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In order to overcome the problems caused by the
small numbers inherent to case reports, several groups
have studied extended families with pancreatic cancer
clustering and these studies have suggested an auto-
somal dominant pattern of inheritance to the pancre-
atic cancers in some of these families [1,7,18,32,34].
The pathology, sex-ratio, age of onset and prognosis of
these patients were comparable to patients with spo-
radic pancreatic cancer [34].

In addition, several registries have been established
to learn more about the role of inheritance in the eti-
ology of pancreatic cancer. These include the National
Familial Pancreatic Tumor Registry (NFPTR), estab-
lished at The Johns Hopkins University, Baltimore,

Although pancreatic cancer accounts for only 2% of USA in 1994 (http://pathology.jhu.edu/pancreas), and
new cancer cases, itis the fifth leading cause of cancer- the European Registry for Hereditary Pancreatitis and
related death in Western countries. The high mortality Pancreatic Cancer (EUROPAC) of the European Study
rate is mainly caused by the fact that most cases are de-Group for Pancreatic Cancer (ESPAC) [11,18].
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1. Introduction

tected at a stage when curable resection is not an option
anymore and prognosis is poor [45,55].
The etiology of pancreatic cancer is poorly un-

Detailed examination of the pancreatic cancer-prone
families in these registries has yielded important infor-
mation on the epidemiology and genetics of this dis-

derstood. Several putative risk factors have been de- ease. DNA from these individuals can be used for ge-
scribed, such as cigarette smoking, high-fat diet, netic linkage, molecular genetics and finally cloning of
chronic pancreatitis, diabetes mellitus and remote his- 3 putative cancer causing gene. If a gene is identified as
tory of partial gastrectomy [3,20,23,28,36,38,52,59]. responsible for the familial aggregation of pancreatic
Of these cigarette smoking has the strongest positive cancer, it could form the basis for the development of

association with pancreatic cancer. _ ascreening program for pancreatic cancer and eventu-
Recently, it has been suggested that a family his- g1y gene-based therapies.

tory of pancreatic cancer is a risk factor for pancreatic
cancer, and Henry Lynch has estimated that as many
as 10% of pancreatic cancers are familial [32]. There 5 e National Familial Pancreatic Tumor
have been a number of isolated case reports of the ag- Registry (NFPTR)

gregation of pancreatic cancer in families suggesting
a hereditary susceptibility for pancreatic cancer, how-
ever chance aggregations or shared environmental ex-
posure could also cause this clustering [8,35,44].

To date, more than 446 families have been registered
inthe NFPTR. In this registry “familial pancreatic can-
cer” is defined as pedigrees in which two or more first
degree relatives are affected with pancreatic cancer.
The term “sporadic pancreatic cancer” is used to des-
ignate those families without two affected first-degree
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relatives. In a preliminary analysis, we prospectively Several tumor suppressor genes have also been de-
followed 153 familial pancreatic cancer families from scribed to be inactivated in sporadic pancreatic cancer.
this registry looking at new cancers in family members The p53 tumor suppressor is inactivated in 50—70%,
who were healthy at the time of entry into the registry the deleted in pancreatic cancer BRC4/SMAD#

[41]. Remarkably, we observed a 18-fold increasedrisk gene is inactivated in approximately 55%, and the
of pancreatic cancer in the 1100 first degree relatives p16/MTS-1gene is inactivated in approximately 95%

of patients with pancreatic cancer. This risk of appar- of pancreatic cancers [9,46,47]. TBRCA2gene is
ently healthy family members prospectively develop- inactivated in a small fraction (5-10%) of apparently
ing pancreatic cancer increased to 57-fold if three or sporadic pancreatic cancers, and 8E<11gene, re-
more family members had pancreatic cancer at the time sponsible for the Peutz—Jeghers syndrome, and the

of entry into the registry. MKK4 gene are inactivated in a small (approximately
There was no obvious relationship with smoking be-  4%) proportion of pancreatic cancers [13,15,39,50].
haviour. Finally, DNA mismatch repair genes appear to

This preliminary analysis shows that the risk of pan- be inactivated in a small fraction@%) of pancre-
creatic cancer is indeed considerably increased amongatic cancers. These cancers are remarkable because
first degree relatives in families in which at least two they appear to have a distinct histologic appearance
first degree relatives had previously developed pancre- (“medullary phenotype") and they are often Wild_type
atic cancer. Moreover, the incidence of non-pancreatic for the K+as gene [14].
cancer, such as breast, colon and lung cancer, also
appears to be increased in these families [18]. In a
recent report Vaittinen et al. confirmed the above- 4 Genetic alterations in familial pancreatic cancer
mentioned association between pancreatic cancer and
various other cancers in an analysis of familial risks in
discordant cancers of offspring and parents using the
Swedish nation-wide Family-Cancer Database [54].

Importantly, these data strongly support the hypoth-
esis that there is a genetic basis for the aggregation of
pancreatic cancer in some families.

Some of the genetic alterations responsible for the
aggregation of pancreatic cancer in families have al-
ready been identified and in all cases the genes known
to be targeted are the same genes targeted in sporadic
pancreatic cancer. These genetic alterations establish a
genetic basis for the familial aggregation of pancreatic
cancer and other tumor types in some families.

3. Genetic alterations in sporadic pancreatic
cancer 4.1. P16/MTS-1 gene

A large number of genes have been identified which ~ As mentioned above, tiEL6tumor suppressor gene
play a role in the formation of sporadic pancreatic can- is inactivated in a very high percentaged5%) of spo-
cer. These genes are important for our understanding radic pancreatic cancers. In these sporadic cancers the
of familial pancreatic cancer, because, as Knudson de- p16gene is inactivated either by homozygous deletions
scribed years ago for retinoblastoma, the same genes(in 40% of the carcinomas), by mutation of one allele
are often responsible for familial and sporadic forms combined with loss of the other allele (in 40%), or by
of a cancer [24,25]. Germline mutations in some of the hypermethylation of the16 promotor region {15%)
genes that are known to play a role in the sporadic pan- [47].
creatic carcinogenesis appear to play a role in the de-  Germline mutations in thpl6gene are responsible
velopment of some familial pancreatic cancers. for the development of the Familial Atypical Multiple

The genes which have been shown to play a role Mole Melanoma (FAMMM) syndrome, a rare disor-
in the development of sporadic pancreatic cancer in- der which predisposes affected patients to the develop-
clude oncogenes, tumor suppressor genes and DNA ment of multiple nevi, melanomas and pancreatic can-
mismatch repair genes. Activating point mutations in cer [16,33,34]. Goldstein et al. [16] have demonstrated
the K+as oncogene are one of the most common ge- that germline mutations in thpl6 gene, which im-
netic alteration in sporadic pancreatic cancer, 80-90% paired thep16 protein function inin vitro assays, are
of the sporadic pancreatic cancers harbour activating associated with a 22-fold increased risk of developing
point mutations in the Kas oncogene [19]. pancreatic cancer in melanoma-prone families.
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Moskaluk et al. [37] have recently postulated that Germline mutations in th8RCA2gene may ex-
mutations affecting the C-terminal end of the p16 pro- plain these associations. Indeed, pancreatic cancers
tein are associated with a higher penetrance of pan- have been reported in many of tBRCA2kindred [2,
creatic cancer. Now that the gene responsible for the 39]. The increased risk of pancreatic cancer caused
clustering of melanoma and pancreatic cancer in some by BRCAZ2is not limited, however, to these classical
families has been identified, families with a strong ag- BRCAZkindred.
gregation of pancreatic cancer and melanoma can be Approximately 7% of the patients with apparently
tested for germline mutations in thEL6 gene. Care- sporadic pancreatic cancers analyzed by Goggins et al.
ful surveillance of those members with a germline mu- had a germline mutation in tHBRCA2gene, and Gog-
tation in thep16 gene should stimulate the develop- gins et al. demonstrated that the remaining wild-type

ment of techniques for early diagnosis for this high risk allterl]e was I(;st Itn thRe pancI:(reglltlc calncers tr}atthdef\_/eloped
group and thereby improving survival. In these patients. Remarkably, only oné ot the Tive pa-

tients with pancreatic cancer and germiBRCAZ2mu-
tations had a family history positive for breast cancer
and none of them had a positive family history of pan-
creatic cancer [15]. The penetrance of this trait is there-
Germline mutations in th&TK11/LKB1gene have fore probably low and the inherited basis for some pa-
recently been shown to cause the Peutz—Jeghers syndients with pancreatic cancer would be missed if it were
drome (PJS) [17,22]. PJS is a rare syndrome charac- not for our knowledge of this gene.
terized by hamartomatous polyposis of the gastroin-  To date these germline mutations in BRCAZ2gene
testinal tract and by the occurrence of melanin spots are the most frequent described cause of an inherited
on the buccal mucosa and on the lips [21,42]. The Ppredisposition to pancreatic cancer. It may prove use-
Peutz—Jeghers syndrome has been associated with arful to screen members of families in which there is
increased risk of developing cancer, including pancre- an aggregation of breast and pancreatic cancer for the
atic cancer [13]. presence of germline mutations in tBRCA2gene.
Su et al. recently reported inactivation of tR&8K11/ Those found to carry a germline mutation may benefit
LKB1 gene in 5-6% of the 135 sporadic pancreatic ©f Preastcancer screening.
and biliary carcinomas they analyzed. In these can-
cers, theSTK11/LKBlgene was inactivated by ei-

ther homozygous deletions or intragenic sequence mu-  pancreatic cancer clustering is also seen in families
tations combined with loss of the other allele [51]. with a hereditary form of pancreatitis [6,10]. Hered-
They also studied a pancreatic cancer obtained from a itary pancreatitis is an autosomal dominant disorder
PJS patient who died from pancreatic cancer and they caused by point mutations in the cationic trypsino-
demonstrated a germline splice site mutation in the gen genePRSSlon chromosome 7935 [56,57]. These
STK11/LKBlgene in the patient’s germline DNA and mutations result in a cationic trypsinogen protein
a loss of the wild type allele in the patient’s pancreatic which is resistant to auto-inactivation, ultimately re-
cancer. Th&TK11/LKBlgene was thereby inactivated ~ sulting in autodigestion of the pancreas. Affected pa-
in this patient’s cancer. Thus, just as is truegas, ge- tients have recurrent episodes of pancreatitis that of-
netic alterations in th8 TK11/LKBIgene contributeto ~ ten begin during childhood. Compared with the gen-
the development of sporadic cancer, and when presenteral population and patients who have chronic pancre-
in the germline, these alterations may also play a role atitis of common etiologies who have a somewhat in-

in the development of familial pancreatic cancer. creased cancer risk, patients with hereditary pancreati-
tis have a cumulative risk of developing pancreatic car-

cinoma that approaches 40% by the age of 70. The rel-
ative risk for the development of pancreatic carcinoma
is approximately 50-fold, and the average age of onset
As mentioned previously, an increased risk for de- g dramatically reduced to 39 years [29].

veloping breast cancer has been observed in families  Considering the high lifetime risk of pancreatic can-
in which there is an aggregation of pancreatic cancer cer in this group, it is important to recognize patients
[18]. Conversely, it is shown that, in families of pa-  with hereditary pancreatitis in an early stage, making
tients with breast cancer there is an increased risk of surveillance of these patients and maybe even prophy-
developing pancreatic cancer [53]. lactic pancreatectomy an option.

4.2. STK11/LKB1 gene

4.4. Cationic trypsinogen gene

4.3. BRCA2 gene
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4.5. The Hereditary Non-Polyposis Colorectal The genetic alterations which have been associated
Cancer Syndrome (HNPCC) with familial pancreatic cancer include germline muta-
tions inp16, STK11, BRCA2, PRSShd in the DNA

The Hereditary Non-Polyposis Syndrome (HNPCC) mismatch repair genes. Screening of individuals for the

is the result of a germline mutation in one of the presence of one of these germline mutation can now be

DNA mismatch repair genes [12,14,26,27,40,49]. Tu- performed when indicated by the family cancer history.

mors which develop in patients who have a germline ~ Members of families in which there is an aggrega-

mutation in one of the DNA mismatch repair genes tion of pancreatic cancer will also benefit from efforts

show microsatellite instability, which is a change in to develop a new screening test for early pancreatic

length of repeated DNA sequences. In a study per- cancer. At present, screening for familial pancreatic

formed by Goggins et al. [14] approximately 4% of the cancer can be approached only at a clinical level. The

82 analyzed pancreatic cancers showed microsatellite use of endoscopic ultrasound (EUS), magnetic reso-

instability; these pancreatic cancers appeared to have nance imaging (MRI), ERCP, and even molecular anal-

a distinct, medullary histology. Wilentz et al. [58] fol-  ysis of brush cytology and pancreatic juice obtained

lowed up on the report by Goggins et al. and demon- during ERCP may all be of value, but the efficiency of

strated that pancreatic cancers with a medullary phe- each technique needs to be established in this patient

notype type were significantly associated with a fam- population [5].

ily history of any cancer in a first-degree relative. Of

note, one of the patients included in this study had syn-
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