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Dear Editor,

Harlequin.ehythosis (HI)is a severe skin diseagaused bymutationsin the lipid transport
protein ABCAL2. This disruptsextracelluladipid deposition; imiting barrier function andesulting
in the differentiationof a thickened restrictive epidermis.This phenotype is at least partially
recapitulated“ifi"Mouse models of disease. While patiéatsl HI nice®) exhibit a partih
phenotypic correction aftebirth, they still require a lifelong regime of frequent bathing,
mechanical desquamatiamdemollientapplication.

The ceramidegrethe major lipid species in the intercellular lipid lamellae of the stratum
corneum. gLhese.damellae are establishetinaaintained by lamellar bodig¢EB’s) which release
their lipid cargofrom terminally differentiating keratinocyteswhile ABCA12 is rguired for the
normal loading=of=LBs withglucosylceramid, the broader impacts of its dysfunction on lipid
homeostasis have not been assessed. Ceramide can be produced as an intercellular deglucosylatio
product of glueesylceramidewhich is itself synthesised from dihydroceramide. It can also be
produced by'sphihgomyelin conversidn A further ceramide derivative, aylceramde, is
predominantly “formed from glucosylceramides in paocess requiring the acyl chains of
triacylglycerol and diacylglycerd?, althoughalternative pathwaygor the productionof this
species are possibfé Loss of waterproofing acylceramides (and accumulation of their
glucosylceramide precursors) has been proposed as an underghgnsm for the development
of barrier defects in Hf*".

Despite_advances in our understanding of cutaneous lipid composition and the changes
asso@ted with,loss of ABCA12studiesof lipid dysregulation have e limited toa small number
of lipid species. In addition there have beenembaustive comparativstudiesof patient skin
versus mousenodels or of changesssociated witlthe transition to postnatal lifeTo address this
we performedmass spectroscofgiMS) of >180lipid speciedin epidermal peels from fetal (E17.5)
andgrafted (14 days post graft) skirom theel12 mouse model of Hland fromHI patient (and
control) epidermal scrapefom sites not treated i moisturisers or emollientOur analysis
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includesan extensive range of other lipids known to be important for epiddrimlalgy. Here we
report tlose that were significantly altered iour samples;providng a complete analysifs
supporting data.

We firstly profiled lipid disequilibrium in Hlpatients andgrafted HI mouse skin. We
observed increases in ceramide, glucosylceramide, dihydroceramide and acylceramide (Cer[EOS])
species compared to control samplésig. lad). We also observed an increase in
acylglucosylceramides (GlcCer[EOS]) in mouse grafts (F&.although these species were not
detected in human samplélikely due to limitations of epidermal scrapes compared to whole
epidermis) The acquisition of acylceramides in human samples correlated with a general depletion
of many diacylglyeerohnd triacylglycerol species (Figf,d) and whilestatistical significant was
not achievedinm=murine graft samples, diacylglycerol and triacylglycerol did show a similar
downward trend whiclparalleledsignificant increases in acylceramida@$e total sphingomyelin
pool was upregulated in human samples, however the individual moieties often exdignticant
yet oppositeegulationbetweerhuman and mouse species (Fig. M. nextprofiled lipid changes
associated with=the transition skin to a postnataénvironmentandfound significant increases in
the levels -wofwsceramides, glucosylceramides, dihydroceramides, acylceramides and
acylglucosylceramides in postnatal skin versus fetal @kop 1a€). These observations fit with a
broader picture that lipid dysregulation is exacerbated during the transition fr@guaous to a
gaseous enviramentat birthwhich presumably occurs as part of the genesglargse of the organ
to a loss of barer function.

Several other aspects of the study are worth noting. We have previously repotted tha
ABCA12 plays a role ircholesterol effluX and observed thisendagain herén mouse skinbut
surprisinglysuch,lipidswere oftendownregulated in humadl patients(Fig. 1i). In addition, the
overdl results. demonstrate that mouse models of postnatal HI closely parallel the differences in
lipid homeostasis=observed in HI patients when examining total lipids of a givdg &though
may be divergent-when comparing individual moieties within a Ilgroup. There were lso a
number of specific’lipid species whose variatiaile robust,contrastedo other members of the
same lipid familysuch assphingomyelirspecies The significance of these changes is unclear, but
they may point to _specific roles for thelgids in disease developmemtr particular synthesis
pathways. At a mechanistic levelour study suggests that the postnatal upregulation of
acylceramidesobserved in mice and humaoscurs via a dihydroceramide and sphingomyelin
linked cemamide synthesis pathwayig. 1j) which concurs with a recent study that suggested
ceramides in HI skin derive principally from sphingomyelifihey further indicate that mouse
models of HI represent a promising platform upon which to exadiseaseathogenesis anakt

asa system in which tprofile adaption of the organ to a new environment at birth. Indaed
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results correlate with recent observations demonstrating that accumulation of intracellular ceramide
can cause ichthyosfs suggesting that the ichthyosis phenotype is not purely due to loss of
waterproofing extracellular lipidsimportant, our studiesalsoestablish a baseline upon which to
assess correction of diseasepraclinical trials of HI therapieaimedat normalisindipid levels or

correcing defects in keratinocyte differentiation/furst.
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Figure Legends:

Figure 1: Lipid profiling in HI epidermis. a-i) Lipid analysis of E17.5 embryonic epidermis,
embryonic skin grafted ontdlude mice and analysed 14 days post graft (14dpg) and human
epidermal scrapegipids were internally normalised to total PC. Lipid values obtained were then
expessed as a fold change relative to the average value obtained frematgbeed Control WT

skins (arbitrary defined as 1). Lipid values obtained from embryonic skins were expressed relative
to E17.5 WT embryonic skins, grafted skins were expressed relative to 14dpg WT graitedrsti
human epidermal scrapes expressed relative to WT human samples. Lipid data are represented as
heatmaps generated with CIMminghttp://discover.nci.nih.gov/cimminer/home.daising the
quariile methed«Blank spaces within heatmaps indicate lipid speciese not detected.
Significance for @mbryonic skin and grafts was determinedtoylent's ftest where asterisks
indicate*p<0:05;**p<0.01, ***p<0.005.Statistical significance for human scapes wasrdeted

using aMann Whitney Utestwhere *p<0.036Full analysis is available in supplementary material.

J) A model for=barrier lipid trafficking/conversion in normal skin. Predominant defect in HI

indicated; proposed alternate pathways are indicateddyyagrow.
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