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Psoriasis (MIM *177900) is a hyperproliferative skin disor-
der, characterised by inflammatory cell dermal infiltra-
tion, disruption of keratinocyte terminal differentiation,

and premature desquamation of the stratum corneum.1

Although the disease pathogenesis is poorly understood, it is
well recognised that genetic factors underlie psoriasis suscep-
tibility, as documented by family clustering of the disease and
increased concordance rates in monozygotic twin pairs.2 3 To
date, genome wide scans have identified seven distinct psoria-
sis susceptibility regions (PSORS 1-74) and have provided com-
pelling evidence for a major role of the PSORS1 locus on chro-
mosome 6p21.5–9 Linkage disequilibrium (LD) based studies of
microsatellite maps have refined the PSORS1 boundaries to a
150 kb interval10–12 harbouring three sets of coding polymor-
phisms that have repeatedly shown association with psoriasis:
HLA-Cw*0602, HCR*269, and CDSN*TTC.13–18

In a recent analysis of a UK family cohort, we have shown
that the most common psoriasis susceptibility chromosomes
(cluster E) carry HCR*269, CDSN*TTC, and two SNPs (defined
as n7 and n9) lying proximal to HLA-C and showing extremely
significant disease association. We also observed a rare haplo-
type (cluster D), marginally over-transmitted to affected
patients and likely to have originated from cluster E by a dou-
ble recombination event, replacing HCR*269 while preserving
SNPs 7/9 and CDSN*TTC.19 This observation suggested that
CDSN SNPs might be required to confer psoriasis susceptibil-
ity, in conjunction with determinants lying in the HLA-C
genomic region.

CDSN is also a very attractive biological candidate, since
corneodesmosin is a desmosomal protein involved in keratino-
cyte cohesion/desquamation.20–22

With this study, we have sought to validate the hypothesis
of CDSN involvement in psoriasis by: (1) confirming that clus-
ter D is a risk haplotype, through the analysis of an independ-
ent population, originating from the Gujurat region of north-
ern India; and (2) defining CDSN genetic variation by an
association study of intragenic SNP haplotypes. This analysis
identified a 16 SNP chromosome conferring significant
disease risk both in the UK and the Gujurati data sets.

MATERIALS AND METHODS
Subjects
The UK dataset consisted of 171 parent-offspring trios of

European descent, which have been described elsewhere.19 The

Gujurati Indian cohort included 77 patients, 77 controls, and

30 parent-offspring trios, all ascertained as reported by

Asumalahti et al.18 The unaffected control population typed for

LD analysis included 96 unrelated UK subjects of European

descent. For experimental confirmation of haplotypes, two

three generation pedigrees, composed of 29 and 40 subjects,

were analysed.
All subjects provided their informed consent for participa-

tion in this study, which was undertaken following approval of
the Guy’s and St Thomas’ Hospitals Ethics Committee of Kings
College, London.

SNP identification
Four PCR primer pairs were designed based on GenBank

sequence L28015, in order to amplify the CDSN coding region

and the entire 3′UTR. A further primer pair was designed on

the CDSN upstream region contained in genomic sequence

AP000510, in order to amplify 785 bp of putative gene

promoter. All primer sequences are available on our web site

(www.leicester.ac.uk/ge/rt7/index2.html). PCR products were

sequenced using Big Dye Terminators (Applied Biosystems)

and electrophoresed on an ABI 377 automated sequencer

(Applied Biosystems). SNPs were identified by visual inspec-

tion of chromatograms.

SNP typing
Samples were amplified using the primer pairs reported on

our web site and the resulting PCR products were blotted onto

Hybond N nylon membranes (Amersham). For each SNP, a

pair of allele specific oligonucleotides (ASOs) was synthesised,

end labelled, and used to probe dot blots of the corresponding

PCR products, as described elsewhere.23 Synonym nucleotide

changes and SNPs presenting a minor allele frequency <0.25

were excluded from the genotyping panel.

Key points

• Psoriasis is a multifactorial skin disorder. The major sus-
ceptibility locus maps to chromosome 6p21, within a
genomic segment that contains three genes carrying
disease associated alleles: HLA-C, α-helix coiled coil
rod homologue (HCR), and corneodesmosin (CDSN).

• We have recently identified a rare susceptibility haplo-
type (cluster D), originating from a double recombina-
tion event that replaced HCR risk alleles, while preserv-
ing HLA-C and CDSN disease associated SNPs. This
suggested that CDSN SNPs might be required to confer
psoriasis susceptibility, in conjunction with HLA-C risk
alleles.

• Here, we have detected cluster D as a risk chromosome,
through the analysis of an Indian case/control dataset
(77 patients, 77 controls; p=0.001). We have
subsequently analysed six coding and 10 non-coding
CDSN SNPs in 171 UK and 30 Indian parent-offspring
trios. We have identified a 16 SNP chromosome show-
ing significant disease association in both datasets
(p<10-10 and p=3.9 × 10-3, respectively) and occurring
on both sets of haplotypes (clusters D and E) known to
confer psoriasis susceptibility.

• Altogether, our results support a disease model
requiring the presence of CDSN susceptibility alleles on
haplotypes bearing HLA-C related risk SNPs.
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Statistical analyses
Family based association analysis of SNP haplotypes was per-

formed by using the TRANSMIT program.24 Owing to compu-

tational limitations, overlapping segments of 7-9 SNPs were

first determined. These were then pieced together in

succession by identification of unique SNPs in overlapping

regions until full length haplotypes were generated.

The PHASE program25 was used to derive haplotypes from

the diploid genotypes of the Gujurati subjects. The frequencies

of haplotypes predicted for cases and controls were compared

using a chi-square test with 1 degree of freedom.

Analysis of LD conservation among controls was performed

using ad hoc software written in True Basic 4.1 by Alec

Jeffreys.26 The haplotypes segregating in the two three genera-

tion families were derived manually, by minimising recombi-

nation events.

Bioinformatic analyses
The sequence of the minimal promoter region was predicted

using a Neural Network tool (available at http://

www.fruitfly.org/seq_tools/promoter.html). The putative loca-

tion of transcription factor binding sites was assessed by ana-

lysing 900 bp of upstream CDSN sequence with the TESS

software (www.cbil.upenn.edu/cgi-bin/tess/tess33). A 900 bp

segment upstream of the Mus musculus Cdsn gene was similarly

analysed, and the results of human and mouse TESS analyses

were compared, searching for conserved binding sites. The

mouse sequence used for this analysis (nucleotides 117010-

117910 in GenBank sequence AF111103) was identified by a

BLAST search (www.ncbi.nlm.nih.gov/Blast) of the Mus
musculus genome against transcript ENSMUST00000044804

from the Ensembl database (www.ensembl.org).

The PIX tool (www.hgmp.mrc.ac.uk/Registered/Webapp/

pix/) was used to perform secondary structure analysis and to

search the SBASE, Pfam, and PRODOM domain databases.

Sites of N-glycosylation were predicted by the ScanProsite

program (http://ca.expasy.org/tools/scanprosite/) and con-

firmed through the NetNGlyc web server (www.cbs.dtu.dk/

services/NetNGlyc/).

RESULTS
PSORS1 haplotype analysis
We used the PHASE program to derive haplotypes from the

SNP9, HCR*269 and CDSN*619, CDSN*1236, CDSN*1243

(defining CDSN*TTC) genotypes that we had previously gen-

erated in a case/control data set of Gujurati Indian descent.19

The results of the chi-square analysis implemented on PHASE

derived haplotypes are summarised in table 1, confirming that

cluster D confers psoriasis susceptibility in the Gujurati popu-

lation as well (χ2=10.7, p=0.001). Table 1 also reports two

novel PSORS1 haplotypes: cluster G1 carries CDSN risk alleles

in the absence of SNP9C and HCR*269T, whereas cluster G2

bears SNP9C together with HCR and CDSN non-risk alleles.

Both clusters are common, respectively representing 19.2%

and 10.2% of normal chromosomes, but neither shows associ-

ation with psoriasis. An analysis of 30 Gujurati trios with the

TRANSMIT program24 confirmed the existence of clusters G1

and G2 (data not shown), thus validating the results obtained

with PHASE.

In order to exclude the possibility that the CDSN*TTC

association might reflect LD with a coding variant located in a

downstream gene, we typed two SNPs within the GTF2H4
gene lying 200 kb distal to CDSN. The analysis of our original

171 trios UK sample showed that these two marker alleles

freely associate with all PSORS1 haplotypes, placing GTF2H4
outside the segment shared by clusters D and E, and defining

an interval that encompasses the entire CDSN and STG genes,

together with the first two exons of SEEK1 (fig 1). However,

resequencing of STG has failed to identify any high frequency

SNP,19 while SEEK1 exons 1 and 2 lie within the gene 5′UTR

(see GenBank sequence AP000510). Thus, CDSN appears to be

the most likely positional candidate for the region shared by

clusters D and E.

CDSN gene resequencing
Resequencing of eight unrelated patients carrying PSORS1 risk

chromosomes identified 17 coding variants, all of which had

been previously described.27 We also observed 10 polymor-

phisms in the putative promoter and the 3′UTR. Eight of these

variants are novel, this study being the first systematic survey

of CDSN non-coding regions. A complete list of the polymor-

phisms observed in resequenced patients is available on our

web site.

LD conservation patterns
Fig 2 shows the results of diploid LD analysis between 14 SNP

loci presenting a minor allele frequency >0.15. LD appears to

be maintained along the upstream region and the proximal

CDSN coding sequence (D’>0.8, columns –636 to 619 in fig 2),

but it tends to decay with distance in the distal portion of the

gene (D’< 0.4, columns 1243 to 1748).

Bioinformatic analyses
In order to generate a framework model allowing a

preliminary assessment of SNP functional impact, we used

bioinformatic tools to analyse the CDSN genomic sequence.

Analysis by neural networks predicted a 41 bp polymerase II

promoter site (nucleotides 21608-21648 in Genbank sequence

AP000510; score = 0.96), containing a CATAAA box. This

interval lies within a conserved 101 bp sequence showing 88%

identity with the homologous mouse region. Analysis of

human and murine CDSN upstream sequences highlighted

conservation of potential binding sites for AP1 (-73/-67; -823/-

817), Sp1 (-251/-246; -313/-308; -588/-593; -909/-915), CACCC

box (-106/-101; -301/-296; -459/-454), and AP2-alpha (-851/-

844) transcription factors, all of which have been implicated in

keratinocyte differentiation.28

Secondary structure analyses of the coding sequence iden-

tified an alternation of short beta-sheets and longer coil

regions. Searches of domain database failed to identify any

match to consensus sequences. An analysis with the

ScanProsite program predicted glycosylation sites correspond-

ing to Asn residues 134 and 156. These results were confirmed

by the NetNGlyc server.

CDSN haplotype analysis
We typed a panel of 16 SNPs in our original UK data set and

in 30 Gujurati parent-offspring trios. The resulting CDSN hap-

lotypes are shown in table 2. Six chromosomes occurring with

Table 1 PSORS1 haplotypes carrying SNP9 and/or CDSN risk alleles

SNP9C HCR*269T CD*TTC Status χ2

Cluster D + – + Risk 10.7
Cluster E + + + Risk 6.7
Cluster G1 – – + Neutral
Cluster G2 + – – Neutral
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a frequency >2% accounted for ∼90% of haplotypes, both in

the UK and the Gujurati population. Haplotype I was signifi-

cantly over-transmitted to affected offspring in both data sets

(p<10-10 and p=3.9 × 10-3, respectively). Haplotype II, which is

likely to have originated from I by ancestral mutation, was

over-transmitted in the UK sample (p=3.9 × 10-3), while

showing a non-significant transmission increase in the

smaller Gujurati data set. The cumulative frequency of

haplotypes I and II was remarkably similar in the two

populations, summing up to 40.1% in the UK and 41.9%

Figure 1 Occurrence of recombination on PSORS1 risk haplotypes. (A) Alignment of clusters D and E. Haplotypes are depicted as a
succession of 59 squares, each corresponding to a SNP. Yellow and green fillings represent the two alleles at each locus, with risk variants
labelled by black inserts. The Rec1 and Rec2 sites of recombination correspond to the boundaries of the genomic segment of haplotype
divergence. (B) Closer view of the distal PSORS1 region, showing the location of positional candidates. The two arrows represent the opposite
DNA strands genes are transcribed from.

Figure 2 Pairwise LD analysis of CDSN SNPs.
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among the Gujurati. Haplotype V showed the highest

number of substitutions with respect to I (11/16 variants),

and was significantly under-transmitted to patients in

the UK sample (p=4 × 10-4), while showing a lack of trans-

mission of borderline significance (p=5 × 10-2) among the

Gujurati.

TRANSMIT analysis of SNP9, HCR*269, and CDSN geno-

types showed that haplotype I is found on disease bearing

clusters D and E, together with SNP9C (table 3). This combi-

nation is unique to risk chromosomes as neutral clusters G1

and G2 respectively carry SNP9T + haplotype I and SNP9C +

haplotype VI.

To validate experimentally the haplotypes derived by

TRANSMIT, we typed SNP9, HCR*269, and the 16 CDSN vari-

ants in two extended three generation pedigrees, where we

were able to confirm the segregation of all the haplotypes

observed in the UK data set.

DISCUSSION
CDSN alleles have previously been implicated in psoriasis

pathogenesis,14 15 17 29 but disease associations have generally

been ascribed to LD with HLA-Cw*0602,15 30 which is currently

recognised as the marker conferring the highest psoriasis

risk.13 However, we recently showed that HLA-C and CDSN
SNPs do not show linkage disequilibrium when non-disease

bearing chromosomes are analysed.19 This suggested that the

associations with HLA-C and CDSN SNPs might reflect a

requirement of both sets of alleles on risk haplotypes. This

hypothesis was also supported by the conservation of

CDSN*TTC on cluster D.19

Here, we have validated cluster D as a risk chromosome,
through the analysis of an Indian case-control data set.
Studying this distantly related white population disclosed a
distinctive repertoire of ancestral haplotypes. Thus, the identi-
fication of a common, neutral chromosome carrying SNP9C in

the absence of CDSN*TTC (cluster G2) and the observation of

significant cluster D increase among affected subjects concur

to support a requirement of CDSN risk alleles on psoriasis

susceptibility haplotypes.

The corneodesmosin gene being extremely polymorphic, we

have derived SNP haplotypes spanning 5.3 kb of CDSN
genomic sequence, in order to assess the contribution of addi-

tional variants that might be in LD with the CDSN*TTC risk

allele. Our analysis has identified a 16 SNP chromosome

(haplotype I) that shows significant disease association both

in the UK and the Gujurati data set. We also observed two fur-

ther haplotypes (II and III) which are likely to have originated

from I, by ancestral mutation of nucleotides 1215 (II) and 619

(III). Haplotype II shows increased transmission in both the

UK and the Gujurati data sets, whereas chromosome III

appears to be neutral in our sample, but encompasses a

Table 2A CDSN chromosomes occurring with >2% frequency; haplotype alignment

5′ region Coding 3′UTR

−712 −646 −461 −31 −22 9 442 619 1215 1236 1243 1593 1606 1675 1739 1747

I c t t a c c g t a t c g . . . g t t
(Allele 1.11)* (Ser) (Phe) (Ser) (Ser) (Ser) (Asp)

II c t t a c c g t g t c g . . . g t t
(Allele 1.21) (Ser) (Phe) (Gly) (Ser) (Ser) (Asp)

III c t t a c c g c a t c g . . . g t t
(Allele 1.4) (Ser) (Ser) (Ser) (Ser) (Ser) (Asp)

IV t g c a c t g t a t t g aag t c c
(Allele 2.11) (Ser) (Phe) (Ser) (Ser) (Leu) (Asp)

V c a t g t t a t a t t a aag t c c
(Allele 2.2) (Asn) (Phe) (Ser) (Ser) (Leu) (Asn)

VI t g c a c t g t a g c g . . . t t t
(Allele 1.5) (Ser) (Phe) (Ser) (Ala) (Ser) (Asp)

*Allele number according to the classification of CDSN coding haplotypes proposed by Guerrin et al.27

Table 2B CDSN chromosomes occurring with >2% frequency; haplotype transmission to patients

Haplotype

Freq (%) Status χ2

UK Gujurati UK Gujurati UK Gujurati

I 31.8 35.8 Over-transmitted Over-transmitted 42.8 8.3
II 8.3 6.1 Over-transmitted Neutral 8.3
III 12.9 2.0 Neutral Neutral
IV 16.2 13.3 Under-transmitted Neutral 6.1
V 13.6 6.9 Under-transmitted Under-transmitted 12.4 3.8
VI 6.8 23.2 Under-transmitted Neutral 5.1

Table 3 CDSN haplotypes present on PSORS1
clusters

SNP9C HCR*269T CDSN haplotype

Cluster A – – V
Cluster B – – III, VI
Cluster C – + IV
Cluster D + – I
Cluster E + + I, II
Cluster G1 – – I
Cluster G2 + – VI
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shorter haplotype (allele 1.4), which shows disease associ-
ation in the Japanese population.31 The presence of different
CDSN*619 and CDSN*1215 alleles on the otherwise identical
haplotypes I, II, and III suggests that these SNPs do not play a
major pathogenetic role.

Haplotypes IV, V, and VI display a higher degree of diversity,
each carrying at least five substitutions with respect to the
other two. Haplotype V shows the highest number of substitu-
tions compared to I (11/16 variants), and is under-transmitted
in both the UK and the Gujurati sample. Interestingly, the fre-
quency of CDSN allele 2.21, which is contained in haplotype V,
also appears to be increased among Japanese controls, if com-
pared to patients.31 Altogether, these observations suggest that
haplotype V may have a protective effect in a wide range of
populations. CDSN being over-expressed in psoriatic lesions,32

it is of note that haplotypes I and V differ at 8/10 variants
localised to potential regulatory regions. These include two
SNPs (CDSN* −31 and CDSN* –22) lying within the predicted
RNA polymerase II promoter and four variants from the
3′UTR. This latter group of alleles might alter gene expression
levels by affecting mRNA stability, as shown for a number of
non-coding SNPs involved in complex disease
pathogenesis.33 34

As we have only resequenced 785 bp upstream of the CDSN
coding region, we cannot exclude a contribution of additional
regulatory variants lying in the distal gene promoter. However,
the pattern of LD decay observed in UK controls suggests that
such SNPs would be unlikely to be in strong linkage disequi-
librium with CDSN*TTC, which lies in the distal portion of the
gene.

Haplotypes I and V also diverge at three (CDSN* 442,
CDSN*1243, and CDSN*1593) of the four coding variants that
are common to chromosomes I, II, and III. CDSN*442 appears
to introduce a potential site for N-glycosylation, a process
which is known to take place in vivo, as N-linked oligosaccha-
rides account for ∼10% of CDSN molecular weight.20 The
potential impact of CDSN*1243 and CDSN*1593 cannot be
easily predicted, since both SNPs occur on open coil regions
matching no conserved functional domain. However, a
corneodesmosin 3D structural model, recently generated by
our group using fold recognition methods, predicted that the
amino acid affected by CDSN*1243 localises to an exposed
region of the protein (Allen et al, manuscript in preparation),
where a change in residue polarity might hamper the action of
the proteases that digest CDSN during skin desquamation.21

Clearly, bioinformatic predictions have to be interpreted with
caution; nonetheless these analyses have generated a number
of working hypotheses that can now be assessed experimen-
tally, in order to dissect the functional contribution of regula-
tory and coding SNPs lying on CDSN risk haplotypes.

The localisation of haplotype I to clusters D and E, both of
which also contain HLA-C related risk alleles, is consistent
with our initial two locus model of the PSORS1 interval. Inter-
estingly, haplotype III only occurs on cluster B, which lacks the
second set of disease alleles. This may explain why haplotype
III does not show psoriasis association among the white
population, while conferring disease susceptibility in the
Japanese, where it occurs on the background of an ancestral
haplotype bearing an HLA-C risk allele.31

Clustering of complex disease loci in regions defined by a
single peak of linkage has previously been described, with
accumulating evidence for multiple MHC genes conferring
susceptibility to type I diabetes35 and multiple sclerosis.36 The
occurrence of separate, closely linked disease susceptibility
loci adds to the complexity of common disease analysis and
warrants the study of divergent populations presenting with
different patterns of linkage disequilibrium conservation.

ACKNOWLEDGEMENTS
The authors wish to thank all the psoriasis families whose participa-
tion made this project possible. The authors would also like to thank

Professor Sir Alec Jeffreys for access to software for LD diploid analy-
sis. This research was supported by a Wellcome Trust grant to RC and
JNWNB (No 056713/Z/99/Z) and a Medical Research Council (MRC)
UK Cooperative Group Grant. FC is a recipient of a Wellcome Trust
Travelling Research Fellowship.

. . . . . . . . . . . . . . . . . . . . .
Authors’ affiliations
F Capon, I K Toal, J C Evans, S Patel, R C Trembath, Division of
Medical Genetics, University of Leicester, Leicester, UK
F Capon, Division of Human Genetics, “Tor Vergata” University of Rome,
Italy
M H Allen, J N W N Barker, St John’s Institute of Dermatology, Kings
College, London, UK
D Tillman, D Burden, Department of Dermatology, Western Infirmary,
Glasgow, UK

Correspondence to: Professor R Trembath, Division of Medical Genetics,
Department of Genetics and Medicine, Adrian Building, University Road,
Leicester LE1 7RH, UK; rtrembat@hgmp.mrc.ac.uk

REFERENCES
1 Barker JN. Pathogenesis of psoriasis. J Dermatol 1998;25:778-81.
2 Lomholt G. Environment and genetics in psoriasis. Ann Clin Res

1976;8:290-7.
3 Brandrup F, Holm N, Grunnet N, Henningsen K, Hansen HE. Psoriasis

in monozygotic twins: variations in expression in individuals with
identical genetic constitution. Acta Dermatol Venereol 1982;62:229-36.

4 Capon F, Munro M, Barker J, Trembath R. Searching for the major
histocompatibility complex psoriasis susceptibility gene. J Invest Dermatol
2002;118:745-51.

5 Nair RP, Henseler T, Jenisch S, Stuart P, Bichakjian CK, Lenk W,
Westphal E, Guo SW, Christophers E, Voorhees JJ, Elder JT. Evidence for
two psoriasis susceptibility loci (HLA and 17q) and two novel candidate
regions (16q and 20p) by genome-wide scan. Hum Mol Genet
1997;6:1349-56.

6 Trembath RC, Clough RL, Rosbotham JL, Jones AB, Camp RD, Frodsham
A, Browne J, Barber R, Terwilliger J, Lathrop GM, Barker JN.
Identification of a major susceptibility locus on chromosome 6p and
evidence for further disease loci revealed by a two stage genome-wide
search in psoriasis. Hum Mol Genet 1997;6:813-20.

7 Samuelsson L, Enlund F, Torinsson A, Yhr M, Inerot A, Enerback C,
Wahlstrom J, Swanbeck G, Martinsson T. A genome-wide search for
genes predisposing to familial psoriasis by using a stratification
approach. Hum Genet 1999;105:523-9.

8 Lee YA, Ruschendorf F, Windemuth C, Schmitt-Egenolf M, Stadelmann A,
Nurnberg G, Stander M, Wienker TF, Reis A, Traupe H. Genomewide
scan in german families reveals evidence for a novel
psoriasis-susceptibility locus on chromosome 19p13. Am J Hum Genet
2000;67:1020-4.

9 Veal CD, Clough RL, Barber RC, Mason S, Tillman D, Ferry B, Jones AB,
Ameen M, Balendran N, Powis SH, Burden AD, Barker JN, Trembath RC.
Identification of a novel psoriasis susceptibility locus at 1p and evidence
of epistasis between PSORS1 and candidate loci. J Med Genet
2001;38:7-13.

10 Balendran N, Clough RL, Arguello JR, Barber R, Veal C, Jones AB,
Rosbotham JL, Little AM, Madrigal A, Barker JN, Powis SH, Trembath RC.
Characterization of the major susceptibility region for psoriasis at
chromosome 6p21.3. J Invest Dermatol 1999;113:322-8.

11 Oka A, Tamiya G, Tomizawa M, Ota M, Katsuyama Y, Makino S,
Shiina T, Yoshitome M, Iizuka M, Sasao Y, Iwashita K, Kawakubo Y,
Sugai J, Ozawa A, Ohkido M, Kimura M, Bahram S, Inoko H.
Association analysis using refined microsatellite markers localizes a
susceptibility locus for psoriasis vulgaris within a 111 kb segment
telomeric to the HLA-C gene. Hum Mol Genet 1999;8:2165-70.

12 Nair RP, Stuart P, Henseler T, Jenisch S, Chia NV, Westphal E, Schork
NJ, Kim J, Lim HW, Christophers E, Voorhees JJ, Elder JT. Localization of
psoriasis-susceptibility locus PSORS1 to a 60-kb interval telomeric to
HLA-C. Am J Hum Genet 2000;66:1833-44.

13 Mallon E, Newson R, Bunker CB. HLA-Cw6 and the genetic
predisposition to psoriasis: a meta-analysis of published serologic studies.
J Invest Dermatol 1999;113:693-5.

14 Allen MH, Veal C, Faassen A, Powis SH, Vaughan RW, Trembath RC,
Barker JN. A non-HLA gene within the MHC in psoriasis. Lancet
1999;353:1589-90.

15 Jenisch S, Koch S, Henseler T, Nair RP, Elder JT, Watts CE, Westphal E,
Voorhees JJ, Christophers E, Kronke M. Corneodesmosin gene
polymorphism demonstrates strong linkage disequilibrium with HLA and
association with psoriasis vulgaris. Tissue Antigens 1999;54:439-49.

Supplementary tables 1 and 2 can be found on our
web site, www.jmedgenet.com/supplemental

Letter 451

www.jmedgenet.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.40.6.447 on 1 June 2003. D
ow

nloaded from
 

http://jmg.bmj.com/


16 Asumalahti K, Laitinen T, Itkonen-Vatjus R, Lokki ML, Suomela S,
Snellman E, Saarialho-Kere U, Kere J. A candidate gene for psoriasis
near HLA-C, HCR (Pg8), is highly polymorphic with a disease-associated
susceptibility allele. Hum Mol Genet 2000;9:1533-42.

17 Schmitt-Egenolf M, Windemuth C, Hennies HC, Albis-Camps M, von
Engelhardt B, Wienker T, Reis A, Traupe H, Blasczyk R. Comparative
association analysis reveals that corneodesmosin is more closely
associated with psoriasis than HLA-Cw*0602-B*5701 in German
families. Tissue Antigens 2001;57:440-6.

18 Asumalahti K, Veal C, Laitinen T, Suomela S, Allen M, Elomaa O,
Moser M, de Cid R, Ripatti S, Vorechovsky I, Marcusson JA, Nakagawa
H, Lazaro C, Estivill X, Capon F, Novelli G, Saarialho-Kere U, Barker J,
Trembath R, Kere J. Coding haplotype analysis supports HCR as the
putative susceptibility gene for psoriasis at the MHC PSORS1 locus. Hum
Mol Genet 2002;11:589-97.

19 Veal CD, Capon F, Allen MH, Heath EK, Evans JC, Jones A, Patel S,
Burden D, Tillman D, Barker JN, Trembath RC. Family-based analysis
using a dense single-nucleotide polymorphism- based map defines
genetic variation at PSORS1, the major psoriasis- susceptibility locus. Am
J Hum Genet 2002;71:554-64.

20 Simon M, Montezin M, Guerrin M, Durieux JJ, Serre G. Characterization
and purification of human corneodesmosin, an epidermal basic
glycoprotein associated with corneocyte-specific modified desmosomes. J
Biol Chem 1997;272:31770-6.

21 Simon M, Jonca N, Guerrin M, Haftek M, Bernard D, Caubet C, Egelrud
T, Schmidt R, Serre G. Refined characterization of corneodesmosin
proteolysis during terminal differentiation of human epidermis and its
relationship to desquamation. J Biol Chem 2001;276:20292-9.

22 Jonca N, Guerrin M, Hadjiolova K, Caubet C, Gallinaro H, Simon M,
Serre G. Corneodesmosin, a component of epidermal corneocyte
desmosomes, displays homophilic adhesive properties. J Biol Chem
2002;277:5024-9.

23 Jeffreys AJ, Ritchie A, Neumann R. High resolution analysis of
haplotype diversity and meiotic crossover in the human TAP2
recombination hotspot. Hum Mol Genet 2000;9:725-33.

24 Clayton D. A generalization of the transmission/disequilibrium test for
uncertain- haplotype transmission. Am J Hum Genet 1999;65:1170-7.

25 Stephens M, Smith NJ, Donnelly P. A new statistical method for
haplotype reconstruction from population data. Am J Hum Genet
2001;68:978-89.

26 Jeffreys AJ, Kauppi L, Neumann R. Intensely punctate meiotic
recombination in the class II region of the major histocompatibility
complex. Nat Genet 2001;29:217-22.

27 Guerrin M, Vincent C, Simon M, Tazi Ahnini R, Fort M, Serre G.
Identification of six novel polymorphisms in the human corneodesmosin
gene. Tissue Antigens 2001;57:32-8.

28 Eckert RL, Crish JF, Banks EB, Welter JF. The epidermis: genes on -
genes off. J Invest Dermatol 1997;109:501-9.

29 Tazi Ahnini R, Camp NJ, Cork MJ, Mee JB, Keohane SG, Duff GW, di
Giovine FS. Novel genetic association between the corneodesmosin
(MHC S) gene and susceptibility to psoriasis. Hum Mol Genet
1999;8:1135-40.

30 Enerback C, Nilsson S, Enlund F, Inerot A, Samuelsson L, Wahlstrom J,
Swanbeck G, Martinsson T. Stronger association with HLA-Cw6 than with
corneodesmosin (S-gene) polymorphisms in Swedish psoriasis patients.
Arch Dermatol Res 2000;292:525-30.

31 Hui J, Oka A, Tamiya G, Tomizawa M, Kulski JK, Penhale WJ, Tay GK,
Iizuka M, Ozawa A, Inoko H. Corneodesmosin DNA polymorphisms in
MHC haplotypes and Japanese patients with psoriasis. Tissue Antigens
2002;60:77-83.

32 Allen M, Ishida-Yamamoto A, McGrath J, Davison S, Iizuka H, Simon M,
Guerrin M, Hayday A, Vaughan R, Serre G, Trembath R, Barker J.
Corneodesmosin expression in psoriasis vulgaris differs from normal skin
and other inflammatory skin disorders. Lab Invest 2001;81:969-76.

33 Albagha OM, Tasker PN, McGuigan FE, Reid DM, Ralston SH. Linkage
disequilibrium between polymorphisms in the human TNFRSF1B gene
and their association with bone mass in perimenopausal women. Hum
Mol Genet 2002;11:2289-95.

34 Di Paola R, Frittitta L, Miscio G, Bozzali M, Baratta R, Centra M,
Spampinato D, Santagati MG, Ercolino T, Cisternino C, Soccio T,
Mastroianno S, Tassi V, Almgren P, Pizzuti A, Vigneri R, Trischitta V. A
variation in 3′ UTR of hPTP1B increases specific gene expression and
associates with insulin resistance. Am J Hum Genet 2002;70:806-12.

35 Lie BA, Todd JA, Pociot F, Nerup J, Akselsen HE, Joner G,
Dahl-Jorgensen K, Ronningen KS, Thorsby E, Undlien DE. The
predisposition to type 1 diabetes linked to the human leukocyte antigen
complex includes at least one non-class II gene. Am J Hum Genet
1999;64:793-800.

36 Marrosu MG, Murru R, Murru MR, Costa G, Zavattari P, Whalen M,
Cocco E, Mancosu C, Schirru L, Solla E, Fadda E, Melis C, Porru I,
Rolesu M, Cucca F. Dissection of the HLA association with multiple
sclerosis in the founder isolated population of Sardinia. Hum Mol Genet
2001;10:2907-16.

Browse the Archive

www.jclinpath.com

With a single click Collections allows you to find all articles that have been published in your

chosen subject. Select from over 200 clinical and non-clinical topic collections and/or cross search other

specialist journals, the BMJ and Cochrane Reviews

Collections

Browsing made easy

452 Letter

www.jmedgenet.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.40.6.447 on 1 June 2003. D
ow

nloaded from
 

http://jmg.bmj.com/


Table W1 PCR/sequencing primers

Primer Sequence Target region

5’S-1F 5’-CAGAGCTGGCTGCTGCTTCCTGC-3’
5’S-1R 5’-GCAGTGCCATCATCCCGTGC-3’

CDSN putative
promoter

SEX1F 5’-CCCACAGTGACTCCTGC-3’
SEX1R 5’-AGATTCCAGAGCCCCTG-3’

CDSN
Exon 1

SEX2P1 5’-GTGAGGGAGGAAGCCAAG-3’
SEX2P4 5’-ACTGGAGCTGCTGCTGAAGG-3’

CDSN Exon 2
nt 99-1026 

SEX2P5 5’-GGGTAAAATCTATCCTGTGGG-3’
CDR1 5’-GGCGTCAGAGGTGCTCTGAG-3’

CDSN Exon 2
nt 903-1918

SEX2P9 5’-GCATGCCTTGGGCACAAACAAGC-3’
SEX2P105’-TTCCTCCTCTGTGGGAGGAGC-3’

CDSN Exon 2
nt 1623-2510

GTFF 5’-TCTGCCCTCAATTACCTCTC-3’
GTFR 5’-GTTTCACCATGTTGGCCAGG-3’

GTF2H4
Exons 1-2



Table W2 CDSN SNPs identified by resequencing

SNP Position Nucleotide Change

-712 Promoter c / t

-646 Promoter a / g

-461 Promoter c / t

-31 Promoter a / g

-22 Promoter c / t

9 5’UTR (exon1) c / t

75i Intron 1 a / g

137 Coding(exon 2) c / t

180 Coding(exon 2) c / t

206 Coding(exon 2) c / t

442 Coding(exon 2) a / g

614 Coding(exon 2) a / g

619 Coding(exon 2) c / t

722 Coding(exon 2) c / t

767 Coding(exon 2) g / a

971 Coding(exon 2) c / t

1118 Coding(exon 2) a / g

1215 Coding(exon 2) a / g

1236 Coding(exon 2) g / t

1243 Coding(exon 2) c / t

1331 Coding(exon 2) c / g

1593 Coding(exon 2) g / a 

1606 3’UTR del / aag

1675 3’UTR g / t

1739 3’UTR c / t

1747 3’UTR c / t

The variants selected for genotyping are typed in bold
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