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To the Editor,

PALB2 (partner and localizer of BRCAZ2) has been recently described as a breast cancer
predisposing gene [1,2]. In the first report, PALB2 truncating mutations were identified in 10/923
(1.1%) English familial breast cancer cases [1]. Subsequent studies in Spanish, Chinese and lItalian
familial breast cancer found truncating mutations with frequencies ranging between 0.8 and 1.1% [3-
6]. Also, PALB2 founder mutations were observed in 2.7% Finnish [7] and 0.6% Polish [8] familial
breast cancer cases, and in 0.7% French-Canadian breast cancer cases with early onset disease [9].

Recently, exomic sequencing revealed a germline truncating mutation of PALB2 in a familial
pancreatic cancer case [10]. In the same study, the sequencing of PALB2 in 96 additional familial
pancreatic cancer patients, ascertained in the US, identified truncating mutations in three cases. A
subsequent larger survey analyzed 254 sporadic and familial pancreatic cancer cases ascertained in
Toronto and Montreal, including nine individuals who were also diagnosed with breast cancer, one of
which was found to carry a 6.7-kb deletion involving exons 12 and 13 [11]. Interestingly, of the five
PALB2 mutated pancreatic cancer cases reported in the above studies, two also developed breast
cancer, including one patient with three additional breast cancer cases in the family. Moreover, two of
the three remaining cases had 22 relatives affected with breast cancer. The last case belonged to a
family negative for breast cancer, but the reported pedigree was small and included only one female
individual [10]

In this contest, we sought to investigate the frequency of PALB2 germline pathogenic
mutations in index cases from breast cancer families with cases of pancreatic carcinoma. We took
advantage of the sequencing of the entire coding region of PALB2 that we performed in 575 Italian
female familial breast cancer cases. These were ascertained at the Medical Genetics Units of the
Fondazione IRCCS Istituto Nazionale Tumori and the Istituto Oncologico Europeo in Milan, from
March 2003 to August 2008. All subjects, therein referred to as BRCAX cases, were probands of
families fulfilling previously reported diagnostic criteria for hereditary breast/ovarian cancer, based on

family history and age at disease onset [12], and were ascertained not to carry deleterious mutations



or unclassified variants in BRCA1 or BRCA2 genes, following direct sequencing or denaturing high-
performance liquid chromatography (DHPLC) analysis of all coding exons and adjacent splice sites, as
previously described [12]. In the 575 BRCAX cases we found 12 carriers of truncating mutations for a
frequency of 2.1%. Overall, a total of nine different alterations were detected, of which five were
frameshift, three were nonsense and one was a splicing mutation (manuscript in preparation).
Mutations of PALB2 have been described as having moderate penetrance [1,2], although it
was recently suggested that the risk conferred by these mutations may be high in women with strong
family histories [13]. While this aspect requires further investigation, we conservatively treated PALB2
mutations as moderate-penetrance factors and, consequently, as expected to show incomplete
segregation with the disease [2]. Thus, through pedigrees analysis of the 575 BRCAX families we
selected those in which at least one pancreatic carcinoma case was reported by the index case in 1°-
or 2"-degree relatives, irrespectively of the breast cancer family branch. Whenever possible, the
diagnosis of pancreatic carcinoma was confirmed by reviewing medical and pathological reports.
Thirty-nine breast/pancreatic cancer pedigrees were identified, including three families (M1475,
M1203 and M1504) carrying PALB2 truncating mutations, namely the ¢.3497delG (p.Gly1166fs),
c.72delG (p.Leu24fs) and ¢.1027C>T (p.GIn343X) (Figure 1). This frequency of 7.7% (3/39)
suggested that, among breast cancer families, those with cases of pancreatic carcinoma might be
enriched in PALB2 mutations. To verify this hypothesis, we examined a second group of 23 probands
from breast/pancreatic families selected among additional BRCAX cases, using the same criteria
described above, (i.e. female breast cancer cases from families fulfilling diagnostic criteria for
hereditary breast/ovarian cancer, who tested negative for BRCA gene mutations and reported =1 1% or
2" degree relatives affected with pancreatic carcinoma). One of these 23 BRCAX cases was affected
also with pancreatic cancer. No PALB2 truncating mutations were detected in any of these individuals,
leading to an overall frequency in the two combined groups of breast/pancreatic cancer families of

3/62 (4.8%; exact 95% confidence Interval = 0.99-13.29).



In addition, we tested one individual from a family (B276) with multiple cases of cancer to
several organs, but not complying with the above inclusion criteria, who developed carcinomas of
breast, pancreas, small intestine and colorectum, (Figure 1). In this individual the c.1314delA (p.
Lys438fs) truncating mutation was identified.

As already mentioned, previous reports have shown that the majority of familial pancreatic
cancer cases with PALB2 germline mutations have a personal and/or family history of breast cancer
[10,11]. This was recently confirmed by a study, published while this manuscript was in preparation,
that analyzed 81 European familial pancreatic cancer cases and identified three carriers of PALB2
truncating mutations, all of whom had 21 relative affected with breast cancer [14]. These observations
suggested that PALB2 mutations are preferentially associated with families with history of both breast
and pancreatic cancer. However, by taking into consideration the pertinent uncertainty (i.e. exact 95%
confidence Interval), in our study the overall frequency of PALB2 mutations detected among breast
cancer families with >1 case of pancreatic cancer appears to be comparable to the frequency detected
in the overall group of BRCAX families (2.1%) and to those previously reported [1, 3-6]. Thus, if an
excess of PALB2 mutations is present in families with occurrences of both breast and pancreatic
cancer, this is likely to be modest and detectable only by larger surveys.

Interestingly, we found a PALB2 truncating mutations in one out of two examined individuals
who developed both breast and pancreatic cancer. When merged with the data reported by
Tischkowitz et al. on patients with the same phenotype [11], this leads to an overall frequency of 2/11
(18.2%). This suggests that pathogenic mutations of PALB2 might be relatively frequent in individuals
affected with both breast and pancreatic cancer. Further analyses are needed to verify this
association.

Finally, in the four identified PALB2-mutated families, a variety of different cancer types were
reported (Figure 1). In particular, the proband of family B276, in addition to carcinomas of the small
intestine, breast and pancreas, developed multiple colorectal cancers (CRCs), which were diagnosed

also in two of her relatives, while a third relative was reported with a gastrointestinal cancer of



unknown site. Of note, in this family immunohistochemistry and molecular analyses, performed on the
proband’s intestinal cancers, showed normal expression of DNA mismatch repair (MMR) proteins and
no evidence of microsatellite instability (MSI), thus ruling out Lynch syndrome. The proband also
tested negative at mutation screening for MUTYH-associated polyposis, while other known syndromic
conditions associated with CRC susceptibility were excluded due to the lack of related phenotypes.
Different gastrointestinal cancers, in addition to pancreatic carcinomas, were also reported in the other
PALB2 mutation positive families, including two CRCs. Although none of 288 sporadic and 188 familial
CRCs from Finland was found to carry the ¢.1592delT founder mutation [7], an association between
PALB2 and CRC was previously suggested by a study reporting a large mutation positive breast
cancer family with multiple CRCs [15]. Taken together, these observations support the interest in
evaluating the role of PALB2 in the susceptibility to CRC and, possibly, other gastrointestinal cancers
not yet investigated.

In conclusion, our data failed to demonstrate that PALB2 mutations are preferentially
associated with breast cancer families with cases of pancreatic cancer, although this might be due to
the relative small number of examined individuals. However, screening for PALB2 germline mutation
might be recommended in cases affected with both breast and pancreatic cancer. Moreover, our
findings, together with previous observations, indicate that PALB2 mutations might increase the risk of
CRC. Searching for PALB2 germline mutations in families with cases of breast cancer and CRC

should be considered.
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Figure 1. Pedigrees of the four families in which index cases carried a PALB2 truncating mutation. No additional
relatives in these families were available for PALB2 mutation testing. Index cases are indicated by arrow and
PALB2 mutations are described. Cancer type and age at diagnosis are reported, when known. Individuals
affected with documented cancer are indicated by asterisk. Bn, brain cancer; Br, breast cancer; Br bil, bilateral
breast cancer; CR, colorectal cancer; GC, granulosa cell cancer; Gl, gastrointestinal cancer (site unknown); La,
larynx cancer; Le, leukemia; Li, liver cancer; Lu, lung cancer; Pa, pancreatic cancer; Pr, prostate cancer; Sl,
small intestine cancer; St, stomach cancer; Ut, uterine cancer; VC, vocal cords cancer.



