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Summary Psoriasis is a chronic inflammatory skin disease with a strong genetic component.

Linkage studies have identified several susceptibility loci for psoriasis including a region

on chromosome 1q21 termed the `epidermal differentiation complex'. At least 20 genes

involved in epidermal differentiation and proliferation have been mapped to this region

including S100A2, a gene known to be over-expressed in psoriasis lesions. In the

course of cloning and sequencing several S100A2 cDNAs, we identified an A/G

(Asn62Ser) polymorphism at nucleotide 185 of the S100A2 coding region. To

determine whether this polymorphism is associated with psoriasis, we tested DNA from

38 unrelated normal and 40 unrelated psoriatic individuals. The 185G allele was

present in 148 of the 156 chromosomes analysed, giving an allele frequency of 94.9%.

All of the remaining chromosomes carried 185A. There was no significant difference in

the allele distribution between normal and psoriatic individuals (normals 72G, 4A;

psoriatics 76G, 4A; P � 1.00 by Fisher's exact test). Our data explain conflicting

results in the literature regarding the sequence of S100A2 but provide no support for a

direct causal role for S100A2 in psoriasis.

Introduction

Psoriasis is a chronic inflammatory skin disease associ-

ated with increased proliferation and altered differentia-

tion of keratinocytes, in the context of inappropriate

activity of antigen presenting cells and T lymphocytes.1

Multiple lines of evidence suggest that psoriasis is a

polygenic disease,2 and several candidate loci have

emerged from recent linkage studies.3 One of these loci

maps to human chromosomal band 1q21,4 home of the

epidermal differentiation complex (EDC) 2 a region

containing at least 20 genes involved in epidermal

differentiation.5

S100A2 belongs to the expanding family of S100

proteins.6 Of the 16 known members of the human

S100 gene family, 13 are clustered in the EDC. Struc-

turally related to calmodulin, S100 proteins share two

conserved calcium-binding domains of the EF-hand type

that are separated by a more variable hinge region.

While many functions have been proposed for S100

proteins, their true function remains enigmatic. Origin-

ally named CaN19 when it was identified in a screen

for tumour suppressor genes,7 sequence comparisons

revealed that S100A2 is the human homologue of

bovine S100L.8 CaN19 was renamed S100A2 based on

its relatively telomeric position in the S100A gene

cluster.9

Several lines of evidence suggest S100A2 as a

candidate gene for familial psoriasis. In addition to its

location in the EDC, we have previously shown that

S100A2 mRNA is over-expressed in hyperproliferative

keratinocytes of psoriasis lesions and peri-tumoral

skin.10, 11 Psoriasis and wound healing are charac-

terized by increased signal transduction through the

c-ErbB family of receptor tyrosine kinases,12 and we
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have recently shown that transcription of S100A2 is

strongly up-regulated in keratinocytes after c-ErbB

activation.13

In the course of cloning and sequencing several

S100A2 cDNAs, we have identified a sequence poly-

morphism 185A/G within the S100A2 coding region

(this numbering corresponds to position 222 of

Genbank ID M87068). This mutation results in an

amino acid change near the C-terminal, high-affinity

EF-hand of S100A2 (Asn62Ser). To confirm this

polymorphism, and to determine whether it plays an

aetiologic role in psoriasis, we analysed the S100A2

allele distribution in DNA from 38 normal and 40

psoriatic individuals using a recently developed muta-

tion detection assay.14,15

Subjects and methods

DNA was prepared from the peripheral blood of

78 unrelated individuals as described previously.16

Informed consent was obtained from all subjects

according to the guidelines of the Institutional Review

Board of the University of Michigan Medical School.

Forty unrelated individuals were selected from our

ongoing study of familial psoriasis,16, 17 based on a

personal history of juvenile onset chronic plaque type

psoriasis (age of onset , 40 years) and the presence of

psoriasis in at least one first-degree relative. This group

consisted of 19 males and 21 females with present ages

from 5 to 68 years (mean, 41.3 years). Thirty-eight

unrelated normal volunteers were used as control

subjects (19 females and 19 males; age range, 12±

86 years, mean age, 54.3 years). Among the 78

individuals recruited for the study, 19 individuals were

recruited in Kiel, Germany (10 psoriatic and nine

normal individuals). All other individuals were recruited

in Michigan (30 psoriatic and 29 normal individuals).

All individuals were evaluated by dermatologists for the

presence or absence of psoriasis. None of the controls

had a personal or family history of psoriasis.

S100A2 clones were isolated by screening a human

keratinocyte library (Clontech, HL45) or by reverse

transcription (RT)±polymerase chain reation (PCR)

amplification of total RNA isolated from normal

human keratinocytes as described.13, 18 Inserts of posi-

tive bacteriophage clones were isolated and cloned into

pUC19 and sequenced according to the method of

Sanger19 either in the laboratory or through the DNA

Sequencing Core of the University of Michigan. Alter-

natively, PCR fragments were gel-purified and cloned

into pCRIIe (Invitrogen, Carlsbad, CA, USA) and

subjected to DNA sequencing by the Sanger method.

The frequency of the S100A2 185A/G nucleotide

polymorphism was determined by using base excision

sequence scanning analysis (BESSe, Epicentre, Madi-

son, WI, USA).14, 15 A fragment of genomic DNA

incorporating the S100A2 185A/G polymorphism was

amplified by using forward primer 5 0-TGTGTGAG-

GGTCTGGGTGTTTG-3 0 (in intron 2) and reverse primer

5 0-AAGAGTTCTGCTTCAGGGTCGG-3 0 (in exon 3, Gen-

bank ID Y07755). For the BESS-Te scan, 50 ng of

genomic DNA was subjected to PCR (30 cycles of: 94 8C,

45 s; 55 8C, 45 s; 72 8C, 45 s) in a final volume of

25 mL using BESS dNTP mix and [g-32P]ATP end-

labelled reverse primer. Amplification mix (5 mL) was

incubated with 1 mL BESS-Te excision enzyme mix for

30 min at 37 8C to randomly cleave incorporated dUMP

residues. For the BESS-Ge scan, PCR products were

amplified with BESS-dNTP mix in the presence of

[g-32P]ATP end-labelled forward primer. To specifically

modify guanine bases on amplified DNA, 5 mL of the

PCR reaction were mixed with 1 mL BESS-Ge modifica-

tion reagent and exposed for 15 min to visible light on a

light box, vortexing the mixture every 5 min. After

addition of 1 mL of BESS-Ge excision mix, the reaction

was incubated for 30 min at 37 8C to randomly cleave

DNA strands on modified guanine bases. Both excision

reactions were stopped by addition of 5 mL of stop

solution, denatured (90 8C, 10 min) and electrophor-

esed on an 8% urea±polyacrylamide sequencing gel.

The radioactive fragments were identified by autoradio-

graphy. To confirm the results obtained by base excision

sequence scanning analysis, PCR fragments obtained

from selected samples were gel purified and sequenced

as described above.

Allele frequencies in normal and psoriatic individuals

were compared using Fisher's exact test of indepen-

dence. Power calculations were performed using a

Monte Carlo method. The calculations assumed a

disease prevalence of 0.02 and a population frequency

of 0.0513 for the A allele (8/156 occurrences; cases

and controls were grouped together). The number of A

alleles in the case and control samples was based on

the estimated frequencies of the A allele in the two

populations, the estimated variance (which is a

function of frequency and sample size), and sample

sizes of 80 and 76 chromosomes for cases and

controls, respectively. The ratio of A allele frequency

in case vs. control chromosomes was an adjustable

parameter used to represent the strength of the

presumed disease association. The null hypothesis of

independence of A allele frequency and disease

phenotype was assessed with Fisher's exact test, and

a nominal two-tailed P-value of 0.05 was the threshold
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for declaring significance. Power was defined as the

fraction of 10 000 tests that were significant.

Results

One of the S100A2 cDNA clones sequenced contained

an A at nucleotide 185 in the coding region, whereas

the remaining cDNAs contained a G at this position.

This polymorphism results in an amino acid change

from asparagine to serine (Asn62Ser) of the S100A2

protein sequence. No other polymorphisms were

detected in a total of four independent S100A2 cDNAs

subjected to sequencing.

Base excision sequence scanning analysis revealed

that 148 out of the 156 chromosomes tested carried the

G allele, yielding an allele frequency of 94.9%. The

remaining eight chromosomes carried the A allele.

Seventy-two G and four A alleles were observed in the

normal group, as compared to 76 G and four A alleles

in the psoriatic group. The results obtained by base

excision sequence scanning analysis were confirmed by

sequencing a select set of samples (Fig. 1). Among the

78 individuals involved in the study one individual, a

47-year-old male belonging to the normal control

group, was homozygous for the A allele (Fig. 1).

There was no significant difference in the allele

frequency between the two groups (P � 1.00 by Fisher's

exact test, two-tailed). Monte Carlo simulations revealed

that our sample had 50% power to detect a significant

association at the P � 0.05 level if the polymorphism

carried a relative risk of 3, 79% power if the poly-

morphism carried a relative risk of 4, and 94% power if

the polymorphism carried a relative risk of 5.

Discussion

Heizmann and Cox6 commented that their sequencing

results for S100A2 were at variance with an earlier

report of Lee et al.7 because Heizmann et al. found G

instead of A at nucleotide 185 of the coding sequence in

cDNA, and because the same variant was found in

genomic DNA. We identified both sequences in the

course of cloning several S100A2 cDNAs, providing

suggestive evidence for a S100A2 gene polymorphism.

To confirm this polymorphism, and to determine

whether it might play a role in the genetics of psoriasis,

we analysed a sample of 40 juvenile onset psoriatics and

38 sex- and age-matched controls. We found that the A

allele was rare, being found on only eight of 156

chromosomes. The relative rarity of the A allele

probably accounts for the interpretation of the available

cDNA data as indicative of a sequencing error.

We were unable to identify any significant association

of the polymorphism with psoriasis in a sample of 38

normal and 40 psoriatic individuals. Our power

calculations indicate that we are unlikely to have missed

a locus of major effect. However, we cannot rule out an

involvement of this gene if it is causal in only a subset of

individuals, or if the magnitude of its effect is small. In

any case, the absolute number of occurrences of the A

allele was as low in the psoriatic group as it was in the

normal group (four out of 80 alleles and four out of 76

alleles, respectively). Moreover, the only individual

identified by the study as homozygous for the A allele

was a 47-year-old male belonging to the normal

controls. These observations provide additional support

for the assertion that the 185A allele of S100A2 does

not play a significant role in the genetics of psoriasis.

These results are consistent with linkage studies from

our laboratory, which have not provided significant

evidence for a psoriasis susceptibility locus on chromo-

some 1q21, despite some evidence for segregation of

Figure 1 Sequence of S100A2 surrounding the 185A/G poly-

morphism. Automated sequencer outputs are shown. The rectan-

gles highlight the polymorphism. The sequences shown were

derived from sequencing of gel-purified PCR products prepared
from genomic DNA using the primers described. The sequence

derived from PCR-amplified DNA of a heterozygous individual

shows two overlapping peaks (G and A) at this position and is

indicated by an N in the sequence.
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1q21 markers in certain families (Nair et al.,17 and

unpublished data). However, evidence for a 1q21 locus

has been reported by at least two laboratories.3, 4 Failure

to replicate a linkage finding is neither uncommon nor

unexpected in the complex genetic disorders.20 The

subjects in our study were deliberately chosen without

reference to the 1q21 linkage status of their families. We

cannot exclude the possibility that a positive result

would have been obtained if the study were much larger

or if more individuals belonging to 1q21-linked families

had been analysed. It also remains possible that an EDC

gene other than S100A2 could play a causative role in

psoriasis. Recently, the coding and regulatory regions of

the S100A7 (psoriasin) gene were screened for possible

disease-associated variations.21 However, that study

could identify no disease-related sequence variations in

a total of 80 chromosomes evaluated in that study (50

normal, 30 psoriatic). As allelic variation of the human

genome becomes better characterized in terms of single-

nucleotide polymorphisms,22 the availability of well-

defined clinical collections will allow us to determine

whether any of the remaining EDC genes play a causal

role in psoriasis.
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