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BACKGROUND. The genetic basis of susceptibility to prostate cancer (PRCA) remains
elusive. Mutations in BRCA2 have been associated with increased prostate cancer risk and
account for around 2% of young onset (<56 years) prostate cancer cases. PALB2 is a recently
identified breast cancer susceptibility genewhose protein is closely associatedwith BRCA2 and
is essential for BRCA2 anchorage to nuclear structures. This functional relationship made
PALB2 a candidate PRCA susceptibility gene.
METHODS. WesequencedPALB2 inprobands from95PRCA families, 77 ofwhich had twoor
more cases of early onset PRCA (age at diagnosis<55 years), and the remaining 18 had one case
of early onset PRCA and five or more total cases of PRCA.
RESULTS. Two previously unreported variants, K18R and V925L were identified, neither of
which is in a known PALB2 functional domain and both of which are unlikely to be pathogenic.
No truncating mutations were identified.
CONCLUSIONS. These results indicate that deleterious PALB2mutations are unlikely to play
a significant role in hereditary prostate cancer. Prostate 68: 675–678, 2008. # 2008Wiley-Liss, Inc.

KEY WORDS: hereditary prostate cancer; PALB2; BRCA2

INTRODUCTION

Prostate cancer is a leading cause of morbidity and
mortality in men and it is diagnosed in almost one-
fifth of US men during their lifetime. Epidemiological
studies suggest that up to 5% of all cases may be due
to autosomal dominant genes [1–4], and twin studies
suggest that approximately 42% of PRCA cases dia-
gnosed under the age of 70 years are likely to be due to
heritable factors [5]. Men with an affected father or
brother are twice as likely to develop PRCA as men
with no affected relatives [6], and the relative risk of
developing PRCA rises considerably as the number of
cases in a family cluster increases and the average age at
diagnosis in the cluster decreases [7]. A meta-analysis
of PRCA risk amongmenwith a positive family history
found a 1.8–2.1-fold increased risk if a second degree

relative is affected compared to a 2.9-fold increased risk
if the father or a brother is affected [8]. The results from
the Breast Cancer Linkage Consortium (BCLC) showed
a RR of 4.65 (95% confidence interval, CI 3.48–6.22) of
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PRCA in male BRCA2 mutation carriers, data sup-
ported by a case–control study of 251 unselected
Ashkenazi Jewish PRCA cases and 1,472 controls
which estimated the odds ratio for PRCA in BRCA2
mutation carriers to be 4.78; 95% CI 1.87–12.25) [9].
Edwards et al. [10] screened the complete BRCA2
coding sequence in 263 British men under the age of
55 years and identified six truncating mutations (2.3%)
compared to aBRCA2mutationprevalence in theUKof
a round 0.13%. From these data, they estimated that
there was a 23-fold relative risk of developing prostate
cancer by age 56 years in BRCA2 mutation carriers.
Moreover, a recent Icelandic study has shown that
PRCA arising in BRCA2 mutation carriers has a
significantly worse prognosis compared to sporadic
PRCA [11].However, other groups have shown limited
[12] or no association [13,14] of BRCA2mutations with
familial PRCA.

PALB2/FANCN is a recently identified protein
which interacts closely with BRCA2 [15]. This inter-
action is essential for BRCA2 anchorage to nuclear
structures and for its function in double strand break
repair by homologous recombination [15]. Recent
studies have shown that, as with BRCA2, mutations in
PALB2 are a cause of hereditary breast cancer [16–18].
To date, there are no published studies on PALB2 in
other cancer types. In view of the close functional
relationship betweenPALB2 andBRCA2and their joint
role in breast cancer predisposition, it is conceivable
that PALB2 mutations may also predispose to PRCA
and that PALB2 mutations account for a proportion of
hereditary PRCA. We therefore screened PALB2 in a
cohort of highly selected PRCA families.

METHODS

Study Subjects

Subjects were selected from the University of
Michigan Prostate Cancer Genetics Project (PCGP), a
large, ongoing, family-based study of hereditary PRCA.
All participants gave written informed consent, and all
consents and protocols were approved by the Institu-
tional Review Board at the University of Michigan
Medical School. To be eligible for the PCGP, families
must have either two or more living members affected
with prostate cancer or at least one living member with
early onset PRCA (diagnosed at <55 years of age).
For each participant a blood sample was taken for
DNA extraction, the medical charts were reviewed and
extended family history information was obtained. For
the current study, 95 families with either multiple
cases of early onset PRCA (defined as diagnosis
prior to age 55 years) or a single case of early onset
PRCA and multiple (defined as five or more) cases of
PRCAdiagnosed at any agewere identified. Of those 95

families, 77 had two or more cases of early onset PRCA,
and the remaining 18 had one case of early onset PRCA
and five or more total cases of PRCA. The individual
with the youngest age of diagnosis for whomDNAwas
available was selected from each family for PALB2
sequencing. Characteristics of the families and indi-
viduals tested are given in Tables I and II, respectively.
PALB2 mutation analysis was performed by DNA
sequencing as previously described [18]. Primers were
designed to include an average of 75 base pairs either
side of each exon, and at the 50 and 30 ends of PALB2 the
analyzed sequence included 50 bases upstream of exon
1 (150 bases upstream of the translation start site) and
50 bases downstream of exon 13 (350 bases downstream
of the stop codon).

RESULTSANDDISCUSSION

Probands from a total of 95 hereditary prostate
cancer familieswere screened forPALB2mutations and
no truncating mutations were identified. A number of
sequence variants were detected, themajority of which
have been previously characterized [17] (Table III)
and therefore it seems unlikely that these contribute
to PRCA risk. Two previously unreported variants,
however, were identified, namely K18R and V925L.
Neither variant was located in a known functional
domain of PALB2, and both were classified as
‘‘tolerated’’ using SIFT [19]. The K18R variant was
found in the proband as well as his unaffected brother.
Moreover, this family is of African American descent
which most likely explains why the variant has not
been seen in the control group screened by Rahman
et al. [17], 97%percent ofwhichwere ofwhite ethnicity.
The V925L variant was detected in both the proband
and his affected brother. And as with K18R, no further
samples were available from other family members.
However as this amino acid change is relatively
conservative (Grantham score¼ 32), it seems unlikely
that it is pathogenic.
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TABLE I. Characteristics of Families (n¼ 95)

Trait Median [range]

Racea

Caucasian 84 (88%)
African-American 10 (11%)
Asian 1 (1%)

Minimum age of diagnosis 48.8 [37–54]
Average age of diagnosisb 56.0 [52–60.3]
Number of early onset PRCA cases 2.0 [1–5]
Total number of PRCA cases 2.4 [2–13]

aNumber of families and (percentage of total families) are given.
bMedian and [interquartile range] are given.
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Our studywasdesigned todeterminewhether ornot
PALB2 is a moderate to high penetrance gene in PRCA
by screening families that were highly enriched for
hereditary characteristics including early age at cancer
diagnosis and/or multiple affected family members.
Note that in this report,menwhowere tested forPALB2
mutations had a median age of prostate cancer
diagnosis of 49 years, which is approximately 20 years
earlier than the median age of diagnosis for sporadic
PRCA.We specifically selected families from the PCGP
resource with early-onset PRCA based on the findings
of Edwards et al. [10]. These investigators screened
265menwith PRCAdiagnosed at or before age 55 years
for BRCA2mutations and identified 6 men (2.3%) with
protein truncating mutations. BRCA2 and PALB2,
together with BRCA1-interacting protein (BRIP1 or
FANCJ), comprise Group III Fanconi Anemia (FA)
proteins [20]. These proteins appear to act downstream
from the ID complexwhich is formed fromGroup II FA
proteins FANCD2 and FANCI. Monoallelic mutations

in all three Group III FA genes are associated with
breast cancer susceptibility [21–23]. In our study we
screened sufficient familial cases to have an 85%
probability of detecting at least one deleterious
mutation if the expected PALB2 carrier rate is 2%. This
frequency is not unreasonable given that 1) our families
werehighly selectedandenriched specifically for early-
onset PRCA, and 2) the BRCA2 mutation frequency
from Edwards et al. [10] in sporadic young onset
prostate cancer was 2.3%.

In their recent study Erkko et al. [16] screened
475 unselected and 164 familial (defined as having at
least two affected members) PRCA cases, all from
Finland, for the PALB2 1592delT founder mutation.
The mean age at diagnosis in the study group was
69.5 years. They identified the mutation segregating
in one family with four PRCA cases, average age at
diagnosis 73.5 years. These data suggest that PALB2
may be implicated in hereditary PRCA in Finnish
PRCA families. However, this does not seem to be the
case in similar types of PRCA families in North
America. Such geographical variation has been pre-
viously seenwith other genetic variants such asCHEK2
1100delCwhichwas found to be at increased frequency
in PRCA cases from Poland [24] and Finland [25] but
not southern Sweden [26]. While it is unlikely that
PALB2mutations play amajor role hereditary PRCA, it
may still be possible that deleterious PALB2mutations
predispose toPRCA in some rare families.However, no
familial PRCA studies have shown evidence of linkage
to the PALB2 locus on 16p12. It remains possible that
common variants in PALB2 could be associated with a
slightly increased risk for PRCA, but this studywas not
designed to identify such an effect.

A number of other candidate genes have been
studied in hereditary prostate cancer, but BRCA2 is
the only gene that has been shown to cause an increased
risk of prostate cancer inmultiple studies [7].While the
results of our study indicate that deleteriousmutations
in PALB2 do not significantly contribute to hereditary
PRCA, it remains possible that other genes coding
for proteins associated with BRCA2 are potential
PRCA-predisposition genes.
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TABLE II. Characteristics of Individuals Resequenced
(n¼ 95)

Trait No. (%)

Age at diagnosisa 49.0 [47–52]
Pre-diagnosis PSAa 7.7 [4.0–7.5]
Surgery (% yes) 82 (86%)
Gleason
�6 50 (54%)
7 36 (39%)
�7 6 (7%)

Column subtotals do not sum to 95 due to missing data.
aMedian and [interquartile range] are given.

TABLE III. PALB2 Coding Sequence Variants Identif|ed in
This Study

Exon Variant
No of
cases Comments

2 K18R 1 SIFT: tolerated
4 L303L 1 Silent

L337S 4 Previously reported [17]
I309V 1 Previously reported [17]
Q559R 15 Previously reported [17]
S524S 1 Previously reported [17]

5 E672Q 4 Previously reported [17]
G752G 1 Silent

8 V925L 1 SIFT: tolerated
9 G998E 2 Previously reported [17]
12 T1100T 2 Previously reported [17]

PALB2Analysis inHereditary ProstateCancer 677



REFERENCES

1. Carter BS, Beaty TH, Steinberg GD, Childs B, Walsh PC.
Mendelian inheritance of familial prostate cancer. Proc Natl
Acad Sci USA 1992;89(8):3367–3371.

2. Gronberg H, Damber L, Damber JE. Familial prostate cancer in
Sweden. A nationwide register cohort study. Cancer 1996;77(1):
138–143.

3. Cui J, Staples MP, Hopper JL, English DR, McCredie MR, Giles
GG. Segregation analyses of 1,476 population-based Australian
families affected byprostate cancer.Am JHumGenet 2001;68(5):
1207–1218.

4. MatikaineMP, Pukkala E, Schleutker J, Tammela TL, Koivisto P,
Sankila R, Kallioniemi OP. Relatives of prostate cancer patients
have an increased risk of prostate and stomach cancers: A
population-based, cancer registry study in Finland. Cancer
Causes Control 2001;12(3):223–230.

5. Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J,
Koskenvuo M, Pukkala E, Skytthe A, Hemminki K. Environ-
mental and heritable factors in the causation of cancer—
Analyses of cohorts of twins from Sweden, Denmark, and
Finland. N Engl J Med 2000;343(2):78–85.

6. Steinberg GD, Carter BS, Beaty TH, Childs B, Walsh PC. Family
history and the risk of prostate cancer. Prostate 1990;17(4):337–
347.

7. Simard J, Dumont M, Labuda D, Sinnett D, Meloche C, El-Alfy
M, Berger L, Lees E, Labrie F, Tavtigian SV. Prostate cancer
susceptibility genes: Lessons learned and challenges posed.
Endocr Relat Cancer 2003;10(2):225–259.

8. BrunerDW,MooreD, Parlanti A,Dorgan J, EngstromP. Relative
risk of prostate cancer formenwith affected relatives: Systematic
review and meta-analysis. Int J Cancer 2003;107(5):797–803.

9. Kirchhoff T, Kauff ND, Mitra N, Nafa K, Huang H, Palmer C,
Gulati T, Wadsworth E, Donat S, Robson ME, Ellis NA, Offit K.
BRCAmutations and risk of prostate cancer in Ashkenazi Jews.
Clin Cancer Res 2004;10(9):2918–2921.

10. Edwards SM, Kote-Jarai Z,Meitz J, Hamoudi R, HopeQ, Osin P,
Jackson R, Southgate C, Singh R, Falconer A, Dearnaley DP,
Ardern-JonesA,MurkinA,DoweA,Kelly J,WilliamsS,OramR,
StevensM, Teare DM, Ponder BA, Gayther SA, Easton DF, Eeles
RA. Two percent of menwith early-onset prostate cancer harbor
germline mutations in the BRCA2 gene. Am J Hum Genet 2003;
72(1):1–12.

11. Tryggvadottir L, Vidarsdottir L, Thorgeirsson T, Jonasson JG,
Olafsdottir EJ, Olafsdottir GH, Rafnar T, Thorlacius S, Jonsson E,
Eyfjord JE,TuliniusH.Prostatecancerprogressionandsurvival in
BRCA2mutation carriers. J Natl Cancer Inst 2007;99(12):929–935.

12. Sinclair CS, Berry R, Schaid D, Thibodeau SN, Couch FJ. BRCA1
and BRCA2 have a limited role in familial prostate cancer.
Cancer Res 2000;60(5):1371–1375.

13. Wilkens EP, Freije D, Xu J, Nusskern DR, Suzuki H, Isaacs SD,
Wiley K, Bujnovsky P, Meyers DA, Walsh PC, Isaacs WB. No
evidence for a role of BRCA1 or BRCA2mutations in Ashkenazi
Jewish families with hereditary prostate cancer. Prostate 1999;
39(4):280–284.

14. Agalliu I, Kwon EM, Zadory D, McIntosh L, Thompson J,
Stanford JL, Ostrander EA. Germline mutations in the BRCA2

gene and susceptibility to hereditary prostate cancer. Clin
Cancer Res 2007;13(3):839–843.

15. Xia B, Sheng Q, Nakanishi K, Ohashi A, Wu J, Christ N, Liu X,
Jasin M, Couch FJ, Livingston DM. Control of BRCA2 cellular
and clinical functions by a nuclear partner, PA LB2. Mol Cell
2006;22(6):719–729.

16. ErkkoH, Xia B,Nikkila J, Schleutker J, Syrjakoski K,Mannermaa
A,KallioniemiA, PylkasK,KarppinenSM,RapakkoK,MironA,
Sheng Q, Li G, Mattila H, Bell DW, Haber DA, Grip M, Reiman
M, Jukkola-Vuorinen A, Mustonen A, Kere J, Aaltonen LA,
Kosma VM, Kataja V, Soini Y, Drapkin RI, Livingston DM,
Winqvist R. A recurrent mutation in PALB2 in Finnish cancer
families. Nature 2007;446(7133):316–319.

17. Rahman N, Seal S, Thompson D, Kelly P, Renwick A, Elliott A,
Reid S, SpanovaK, Barfoot R, Chagtai T, JayatilakeH,McGuffog
L,Hanks S, EvansDG, EcclesD, EastonDF, StrattonMR. PALB2,
which encodes a BRCA2-interacting protein, is a breast cancer
susceptibility gene. Nat Genet 2007;39(2):165–167.

18. Tischkowitz M, Xia B, Sabbaghian N, Reis-Filho JS, Hamel N, Li
G, van Beers EH, Li L, Khalil T, Quenneville LA, Omeroglu A,
PollA, LepageP,WongN,Nederlof PM,AshworthA,ToninPN,
Narod SA, Livingston DM, Foulkes WD. Analysis of PALB2/
FANCN-associated breast cancer families. Proc Natl Acad Sci
USA 2007;104(16):6788–6793.

19. Ng PC, Henikoff S. Predicting deleterious amino acid substitu-
tions. Genome Res 2001;11(5):863–874.

20. Wang W. Emergence of a DNA-damage response network
consisting of Fanconi anaemia and BRCA proteins. Nat Rev
Genet 2007;8(10):735–748.

21. Cancer risks in BRCA2 mutation carriers. The Breast Cancer
Linkage Consortium. J Natl Cancer Inst 1999;91(15):1310–
1316.

22. Seal S, Thompson D, Renwick A, Elliott A, Kelly P, Barfoot R,
Chagtai T, Jayatilake H, Ahmed M, Spanova K, North B,
McGuffog L, Evans DG, Eccles D, Easton DF, Stratton MR,
Rahman N. Truncating mutations in the Fanconi anemia J gene
BRIP1 are low-penetrance breast cancer susceptibility alleles.
Nat Genet 2006;38(11):1239–1241.

23. Reid S, Schindler D, Hanenberg H, Barker K, Hanks S, Kalb R,
NevelingK, Kelly P, Seal S, FreundM,WurmM, Batish SD, Lach
FP, Yetgin S, Neitzel H, Ariffin H, Tischkowitz M, Mathew CG,
Auerbach AD, Rahman N. Biallelic mutations in PALB2 cause
Fanconi anemia subtype FA-N and predispose to childhood
cancer. Nat Genet 2007;39(2):162–164.

24. Cybulski C, Huzarski T, Gorski B, Masojc B, Mierzejewski M,
Debniak T, Gliniewicz B,Matyjasik J, Zlowocka E, Kurzawski G,
Sikorski A, PosmykM, SzwiecM, Czajka R, Narod SA, Lubinski
J. A novel founderCHEK2mutation is associatedwith increased
prostate cancer risk. Cancer Res 2004;64(8):2677–2679.

25. Seppala EH, Ikonen T, Mononen N, Autio V, Rokman A,
Matikainen MP, Tammela TL, Schleutker J. CHEK2 variants
associate with hereditary prostate cancer. Br J Cancer 2003;
89(10):1966–1970.

26. Wagenius M, Borg A, Johansson L, Giwercman A, Bratt O.
CHEK2*1100delC is not an important high-risk gene in families
with hereditary prostate cancer in southern Sweden. Scand
J Urol Nephrol 2006;40(1):23–25.

The Prostate

678 Tischkowitz et al.


