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Localization of the gene for 
Cowden disease to 
chromosome 10q22-23
M.R. Nelen1, G.W. Padberg1, E.A.J. Peeters2,
A.Y. Lin3, B. van den Heim4, R.R. Frants5,
V. Coulon6, A.M. Goldstein3, M.M.M van Reen4:
D.F. Easton7, R.A. Eeles8, S. H odgson9,
J.J. Mulvihill10, V.A. Murday11, M.A. Tucker12,
E.C.M. Mariman4, T.M. Starink13,
B.A.J. Ponder14, H.H. Ropers4, H. Kremer4,
M. Longy6 8c C. Eng14,15

Cowden disease (CD) (MIM 158350), or multiple 
hamartoma syndrome, is a rare autosomal domi
nant familial cancer syndrome with a high risk of 
breast cancer. Its clinical features include a wide 
array of abnormalities but the main characteristics 
are hamartomas of the skin, breast, thyroid, oral 
mucosa and intestinal epithelium. The pathogno
monic hamartomatous features of CD include 
multiple smooth facial papules, acral keratosis 
and multiple oral papillomas1*2. The pathological 
hallmark of the facial papules are multiple 
trichilemmomas3. Expression of the disease is 
variable and penetrance of the dermatological 
lesions is assumed to be virtually complete by the 
age of twenty4. Central nervous system manifes
tations of CD were emphasized only recently and 
include megaiencephaly, epilepsy and dysplastic 
gangliocytomas of the cerebellum (Lhermitte- 
Duelos disease, LDD)5"7. Early diagnosis is impor
tant since female patients with CD are at risk of 
developing breast cancer. Other lesions include 
benign and malignant disease of the thyroid, 
intestinal polyps and genitourinary abnormali- 
ties4>8~10. To localize the gene for CD, an autoso
mal genome scan was performed. A total of 12 
families were examined, resulting in a maximum 
lod score of 8.92 at 0 = 0.02 with the marker 
D10S573 located on chromosome 10q22-23.

Twelve families participated in this study, including 
40 affected individuals. Since CD has clinical manifes
tations similar to other phako mato ses such as ne uro fi- 
bromatosis and tuberous sclerosis, the initial search for 
linkage was concentrated on chromosomal regions 
known to contain tumour suppressor genes. We were
able to exclude all the candidate ______________
loci, including BRCAl, BRCA2 and 
the multiple endocrine neoplasia 
type 2 locus, RET,

Subsequently, a genome scan was 
initiated in five unrelated Dutch 
families: N l, N2, N3, N4 & N5.
Testing 300 markers resulted in the 
exclusion of 85% of the genome.
An indication of linkage (lod score 
>1) was obtained at four different 
loci; AMY2B (chromosome 1),
D3SI286, D10S573 and APOCII 
(chromosome 19). At two of these 
loci, the lod score exceeded 2

(D3S1286 and D10S573). Using additional markers 
and family 0014, three of these loci could be excluded. 
For the fourth region, located on the long arm of chro
mosome 10, a statistically significant maximum lod 
score of 6.67 at 0 = 0.03 was obtained with marker 
D10S215. A more detailed analysis of this region was 
performed with the inclusion of seven additional fami
lies. Eight markers, localized to 10q22-23 (ref. 11), 
showed significant evidence for linkage to CD (Table 
1). The highest lod scores were obtained with two 
markers: D10S573, Zmax=8.92 at 0 = 0.02 and 
D1QS215> = 8.19 at 0 = 0.02,max

Haplotypes were constructed to define the most 
likely position of the Cowden gene within this region. 
The critical recombinants occurred in individuals N4- 
11-10 and 0014-III-3, both of whom have features of 
CD (as defined in Methods). The most likely position 
of the Cowden gene is in a 5 cM region between 
D10S215 (N4-1M0) and D10S564 (0Ü14-II1-3) (Figs 1, 
2 and 3). The pattern of inheritance in all other fami
lies is consistent with this localization.

In family N2, individual 11-11 inherited the unaf
fected haplotype (Fig. 1). Based on our dermatological 
criteria, he initially was considered affected. However, 
his clinical symptoms include a borderline number of 
keratotic lesions on the forearm and a few non-charac
teristic facial papules that were not examined patho
logically. No other features of CD could be detected 
that, in contrast, are quite obvious in his affected rela
tives. Furthermore, both his daughters III-9 and III- 
10, aged 32 and 28 respectively, are free of symptoms, 
although one of them received the reconstructed unaf
fected grandmaternal chromosome. If, however, indi
vidual N2-II-11 is considered affected, the maximum 
lod score is reduced to 7.14 at 0 = 0.04.

There is no indication for genetic heterogeneity 
among the 12 families who originated from four dif
ferent countries, CD in all the families, including four 
with LDD, showed linkage to 10q22-23. Although the 
pathognomonic dermatological features of CD are 
almost invariant, there is large clinical variation 
among families. An obvious example would be the 
presence or absence of LDD in CD families. The even
tual isolation of the gene would resolve some of these 
issues pertaining to gen otype~p heno type relation
ships.

No tumour suppressor gene or oncogene has yet 
been identified in the Cowden critical region. The 
presence of tumour suppressor genes on chromosome 
10 has been indicated by loss of heterozygosity (LOH)

Table 1 Two-point lod scores between the 
CD locus and CA repeats markers

Lod score (chromosome 10q22-23)
Iocus/0 0.00 0.05 0.10 0.20 0.30 0.40 ®max L°dmax
D10S580 “ 18.33 0.01 0.87 1.11 0.73 0.23 0.17 1.15
D10S605 -5.99 1.80 2.09 1.83 1.14 0.37 0.11 2.11
D10S569 -8.34 0.62 1.15 1.18 0.75 0.23 0.15 1.26
D10S607 —1.34 2.78 2.58 1.85 1.00 0.24 0.04 2.79
D103219 3.26 7.02 6.41 4.73 2.81 0.96 0.03 7.14
D10S201 -5.96 2.83 2.96 2.42 1.44 0.43 0.09 2.98
D10S573 5.19 8.63 7.77 5.61 3.24 1.03 0.02 8.92
D10S215 4.40 7.99 7.24 5.30 3.09 0.97 0,02 8.19
D10S564 2.34 5.12 4.75 3.56 2.11 0.67 0.04 5.15
D10S583 -4.62 3,59 3.59 2.83 1.72 0.59 0.07 3.65
D10S574 -0.09 4.60 4.37 3.36 2.01 0.63 0.05 4.60
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Fig. 1 Pedigrees of three Cowden disease families, 
Haplotypes of persons available for this study are 
shown. Bars indicate the chromosome and show 
regions of crossover. The mutation-carrying chromo
some is depicted in black. Markers used to form this 
haplotype (proximal-distal): D10S580, D10S219, 
D10S573, D10S215, D10S564 and D10S583.
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in different types of tumours. Studies in follicular thy
roid and uterine tumours, all components of CD, have 
shown frequent LOH on lOq (refs 12,13). The region 
of LOH was determined with more detail in endome
trial tumours and the Cowden critical region may par
tially overlap this region14.

There are several known genes mapped to the 
10q22-23 region: ACTA2> Giudi, INFÏ56 and ZNF32 
(GDB). Apart from ZNF32, the genes mentioned are 
not strong candidate genes. ZNF32 is a member of the 
family ZNF KOX genes which encode the C2H2 Krüp
pel type (Class I) of zinc finger proteins15. There are at 
least two examples of inherited syndromes with devel
opmental defects which are known to result from 
germline mutations in ZNF  genes. The first is the GLÏ3 
gene in Greig cephalopolydactyly syndrome16 and the

multipoint lod score
Cowdan dl»«#«

distance In Morgans
»

Fig, 2 Multipoint calculation. Markers used are flanking the Cowden critical region.
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second is the W Tl tumour suppres
sor gene in Denys-Drash syn
drome17,18. In addition, other 
ZNF-type proteins bind DNA at 
promoter sites and probably play 
important roles in gene regula
tion19-23. Fine mapping o f ZNF32 is 
necessary to determine if it maps 
within the Cowden critical region. 

The two most severe complica
tions for CD are neurological and 
neoplastic. There is insufficient 
inform ation whether m egalen- 
cephaly is caused by hypermyeli- 
nation or by increased cerebral 
cellularity. Both hypermyelination 
and hypercellulairity are features 
consistent with the possibility that 
the Cowden gene might be a 
tumour suppressor gene. From an 
oncologic point o f view, we suspect 
the CD gene might play a role in 

both familial and sporadic breast cancer and in famil
ial thyroid syndromes. The high frequency of breast 
cancer in female Cowden patients (30%)4,8“10 makes it 
a strong candidate gene for a new breast cancer suscep
tibility gene. In addition, its candidacy for the locus of 
noil-medullary thyroid cancer should be considered. 
From this study, DNA-based predictive testing for CD 
in informative families is now possible, allowing early
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Fig. 3 Chromosomal localization of the Cowden critical region. 
Recombinant 0014-III-3, N2-III-4 and N4-II-10 are shown. 
Hatched circles indicate the affected haplotype, open circles 
indicate the unaffected haplotype. The Cowden Critical region is 
depicted as a black bar.
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diagnosis and institution of possible early screening, 
such as for breast cancer.

Methods
Patients. Families Nl, N2, N4, N5, 0014 and D have been 
described4,5,7,24. Family N3 was ascertained becausc the 
proband was diagnosed on clinical grounds to have LDD. The 
neurological and oncologic features of these families will be 
reported elsewhere in detail (Peeters et al. and Lin et al., manu
scripts in preparation). In addition, family D was ascertained 
because of LDD in the proband’s grandfather7. For the linkage 
studies we used the operational criteria formulated by the 
international CD consortium.

International Cowden Consortium CD diagnosis criteria.
Pathognomonic criteria for the diagnosis of Cowden disease 
include facial trichilemmomas, acral keratoses, papillomatous 
lesions and mucosal lesions. Breast cancer, thyroid cancer 
(especially PTC type), macrocephaly (97th percenile) and LDD 
were considered major criteria. Thyroid lesions (goitre), men
tal retardation (IQ < 75), gastrointestinal hamartomas, fibro
cystic disease of the breast, lipomas, fibromas and 
genitourinary tumours or malformations were applied as 
minor criteria. For the diagnosis of an individual the mucocu- 
tanous lesions are diagnostic if there are six or more papules, 
of which three or more must be trichillemmomas. Also cuta
neous facial papules and oral mucosal papillomatosis, or oral 
mucosal papillomatosis and acral keratosis, or palmo plantar 
keratosis (> 6) are considered diagnostic for CD. Indicative cri
teria for CD include: two major criteria where one is either 
LDD or macrocephaly; one major with three minor criteria; or 
four minor criteria. All patients fulfill these criteria.

Typing of DNA markers. Genomic DNA used for the typing of 
the DNA polymophisms was isolated as described25. Amplifi
cation of the polymorphic regions and the separations of the 
amplified fragments was performed as described26,27.

Statistical evaluation. Lod scores were calculated using the 
Linkage program (version 5.1)28 subroutine MLINK for the 
two-point linkage. Multipoint calculations were done using 
FASTLINK (version 2.30), subroutine LINKMAP29. The gene 
frequency was estimated as 0.000001. Non-penetrance after the 
age of 20 was estimated to be 10%. Individuals above the age of
20 were typed and used for lod score calculation. For the indi
vidual N2-II-11, the affection status was said to be unknown.

Acknowledgements
We thank the fam ily  members who participated in our study; J.
Schot; /. van Deutekom, A. Chompret, D. Lacotnbe, H. Sobol, ƒ. 
Hurst and  C. Toulouse fo r  evaluating some o f the families and for  
helpful discussions; C. Houghton, K, Healey and the C AO S/C AM M  
Centre for technical assistance, C.E. thanks}. Vijgfor continued 
support and encouragement. M .R .N '. is supported by a grant from  
the Faculty o f Medical Science, the Department o f Neurology, 
University Hospital Nijmegen; B.A.J.P. by a Gibb Fellowship o f the 
Cancer Research Campaign (CRC); M.L, by le  Comité des Landes 
de la Ligue Nationale Française Contre le Cancer; and C.E. by the 
CRC Dana-Farber Cancer h  is ti tute Fellowship> the Lawrence and  
Susan M arx Investigatorship in Cancer Genetics in the Division o f  
Cancer Epidemiology and Control, the Markey Charitable Trust, the 
Charles A, Dana Foundation and Dana-Farber Cancer Institute.

Received 28 December 1995; accepted 1 March 1996.

1. Lloyd, K.M. & Dennis, M. Cowden’s disease; a possible new symptom 
complex with muitple system involvement. Am. Intern. Med. 58, 
136-142 (1963).

2. Brownstein, M.H., Mehregan, A.H., Bikowski, J.B., Lupulescu, A. & 
Patterson, J.C. The dermatopathology of Cowden’s syndrome. Br. J. 
Dermatol. 100,667-673 (1979).

3. Starink, T.M., Meijer, C.J.LM. & Brownstein M.H. The cutaneous 
pathology of Cowdenrs disease: new findings. J. Cutan. Pathol. 12, 
83-93 (1985).

4. Starink, Th.M. et ai. The Cowden syndrome: a clinical and genetic study 
in 21 patients. Clin. Genet 29,222-233 (1986).

5. Padberg, G.W., Schot, J.D.L., Vielvoye, G.J., Bots, G.ThAM. & de Beer, 
F.C. Lhermitte-Duclos disease and Cowden disease: a single 
phakomatosis. Ann. Neurol. 29,517-523 (1991).

6. Albrecht, S., Haber, R.M., Goodman, J.C. & Duvic, M, Cowden syndrome 
and Lhermitte-Duclos disease. Cancer 79,869-876 (1992).

7. Eng, C. et al. Cowden syndrome and Lhermitte-Duclos disease in a 
family: a single genetic syndrome with pleiotropy? J. Med. Genet. 31, 
458-461 (1994).

8. Mckusick, V.A Mendellan inheritance In man, 12th ed. (The Johns 
Hopkins University Press, Baltimore, 1994).

9. Sogol, P.B. eta/. Cowden’s disease: familial goiter and skin hamartomas: 
a report of three cases. West J. Med. 139,324-328 (1983),

10. Marra, G., Armelao, F.,Vecchio, F.M., Percesepe, A. & Anti, M. Cowden's 
disease with extensive gastrointestinal polyposis. J. Clin. Gastroentrol. 
18,42-47 (1994).

11. Adams, M.D. et ai. Genome Directory. Nature 377,192 (1995).
12. Zedenius, J. et ai. Allelotyping of follicular thyroid tumors. Hum. Genet. 

96,27-32 (1995),
13. Jones, M.H. et al. Allelotype of uterine cancer by analysis of RFLP and 

microsatellte polymorphisms: frequent loss of heterozygosity on 
chromsome arms 3p, 9q, 10q and 17p. Genes Chrom. Cancer 9, 
119-123 (1994).

14. Pfeifer, S.L. et al, Allelic' loss of sequences from the long arm of 
chromosome 10 and replication errors in endometrial cancers. Cancer 
Res. 55,1922-1926 (1995).

15. Thlesen, H.J. Multiple genes encoding zinc finger domain are expressed 
in human T cells. New Biol. 2,363-374 (1990).

16. Vortkamp, A., Gessler, M. & Grzeschik, K.-H. GL13 zinc-finger gene 
interrupted by translocations in Greig syndrome families. Nature 352, 
539-540(1991).

17. Pelletier, J. et al. Germline mutations in the Willms' tumor suppressor 
gene are associated with abnormal urogenital development in Denys- 
Drash syndrome. Cell 67,437-447 (1991).

18. Huebner.K., Druckt, T., Croce, C.M. & Thlesen, H.-J. Twenty-seven 
nonoverlapping zinc finger cDNAs from human T cells map to nine 
different chromosomes with apparent clustering. Am. J. Hum. Genet. 45, 
727-740(1991).

19. Stanojevic, D., Hoey, T. & Levine, M. Sequence-specific DNA-binding 
activities of the gap proteins encoded by hunchback and Krüppel in 
Drosophila. Nature 341,331-335 (1989).

20. Hsu, T., Gogos, JA *  Kirsh, S.A., & Kafatos, F.C. Multiple zinc fingers 
forms resulting from developmental̂  regulated alternative splicing of a 
transcription factor gene. Science 257,1946-1950 (1992).

21. Shi, Y., Seto, E., Chang, L.-S. & Shenk, T. Transcriptional repression by 
YY1, a human GLI-Krüppel-related protein, and relief of repression by 
Adenovirus E1A protein. Ceil 67,377-388 (1991).

22. Hoch, M., Gerwin, N., Taubert, H. & Jäckle, H. Compétition for 
overlapping sites in the regulatory region of the Drosophila gene Krüppel. 
Science 256,94-97 (1992).

23. Drummond, L.A. et a i Repression of the insulin-like growth factor II gene 
by the Wilms tumor suppressor WT1. Science 257,674-678 (1992).

24. Mulvihill, J.J, & Mckeen, E.A. Discussion: genetics of multiple primary 
tumours: a clinical ethiologic approach illustrated by three patients. 
Cancer 40,1867-1871 (1977)

25. Miller, S A , Dykes, D.D, & Polesky, H,F. A simple salting out procedure for 
extracting DNA from human nucleated cells. Nucl. Acids Res. 16,1215 
(1988).

26. Kremer, H. et al. Localization of the gene for dominant cystoid macular 
dystrophy on chromosome 7p, Hum. Mol. Genet. 3,299-302 (1994),

27. Love, D.R., Gardner, E. & Ponder, B.A.J. A polymorphic dinucleotide 
repeat at the D10S141 locus. Hum. Mol, Genet. 2,491 (1993).

28. Lathrop, G.M. & Lalouel, J.M. Easy calculations of lod scores and genetic 
risks on small computers. Am. J. Hum. Genet 36,460-465 (1984)*

29. Cottingham Jr, R.W., Idury, R.M. & Schäffer, A.A. Faster sequential 
genetic linkage computations. Am. J. Hum. Genet. 53,252-263 (1993).

nature genetics volume 13 may 1996


