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Abstract

Germline mutations in BRCA2 predispose carriers to the development
of breast, ovarian, and a variety of other cancers. The original localization
of the BRCA2 gene was aided by its homozygous deletion in a pancreatic
carcinoma; indeed, an excess of pancreatic carcinoma has been seen in
some BRCA2 cancer families. To determine the involvement of BRCA2 in
pancreatic carcinomas, we screened for BRCA2 alterations in an uns-
elected panel of 41 adenocarcinomas of the pancreas (30 pancreatic ade-
nocarcinoma Xenografts and 11 pancreatic cancer cell lines). Of the 15
(27%) that had allelic loss at the BRCA2 locus, 4 (9.8%) had abnormalities
in the second allele upon screening of the entire BRCA2 gene by in vitro
synthesized protein assay. Three of the four mutations were considered
germline in origin (7.3% overall; two were confirmed in normal tissue,
and one was the 6174delT mutation from the pancreatic cancer cell line
CAPAN-1, for which normal tissue was unavailable). The identification of
two 6174delT mutations in this series prompted us to evaluate the prev-
alence of this mutation in an overlapping consecutive series of 245 patients
who underwent pancreatoduodenectomy for adenocarcinoma of the pan-
creas. Sequence analysis of this limited region of the gene identified two
additional mutations: (a) one additional germline 6174delT mutation (2 of
245, 0.8% overall); and (b) a second nearby germline 6158insT mutation.
One of the patients with a germline mutation had a single relative with
breast cancer, and another had a single relative with prostate cancer.
None had a family history of pancreatic cancer.

The incidence of germline BRCA2 mutations in apparently sporadic
pancreatic cancer may be at least as high as in breast or ovarian cancer.
Our results suggest that some familial risks for carcinoma will be evident
only through a population-based application of gene screening techniques
because a low disease penetrance of the germline mutations in some
families often evades clinical suspicion.

Introduction

Pancreatic ductal adenocarcinoma is the fifth leading cause of
cancer death in the United States (1). Pancreatic adenocarcinoma has
a unique genetic profile with somatic mutations of the K-ras (90% or
more of tumors; Refs. 2 and 3) and p53 genes (50-70% of tumors;
Ref. 4) and genetic inactivation of the p/6 (approximately 80% of
tumors; Ref. 5) and DPC4 genes (50% of tumors; Ref. 6). It is
estimated that 5-10% of patients with pancreatic carcinoma may have
an inherited predisposition to developing the disease (7-9). In familial
melanoma, persons inheriting a mutant allele of p/6 are at increased
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risk of developing pancreatic carcinoma, although such mutations
account for a only a small proportion of familial pancreatic carcinoma
(10, 11). Patients with pancreatic carcinoma who carry a germline p16
mutation generally have a family history of malignant melanoma (11).
Germline mutations of the von Hippel Lindau gene, germline defects
in mismatch repair genes, and hereditary relapsing chronic pancrea-
titis are also thought to account for a minute proportion of familial
pancreatic carcinoma (7, 12).

Stratton and coworkers recently reported the identification of the
breast cancer susceptibility gene BRCA2 (13), aided by the prior
identification of a homozygous deletion at the BRCA2 locus (14) in a
pancreatic carcinoma (15, 16). The BRCA2 coding sequence is 10.4 kb
and contains 26 exons, but the nature of its tumor suppressor function
is unknown (17). In some BRCA2 breast cancer families, mutation
carriers with pancreatic carcinoma have been noted (18-21). Here, we
investigated a series of tumor-derived and constitutional DNA from
patients with pancreatic carcinoma for mutations in the BRCA2 gene.
We found BRCA2 alterations in 4 of 41 (9.8%) cancers and the
6174delT mutation in 2 of 245 (0.8%) pancreatic carcinoma patients.

Materials and Methods

Patient Population and Tissue Samples. Normal and tumor specimens
were obtained from pancreatic exocrine adenocarcinomas resected at The
Johns Hopkins Hospital and from 10 commercially available cell lines. The
institutional committee on clinical investigation reviewed and approved the
collection of the tissue samples for genetic analysis, and written consent for
research to be performed on resected tissues was obtained from patients before
surgery. Two groups of pancreatic tumor patients were studied. The first group
included 41 pancreatic carcinomas (30 pancreatic carcinoma xenografts and 11
pancreatic carcinoma cell lines) and 2 biliary carcinomas at the head of the
pancreas that were screened for LOH? in the BRCA2 region. The 11 cell lines
were AsPC-1, BX-Pc3, CAPAN-1, CAPAN-2, Panc-1, Su8686, CF-PACI,
MiaPaca2, Hs766T (all from the American Type Culture Collection, Rockville,
MD), Colo357 (from European Collection of Animal Cell Cultures, Salisbury,
United Kingdom), and PL-45, a low-passage cell line (derived as described in
Ref. 5). Thirty-one pancreatic cancers from the first group (all xenografts and
PL-45) were part of a second group of 245 pancreatic cancers that were
screened for the 6174delT mutation. These 245 pancreatic cancers were part of
a series of 317 consecutive patients who underwent a pancreatoduodenectomy
between May 1992 and May 1996 at The Johns Hopkins Hospital for suspected
pancreatic carcinoma. Screening for the 6174delT mutation was performed on
281 (for whom frozen tissue samples were available) of 317 patients. The 281
patients included 245 with pancreatic carcinomas and 36 others (13 with
biliary tract carcinomas, 8 with duodenal/ampullary carcinomas, 12 with other
carcinomas, 2 with chronic pancreatitis, and 1 with a pancreatic pseudocyst).
PCR and sequencing of the segment of the BRCA2 gene for the 6174delT
mutation was performed on normal tissues in the majority of cases; in a few
cases in which normal tissue was unavailable, tumor xenograft DNA was used.

3 The abbreviations used are: LOH, loss of heterozygosity; IVSP, in vitro synthesized
protein.
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One BRCA2 carrier with pancreatic carcinoma participated in a survey con-
ducted by the Familial Pancreatic Tumor Registry (http://www.med.jhu.edu/
pancreas/index.htm) at Johns Hopkins, allowing us to contact other members
of this family and obtain consent for blood to be drawn from consenting family
members for genetic analysis.

Pancreatic carcinoma xenografts and cell lines were established as de-
scribed, and tumor and normal tissues were stored frozen (4). DNA was
isolated from blood samples taken from relatives of the patient enrolled in the
registry. cDNA was prepared from RNA obtained from the xenografts of
primary carcinomas (22).

LOH Analysis. LOH at the BRCA2 region was determined using the
microsatellite markers D13S260, D13S171, D13S267, and mSB489G-3C11 as
described (23). For the pancreatic cancer xenografts and the PL-45 cell line,
allelic loss was determined by comparing tumor with normal DNA. For the
commercial cell lines, presumptive LOH was deemed present if one allele was
present for all four highly polymorphic microsatellite markers.

IVSP Assay. The IVSP assay was performed as described (24). PCR
primers were designed from the BRCA2 coding sequence (17). Exons 2-9 (one
PCR) and 12-26 (three PCRs) were screened using cDNA as template. Exons
10 (one PCR), 11 (six PCRs), and 27 (one PCR) were screened using DNA as
template. Together, these PCR products spanned over 99% of the coding
region of the BRCA2 gene and virtually all splice donor/acceptor sites
within the coding region. The primers used in this study are available
(http://www.path.;hu.edu/brca2).

Sequencing. Before sequencing, PCR reactions were incubated with exo-
nuclease I and shrimp alkaline phosphatase (Amersham) according to the
manufacturer’s recommendations. The 6174delT deletion was determined by
cycle sequencing of a 133-bp PCR product that spanned nucleotide 6174.
Sequencing of PCR products was performed in microtiter plates as recom-
mended by the manufacturer (Epicentre Technologies, Madison, WI). All
mutations were confirmed at least once using independent PCR products.

Results

BRCA2 Mutation Analysis in Pancreatic Carcinomas. LOH de-
termination at chromosome 13q12 revealed LOH (only one allele
present for each microsatellite marker tested; Ref. 25) in 9 of 31
(29%) pancreatic carcinoma xenografts, none of 2 biliary tract carci-
nomas, and 6 of 10 pancreatic carcinoma cell lines (AsPC-1, BX-Pc3,
CAPAN-1, Panc-1, CFPACI, and Su8686). IVSP analysis of the
complete coding sequence of the BRCA2 gene revealed inactivation of
BRCA2 in 4 of these 15 (26.7%) pancreatic carcinomas (4 of 41
overall, 9.8%). Three BRCA2 mutations (7.3%) of the 41 patients
were considered germline in origin. A germline 6174delT (codon
1982) was found in an Ashkenazi Jewish patient with pancreatic
carcinoma (see Figs. 1 and 2). All three children and one brother were
carriers of the mutant allele. A second brother declined genetic test-
ing. The brother with the BRCA2 mutation developed prostate carci-
noma in his sixties, whereas the three children (one daughter and two
sons) are presently asymptomatic and in their forties. The cell line
CAPAN:-1 had the same 6174delT deletion and might reasonably be
assumed to be a germline mutation reflecting a recurrent population
allele (26). The third mutation was a germline 2458insT mutation
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Fig. 1. In vitro truncation assay. Lanes /-10, different tumors assayed. Truncated
protein products are in Lanes 4 and 9. Both of these pancreatic cancers harbored 6174delT
mutations. N.P., normal product; T.P., truncated product; +, marker; —, blank.
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Fig. 2. Sequencing results. Lane /, normal control DNA; Lanes 2 and 3, DNA samples
from normal tissue harboring the 6174delT germline mutation. Arrow, the level above
which the sequence becomes abnormal. Arrowheads, the G and T lanes at which the
6174delT mutation initiates.

(codon 751). Interestingly, this patient was one also of Ashkenazi
Jewish descent, and the mother of this patient had breast carcinoma
(tissue was not available for analysis). The fourth BRCA2 inactivation
from this tumor series was the previously reported homozygous
deletion (DPC1/2) in a patient with pancreatic carcinoma (15). Further
characterization of this deletion as part of this study confirmed that the
deletion indeed involved the BRCA2 gene. The published markers
8865239 and 8865186 represented sequences from exon 2 and intron
24 of the BRCA2 gene, respectively (17). LOH analysis using the
marker mSB489G-3C11 (courtesy of A. Kamb, Myriad Genetics, Salt
Lake City, Utah), which is located within the homozygous deletion,
revealed that two alleles were present in the germline of this patient,
indicating that the homozygous deletion was somatically acquired.

Population-based Screening of Pancreatoduodenectomy Speci-
mens for the 6174delT Mutation. A 133-bp PCR product that con-
tained the 6174 nucleotide was sequenced from DNA prepared from
normal tissue obtained from 281 pancreatoduodenectomy specimens
(245 with pancreatic cancer and 36 others). A germline 6158insT
mutation (codon 1977) and one additional germline 6174delT muta-
tion were found in patients of non-Jewish descent, giving an overall
prevalence of 2 of 245 (0.8%) pancreatic cancers for the 6174delT
mutation. In addition, CAPAN-1 had the same mutation but was not
considered part of the consecutive series. There were no mutations
among the 36 patients who underwent pancreatoduodenectomies and
did not have pancreatic cancer. In neither of the two cases identified
in this screen was there a family history of pancreatic, breast, or
ovarian carcinoma. Interestingly, the germline 6158insT mutation was
not accompanied by loss of the other allele. The second allele may
have been inactivated by point mutation in another region of the
BRCA2 gene, a mode of inactivation of a second allele reported to be
common for the APC gene (27) and also noted for the BRCA2 gene
(28). The ages of presentation of the patients with germline BRCA2
mutations (68, 69, 74, and 75 years) were similar to the mean age of
the patients in this series (64 years). A summary of the results is
provided in Fig. 3.

Discussion

Germline BRCA2 mutations represent the most common inherited
predisposition to pancreatic carcinoma identified to date. Pancreatic
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Fig. 3. Overview of the BRCA2 mutational sur-
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cancer, the fifth leading cancer killer in the United States, may have
an inherited predisposition in approximately 5-10% of patients (7-9).
We identified germline BRCA2 mutations in 7.3% of patients with
adenocarcinoma of the pancreas. Indeed, our mutational survey may
have underestimated the inactivation of BRCA2 in pancreatic carci-
noma. We initially screened for BRCA2 inactivation using LOH, but
both we and others have demonstrated BRCA2 mutations in cancers
without LOH (28). In addition, the in vitro protein truncation assay
would overlook any missense mutations. The detected prevalence of
germline BRCA2 mutations in our patients with apparently sporadic
pancreatic carcinoma (7.3%) thus compares well with that seen for
apparently sporadic breast (<4%) or ovarian carcinoma (<4%; Refs.
29-32).

Remarkably, a family history clinically suggestive of an inherited
predisposition to cancer was not seen among the BRCA2 carriers with
pancreatic carcinoma. None had a family history of pancreatic cancer.
Only one BRCA2 carrier with pancreatic carcinoma had a family
history of breast cancer, which was present in only one family
member. This is despite the fact that the 6174delT mutation is strongly
implicated in the development of breast cancer, and the two other
mutations identified would produce truncated proteins biochemically
similar to those reported from well-defined breast cancer families
(26). In our study, small family size (particularly the small number of
females in the families), may explain in part the paucity of cancers in
close relatives. However, several carriers over the age of 70 years
have been reported who did not have cancer (18). Certainly, relative
to that seen for breast carcinoma, the penetrance for pancreatic car-
cinoma is low. Phelan et al. (19) found only 4 pancreatic carcinomas
as compared to 48 breast carcinomas among 8 families with germline
mutations of the BRCA2 gene. Similarly, Thorlacius et al. (18) noted
100 breast carcinomas and 11 pancreatic carcinomas in 21 families
carrying the 999del5 mutation, and Couch er al. (20) found no
pancreatic carcinomas in 11 families with 36 male and female breast
carcinomas.

The age of onset of pancreatic carcinoma in BRCA2 carriers seems

above, both germiline)

variable. The mean age of the four patients with pancreatic carcinoma
in our study with germline BRCA2 mutations was 72 years. In con-
trast, Phelan et al. (19) observed an earlier onset of pancreatic cancer
(mean age, 53 years) in four cases carrying germline BRCA2 muta-
tions. A low penetrance and a rather high but variable age of onset for
pancreatic carcinoma in BRCA2 carriers suggests that other genetic or
environmental cofactors (such as smoking or radiation exposure) may
modify the risk of developing pancreatic carcinoma in individual
carriers. Indeed, there is evidence that an accumulation of genetic
events are required for the development of pancreatic carcinoma.?
Ultimately, long-term follow-up of BRCA2 families, identified from
unbiased population-based gene screening, will be required to assess
the age-dependent risks of pancreatic and other carcinomas and pos-
sibly the influence of other genetic and environmental factors in
BRCA?2 carriers.

Among investigators searching for inherited predispositions to car-
cinoma, there is a general expectation that the identification of germ-
line mutations will eventually enable clinicians to identify and appro-
priately manage the carriers by preventive interventions. However,
there are many important and complex clinical and ethical questions
raised by the issue of DNA testing for cancer susceptibility. The initial
important question is whether to test or not to test. For example, it is
unclear which patients, if any, with pancreatic carcinoma should be
gene-tested for germline BRCA2 mutations. A subset of medical
geneticists, genetic counsellors, ethicists, and lawyers would take a
nihilistic approach to DNA testing and, if followed literally, DNA
testing would be suspended. Other of these authorities take a more
moderate view and would recommend testing but mandate that it be
performed on patients from well-defined hereditary cancer-prone fam-
ilies. Indeed, at least two professional organizations recommend that

4 E. Rozenblum, M. Schutte, M. Goggins, S. A. Hahn, J. Lu, S. Panzer, M. Zahurak,
S. N. Goodman, R. H. Hruban, C. J. Yeo, and S. E. Kemn. Natural relationships among
tumor-suppressive pathways: application of pancreatic cancer model, submitted for pub-
lication.
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gene testing for familial cancer genes should be limited to the iden-
tified high-risk families (33, 34). Still other investigators would test
members from certain ethnic or religious groups in which a particular
gene is believed to be expressed at high frequency, such as those of
Ashkenazi Jewish descent. Our findings suggest, however, that the
majority of carriers might be missed by this recommended approach.
An inherited predisposition to pancreatic carcinoma may be particu-
larly hard to identify because pancreatic carcinoma generally presents
in the seventh or eighth decade of life, a time when deaths from other
causes or concomitant disease may mask its presentation in other
family members. The expected risk for breast and ovarian carcinoma
among the female relatives of pancreatic carcinoma patients might
provide an adequate justification for genetic testing in many patients
because this risk is not necessarily evident from the family history.

Furthermore, technical and economical considerations presently
impede progress in genetic screening of genes such as BRCA2. Two
of 245 (0.8%) patients in our series with pancreatic carcinoma had a
6174delT mutation. Initial estimates put the 6174delT allele frequency
at approximately 3/1000 Ashkenazi Jewish individuals in the United
States (26). Recent evidence, including our series, suggests that this
mutation is also present in patients of non-Jewish ancestry (21). It
would be technically straightforward to screen Ashkenazi Jewish
patients with pancreatic carcinoma for the 6174delT mutation. How-
ever, as one of our cases illustrates, there are other BRCA2 mutations
in the Ashkenazi population besides the 6174delT mutation. Until the
penetrance and allele distributions of BRCA2 mutations, including the
influence of different mutations on the risk of developing various
carcinomas, are known, it will be difficult to counsel patients regard-
ing their risks for these carcinomas.

Once a mutation is identifed in a given individual, the next logical
question is how that individual should be screened for carcinoma.
Females who are BRCA2 carriers could be offered an appropriate
breast cancer screening regimen. But due to the aggressive nature of
pancreatic cancer, many BRCA2 carriers might inquire whether
screening protocols were available to detect early pancreatic cancer.
Although there have been advances in the imaging and treatment of
pancreatic lesions, the limited available data suggesting a low pen-
etrance and late age of presentation of pancreatic carcinoma in BRCA2
carriers imply that screening for pancreatic carcinoma will be diffi-
cult. Under any reasonable estimate of sensitivity and specificity for
such a clinical test, given the anticipated risk of pancreatic cancer in
BRCA2 carriers, the number of false-positive tests would be high.
Because a positive test would likely require follow-up with an inva-
sive procedure, the implications of a false-positive test in this setting
are potentially unacceptable. Despite the fact that the clinical benefits
of such early detection are unclear, consideration will need to be given
to the possiblities of screening protocols for detecting early pancreatic
carcinoma in BRCA2 gene carriers. If magnetic resonance imaging or
other nonionizing forms of imaging were to be found useful, they
would avoid an additional exposure to radiation. Such considerations
and others will have to weigh the morbidity of screening against the
fact that most carriers will not develop pancreatic carcinoma.

Our finding of a germline BRCA2 mutation in a relative with
prostate carcinoma supports previous suggestions that BRCA2 may be
involved in the predisposition to prostate carcinoma (18-20). BRCA2
families may also have an increase in colon carcinoma and other
carcinomas (18-21). Additional studies are necessary to clarify the
risk of these cancers in BRCA2 carriers to determine the merits of
screening for these neoplasms.

Future developments in the technology of mutational analysis and
legal protection for the confidentiality for the identified gene carriers
may facilitate the identification of BRCA2 families by enabling the
screening of consenting patients having pancreatic carcinoma. Addi-

tional epidemiological studies of gene carriers need to be conducted to
identify the genetic and environmental cofactors for cancer incidence
in this at-risk population. Clinicians who manage patients with pan-
creatic cancer will have to weigh the potential clinical benefits of
genetic testing in patients with the disease while recognizing that the
identification of such mutations will have considerable impact on the
present and future generations of affected families.

Acknowledgments

We thank Flo Falatko and the family members participating in The Familial
Pancreatic Carcinoma Tumor Registry at Johns Hopkins. Additional informa-
tion can be obtained on the World Wide Web at http:/www.med.jhu.edu/
pancreas/index.htm.

References

1. Boring, C. C., Squires, T. S., and Taong, T. Cancer statistics, 1993. CA Cancer
J. Clin., 43: 7-26, 1993.

2. Hruban, R. H., van Mansfeld, A. D. M., Offerhaus, G. J., van Weering, D. H. J.,
Allison, D. C., Goodman, S. N., Kensler, T. W., Bose, K. K., Cameron, J. L., and Bos,
J. L. K-ras oncogene activation in adenocarcinoma of the human pancreas. A study
of 82 carcinomas using a combination of mutant-enriched polymerase chain reaction
analysis and allele-specific oligonucleotide hybridization. Am. J. Pathol., /43: 545-
554, 1993.

3. Almoguerra, C., Shibata, D., Forrester, K., Martin, J., Amheim, N., and Perucho, M.
Most human carcinomas of the exocrine pancreas contain mutant c-K-ras genes. Cell,
53: 549-554, 1988.

4. Redston, M. S., Caldas, C., Seymour, A. B., Hruban, R. H,, da Costa, L. T, Yeo, C. 1.,
and Kern, S. E. pS3 mutations in pancreatic carcinoma and evidence of common
involvement of homocopolymer tracts in DNA microdeletions. Cancer Res., 54:
3025-3033, 1994,

5. Caldas, C.. Hahn, S. A., da Costa, L.. T., Redston, M. S., Schutte, M., Seymour, A. B.,
Weinstein, C. L., Hruban, R. H., Yeo, C. J., and Kem, S. E. Frequent somatic
mutations and homozygous deletions of the pl6 (MTS/) gene in pancreatic adeno-
carcinoma. Nat. Genet., 8: 27-32, 1994.

6. Hahn, S. A, Schutte, M., Hoque, A. T. M. S., Moskaluk, C. A., deCosta, L. T.,
Rozenblum, E., Weinsten, C. L., Fischer, A., Yeo, C. J., Hruban, R. H., and Kemn,
S. E. DPC4, a candidate tumor suppressor gene at human chromosome 18q21.1.
Science (Washington DC), 277: 350-353, 1996.

. Lynch, H. T. Genetics and pancreatic cancer. Arch. Surg., 129: 266-268, 1994,

8. Lynch, H. T., Fusaro, L., and Lynch, J. F. Familial pancreatic cancer: a family study.
Pancreas, 7: 511-515, 1992.

9. Ghadirian, P., Boyle, P., Simard, A., Baillargeon Maisonneuve, P., and Perret, C.
Reported family aggregation of pancreatic cancer within a population-based case-
control study in the Francophone community in Montreal, Canada. Int. J. Pancreatol.,
10: 183-196, 1991.

10. Moskaluk, C. A., Rhuban, R. H., Lietman, A., Smyrk, T., Fusaro, L., Fusaro, R.,
Lynch, J., Yeo, C. 1, Jackson, C. E., Lynch, H. T., and Kem, S. E. Low prevalence
of p16'"™4* and CDK4 mutations in familial pancreatic carcinoma. Hum. Mutat., in
press, 1996.

11. Goldstein, A. M., Fraser, M. C., Struewing, J. P., Hussussian, C. J., Ranade, K.,
Zametkin, D. P., Fontaine, L. S., Organic, S. M., Dracopoli, N. C., Clark, W. H., and
Tucker, M. A. Increased risk of pancreatic carcinoma in melanoma-prone kindreds
with p16™* mutations. N. Engl. J. Med., 333: 970-974, 1995.

12. Lynch, H. T., Voorhees, G. J., Lanspa, S. J., McGreevy, P. S., and Lynch, J. F.
Pancreatic carcinoma and hereditary nonpolyposis colorectal carcinoma: a family
study. Br. J. Cancer, 52: 271-273, 1985.

13. Wooster, R., Bignell, G., Lancaster, J., Swift, S., Seal, S., Manglon, J., Colins, N.,
Gregory. S., Gumbs, C., Micklem, G., Barfoot, R., Hamoudi, R., Patel, S., Rice, C.,
Biggs, P., Hashim, Y., Smith, A., Connor, F., Arason, A., Gudmundsson, J., Ficenec,
D, Kelsell, D, Ford, D., Tonin, P., Bishop, D. T., Spurr, N. K., Ponder, B. A. ],
Eeles, R., Peto, J., Devilee, P., Comelisse, C., Lynch, H., Narod, S., Lenoir, G.,
Egilsson, V., Barkadottir, R. B., Easton, D. F., Bentley, D. R., Futreal, P. A,
Ashworth, A., and Stratton, M. R. Identification of the breast cancer susceptibility
gene BRCA2. Nawre (Lond.), 378: 789-792, 1995.

14. Wooster, R., Neuhausen, S. L., Mangion, J., Quirk, Y., Ford, D., Collins, N., Nguyen,
K., Seal, S., Tran, T., Averill, D., Averill, D., Fields, P., Marshall, G., Narod, S.,
Lenoir, G. M., Lynch, H., Feunteun, J., Devilee, P., Comelisse, C. J., Menko, F. H.,
Daly, P. A, Ormiston, W., McManus, R., Pye, C., Lewis, C. M., Cannon-Albright,
L. A., Peto, J., Ponder, B. A. J., Skolnick, M. H., Easton, F. N., Douglas, F., Goldgar,
D. E., and Stratton, M. R. Localization of a breast cancer susceptibility gene, BRCA2,
to chromosome 13q12-13. Science (Washington DC), 265: 2088-2090, 1994.

15. Schutte, M., da Costa, L. T., Hahn, S. A., Moskaluk, C. A., Hoque, A. T. M. S,,
Rozenblum, E., Weinstein, C. L., Bittner, M., Meltzer, P. S., Trent, J. M., Yeo, C. J.,
Hruban, R. H., and Kem, S. E. Identification by representational diff ial analysis
of a homozygous deletion in pancreatic carcinoma that lies within the BRCA2 region.
Proc. Natl. Acad. Sci. USA, 92: 5950-5954, 1995.

16. Schutte, M., Rozenblum, E., Moskaluk, C. A., Guan, X., Hoque, A. T. M., Hahn,
S. A., Da Costa, L. T., de Jong, P. J., and Kemn, S. E. An integrated high-resolution
physical map of the DPC/BRCA2 region at chromosome 13q12. Cancer Res., 55:
4570-4574, 1995.

~3

5363

220z isnbny pg uo ysanb Aq Jpd-09€SEZ095040/¥82ZIYZ/09€S/€2/95/1Pd-al01E/SB1I80UED/BI0" S[eLINOlIOR.)/:d)Y WOl papeojumOoq



17.

20.

21.

22.

23.

24,

GERMLINE BRCA2 MUTATIONS IN PANCREATIC CANCER

Tavtigian, S. V., Simard, J., Rommens, J., Couch, F., Shattuck, E. D., Neuhausen, S.,
Merajver, S., Thorlacius, S., Offit, K., Stoppa-Lyonnet, D., Belanger, C., Bell, R.,
Berry, S., Bogden, R., Chen, Q., Davis, T., Dumont, M., Frye, C., Hattier, T.,
Jammulapati, S., Janecki, T., Jiang, P., Kehrer, R., Leblanc, J. F., Mitchell, J. T.,
McArthur-Morrison, J., Nguyen, K., Peng, Y., Samson, C., Schroeder, M., Synder,
S. C., Steele, L., Stringfellow, M., Stroup, C., Swedlund, B., Swensen, J., Teng, D.,
Thomas, A., Tran, T., Tran, T., Tranchant, M., Weaver-Feldhaus, J., Wong, A. K. C,,
Shizuya, H., Eyfjord, J. E., Cannon-Albright, L., Labrie, F., Skolnick, M. H., Weber,
B., Kamb, A., and Goldgar, D. E. The complete BRCA2 gene and mutations in
chromosome 13q-linked kindreds. Nat. Genet., /2: 333-337, 1996.

. Thorlacius, S., Olafsdottir, G., Tryggvadottir, L., Neuhausen, S., Jonasson, J. G.,

Tavtigian, S. V., Tulinius, H., Ogmundsdottir, H. M., and Eyfjord, J. E. A single
BRCA2 mutation in maie and female breast carcinoma families from Iceland with
varied cancer phenotypes. Nat. Genet., 13: 117-119, 1996.

. Phelan, C. M., Lancaster, J. M., Tonin, P., Gumbs, C., Cochran, C., Carter, R.,

Ghadirian, P., Perret, C., Moslehi, R., Dion, F., Faucher, M-C,, Dole, K., Karimi, S.,
Foulkes, W., Lounis, H., Wamner, E., Goss, P., Anderson, D., Larsson, C., Narod,
S. A, and Futreal, P. A. Mutation analysis of the BRCA2 gene in 49 site-specific
breast cancer families. Nat. Genet., 13: 120-122, 1996.

Couch, F. J., Farid, L. M., DeShano, M. L., Tavtigian, S. V., Calzone, K., Campeau,
L., Peng, Y., Bogden, B., Chen, Q., Neuhausen, S., Shattuck-Eidens, D., Godwin,
A. K., Daly, M., Radford, D. M., Sedlacek, S., Rommens, J., Simard, J., Garber, J.,
Merajver, S., and Weber, B. BRCA2 germline mutations in male breast cancer cases
and breast cancer families. Nat. Genet., 13: 123-125, 1996.

Berman, D. B,, Costalas, J., Schuliz, D. C., Grana, G., Daly, M., and Godwin, A. K.
A common mutation in BRCA2 that predisposes to a variety of cancers is found in
both Jewish Ashkenazi and non-Jewish individuals. Cancer Res., 56: 3409-3414,
1996.

Chomczynski, P., and Sacchi, N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal. Biochem., 162: 156—
159, 1987.

Hahn, S. A., Seymour, A. B., Hoque, A. T. M. S., Schutte, M,, da Costa, L. T.,
Redston, M. S., Caldas, C., Weinsten, C. L., Fischer, A, Yeo, C. J., Hruban, R. H.,
and Kern, S. E. Allelotype of pancreatic adenocarcinoma using xenograft enrichment.
Cancer Res., 55: 4670-4675, 1995.

Powell, S. M., Petersen, G. M., Krush, A. J., Booker, S., Jen, J., Giardiello, F. M.,
Hamilton, S. R., Vogel B., and Kinzler, K. W. Molecular diagnosis of familial
adenomatous polyposis. N. Engl. J. Med., 329: 1982-1987, 1993.

25

26.

27.

28.

29.

30.

3L

32.

33.

34.

5364

. Schutte, M., Hruban, R. H., Hedrick, L., Cho, K. R., Nadasdy, G. M., Weinstein,
C.L.,Bova,G. 8., Isaacs, W. B, Caims, P., Nawroz, H., Sidransky, D., Casero, R. A,
Meltzer, P. S., Hahn, S. A., and Kern, S. E. DPC4 gene in various tumor types. Cancer
Res., 56: 2527-2530, 1996.

Neuhausen, S., Gilweski, T., Norton, L., Tran, T., McGurie, P., Swensen, J., Hampel,
H., Borgen, P., Brown, K., Skolnick, M., Shattuck-Eidens, D., Jhanuwar, S., Goldgar,
D., and Offit, K. Recurrent BRCA2 6174delT mutations in Ashkenazi Jewish women
affected by breast cancer. Nat. Genet., /3: 126128, 1996.

Levy, D. B, Smith, K. J., Beazer-Barclay, Y., Hamilton, S. R., Vogelstein, B., and
Kinzler, K. W. Inactivation of both APC alleles in human and mouse tumors. Cancer
Res., 54: 5953-5958, 1994.

Teng, D. H.-F., Bogden, R., Mitchell, J., Baumgard, M., Bell, R., Berry, S., Davis, T.,
Ha, P. C., Kehrer, R, Jammulapati, S., Chen, Q., Offit, K., Skolnick, M. H.,
Tavtigian, S. V., Jhanwar, S., Swedlund, B., Wong, A. K. C., and Kamb, A. Low
incidence of BRCA2 mutations in breast carcinoma and other cancers. Nat. Genet., 13:
241-244, 1996.

Takahashi, H., Chiu, H. C., Bandera, C. A., Behbakht, K., Liu, P. C., Couch, F. J.,
Weber, B. L., LiVolsi, V. A, Furusato, M., Rebane, B. A., Cardonick, A., Benjamin,
I, Morgan, M. A, King, S. A, Mikuta, J. J., Rubin, S. C., and Boyd, J. Mutations of
the BRCA2 gene in ovarian carcinomas. Cancer Res., 56: 2738-2741, 1996.
Lancaster, J. M., Wooster, R., Mangion, J., Phelan, C. M., Cochran, C., Gumbs, C.,
Seal Sbarfoot, R., Collins, N., Bignell, G., Patel, S., Hamoundi, R., Larsson, C.,
Wiseman, R. W, Berchuck, A., Iglehart, J. D., Marks, J. R., Ashworth, A., Stratton,
M. R., and Futreal, P. A. BRCA2 mutations in primary breast and ovarian cancers.
Nat. Genet., 13: 238-240, 1996.

Foster, K. A., Harrington, P., Kermr, J., Russell, P., DiCioccio, R. A., Scott, I. V.,
Jacobs, I., Chenevix-Trench, G., Ponder, B. A. J., and Gayther, S. A. Somatic and
germline mutations of the BRCA2 gene in sporadic ovarian cancer. Cancer Res., 56:
3622-3625, 1996.

Miki, Y., Katagiri, T., Kasumi, F., Yoshimoto, T., and Nakamura, Y. Mutation
analysis in the BRCA2 gene in primary breast cancers. Nat. Genet., 13: 245-247,
1996.

The American Society of Human Genetics. Statement of the American Society of
Human Genetics on genetic testing for breast and ovarian cancer predisposition. Am.
J. Hum. Genet., 55: i-iv, 1994.

The American Society of Clinical Oncology. Genetic testing for cancer susceptibility.
J. Clin. Oncol., /4: 1730-1736, 1996.

220z isnbny pg uo ysanb Aq Jpd-09€SEZ095040/¥82ZIYZ/09€S/€2/95/1Pd-al01E/SB1I80UED/BI0" S[eLINOlIOR.)/:d)Y WOl papeojumOoq



