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TOTHE EDITOR

Olmsted syndrome (OS; MIM614594) is a hereditapprier characterized
predominantly by palmoplantar keratoderma (PPK) @aibrificial keratosis.
Frequent additional features include intolerartiiig on palms and/or soles, diffuse
alopecia, keratosis pilaris, onychodystrophy amjtali autoamputation (Mevorah et
al., 2005). Recently, mutations in transient regepbtential vanilloid type 3TRPV3)
(Lin et al, 2012) andVIBTPS2 (Haghighiet al., 2013; Wang et.aP014) have been
associated with autosomal-dominant and X-linked @§pectively. In
TRPV3-associated OS, we previously demonstrated th&dinanissense mutations
led to over-activation of TRPV3 channel, as an ulydey pathogenesis of OS (Lin et
al., 2012). In addition to the autosomal-dominaait,tautosomal-recessive OS caused
by homozygous or compound heterozygous mutatiom&RV3 has been described
in two families (Duchatelet et al., 2014; Eytarakf 2014). Herein we report a

TRPV3-associated OS family of semidominant inhad&

The proband was a 6-year-old boy of Chinese Ham@tix He was noted to have
itchy PPK affecting the weight-bearing areas ofdukes at the age of 1 year. At 2
years old, mild keratosis developed on both coroghss mouth and perianal areas.
He was diagnosed with OS and was started on oite¢tc 0.5 mg/kg/day. One year
later, hyperkeratosis relieved greatly and peiigéf keratosis disappeared. Acitretin
was then ceased for fear of adverse effects oétkedbnormality. Hyperkeratosis

gradually aggravated to involve his palms with nfikckion contraction of fingers



(Figure 1b and c), while his periorificial areasaned spared. In his fourth year of
life, he started to experience paroxysmal burniaig pnd redness on his distal
extremities (Figure 1d). The erythromelalgia wasetl by exercise or warmth,
relieved after rest or cooling, and became persisé¢er which required oral
carbamazepine to control the symptoms. Four adidititamily members, including
the proband’s father, developed asymptomatic, sdike focal plantar keratosis only
on the weight-bearing points with onset ages ranfjiom 7 to 10 years (Figure 1a, e
and Supplementary Figure S1). No mutilation orgrédicial keratoderma was found.

The proband’s mother and sister were phenotypiceiynal.

We extracted genomic DNA from peripheral blood rafteitten informed consent
was obtained in adherence to the Declaration ofiklel Principles TRPV3 coding
exons and their flanking regions were amplified dirdctly sequenced. Two
heterozygous mutations, ¢.1702G>T and c.643+1GIRPV3 were detected in the
proband (Figure 1f and g), which were absent inl®@0 Genome Project, NHLBI
ESP, Exome Aggregation Consortium (EXAC) database®00 ethnically-matched
normal individuals. Mutation ¢.643+1G>T was frone tmother and c.1702G>T,
which led to substitution of glycine by cysteingpasition 568 (p.G568C), was of
paternal origin and present in all the individuaith plantar keratosis (Figure 1a) and
absent in unaffected family membehnssilico mMRNA splicing prediction of mutation
€.643+1G>T showed abolishment of the canonical deplice site of exon 6, which

was confirmed by reverse-transcription PCR usingARXtracted from the dorsal



skin of the proband’s feet (Supplementary Figuraf@ S3). The results showed that
a cryptic donor splice site located at positio8:62953 was used. Such alternative
splicing caused insertion of a 2953-bp intronicusetce downstream of the initiation
of intron 6 (Figure 1h and i, Supplementary Fig88), which resulted in a new
premature stop codon p.G215Vfs*82. The same splipaitern was detected in the
mother’s skin, but not in normal control skin. T&sass the consequence of the
splicing mutation, we performed real-time quantv@PCR using the patient skin
RNA. Our data showed a reduction of ~50% of td&IPV3 mRNA in the proband,
compared to normal control skin (Supplementary Fda¢), indicating

nonsense-mediated mMRNA decay.

As the proband exhibited more severe clinical prid®n with earlier onset than
the other affected individuals harboring one singlgation ¢.1702G>T, we sought to
elucidate the underlying mechanism by assayingletrophysiological properties of
the mutant. We introduced the ¢.1702G>T mutatiatheatorresponding site of the
humanTRPV3 cDNA, and then inserted either wild-type or mutaeDiNA into the
pPpEGFP-N1 plasmid (Clontech, Mountain View, CA).the TRPV3 channel is a
tetramer where four subunits are symmetricallyrayeal around the ion conduction
pore, the subunit composition and functional properof individual channels vary
with TRPV3 allele combinations. We assumed thajpttodband had only one mutant
allele (G568C) expressing TRPV3 subunit, whiledheer individuals with

heterozygous mutation ¢.1702G>T had equal amouB568C and wild-type TRPV3



subunits. To mimic the above situations, we recdi@erents from HEK293T cells
transiently expressing wild-type TRPV3 (WT) or TRRG568C (G568C) separately,
or together (WT plus G568C), via the patch-clanghteque as described previously

(Cao et al., 2012) (Figure 2a).

First, we tested the voltage-dependent activatioFR#?V3 channel which has an
important role in TRP channel gating (Voets et2004). When exposed to voltage
steps, cells expressing WT showed only small oudlyaectifying currents (Figure
2b), whereas cells expressing WT plus G568C digpldgrger outwardly rectifying
currents than those expressing WT alone (Figurn@ce). Remarkably, cells
expressing G568C produced the largest outward miwigh an inactivation-like
behavior during depolarization, and had an addiitarge inwardly rectifying
current at negative voltages, implying a constiely active status at resting
membrane potentials (Figure 2d and e). Next, wesared ligand-induced TRPV3
activation by applying 2-aminoethoxydiphenyl borg@eAPB) at concentrations from
1 uM to 1 mM (Figure 2f-h) (Chungt al., 2005). 2-APB activated TRPV3 currents of
WT in a concentration-dependent manner with an BE@ie of 65.2 + 3.4M at
+80 mV (Figure 2f and i), while WT plus G568C shaWae3-fold EC50 shift of
2-APB-dependent activation, with the EC50 bein@194.5uM (Figure 2g and i). At
an even lower concentration (below (M), 2-APB induced measurable currents in
cells transfected with G568C alone, with the ECallig of 5.7 £ 1.M at +80 mV,

which was a more than 10-fold shift of 2-APB-evoleativation (Figure 2h and i).



Previously, it was shown that othERPV3 mutations such as G573S or G573C was
constitutively active and could not be further zated by 2-APB (Liret al., 2012;

Xiao et al., 2008). Although not as robust as in the mutanposition 573, the
activation of G568C was desensitized when the 2-A&®&entration reached 1 mM
(Figure 2h and i). This phenomenon was only obskwieen the TRPV3 channel was
potently activated (Chung et al., 2005; Hu et2009). Taken together, our results
showed that G568C displayed a dramatic gain-oftfangroperty, which could be

partially rescued by coassembly with WT subunits.

Semidominant inheritance has been observed in génodermatoses, e.g.
ichthyosis vulgaris (Smitkt al., 2006), pachyonychia congenita (Wilsbral, 2010)
and epidermolytic ichthyosis (Nousbegkal, 2013). Herein we report a case of
TRPV3-associated OS of semidominant inheritance. Wedssaonstrated that the
clinical severity in the family closely correlatadth the electrophysiological
properties of the TRPV3 channels. The proband, iwliely to express G568C
homomers, showed relatively severe phenotype, ithdether affected family
members who express WT-G568C heteromers had otdymanifestations, probably
due to rescue effects of the WT subunits. Thisatation can be supported by
significantly more severe, mutilating PPK phenotyjtexion, constriction and
autoamputation of digits) caused by TRP&373S or G573C mutations, in which
our electrophysiological studies showed constiglyivactive channel property with

insensitivity to 2-APB (Liret al., 2012).



A recent report of a French family wiliRPV3-related OS showed that a
heterozygous carrier of G568C mutation was clibyoabrmal (Duchatelett al,
2014a), in contrast to mild, late-onset, focal pakeratosis in our study. This
phenotypic discrepancy indicated factors other fffaPV3 mutations might also play
a role in OS pathogenesis. Our case also develep#itromelalgia, a condition
which has been reported elsewhere (Duchatekdt, 2014a; Duchatelet al., 2014b).
Interestingly, one of two previous cases was comgddeterozygous for a splice site
mutation and the G568C mutation identified in oatignt. Our results further
confirmed that certain mutations TiRPV3 could lead to erythromelalgia in OS
patients. Future studies are required to addresadbociation between OS and

erythromelalgia in the context of TRPV3 mutations.
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Figure L egend

Figure 1.Clinical features, TRPV3 mutations and mutant cDNA transcript.

(a) The pedigree of the family. The proband (arrextlhh compound heterozygous
mutations iNTRPV3 was indicated by black filled symbols, while otheitdly

affected members were indicated by gray filled sgisb

(b-e) Hyperkeratosis was more severe in the prolasal) with flexion contraction of
fingers compared to focal plantar keratosis infailser (e). Note the redness on the
feet of the proband (d).

(f, g) Genomic DNA sequence of heterozygous mutatim1702G>T (f) and
€.643+1G>T (g) iINTRPV3. Arrows indicate the mutation nucleotides.

(h) Sequencing of cDNA derived from skin lesiortloé proband revealed that
mutation ¢.643+1G>T led to an alternative donoicgpsite deep in intron 6, resulting
in an insertion of 2953 bp from the initiation afrion 6 (termed Exon 6a).

(i) Schematic illustration of the wild-type trangatr(WT, top) and the new transcript

(bottom) from the allele of mutation ¢.643+1G>T.

Figure 2.Electrophysiologicalstudies on TRPV3 channels of WT, G568C mutant

and WT plus G568C.

(a) Model of TRPV3 channel containing WT subunlafik), G568C mutant (hatched)
and WT plus G568C.

(b-d) Representative inside-out recordifrgen cells transfected with WG568C

mutantand WT plus G568(Patches were held at 0 mV, steps from —160 to 240 m



in an increment of 20 mV for 300 ms, and then ktack100 for 100 ms.

(e) Respective current density-voltage plots cdidyestate currentsom b-d.

(f-h) Representative current traces=&®0 mV were recorded frormside-out patches
facing solutions at various concentrations of 2-APB

(i) 2-APB dose-response curves of WT, G568C mutadtWT plus G568C.

(j) Comparison of E€p values of WT, G568C mutant and WT plus G5668€3-5.

Statistical analyses were performed using Studet'st. £<0.05;**P< 0.01.
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