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Novel /L31RA gene mutation and ancestral OSMR
mutant allele in familial primary cutaneous
amyloidosis

Ming-Wei Lin*1>!2, Ding-Dar Lee**!2, Tze-Tze Liu’, Yong-Feng Lin®, Shang-Yi Chen!, Chih-Cheng Huang’,
Hui-Ying Weng7, Yu-Fen Liu’, Akio Tanaka®, Ken Arita®?, Joey Lai—Cheongs, Francis Palisson'?,
Yun-Ting Chang®*, Chu-Kwan Wong?, Isao Matsuura'l, John A McGrath® and Shih-Feng Tsai*>%!1

Primary cutaneous amyloidosis (PCA) is an itchy skin disorder associated with amyloid deposits in the superficial dermis. The
disease is relatively common in Southeast Asia and South America. Autosomal dominant PCA has been mapped earlier to
5p13.1-q11.2 and two pathogenic missense mutations in the OSMR gene, which encodes the interleukin-6 family cytokine
receptor oncostatin M receptor beta (OSMRp), were reported. Here, we investigated 29 Taiwanese pedigrees with PCA and found
that 10 had heterozygous missense mutations in OSMR: p.D647V (one family), p.P694L (six families), and p.K697T (three
families). The mutation p.P694L was associated with the same haplotype in five of six families and also detected in two
sporadic cases of PCA. Of the other 19 pedigrees that lacked OSMR pathology, 8 mapped to the same locus on chromosome 5,
which also contains the genes for 3 other interleukin-6 family cytokine receptors, including interleukin-31 receptor A (IL31RA),
which can form a heterodimeric receptor with OSMRp through interleukin-31 signaling. In one family, we identified a point
mutation in the /L31RA gene, c.1562C >T that results in a missense mutation, p.S521F, which is also sited within a
fibronectin type Ill-like repeat domain as observed in the OSMR mutations. PCA is a genetically heterogeneous disorder but our
study shows that it can be caused by mutations in two biologically associated cytokine receptor genes located on chromosome 5.
The identification of OSMR and IL31RA gene pathology provides an explanation of the high prevalence of PCA in Taiwan as well
as new insight into disease pathophysiology.
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INTRODUCTION

Primary cutaneous amyloidosis (PCA) is a relatively common itchy
skin disorder in South America and Southeast Asia.!™ The disease is
characterized histologically by focal deposition of amyloid in the
dermal papillae of lesional skin. The precise pathogenesis of PCA is
unclear, but it is considered to be multifactorial, involving both
genetic and environmental contributions. Earlier reports have impli-
cated frictional epidermal damage,4 apoptosis,5 viral infection,® and
other triggers in the disease etiology.

Most PCA cases are sporadic, although a significant proportion of
patients from certain geographical areas may have an autosomal
dominant pattern of inheritance.””'® Notably, Ollague et al* reported
that about one-third of the cases of PCA in South America have a
positive family history. In Southeast Asia, familial PCA (FPCA) is also
prevalent, especially in Chinese families, more so than in Malays and
Indians.? Thus, familial aggregation and differing racial susceptibilities

suggest that genetic factors may have a significant role in the
pathogenesis of FPCA.

Our group has reported 56 cases of PCA with a positive family
history.!® Using a candidate gene approach, we reported earlier
possible linkage to chromosome 1q23.2° Subsequently, however, we
showed significant linkage of FPCA to a different locus on chromo-
some 5pl3.1-q11.2 using a genome-wide scan with microsatellite
markers.?! Further analysis, focusing on two large Taiwanese families
with FPCA, identified a common haplotype shared by all affected
individuals located between D551490 and D55623.

Within this critical region, Arita et al’? have replicated the
linkage data for chromosome 5pl13.1-q11.2 in a large Brazilian
family. Moreover, they identified a missense mutation (c.2072T>C;
p.I691T) in all affected individuals in the OSMR gene, enco-
ding oncostatin M-specific receptor f (OSMRJ). Additional studies
in two other white families from the United Kingdom and South
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Africa  discovered another heterozygous missense mutation
(c.1853G>C; p.G618A) common to the affected individuals in
both pedigrees, thus establishing OSMR as a disease gene for some
cases of FPCA.??

The OSMR gene belongs to the interleukin-6 (IL-6) cytokine
receptor gene family. Cytokines of the IL-6 family include IL-6,
IL-11, IL-27, and IL-31, ciliary neurotrophic factor, cardiotrophin-1,
cardiotrophin-like cytokine, leukemia inhibitory factor, neuropoietin,
and OSM.?® IL-6-type cytokines exert their action through the signal
transduction leading to the activation of the JAK/STAT, MAPK, and
PI3K/Akt cascades.?* Several cytokine receptors have been reported to
be structurally similar to but functionally distinct from the proto-
type IL-6 receptor, which consists of two gpl30 and one IL-6R
molecule. In the OSM type I receptor, leukemia inhibitory factor
receptor (LIFR) heterodimerizes with gp130, whereas in the OSM type
II receptor, OSMRf with gp130. Furthermore, OSMRf couples
with the IL-31 receptor A subunit to constitute the IL-31 receptor.
Notably, four genes encoding the IL-6-type receptor components
are located in chromosome 5: LIFR (38.510-38.592 Mb), OSMR
(38.881-38.970 Mb), IL31RA (55.183-55.248 Mb), and IL6ST (55.272—
55.326 Mb), encoding LIFR, OSMRf, IL-31 receptor A, and gp130,
respectively.

To investigate the genetic basis of FPCA in Taiwan, we sequenced
OSMR in families that mapped to 5p13.1-q11.2 and defined the
genetic backgrounds in these cases that contribute to the high
prevalence of PCA in Taiwan. To further characterize the possible
genetic heterogeneity observed in our collection of FPCA pedigrees, '®
we also used the Affymetrix GeneChip Human Mapping 10K Array to
conduct a whole-genome scan on nine pedigrees that showed earlier
weak positive linkage. On the basis of linkage analysis, we further
investigated gene mutations in the chromosome 5 critical region and
identified mutations in two genes related to the IL-6 cytokine pathway.
Moreover, we have identified specific chromosome 5 haplotypes that
are associated with new and recurrent mutations in the OSMR gene.

MATERIALS AND METHODS

Study subjects

Genomic DNA samples from 29 families showing autosomal dominant form of
PCA were available for this study. Fifteen of these pedigrees were analyzed
earlier in a published genome-wide linkage analysis, and a significant linkage
region was mapped to chromosome 5pl3.1-q12.1 in some, but not all,
pedigrees.?! Of the other 14 families, 7 have at least two subjects affected with
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PCA and these were included for linkage replication. Taken together, the 29
multiplex families contained 73 affected individuals and 69 phenotypically
normal subjects. In addition, we also collected DNA from 91 sporadic PCA
subjects, including 23 singleton trio families and 68 affected individuals
(Figure 1). As controls, 142 clinically unaffected subjects were recruited
for this study. Each participant was examined by a dermatologist to
determine the disease status of PCA. The diagnosis of PCA was made based
on the typical clinical pictures of the skin lesions. For those cases whose clinical
pictures were ambiguous, skin biopsies were performed to confirm the
diagnosis.

Genotyping and linkage replication study

A 10-ml whole blood sample was taken from each individual for DNA analysis.
Genomic DNA was extracted using Puregen kit (Gentra Systems, Minneapolis,
MN, USA) according to the manufacturer’s instructions. Seven microsatllites
(D5S1993, D5S426, D5S1490, D5S418, D5S623, D5S1969, and D5S407),
spanning the significant linkage region on chromosome 5, were selected for
genotyping to replicate our previous linkage findings. PCR amplification,
electrophoresis, and data analysis were carried out as reported earlier.?!

Genotyping with the Affymetrix GeneChip Human Mapping 10K
Array

As microsatellite-based genome scan set may not provide adequate marker
density for certain chromosomal regions, the Affymetrix GeneChip Human
Mapping 10K Array with an average density between SNPs of 0.32 cm (210kb)
was also performed on nine FPCA families (B, E, G, I, ], K, L, N, P). DNA
labeling, hybridization, washing, and staining of 10K SNP arrays were
performed according to the manufacturer’s protocol (Affymetrix Inc., Santa
Clara, CA, USA). The 10K SNP mapping data were analyzed with the
Affymetrix GeneChip DNA Analysis Software (GDAS) to generate genotype
calls for each of the SNP probes on the array.

Sequencing of the OSMR, IL31RA, and IL6ST genes

We sequenced the OSMR gene in 306 individuals, including 73 individuals
from PCA families, 91 cases of sporadic PCA, and 142 control subjects. Direct
PCR sequencing was used to examine the promoter region and all 18 exons and
flanking introns of the OSMR gene, using 20 pairs of primers. As for the
IL31RA gene, we sequenced 24 individuals from PCA families, 91 cases of
sporadic PCA, and 142 control subjects by examining all exons and flanking
introns of the IL31RA gene using 21 pairs of primers for nine splice isoforms of
IL31RA. We also sequenced the IL6ST gene in 22 individuals from PCA families
and two cases of sporadic PCA by using 18 pairs of primers for two splice
isoforms of IL6ST (NM_002184 and NM_175767). Detailed information of
primer sequences is available on request. The sequencing reactions were
performed using the ABI BigDye Terminator reagents and were electrophorezed
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Figure 1 Outline of subject recruitment, linkage results, and mutation findings. DNA samples were collected from affected and unaffected individuals to

investigate the genetic causes of PCA.
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on the ABI PRISM 3730 DNA sequencer (Applied Biosystems, Foster City, CA,
USA). The sequence data were analyzed by using the PolyPhred software
(v5.04).2

Genotyping with the Illumina Human CNV370-Duo DNA Analysis
BeadChip

Genome-wide genotyping on 75 Taiwanese subjects, including 23 PCA subjects,
was performed with the Illumina Human CNV370-Duo DNA Analysis
BeadChip (Illumina, San Diego, CA, USA). We also applied the same procedure
to determine the genotypes for selected targets on chromosome 5 for seven
individuals of one PCA family from Chile (see mutation data results below).
The chip contains 318 237 haplotype tagging SNPs, with an additional 52 167
markers designed to specifically target nearly 14000 copy number variant
(CNV) regions of the genome, for a total of 370 404 markers. Genotyping was
performed according to the manufacturer’s protocols.

Haplotype and statistical analysis
We investigated and compared the haplotype structure for the chromosome 5
region containing the genes for four cytokine receptors (LIFR, OSMR, IL31RA,
IL6ST), using genotype data of the International HapMap Project (http://
www.hapmap.org).2®

Two-point and multipoint linkage analysis was conducted using the MLINK
and LINKMAP options of the LINKAGE packages v5.1, respectively (ftp://
linkage.rockefeller.edu/software/linkage).>” Multipoint lod score, non-para-
metric linkage, and haplotype construction were performed by the GENE-
HUNTER program v2.5 (http://www.broad.mit.edu/ftp/distribution/software/
genehunter/).28

The Haploview software v4. 0 (www.broad.mit.edu/personal/jcbarret/haplo-
view/) was used for halpotype block identification, and haplotype association
test.2” The GENECOUNTING program v2.1 (http://www.mrc-epid.cam.ac.uk/
Personal/jinghua.zhao/software/) was used for estimating the frequencies of
haplotypes in different haplotype blocks.’*! P-values less than 0.01 were
considered to be statistically significant.

RESULTS

Linkage replication study

In the initial genome-wide scan, we conducted genotype analysis on
15 families and identified 10 pedigrees (A, B, E, G, L, ], K, L, M, N)
that showed positive linkage to the chromosome 5 markers.?! On this
basis, we recruited seven additional pedigrees for linkage replication
(see Figure 1 for details of pedigrees/individuals studied). Three of
them (PCA006, PCAO11, PCA031) gave positive lod scores, with a
maximum multipoint lod score of 1.07 for the marker D55623. The
remaining four pedigrees (R, PCA016, PCA025, PCA033), however,
showed no evidence of linkage because of small size of the pedigrees.
Nevertheless, when we combined these seven pedigrees with the 15
pedigrees from our initial study for linkage analysis, a maximum
heterogeneity lod score of 5.10 (#=0.60) was found for the marker
D5S623 (Supplementary Table 1).

The Affymetrix 10K Array was also used for genome-wide linkage
scan on nine families. This alternative mapping tool helped identify
one family (pedigree J) that had a positive lod score of 1.81.
Furthermore, additional regions giving lod>1 were detected for
chromosomes 2, 11, 15, 16, and 21 with the SNP markers (Supple-
mentary Table 2).

OSMR mutations in PCA

We applied PCR sequencing to screen exonic mutation in the OSMR
gene in PCA patients. As shown in Table 1 and Figure 1, we identified
three new heterozygous mutations in the OSMR gene in the Taiwanese
patients. One mutation, c.2081C>T (p.P694L), was identified in six
FPCA pedigrees, whereas the mutation ¢.2090A>C (p.K697T) was
found in three families and a third mutation (c.1940A >T; p.D647V)
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Table 1 OSMR mutations in Taiwan

Familial PCA  Sporadic PCA Control
Location Nucleotide Codon n=73 n=91 n=142
Exon 14 ¢.1940A>T p.D647V 3 (4.1%) 0 (0.0%) 0 (0.0%)
Exon 15 ¢.2081C>T p.P694L 20 (27.4%) 2 (2.2%) 0 (0.0%)
Exon 15 ¢.2090A>C p.K697T 4 (5.5%) 0 (0.0%) 0 (0.0%)

was detected in one pedigree. Interestingly, the p.P694L mutation was
also detected in two Taiwanese sporadic cases, who had reported
earlier no other affected individual in their families. We also identified
this mutation in a Chilean family with FPCA (unreported data). None
of the 142 control subjects from Taiwan (or over 250 control
chromosomes from other populations) showed presence of p.P694L
or the other missense mutations. All these amino-acid substitutions
occur within the fibronectin III-like domains of OSMRJ, in a similar
location to the mutations reported by Arita et al.??> No mutations in
OSMR were identified in the other 19/29 pedigrees, including eight
pedigrees that showed linkage to the chromosome 5 interval.

Haplotype block structure of the OSMR region

To define the genetic backgrounds that are associated with the
recurrent OSMR mutations in Taiwan, we conducted haplotype
analysis on affected individuals from the multiplex families using
the Ilumina Human CNV370-Duo DNA Analysis BeadChip array.
This array contains 370404 probes and it can detect 21068 SNP
variations located on human chromosome 5. One representative case
from each of the six families with the p.P694L mutation (B, K, N,
PCA008, PCA023, PCA027), the three families with the p.K697T
mutation (A, F, PCA025), the single family with the p.D647V muta-
tion (G), as well as from the eight families with no detectable OSMR
gene mutation (G, E, I, ], L, M, Q, PCA006) (Figure 1) was selected for
genotype analysis. On the basis of haplotype block deduced from the
genotype data of Taiwanese individuals, we investigated, in different
populations, the haplotype block patterns of the region on chromo-
some 5 containing the genes for four cytokine receptors (LIFR, OSMR,
IL31RA, IL6ST) (Supplementary Figure la and 1b). For reference, SNP
genotype data from 52 other Taiwainese (non-PCA family subjects)
were also collected for haplotype analysis. Using the combined
genotype data of the controls and the PCA patients, 37 and 32 blocks
could be identified for the Taiwanese population in the regions
covering LIFR-OSMR genes (38-39.5mb) and IL3IRA-IL6ST genes
(54.5-56 Mb), respectively. Haplotype analysis showed that blocks 4
and 25 in the region of the LIFR-OSMR genes produced significant
results with P-values of 0.0007, and 0.0080, respectively. Another two
blocks (21 and 30) in the region of the IL31RA-IL6ST genes were
also found to differ significantly between PCA cases and controls
(P-values=0.0099 and 0.0022, respectively).

Haplotypes associated with OSMR mutations

We then investigated whether the recurrent OSMR mutations in
Taiwanese subjects are associated with specific chromosome 5 haplo-
types. If so, this could indicate a common ancestor for all the
respective families. Using the haplotype block information deduced
from the genotype data, we investigated the chromosome 5 region
containing the genes for four cytokine receptors (LIFR, OSMR,
IL3IRA, IL6ST) and looked for haplotypes that were associated with
the OSMR mutations. As shown in the Table 2, we focused on four
haplotype blocks, 4, 25, 21, 30, and found that the 4-AACC and
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Block Associated With mutation With mutation With mutation No detectable Control
Genomic region number haplotype p.P694L (h=12) p.K697T (n=6) p.D647V (h=2) mutation (n=16) (h=104) P-value
38-39.5mb 42 AACC 3 (25.0%) 3 (50.0%) — 2 (12.5%) 4 (3.8%) 0.001
25b GAAAA 5 (41.7%) — — 2 (1.9%) 0.00041
54.5-56 mb 21¢ CGGG 1(8.3%) 2 (33.3%) — 3(18.8%) 4 (3.8%) 0.023
304 cC 4 (33.3%) — 2 (12.5%) 3(2.9%) 0.006

2Defined by rs10512674, rs270592, rs10055239, and rs1494645.
bDefined by rs386994, rs451298, rs1501742, rs3805558, and rs420444.
“Defined by rs286007, rs11741905, rs286002, and rs158214.

dDefined by rs4129542 and rs4700382.

21-CGGG haplotypes were overrepresented in the group with the muta-
tion p.K697T, whereas the 25-GAAAA and 30-CC haplotypes were
overrepresented in the group with the mutation p.P694L. The associa-
tion between the 25-GAAAA haplotype and the mutation p.P694L was
striking; affected individuals from five of six families with the muta-
tion p.P694L carried this haplotype. Moreover, we could confirm this
association in two sporadic PCA cases (PCA007-1 and PCA020-1) that
were found to have the mutation p.P694L (Figure 1): both of them
had the 25-GAAAA haplotype. Taken together, our data indicate that a
major proportion of PCA from Taiwan associated with the mutation
p-P694L originates from the same specific chromosome background
represented by the 25-GAAAA haplotype. We then went on to
determine the haplotypes for members of an FPCA pedigree from
Chile some of which also harbored the mutation p.P694L. As shown
in Figure 2a, the affected individuals (80, 82 and 252) in this family
were found to have the clinical manifestation of PCA. We found that
the three Chilean individuals carrying the OSMR mutation have the
same haplotypes of 4-CATC, 25-GGAGA, 21-CGAG, and 30-CC.
Comparison with the Taiwanese data indicates that the Chilean
FPCA has occurred on different genetic backgrounds.

We also encountered a unique pedigree originated from Taiwan, in
which both parents and their two sons were all diagnosed with PCA
(Figure 2b). To trace the genetic origin(s) of PCA in the family, we
conducted genotyping and sequencing to identify the mutant allele(s)
associated with the disease for each patient. SNP genotyping showed
that the mother (individual 7) and one affected son (individual 10)
carried the prototypic haplotype of the p.P694L mutation and DNA
sequence confirmed the presence of the mutation. On the other hand,
the father (individual 8) and the other affected son (individual 11) did
not have this OSMR mutation or the associated haplotype (or indeed
any other OSMR mutation). Thus, the data indicate that two different
genes were involved in the PCA etiology of this family. Interestingly,
we noticed that those who have p.P694L mutation showed greater
severity of PCA. Although all four patients presented typical clinical
pictures, individuals 7 and 10 had larger areas of skin lesion (upper
back, forearms, thighs, and lower legs) and a higher density of amyloid
papules, as compared with those without the mutation (individuals 8
and 11).

IL31RA mutation in FPCA

So far we have found OSMR coding mutation in 5 out of the 13
pedigrees that showed linkage to the chromosome 5 region. We also
investigated the other two cytokine genes (IL31RA, IL6ST) for
sequence change in the other eight families that mapped to the
chromosome 5 region. No alteration was found in the coding
sequence of IL6ST for these eight families. However, as indicated in
Figure 3, a p.S521F mutation (c.1562C>T, codon 521 TCT>TTT)
was found in the IL3IRA gene in a FPCA family. The p.S521F

variation was detected in the affected individual but not found in
unaffected individual in Pedigree L. This variant neither exists in
other PCA patients nor in 142 controls we examined, and the codon
change occurs in a codon position that is well conserved in
mammals (Supplementary Figure 2). No other alteration was
identified in the coding sequence and exon/intron boundary except
a c¢SNP at codon 529 (p.S529N, c.1586G> A, in dbSNP: rs161704)
for this family.

DISCUSSION

Clinically, it is evident that PCA is a common disease in Taiwan and
South America. Although environmental factors may have contributed
to the high PCA prevalence in these regions, we have taken a genetic
approach and identified chromosomal backgrounds that are uniquely
associated with the disease in Taiwan. In this study, we have identified
three new mutations in the OSMR gene that underlie PCA. Moreover,
we have found out that IL31RA, another gene mapped to the same
chromosome and functionally related to the IL-6 cytokines, is involved
in FPCA. Two recurrent mutations (p.P694L and p.K697T) are located
in exon 15, whereas the other mutation, p.D647V, occurs in exon 14 of
the OSMR gene. Including the published p.G618A and p.I691T
mutations reported by Arita et al,?> substitutions of five different
highly conserved amino-acid residues in the fibronectin III-like
domains of OSMRf have now been determined as the molecular
basis of FPCA. As shown in Figure 4a and 4b, the mutations reported
in this paper are all located in the fibronectin III-like domains of
OSMRp and IL-31RA. Earlier studies have indicated that these
particular domains are critical for receptor dimerization for both
gp130 homodimers and gp130-LIFR heterodimers.>>=* Therefore,
Arita et al?> have proposed that the amino-acid substitutions in the
fibronectin type III-like domain may interfere with receptor coupling
of OSMRS with gp130 or OSMRJ with IL31RA. Another effect of the
pathogenic OSMR mutations could be premature degradation of the
mutant proteins leading to reduced availability of OSMRS to interact
with either gp130 or IL31RA. Although the precise cellular mechanism
of PCA pathogenesis remains to be established, Arita et al?? have
shown, in cultured keratinocytes from FPCA patients, decreased
phosphory-

lation of STATs, Erkl/2, and Akt after OSM stimulation, and no
phosphorylation after IL-31 stimulation. Thus, mutations involving
members of the IL-6 receptor gene family can cause dysfunction of the
downstream signals and lead to the development of cutaneous
diseases, here manifesting as FPCA.

Data from the linkage analyses have provided new evidence that
FPCA is genetically heterogeneous. As well as other putative genes
within the region of linkage on chromosome 5 being possible
candidate genes in some pedigrees (including other IL-6 family
cytokine receptors), other undisclosed loci may be relevant to disease
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Figure 2 Haplotype analysis of a Chilean family and a Taiwanese family with the OSMR mutation p.P694L. (a) Three individuals of the Chilean family,
including individuals 82, 80, and individual 252, have the clinical manifestation of PCA and were found to share the same haplotypes. (b) All four
individuals of the Taiwanese family had clinical manifestation of PCA. However, only two (individual 7 and individual 10) were found to share the same
haplotypes. In individual 11, the paternal allele was marked with 4-AGCC, 25-GGAGA, 21-TGAA, and 30-TC, and the maternal allele was determined to be a

recombinant of the two alleles from the mother.

pathogenesis. Of note, two families (D and P) gave negative lod scores,
and as such the FPCA in these cases is likely to be caused by genes
outside the chromosome 5 region. Consistent with our knowledge of
the complex signaling pathways elicited by the IL-6-related cytokines
(IL-6, IL-31, and OSM) and the now-proven genetic heterogeneity, the
pedigree analyzed in Figure 2b illustrates that FPCA can be traced to
different genetic causes even within the same family.

In this study, we have shown that the recurrent OSMR mutation
p.P694L is present on similar chromosomal backgrounds (haplotypes) in
several Taiwanese families with FPCA. We have also analyzed the OSMR
sequence in 91 sporadic PCA and identified 2 cases (PCA007 and
PCA020) with the same mutation and the same haplotype. It is likely,
therefore, that these two subjects and those in five of the six families with
this mutation share a common ancestor. The observation that six
Taiwanese families and a family from Chile both had this same mutation,
but occurring on three different genetic backgrounds, suggests that the
mutation p.P694L is both an ancestral and a recurrent mutation. The
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mutation p.P694L is the most frequent mutation underlying FPCA and is
the only one that has been observed in two different ethnic groups. This
may be partly explained by the sequence change (CCG > CTG) occurring
at a CpG dinucleotide, a hotspot for mutagenesis.

By taking a positional candidate approach, two genes (OSMR and
IL31RA) of the IL-6 cytokine pathway are now recognized to be
associated with FPCA. It remains to be determined how the signaling
changes induced by OSMR and IL31RA mutations led to the PCA
phenotypes. Severe itching is a hallmark of PCA' and prolonged
scratching might induce apoptosis and lead to PCA.> It has been
shown that normal human epidermal keratinocyte cell lines expressed
gp130, IL-31RA, and OSMRf, and responded to OSM and IL-31
activation.?*3° In skin, IL-31 induces severe pruritus and dermatitis in
transgenic mice.>* High IL-31 levels were detected in prurigo nodu-
laris, one of the most pruritic forms of chronic skin inflammation.3®
Moreover, dorsal root ganglion expressed very high level of IL-31RA
mRNA% and OSMRS has been detected on a specific subset of
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nociceptive neurons in dorsal root ganglion,”-3® suggesting that
IL-31 might induce pruritus by directly modulating the function of
Sensory neurons.

The genetic heterogeneity for PCA presented by mutations in two
physically adjacent and functionally related genes is intriguing.
OSMR is a common component of both the OSM type II receptor
and the IL-31 receptor. It will be of interest to dissect the signaling
pathways mediated by the OSM and IL-31 receptors under different
cultured conditions to investigate the molecular mechanism(s) leading
to PCA pathogenesis. It is known that the two cytokine receptors
mediate distinct signaling reactions and response patterns in lung
epithelial cells.> IL-31 was significantly over-expressed in skin samples

from patients with atopic dermatitis but not with psoriasis.>® On the
contrary, expression of both OSM type II receptor and OSM were
enhanced in both psoriatic and atopic dermatitic lesions, two com-
mon inflammatory skin disorders.>> Mainly secreted by activated
T cells, monocytes, and dendritic cells, OSM is also a potent inducer
of keratinocyte migration and triggers hyperplasia of the reconstituted
human epidermis.>> Although PCA itself is not considered as an
inflammatory skin disease, further investigation of the OSMRf-related
signaling pathways might lead to better understanding of the patho-
genesis and to the identification of new therapeutic targets for PCA.

In summary, the genetic data collected from this investigation
clearly support multi-origins of OSMR mutations in different popula-
tions, and we conclude that haplotype comparison between PCA
families in Taiwan, a region of high prevalence, offers a case for
studying the evolution and dissemination of a mutant allele in this
population. In view of cytokine-receptors-mediated signaling in the
skin, our finding on the frequent OSMR mutations and the discovery
of IL31RA mutation in PCA patients might shed light on future study
of disease pathophysiology. New knowledge about the abnormal
cellular signaling in PCA is a key to developing novel therapeutics
for this relatively common skin disease for our patients.
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