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Dear Sir,

The CDKN2A gene on chromosome 9p21.3 is the
major known high-risk melanoma susceptibility gene.
However, despite the fact that more than half of familial
melanoma has been linked to chromosome 9p, only
about 20-40% of melanoma-prone families have muta-
tions in CDKN2A (De Snoo and Hayward, 2005; Gold-
stein et al., 2006). Several groups have found recurrent
regions of loss of heterozygosity (LOH) and deletion on
chromosome 9p in both sporadic and familial melanoma
that do not encompass the CDKN2A locus (Figure 1A;
Puig et al., 1995; Parris et al., 1999; Pollock et al.,
2001). Therefore, an additional unidentified tumor sup-
pressor gene(s) on chromosome 9p may also be respon-
sible for inherited susceptibility to melanoma.

The PTPRD gene at chromosome 9p23-24.1 encodes
one of 21 known human receptor-type protein tyrosine
phosphatases, a family of proteins which are increas-
ingly thought to be important in cancer development
and progression (for reviews see Tonks, 2006; Ostman
et al., 2006). PTPRD was first theorized to be a tumor
suppressor by Urushibara et al. (1998) who described a
selective reduction in PTPRD expression in hepatomas.
This theory was supported by the discovery of genomic
deletions of PTPRD in several human cancer cell lines
by Cox et al. (2005). Subsequent studies have reported
homozygous deletions of PTPRD in a broad spectrum of
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human tumor types including lung adenocarcinoma
(Nagayama et al.,, 2007; Sato et al., 2005; Weir et al,,
2007; Zhao et al., 2005), pancreatic carcinoma (Calhoun
et al., 2006), melanoma (Stark and Hayward, 2007),
neuroblastoma (Stallings et al.,, 2006), glioblastoma
multiforme (Solomon et al., 2008), and cutaneous
squamous cell carcinoma (Purdie et al., 2007).

Somatic mutations of PTPRD in human cancer were
first discovered by Sjoblom et al. (2006) who identified
three missense substitutions in a panel of 35 colorectal
cancers. Two additional studies have since described
mutation of PTPRD in lung adenocarcinoma (Ding et al.,
2008; Weir et al., 2007). Most recently, somatic muta-
tions of PTPRD were discovered in glioblastoma multi-
forme (GBM) and melanoma (Solomon et al., 2008).
While, PTPRD was mutated in only a modest fraction of
lung cancers (6%) and GBMs (6%), the 12% mutation
frequency in melanoma makes PTPRD among the most
commonly mutated genes in sporadic melanoma
reported to date, which include B-Raf (~60%), p53
(0-25%), N-Ras (10-15%), PTEN (~10%), CDKN2A (0-
5%), and PIK3CA (<1%) (Curtin et al., 2005; Fecher
et al., 2007). Functional experiments have now defini-
tively established that PTPRD has a growth suppressive
role in human cancer cells and that tumor-derived muta-
tions compromise the tumor suppressive function of
PTPRD (Solomon et al., 2008).

Intriguingly, this study by Solomon et al. (2008) also
reported an inherited mutation of PTPRD in a GBM
patient with a history of multiple primary tumors. This
inherited mutation was accompanied by somatic loss of
the wild-type allele in the tumor, suggesting that inher-
ited mutations of this emerging tumor suppressor gene
might result in a predisposition syndrome for GBM and
other tumor types. Interestingly, melanoma-prone fami-
lies often have a high rate of gliomas and other neural
system tumors, a syndrome that has been termed ‘mel-
anoma-astrocytoma syndrome’ (Azizi et al., 1995; Kauf-
man et al., 1993). Based on frequent somatic alterations
in sporadic melanoma, its location on chromosome 9p,
and the presence of an inherited mutation in a GBM
patient with a history of multiple primary malignancies,
we thus considered PTPRD an attractive candidate as
a cancer susceptibility gene in familial melanoma and
melanoma-astrocytoma syndrome.

To test this hypothesis, we sequenced the PTPRD
gene in constitutional DNA from probands of twelve
melanoma-prone families lacking mutations of CDKN2A.
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Five of these families had multiple melanoma patients
plus at least one brain cancer patient, six families
showed putative linkage to chromosome 9p or a haplo-
type consistent with linkage in the CDKN2A region, and
the twelfth family had seven melanoma patients (see
Figure 1B for details on these 12 probands). The 35 cod-
ing exons and flanking intronic sequence of PTPRD
were PCR amplified from genomic DNA isolated from
whole blood using conditions and primer pairs described
by Sjoblom et al. (2006). PCR products were purified
using the Exo/SAP method followed by a Sephadex
spin column. Sequencing reactions were performed
using Big Dye v3.1 (Applied Biosystems, Foster City,
CA, USA) and M13-Fwd primer, and were run on an
Applied Biosystems 3730XL capillary sequencer.
Sequence traces were analyzed wusing Mutation
Surveyor (Softgenetics, State College, PA, USA). Traces
with  putative mutations were re-amplified and
re-sequenced.

Though several common SNPs were identified, no
mutations of PTPRD were found (Figure 1C). Although
the presence of common somatic mutations and homo-
zygous deletions has clearly implicated inactivation of
PTPRD in the pathogenesis of sporadic melanomas,
these data provide no evidence for PTPRD as the
long sought ‘other’ chromosome 9p familial melanoma
susceptibility gene.

490

Acknowledgements

T.W. is supported by the National Cancer Institute and the Ameri-
can Cancer Society. This work was supported in part by the
National Institutes of Health Intramural Research Program of the
National Cancer Institute, Division of Cancer Epidemiology and
Genetics (X.Y., M.T., and A.G.) and the National Human Genome
Research Institute (Y.S.).

References

Azizi, E., Friedman, J., Pavlovsky, F., Iscovich, J., Bornstein, A.,
Shafir, R., Trau, H., Brenner, H., and Nass, D. (1995). Familial
cutaneous malignant melanoma and tumours of the nervous
system. Cancer 76, 1571-1578.

Calhoun, E.S., Hucl, T., Galmeier, E., West, K.M., Arking, D.E.,
Maitra, A., Lacobuzio-Donahue, C.A., Chakravarti, A., Hruban,
R.H., and Kern, S.E. (2006). Identifying allelic loss and homozy-
gous deletions in pancreatic cancer without matched normals
using high-density single-nucleotide polymorphism arrays. Cancer
Res. 66, 7920-7928.

Cox, C., Bignell, G., Greenman, C. et al. (2005). A survey of homo-
zygous deletions in human cancer genomes. Proc. Natl Acad.
Sci. USA 102, 4542-4547.

Curtin, J.A., Fridlyand, J., Kageshita, T. et al. (2005). Distinct sets
of genetic alterations in melanoma. N. Engl. J. Med. 353, 2135-
2147.

De Snoo, F.A., and Hayward, N.K. (2005). Cutaneous melanoma
susceptibility and progression genes. Cancer Lett. 230, 153-
186.

© 2009 John Wiley & Sons A/S



Ding, L., Getz, G., Wheeler, D.A. et al. (2008). Somatic mutations
affect key pathways in lung adenocarcinoma. Nature 455, 1069-
1075.

Fecher, L.A., Cummings, S.D., Keefe, M.J., and Alani, R.M. (2007).
Toward a molecular classification of melanoma. J. Clin. Oncol.
25, 1606-1620.

Goldstein, A.M., Chan, M., Harland, M. et al. (2006). High-risk mela-
noma susceptibility genes and pancreatic cancer, neural system
tumors, and uveal melanoma across GenoMEL. Cancer Res. 66,
9818-9828.

Kaufman, D.K., Kimmel, D.W., Parisi, J.E., and Michels, V.V.
(1993). A familial syndrome with cutaneous malignant melanoma
and cerebral astrocytoma. Neurology 43, 1728-1731.

Nagayama, K., Kohno, T., Sato, M., Arai, Y., Minna, J.D., and Yoko-
ta, J. (2007). Homozygous deletion scanning of the lung cancer
genome at a 100-kb resolution. Genes Chromosomes Cancer 46,
1000-1010.

Ostman, A., Hellberg, C., and Bohmer, F.D. (2006). Protein-tyrosine
phosphatases and cancer. Nat. Rev. Cancer 6, 307-320.

Parris, C.N., Harris, J.D., Griffin, D.K., Cuthbert, A.P., Silver, AJ.,
and Newbold, R.F. (1999). Functional evidence of novel tumor
suppressor genes for cutaneous malignant melanoma. Cancer
Res. 59, 516-520.

Pollock, P.M., Welch, J., and Hayward, N.K. (2001). Evidence for
three tumor suppressor loci on chromosome 9p involved in mela-
noma development. Cancer Res. 67, 1154-1161.

Puig, S., Ruiz, A., Lazaro, C., Castel, T., Lynch, M., Palou, J., Vilalta,
A., Weissenbach, J., Mascaro, J.M., and Estivill, X. (1995). Chro-
mosome 9p deletions in cutaneous malignant melanoma tumors:
the minimal deleted region involves markers outside the p16
(CDKN2) gene. Am. J. Hum. Genet. 57, 395-402.

Purdie, K.J., Lambert, S.R., Teh, M.T. et al. (2007). Allelic imbal-
ances and microdeletions affecting the PTPRD gene in cutane-
ous squamous cell carcinomas detected using single nucleotide

© 2009 John Wiley & Sons A/S

Letter to the Editor

polymorphism microarray analysis. Genes Chromosomes Cancer
46, 661-669.

Sato, M., Takahashi, K., Nagayama, K., Arai, Y., Ito, N., Okada, M.,
Minna, J.D., Yokota, J., and Kohno, T. (2005). Identification of
chromosome arm 9p as the most frequent target of homozygous
deletions in lung cancer. Genes Chromosomes Cancer 44, 405-
414.

Sjoblom, T., Jones, S., Wood, L.D. et al. (2006). The consensus
coding sequences of human breast and colorectal cancers.
Science 314, 268-274.

Solomon, D.A., Kim, J.S., Cronin, J.C. et al. (2008). Mutational
inactivation of PTPRD in glioblastoma multiforme and malignant
melanoma. Cancer Res. 68, 10300-10306.

Stallings, R.L., Nair, P., Maris, J.M., Catchpoole, D., McDermott,
M., O'Meara, A., and Breatnach, F. (2006). High-resolution analy-
sis of chromosomal breakpoints and genomic instability identifies
PTPRD as a candidate tumor suppressor gene in neuroblastoma.
Cancer Res. 66, 3673-3680.

Stark, M., and Hayward, N. (2007). Genome-wide loss of heterozy-
gosity and copy number analysis in melanoma using high-density
single-nucleotide polymorphism arrays. Cancer Res. 67, 2632-
2642.

Tonks, N.K. (2006). Protein tyrosine phosphatases: from genes, to
function, to disease. Nat. Rev. Mol. Cell Biol. 7, 833-846.

Urushibara, N., Karasaki, H., Nakamura, K., Mizuno, Y., Ogawa, K.,
and Kikuchi, K. (1998). The selective reduction in PTPdelta
expression in hepatomas. Int. J. Oncol. 72, 603-607.

Weir, B.A., Woo, M.S., Getz, G. et al. (2007). Characterizing
the cancer genome in lung adenocarcinoma. Nature 450, 893-
898.

Zhao, X., Weir, B.A., LaFramboise, T. et al. (2005). Homozygous
deletions and chromosome amplifications in human lung carcino-
mas revealed by single nucleotide polymorphism array analysis.
Cancer Res. 65, 5561-5570.

491



