked kindreds. Nature
Genet. 12, 333–337.

Williams C., Weber I., Williamson R. and Hjelm M. 1988 Guthrie
spots for DNA-based carrier testing in cystic fibrosis. Lancet 2,
693.

Wooster R., Bignell G., Lancaster J., Swift S., Seal S., Mangion J.
et al. 1995 Identification of the breast cancer susceptibility gene
BRCA2. Nature 378, 789–792.

Yoshiura K., Kanai Y., Ochiai A., Shimoyama Y., Sugimura T. and
Hirohashi S. 1995 Silencing of E-cadherin invasion-suppressor
gene by CpG methylation in human carcinomas. Proc. Natl.
Acad. Sci. USA 92, 7416–7419.

Received 6 May 2006; accepted 2 December 2006
Published on the Web: 9 May 2008

158 Journal of Genetics, Vol. 87, No. 2, August 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


