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CAGGTTTAGCGCCACTCTGCTGGCTGAGGCTGCGGAGAGTGTGCGGCTCCAGGTGGGCTCACGCGGTCGTGATGT
CTCGGGAGTCGGATGTTGAGGCTCAGCAGTCTCATGGCAGCAGTGCCTGTTCACAGCCCCATGGCAGCGTTACCC  
AGTCCCAAGGCTCCTCCTCACAGTCCCAGGGCATATCCAGCTCCTCTACCAGCACGATGCCAAACTCCAGCCAGT 
CCTCTCACTCCAGCTCTGGGACACTGAGCTCCTTAGAGACAGTGTCCACTCAGGAACTCTATTCTATTCCTGAGG 
ACCAAGAACCTGAGGACCAAGAACC AGCCTACCCCTGCCCCCTGGGCTCGATTATGGGCCCTTCAGGATG 
GATTTGCCAATCTTGAGACAGA GGC TGTTACCC ATCTGATCTTGAACTCCTGCTCTCATCTGATCCTC 
TTGCCTCAGCCTCCCAAA GGTGTG CACCATCCCCGGCCAGTTTGCAGTCTAAAATGTG 
TGAATGACAACTACTGGT GGAGGGACAAAAGCTGTGAATATTGCTTTGATGAACCACTGCTGAAAAGAACAG
ATAAATACCGAACATACAG AACACTTTCGGATTTTCAGGGAAGTGGGTC AAAACTCTTACATTGCAT 
ACATAGAAGATCACAGTGG T AGA CTTGT GGGAAAGGA ACGCCGTCCTTTGA  
ATAACAATTCTGAA CTGTCACTA C AAATAA T GTCTTTTTT ACTGTAGATGATC 
AGTCAGTTT GGCA TACATCATGTCAA AACTCTTGGAAGTGGTGCCTGTGGAGAGG

AAAG TTTCGAGAGGA GAAAGTAGCCAT AGGAAGTTTGCTATTG 
GTTC CAAGAGAGGCAGA TCTCAATGTTGAAACAGAAATA AAAGCTAAATCATCCTT  
GCAT TCAAGATTAAAAACTTTTTTG AAGATTATTATATTGTTTTGGAATTGATGGAAGGGGGAGAGC 
TGTTTGACAAAG GGTGGGGAATAAACGC AAGAAG CCTGCAAGCTCTATTTTTACCAGATGCTCTTGG

CAG TCTGCTGG AGGCTG AGTGT CGGCTCCAGGTGGGCTCACGCGGTCG GT
TTGAGGCTCAGCAGTCTC GCAGCAGTGCCTGTTCACAGCCCCATG TTACCC  

CCA C CCTCACAGTCCCAGGGCATATCCAGCTCCTCT CAGCCAGT 
TCCAGC CTGGGACACTGAGCTCCTTAGAGACAGTG CACTCAGGAACTCTAT CTATTCCTGAGG 

ACCAAGAACCTGAGGACCAAGAACCTGAGGAGCCTACCCCTGCCC CCTTCAGGATG 
GATTTGCCAATCTTGAGACAGAGTCTGGCCATGTTACCCAATCT ATCTTGAACTCCTGCTCTCATCTGATCCTC 
TTGCCTCAGCCTCCCAAAGTGCTGGGATAAGAGGTGTGAGGCACCA CTAAAATGTG 
TGA CAACTACTGGTTTGGGAGGGACAAAAGCTGTGAATATTGCT TGA TGAAAAGAACAG
A A ACAGCAAGAAACACTTTCGGATTTTCAGGGAAGTGG TCCTAAA TCTTACATTGCAT 
ACATAGAAGATCACAGTGGCAATGGAACCTTTGTAAATACAGAGCTTGTA GGAAAGGAAAAC CCGTCCTTTGA  
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Abstract

Background A major limitation in counseling unaffected women from families with 
inherited breast and ovarian cancer is that a ‘true-negative’ interpretation of wild type 
BRCA analysis of the proband can not be inferred in the absence of demonstration 
of a BRCA mutation segregating in the kindred. Documentation of familial BRCA 
mutations from paraffin-derived DNA of deceased patients has been limited due to 
reports of technical complications leading to lack of reproducibility of BRCA testing 
of archival material.

Methods DNA was extracted from formalin-fixed paraffin-embedded (FFPE) 
morphologically normal tissue of 161 blinded, coded samples from women previously 
genotyped for the three Ashkenazi Jewish BRCA founder mutations from lymphocyte- 
derived DNA. 
Multiplex PCR followed by denaturing polyacrylamide gel electrophoresis was 
performed for the three founder mutations to determine if analysis on FFPE tissue 
could produce results concordant with those of the lymphocyte-derived DNA.

Results After disclosure of the sample codes, the results were compared with the 
original lymphocyte-derived DNA genotypes. Excluding one sample unevaluable due 
to PCR failure, there was 100% concordance of 160 genotypes (120 mutation samples) 
derived from DNA from archival FFPE tissue compared to peripheral lymphocytes. 

Conclusions The method described reliably detected BRCA founder mutations in 
archival DNA derived from FFPE tissue. These results suggests that this technique may 
be useful in clinical settings to inform wild type BRCA results of unaffected probands, 
leading to avoidance of unnecessary intensified surveillance or risk-reducing surgery. 
With further validation this approach can also be applied to other populations where 
founder mutations are observed. 

hfst 2.indd   40 24-09-13   11:51



41

2
chapterIntroduction

Germline mutations in the breast cancer genes BRCA1 and BRCA2 are associated 
with over 80% of dominantly inherited breast/ovarian cancer families. In many ethnic 
groups there is an elevated frequency of recurrent mutations in the BRCA genes due 
to common ancestral origins and endogamy (founder mutations). Most of the BRCA 
founder mutations cause frameshifts due to a deletion (del) or an insertion (ins).

In the Ashkenazi Jewish population, the founder mutations BRCA1*185delAG, 
BRCA1*5382insC and the BRCA2*6174delT are commonly observed.1-3 Together 
these three mutations account for approximately 95% of detectable BRCA mutations 
found in dominantly inherited early onset breast and ovarian cancer families of 
Ashkenazi Jewish ancestry.4,5 Founder mutations are also present in parts of the 
Netherlands, in the French-Canadian population, as well as in Iceland, Hungary, 
Sweden, Norway, Russia, Poland and in certain Asian countries.6-9 

Ideally, BRCA testing should commence with an ovarian cancer case or the 
youngest affected woman with breast cancer in a hereditary breast and ovarian 
cancer kindred, in order to maximize the likelihood of detecting a mutation, and to 
serve as a point of reference for other family members.10 However, it is not uncommon 
to encounter women from dominantly inherited breast (and ovarian) cancer kindreds 
in which all affected individuals are deceased. In this setting, the finding of wild type 
sequence in selected BRCA founder alleles is of limited clinical utility, as these women 
may have other BRCA mutations, or may have mutations in other breast cancer 
susceptibility genes.4,11 Most often, women with such “uninformative negative” results 
are recommend to participate in a program of tailored surveillance because of the 
residual risk for breast and ovarian cancer. In such settings prophylactic mastectomy 
may still be considered because of the significant proportion of hereditary site specific 
breast cancer that is not linked to BRCA1 or BRCA2, as well as the possibility that 
the predisposition to cancer is caused by either a non-founder or non detectable 
BRCA mutation.11 Less commonly, oophorectomy may also be considered in this 
setting, although the risk of ovarian cancer in BRCA wild type kindreds does not 
appear to be elevated.12 Analysis of DNA derived from archival pathology material of 
deceased affected individuals in such kindreds offers the promise of clarifying these 
“uninformative negative” interpretations for unaffected probands, mitigating the need 
for intensified surveillance and/or risk-reducing surgery. 

Unfortunately, there have been reports of technical difficulties in amplifying DNA 
from paraffin-embedded tissue using different techniques.13-16 DNA degradation from 
aging, fixatives, type of Taq DNA polymerase and length of PCR product have been 
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reported as being responsible.13,17,18 In this study we employed a rapid and reliable 
acrylamide gel-based method to detect Ashkenazi Jewish BRCA founder mutations 
in archival FFPE tissue, which can be generalized to any population in which such 
ancestral mutations are observed.

Materials

Five 10 µm thick unstained sections of morphologically normal formalin-fixed paraffin-
embedded tissue were obtained from 161 blocks derived from 158 different women 
from 148 separate Ashkenazi Jewish kindreds. These sections were ascertained as 
part of an Institutional Review Board approved protocol. The preserved tissue blocks 
were dated from 1980 through 2004 and were kept at the pathology department of 
Memorial Sloan-Kettering Cancer Center (MSKCC). All tissue samples were fixed in 
10% neutral buffered formalin and embedded in paraffin (FFPE). 

Kindreds were ascertained by the Clinical Genetics Service from 1995-2005. 
The only ascertainment criterion was that samples were derived from women who 
had lymphocyte DNA genotyping which revealed mutant or wild type sequence 
(as controls) for any of the three founder mutations. In 109 kindreds (121 mutation 
carriers) a known founder mutation was detected in lymphocyte-derived DNA, and in 
39 kindreds (40 controls) no founder mutation was detected in lymphocyte-derived 
DNA.

Morphologically normal tissue sections of 40 BRCA2*6174delT, 24 BRCA1*5382insC, 
57 BRCA1*185delAG mutation carrier samples and 40 samples of non-heterozygotes 
were collected and delivered anonymously coded to the laboratory for DNA analysis 
(Table 1).

For each mutation, samples were grouped based on age of archival sample. One 
group consisted of samples biopsied before 1994 and another group consisted of 
samples biopsied after 1994. This grouping was performed to determine if age of 
archival tissue or changes in methods of tissue fixation would affect the reliability 
and reproducibility of genotyping. The formalin-fixed paraffin-embedded tissue from 
25 collected samples was at least 10 years old (before 1994) (Table 1). The oldest 
sample was biopsied and preserved 25 years (1980) before DNA extraction and 
genotyping was performed. 

Morphologically normal tissue was derived for DNA-extraction from different tissue 
types, predominantly breast (74 out of 161) and ovarian (49 out of 161) tissue (Table 2). 
Often, samples were only small biopsies, for example, endometrial curettage material.
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Lymphocyte- 
derived DNA

FFPE tissue-derived DNA

<1994 >1994

BRCA1*185delAG 57 14 43

BRCA1*5382insC 24 3 21

BRCA2*6174delT 40 6 34*

Wild type 40 2 38

Total 161 25 136*

Samples of the three Ashkenazi founder mutations tested in lymphocyte-derived 
DNA by direct sequencing and tested in formalin-fi xed and paraffi n-embedded
(FFPE) tissue divided by age of blocks. *One of the 161 FFPE tissue samples was 
excluded (0.6%) precluding adequate genotyping. DNA from this sample was derived 
from breast tissue and was preserved after 1994. The comparative lymphocyte-derived 
DNA from this case had shown a BRCA2*6174delT mutation. 

Table 2  Overview of FFPE tissue types

Tissue type Number of samples

Breast/Nipple 74

Ovary/Fallopian tube 49

Endometrium/Cervix 15

Skin 8

Lymph nodes 7

Gastrointestinal 4

Peritoneal adhesions 3

Muscle 1

Total 161

Morphologically normal tissue was derived for DNA extraction. 
Often samples were only small biopsies. 
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Methods
DNA extraction
Five 10 µm thick unstained sections of morphologically normal FFPE tissue for each 
sample were cut with a disposable blade and placed in 1.5 ml tubes. 

The tissue in each tube was deparaffinized by the addition of 1.0 ml of octane 
(Fisher Scientific), vortexed at maximum speed for at least 20 seconds, adding 75 
μl of methanol (Fisher Scientific), and vortexed 20 seconds. Samples were then 
centrifuged for 10 minutes at room temperature at 14,000 rpm and the supernatant 
was removed by pipetting using filter tips. The tissue pellet was air-dried and soaked 
in 100 μl of Cell Lysis Solution (Gentra Systems). Each sample was homogenized 
with sterile RNAse-free, disposable microcentrifuge pellet pestles (Fisher Scientific) 
followed by the addition of 200 μl of Cell Lysis Solution. Depending on the volume 
of the tissue, 30 or 60 μl of Recombinant PCR Grade Proteinase K (Roche Applied 
Science) was added and the tissue was digested by incubating in a waterbath at 
55 ºC overnight. After cooling the samples to room temperature, 110 μl of Protein 
Precipitation Solution (Gentra Systems) was added to each tube and vortexed 
vigorously. Tubes were placed on ice for 10 minutes and centrifuged at 14,000 rpm 
for 10 minutes. The supernatant above the pellet was transferred to 1.5 ml tubes 
and 500 μl (approximately 1:1) isopropanol (Fisher Scientific) was added. After the 
addition of 1 μl Glycogen (20 μg/ml, Roche Applied Science) each tube was inverted 
and centrifuged at 14,000 rpm for 5 minutes to pellet the DNA. The supernatants were 
removed and the DNA pellets were washed with 70% ethanol, centrifuged at 14,000 
rpm for 1 minute and air-dried after ethanol removal.

Based on the pellet size 20 or 50 μl of DNA Hydration Solution (Gentra Systems) 
was added and each tube incubated at 65ºC for 1 hour. The DNA concentration was 
measured by spectrophotometry and then the DNA samples were stored at -20ºC.

DNA amplification and mutation analysis 
The method of mutation screening utilized in this study is based on the original 
acrylamide gel approach used to describe the Ashkenazi founder mutations.19 By 
multiplexing this technique, the size difference of the three mutant fragments is 
compared to wild type DNA. Such multiplexing allows detection of all three founder 
mutations simultaneously.20 The primer sequences (3 pairs) used for the Ashkenazi 
founder mutations are given in Table 3. 

In brief, per sample, 10 µM of each forward primer was individually end-labeled 
in a reaction with 0.75 µCi [γ-33P] adenosine triphosphate per sample, 1x Forward 
Reaction Buffer (Invitrogen) and 0.1 U T4 kinase (Invitrogen). Radiolabeled primers 
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were then combined in a 10 µl multiplex PCR reaction consisting of 50 ng DNA, 0.2 
mM of each dNTPs (Promega), 0.8 µM of each forward and reverse primer (Genosys), 
10x PCR Buffer (Applied Biosystems), and 0.0625 U Ampli Taq Gold DNA Polymerase 
(Applied Biosystems). Amplification was then performed with a 10 minute 95ºC hot 
start, 35 cycles of 20 seconds 95˚C, 20 seconds 55˚C and 30 seconds 72ºC each, 
followed by a 7 minute extension at 72ºC and ending with a 4 ºC hold. The PCR products 
were diluted 1:1 (10 µl) in denaturing loading buffer (95% formamide, 10mM EDTA, 
0.02% xylene cyanol and 0.02% bromophenol blue), heated at 95ºC for 5 minutes and 
placed on ice before loaded. Products were visualized by running on a 6 % denaturing 
polyacrylamide gel containing 7 M Urea and run in 1x TBE buffer for approximately 3 
hours at 80 Watt. Gels were dried at 80 ºC for one hour under vacuum. Dried gels were 
exposed for at least one hour on a PhosphorImager screen and visualized with Image-
QuaNT software; only 4 hours were needed to produce interpretable genotyping 
results. Gels were then exposed to film for at least 48 hours and developed. All mutant 
genotypes were confirmed by repeat analysis. 

Table 3  Primer sequences

Primers Nucleotide sequence Product size (bp)

BRCA1 185 del AG  F 5’  TCT GCT CTT CGC GTT GAA GAA  3’
90

BRCA1 185 del AG  R 5’  CAC TCT TGT GCT GAC TTA CCA  3’

BRCA1 5382 ins C  F 5’  GAG GAG ATG TGG TCA ATG GAA  3’
80

BRCA1 5382 ins C  R 5’  AGG GAG CTT TAC CTT TCT GTC 3’

     

BRCA2 6174 del T  F 5’  GGG AAG CTT CAT AAG TCA GTC  3’
97

BRCA2 6174 del T  R 5’  TTT GTA ATG AAG CAT CTG ATA CC 3’

The forward (F) and reverse (R) primer sequences and PCR product sizes in base pairs (bp) for the 
Ashkenazi Jewish founder mutations.
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Results

The laboratory investigators were blinded to the lymphocyte-derived DNA genotyping 
results. Results of the archival DNA analysis were sent to the study coordinator. The 
sample codes were disclosed and the study coordinator compared the results from 
the coded samples with the original lymphocyte DNA results. One sample was 
excluded because of PCR failure (0.6%) precluding adequate genotyping. DNA 
from this sample was derived from breast tissue and was preserved after 1994. For 
the remaining 160 samples, there was 100% concordance between DNA samples 
derived from archival FFPE tissue and fresh lymphocytes (Table 1). There were no 
false negatives or false positives. 

The age of the tissue blocks did not interfere with the results. All mutant genotypes 
were confirmed by repeat analysis; all samples with a mutation showed a very clear 
distinct band specific for that mutation due to size difference of the fragment and 
showing the same result as the concordant positive control on the same gel (Figure 1). 

Figure 1  Denaturing polyacrylamide gel with founder mutation samples
PCR products for the three BRCA Ashkenazi founder mutations are shown simultaneously for each sample. 
Samples with a mutation show a distinct shifted band in comparison to the wild type DNA product on 
denaturing gels due to the size difference of the DNA fragment. In this gel, three 6174delT, two 185delAG 
and two 5382insC (one positive control) and two wild type samples are shown.    
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Previously it has been reported that DNA degradation and suitability for PCR-based 
analysis of DNA derived from paraffin-embedded tissue is dependent on length of 
fixation, fixatives and reagents utilized. Different methods have been employed to 
detect small genetic alterations in DNA derived from paraffin-embedded tissue for 
genotyping of the tumor suppressor gene TP53.15,16,21-23 

Only two publications performed a comparative, blinded study of testing BRCA1 and 
BRCA2 mutations on DNA derived from paraffin-embedded tissue, however, neither 
used a radioactive multiplex PCR method, and both studies used a small number 
of samples.6,13 Kuperstein et al. tested 30 samples derived from paraffin-embedded 
tumor tissue for the Ashkenazi Jewish and French-Canadian founder mutations 
and also found a concordance of 100% using a fluorescence-based multiplex PCR 
method. Bernstein et al. performed a multicenter study were they sequenced 12 DNA 
samples derived from paraffin-embedded tissue, but only obtained a 45-55% rate 
of correct identification of frameshift (deletion and insertion) mutations. This group 
reported that this rate was dependent on the age of the blocks being used. Utilizing 
conventional sequence-based genotyping, we and another group have also noted 
inconsistencies in BRCA genotyping based on paraffin-derived DNA (Ellis NA and 
Bale A, personal communication). 

In this study 120 samples with either one of the three BRCA Ashkenazi founder 
mutations including 25 samples over 10 years old were tested. No difference was 
found in the quality and reproducibility of the results between old and new samples. 
This multiplex PCR method described in this report is particularly suitable for 
screening for BRCA1 or BRCA2 mutations in the Ashkenazim, where three founder 
mutations appears to account for approximately 95% of all detectable mutations in 
this population.4,5 This method may also be usable in other geographic and ethnic 
groups where deleterious founder mutations accounts for a substantial fraction of 
hereditary breast and ovarian cancer linked to BRCA1 or BRCA2.6 However, such 
“single amplicon” based approaches for founder mutation detection can not substitute 
for full sequence analysis, since non-founder BRCA1 and BRCA2 mutations may still 
occur in these genetic isolates.

The success of our multiplex PCR method can mainly be attributed to the small 
size of the amplicons. The PCR primers used for each of the three BRCA founder 
mutation yields PCR products under 100 bp. Since DNA quality from archival paraffin-
embedded tissue may be suboptimal for the amplification of long fragments due to 
degradation, it is critical to minimize the length of the PCR products while still allowing 
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for mutation detection. The use of radioactivity in our multiplex PCR method allows 
for increased sensitivity in the detection of product when small amounts of DNA are 
available. Additionally, the use of AmpliTaq Gold DNA Polymerase (Perkin Elmer) with 
a hot start versus AmpliTaq DNA Polymerase resulted in increased specificity in the 
PCR reaction resulting in less non-specific products.

The 100% sensitivity of the genotyping approach used here validates its potential 
clinical role. Paraffin-based BRCA testing of archival material may have a significant 
clinical impact. For example, at MSKCC we have identified as many as 1,000 
unaffected women from high risk breast and ovarian cancer families, who have been 
shown not to have one of the three common Ashkenazi founder mutations, but for 
whom no affected living relative was available for testing. Based on the strength of the 
family history, many of the individuals in this group are recommended to participate in 
both breast and ovarian risk-reducing strategies because of the possible increased 
risk of cancer caused by other germline genetic changes that were not excluded by 
the founder mutation testing. The majority of individuals in this group have deceased 
family members whose DNA could possibly be retrieved for archival DNA testing. 

The advantages of establishing a “true negative” BRCA wild type result in these 
individuals are multifold. By decreasing risk estimates to a subset of these individuals 
and their families, exposure to risks of intensified surveillance and risk-reducing 
surgery can be substantially mitigated.24 

Certain barriers remain however before widespread testing of archival paraffin- 
derived DNA can be achieved. Importantly, insurance reimbursement for this testing 
is not assured at present. At least one U.S. carrier (Aetna) covers the cost of BRCA 
testing for an affected relative of an unaffected proband, if that proband carries the 
insurance policy. It is unclear if such a policy will apply to deceased relatives, and 
if other insurance plans will follow suit. In addition, many pathology departments do 
not yet view paraffin archives as DNA repositories and may discard them over time. 

Finally, psychological and practical considerations may limit the motivation and 
ability of women to pursue DNA testing of archival material from deceased relatives. 
Such material, legally, is under the custody of the executor of the estate of the 
deceased, and not the next-of-kin (who may not always be the same person). This 
may lead to emotional barriers precluding discussion of the process of taking legal 
custody of the archival material.25 The psychological and emotional strains of entering 
into these discussions also can not be taken for granted, and will require psychosocial 
supports as part of the pre-test counseling process.

However, despite these caveats, the availability of DNA testing for BRCA mutations 
on paraffin material marks another important advance for germline genetic testing. 
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potential of increasing the probability of successful identification of candidates for 
hereditary non-polyposis colon cancer testing.26 In contrast, utilizing a denaturing 
acrylamide gel-based approached, archival DNA testing for BRCA founder mutations 
offers the promise of decreasing the intensity of cancer screening and prevention 
recommendations for a subset of women with uninformative negative results who seek 
guidance regarding their hereditary cancer risk. 

Acknowledgments and affiliations
This work was partially supported by the Department of Defense Breast Cancer 
Research Program (DAMD17-03-1-0375 to N.D.K.), the Koodish Fellowship Fund, the 
Evan Frankel Foundation, The Lymphoma Foundation, the Littauer Research Fund, 
the Carmel Family Cancer Research Program, The Rene Vogels Foundation/ Dutch 
Society of Oncology and the Weissenbach/Southworth Genetics Research Program.

hfst 2.indd   49 24-09-13   11:51



References

5150

References

1. Oddoux C, Struewing JP, Clayton CM, Neuhausen S, Brody LC, Kaback M, Haas 
B, Norton L, Borgen P, Jhanwar S et al. The carrier frequency of the BRCA2 6174delT 
mutation among Ashkenazi Jewish individuals is approximately 1%. Nat Genet. 1996 
14(2):188-190.

2. Struewing JP, Hartge P, Wacholder S, Baker SM, Berlin M, McAdams M, Timmerman 
MM, Brody LC, Tucker MA. The risk of cancer associated with specific mutations of 
BRCA1 and BRCA2 among Ashkenazi Jews. N Engl J Med. 1997 336:1401-1408. 

3. Tonin P, Weber B, Offit K, Couch F, Rebbeck TR, Neuhausen S, Godwin AK, Daly 
M, Wagner-Costalos J, Berman D et al. Frequency of recurrent BRCA1 and BRCA2 
mutations in Ashkenazi Jewish breast cancer families. Nat Med. 1996 2(11):1179-
1183.

4. Kauff ND, Perez-Segura P, Robson ME, Scheuer L, Siegel B, Schluger A, Rapaport 
B, Frank TS, Nafa K, Ellis NA et al. Incidence of non-founder BRCA1 and BRCA2 
mutations in high risk Ashkenazi breast and ovarian cancer families. J Med Genet. 
2002 39(8):611-614.

5. Frank TS, Deffenbaugh AM, Reid JE, Hulick M, Ward BE, Lingenfelter B, Gumpper 
KL, Scholl T, Tavtigian SV, Pruss DR et al. Clinical characteristics of individuals with 
germline mutations in BRCA1 and BRCA2: Analysis of 10,000 individuals. J Clin 
Oncol. 2002 20(6):1480-1490.

6. Kuperstein G, Foulkes WD, Ghadirian P, Hakimi J, Narod SA. A rapid fluorescent 
multiplexed-PCR analysis (FMPA) for founder mutations in the BRCA1 and BRCA2 
genes. Clin Genet. 2000 57(3):213-220.

7. Verhoog LC, van den Ouweland AMW, Berns E, van Veghel-Plandsoen MM, van 
Staveren IL, Wagner A, Bartels CC, Tilanus-Linthorst MM, Devilee P, Seynaeve C et 
al. Large regional differences in the frequency of distinct BRCA1/BRCA2 mutations 
in 517 Dutch breast and/or ovarian cancer families. Eur J Cancer. 2001 37(16):2082-
2090.  

hfst 2.indd   50 24-09-13   11:51



2
chapter

5150

8. Gorski B, Jakubowska A, Huzarski T, Byrski T, Gronwald J, Grzybowska E, 
Mackiewicz A, Stawicka M, Bebenek M, Sorokin D et al. A high proportion of founder 
BRCA1 mutations in Polish breast cancer families. Int J Cancer. 2004 110(5):683-686.  

9. Liede A, Narod SA. Hereditary breast and ovarian cancer in Asia: Genetic 
epidemiology of BRCA1 and BRCA2. Hum Mut. 2002 20(6):413-424.

10. Offit K. Clinical Cancer Genetics: Risk Counseling and Management. New York, 
NY: Wiley- Liss, 1998.

11. Narod SA, Offit K. Prevention and management of hereditary breast cancer. J Clin 
Oncol. 2005 23(8):1656-1663.

12. Kauff ND, Mitra M, Hurley KE, Hurley KE, Chuai S, Goldfrank D, Wadsworth E, 
Lee J, Cigler T, Borgen PI et al. Risk of ovarian cancer in BRCA1 and BRCA2 mutation 
negative hereditary breast cancer families. J Natl Cancer Inst. 2005 97(18):1382-
1384.

13. Bernstein JL, Thompson WD, Casey G, DiCioccio RA, Whittemore AS, Diep AT, 
Thakore SS, Vaziri S, Xue S, Haile RW. Comparison of techniques for the successful 
detection of BRCA1 mutations in fixed paraffin-embedded tissue. Cancer Epidemiol 
Biomarkers Prev. 2002 11(9):809-814.   

14. Sato Y, Sugie R, Tsuchiya B, Kameya T, Natori M, Mukai K. Comparison of the DNA 
extraction methods for polymerase chain reaction amplification from formalin-fixed 
and paraffin-embedded tissues. Diagn Mol Pathol. 2001 10(4):265-271.

15. Frank TS, Svoboda-Newman SM, Hsi ED. Comparison of methods for extracting 
DNA from formalin-fixed paraffin sections for nonisotopic PCR. Diagn Mol Pathol. 
1996 5(3):220-224.

16. Soong R, Iacopetta BJ. A rapid and nonisotopic method for the screening and 
sequencing of p53 gene mutations in formalin-fixed, paraffin embedded tumors. Mod 
Pathol. 1997 10(3):252-258.

hfst 2.indd   51 24-09-13   11:51



References

5352

17. Wong C, DiCiccio RA, Allen HJ, Werness BA, Piver MS. Mutations in BRCA1 
from fixed, paraffin-embedded tissue can be artifacts of preservation. Cancer Genet 
Cytogenet. 1998 107(1):21-27.

18. De Giorgi C, Finetti Sialer M, Lamberti F. Formalin-induced infidelity in PCR-
amplified DNA fragments. Mol Cell Probes. 1994 8(6):459-462.

19. Neuhausen S, Gilewski T, Norton L, Tran T, McGuire P, Swensen J, Hampel 
H, Borgen P, Brown K, Skolnick M et al. Recurrent BRCA2 6174delT mutations in 
Ashkenazi Jewish women affected by breast cancer. Nat Genet. 1996 13(1):126-128.

20. Boyd J, Sonoda Y, Federici MG, Bogomolniy F, Rhei E, Maresco DL, Saigo PE, 
Almadrones LA, Barakat RR, Brown CL et al. Clinicopathologic features of BRCA-
linked and sporadic ovarian cancer. JAMA 2000 283(17):2260-2265.

21. Nadji M, Meng L, Lin L, Nassiri M, Morales AR. Detection of p53 gene abnormality 
by sequence analysis of archival paraffin tissue: a comparison with fresh-frozen 
specimens. Diagn Mol Pathol. 1996 5(4):279-283.  

22. Hayes VM, Bleeker W, Verlind E, Timmer T, Karrenbeld A, Plukker JT, Marx MP, 
Hofstra RM, Buys CH. Comprehensive TP53-denaturing gradient gel electrophoresis 
mutation detection assay also applicable to archival paraffin-embedded tissue. Diagn 
Mol Pathol. 1999 8(1):2-10.

23. Rhei E, Bogomolniy F, Federici MG, Maresco DL, Offit K, Robson ME, Saigo PE, 
Boyd J. Molecular genetic characterization of BRCA1- and BRCA2-linked hereditary 
ovarian cancers. Cancer Res. 1998 58(15):3193-3196.

24. Robson ME, Offit K. Breast MRI for women with hereditary cancer risk. JAMA. 
2004 292(11):1368-1370.

25. Schmidt MK, van Leeuwen FE, Klaren HM, Tollenaar RA, van ‘t Veer LJ. [Genetic 
research with stored human tissue: a coding procedure with optimal use of information 
and protection of privacy]. Dutch. Ned Tijdschr Geneeskd. 2004 148(12):564-568. 

26. Offit K. Genetic Prognostic Markers for Colorectal Cancer. New Engl J Med. 2000 
342(2):124-125.

hfst 2.indd   52 24-09-13   11:51


