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ABSTRACT

The depletion of evolutionarily conserved Pelotat@in (PELO) causes impaired differentiation
of embryonic and spermatogonial stem cells. In ghigly, we show that temporal deletion of
PELO prior to epidermal barrier acquisition leadsneonatal lethality due to perturbations in
permeability barrier formation. Further analysidigated that this phenotype is a result of failed
processing of profilaggrin into filaggrin monomewngiich promotes the formation of a protective
epidermal layer. Molecular analyses revealed tHat@ negatively regulates the activities of
BMP and PI3K/AKT signaling pathways in the epidesniio address whether elevated activities
of BMP and PI3K/AKT signaling pathways were the safior the perturbed epidermal barrier in
Pelo-deficient pups, we made use of organotypic custusé skin explants from control and
mutant embryos at E15.5. Inhibition of PI3K/AKT saling did not significantly affect the BMP
activity. However, inhibition of BMP signaling cats a significant attenuation of PISK/AKT
activity in mutant skin and, more interestinglyg trestoration of profilaggrin processing and
normal epidermal barrier function. Therefore, ireed activity of PISBK/AKT signaling pathway
in Pelo-deficient skin might conflict with the dephosphiatjon of profilaggrin and thereby

affects its proper processing into filaggrin monosrend ultimately the epidermal differentiation.



INTRODUCTION

The skin epidermis serves as the first physicaliérathat protects the body from fluid loss and
entry of toxic and pathogenic agents. In the motlse development of the epidermal barrier is
initiated at embryonic day 16.5 (E16.5) and mustabeomplished before the end of gestation
(Hardman et al., 1998). Disruption or delay in #ltguisition of the epidermal barrier is known to
result in neonatal lethality (Segre, 2006). Thedepnal barrier is maintained by a balance
between proliferation of self-renewing stem cetisated in the basal layer and differentiation of
their daughter cells (Blanpain et al., 2006). Thesks initially differentiate from suprabasal, to
granular cells and finally become flattened enueléa&ells of the stratum corneum (SC). Besides
the loss of the nucleus and other organelles, ggesgation of keratin intermediate filaments into
macrofibrils and the formation of a cornified erog (CE) are the major structural changes that
occur during the differentiation of granular to wmified cells. The SC contains multiple layers of
corneocytes embedded in a lipids matrix, whicresponsible for the formation and maintenance
of the skin barrier (Kubo et al., 2012). Filagg(fLG), a protein associated with late epidermal
differentiation, promotes the assembly of keratiteimediate filaments to form macrofibrils in
the cornified cells (Dale et al., 1985; Irvine &€t @011). This process mediates the compaction
and structural integrity of the cornified cells (fuet al., 2012). FLG is synthesized as a high
molecular weight precursor protein called profilagghat consists of tandem filaggrin repeats
and is stored in keratohyalin granules of granualls as highly phosphorylated protein
(Sandilands et al., 2009). Profilaggrin is dephasplated and proteolytically cleaved into
filaggrin monomers that are released into the loager of the SC. Loss or defective processing
of profilaggrin results in different forms of congtal ichthyosis that is essentially characterized

by impaired epidermal barrier functions (Thyssealgt2013).



Pelota (Pelo) is an evolutionarily conserved gene that has bdentified in diverse species
from archaebacteria to humans (Shamsadin et #2)20he function of PELO at the molecular
level has been extensively investigated in yeasgrevthe PELO-orthologue Dom34 participates
in an RNA quality control mechanism called No-Gealg and in the recycling of ribosomes that
are stalled at mRNAs lacking stop codons, truncat®NAs, or the non-coding regions of many
cellular mRNAs (Doma and Parker, 2006; Shoemaker @reen, 2011; Guydosh and Green,
2014)

In mice,Pelo is ubiquitously expressed in various tissues duembryonic development and
in the adult stage (Shamsadin et al., 2002). Weviqusely demonstrated the subcellular
localization of PELO to the cytoskeleton and at filasma membrane and identified the
interaction of PELO with several cytoskeleton-assec proteins (Burnicka-Turek et al., 2010).
Deletion of Pelo in mice results in embryonic lethality at an eadgst-implantation stage
(Adham et al., 2003). To circumvent the early erobrg lethality and to study the role of PELO
during embryonic and postnatal life, we generatattidional knockout mice and investigated the
effect of Pelo deletion on pluripotency and differentiation of l@yonic stem cells and
spermatogonial stem cells (Nyamsuren et al., 2B&4 et al., 2015).

We show here that temporal deletionRefo prior to epidermal barrier formation disrupts the
acquisition of the proper epidermal permeabilityriea (EPB) causing early neonatal lethality.
The impaired function of the EPB has been idertif#s the result of a defect in profilaggrin
processing. Furthen vitro andin vivo experiments revealed that the elevated activitfeBMP
and PI3K/AKT signaling pathways are the cause efpbrturbed function of thigelo-deficient

epidermis.



RESULTS

Deletion of Pelo prior to skin barrier formation causes neonatal lethality

Analysis of conditionaPelo knockout mice showed th&elo deletion between E9.5 and E13.5
leads to neonatal lethality. To test whether thenagal lethality is due to an impaired formation
of the epidermal barrier, pregnant females frbeho™"CreERT2"" breeding were treated with
Tamoxifen (Tam) at embryonic stages E13.5 and E14Athough Tam-treated

Pelo™"CreERT2"" females gave rise to living offspring, no livifglo®

newborn pups were
found, indicating thaPelo-null pups died immediately after birth. To detemmithe cause for
neonatal lethality oPelo-deficient mice, E18.5 embryos were delivered bgseaean section and
incubated at 37°C. Genotyping and Western blotyaeal revealed tha®elo was efficiently
ablated in the skin dPelo* pups (Figure 1a and 1b). During the incubation fime observed
that Pelo™* skin was erythematous, glossy and sticky to theho(Figure 1c). In contrast to
control pups, the body weight 8Elo-deficient embryos decreased gradually (Figure addl, all
E18.5Pel0™* embryos died within 5-6 hours of caesarean dslivEhese results suggest that the

decrease in body weight ¢felo®“embryos was due to increased trans-epidermal wassr

resulting from an impairment of their epidermalrieat

Neonatal lethality in Pelo-null miceisdueto skin barrier defects

To verify that the neonatal lethality BElo-null mice is a result of epidermal barrier dysftioic,
control and mutant E18.5 embryos were subjectedolisidine blue dye penetration assay.
Control embryos exhibited a well-developed epidérb@arier as judged by minimal epidermal
penetration of the dye (Figure 1e). In contrastyeéhwas extensive skin penetration of toluidine

blue dye inPelo®® embryos particularly in ventral areas, confirmihg impaired skin barrier
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formation inPelo™”* embryos (Figure 1e). To investigate the causé@gpidermal barrier defect
observed in mutant embryos, we analyzed the higyoldifferentiation, and proliferation status
of the skin ofPelo™* embryos from E15.5 until E18.5. Prior to epideriatrier formation, the
histology of Pelo-null skin at E15.5 and E16.5 did not reveal anwiols abnormalities
compared to control skin (data not shown). Howes#ier barrier acquisition the skin of mutant
embryos at E17.5 and E18.5 displayed increasedeepal thickening in some regions and
marked decrease of cornified layers (Supplemeriayre S1 online). The proliferation status in
control and mutant E18.5 skin was assayed by Bmitdrporation.Pelo-deficient epidermis
exhibited a significant elevation in the numbebagal cells that incorporated BrdU as compared
to controls (Figure 2a). Immunohistological analysiid not reveal any differences between
control and mutant epidermis in the expressiorhefdell layer-specific marker proteins, basal-
K14, subrabasal-K10 and granular cell marker lari¢ctor) (Figure 2b). Expression of terminal
differentiation marker FLG was first observed imttol and mutant granular cell layers at E17.5
(Figure 2b). At E18.5, FLG accumulated in layerghed SG and in SC of control skin (Figure
2b). In contrast, in mutant skin FLG was presendlifiayers of the SG and at low levels in the
SC (Figure 2b). The low levels of FLG immunostagin the SC led us to assess whether there
were any alterations in the cornified envelope (GE)elo-deficient embryos. CEs of control
skin were symmetrical and smooth, wherfak* CEs were rough, irregular and aggregated,

indicating an immature state of CEs in the epidsrofimutant embryos (Figure 2c).

Impaired epidermal barrier acquisition in Pelo-deficient pups is associated with altered
profilaggrin processing
We investigated whether the altered distributiorFb6 in the epidermis of E18Belo™” pups

was due to a defect in FLG processing. As expegeatein blot analysis of epidermal protein
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lysates revealed that profilaggrin was processddaggrin monomers in the epidermis of E18.5
control embryos (Figure 2d). In contrast, almostfifeggrin monomers were detected Pelo-
null epidermis (Figure 2d). Collectively, theseulkts demonstrated that tiiRelo deletion during
embryonic skin development results in altered pag@irin processing, abnormal CE formation

and skin barrier defects which could be the undteglgause of early neonatal lethalityRel o*

pups.

Failure of epidermal barrier formation in Pelo-null epidermisisassociated with increased
activity of BMP and PI3K/AKT signaling pathways

Expression levels of PELO protein in the epideriis high prior to barrier acquisition and
significantly down-regulated after barrier formatigFigure 3a). These results were further
confirmed by studying the expression patterf@b transcripts (Figure 3b). These data indicated
that the change in the levels of PELO during epidgrbarrier formation is regulated at the
transcription level.

We next investigated the expression levels of phogpated isoforms of SMAD 1/5 and AKT
as indicators of the activity of BMP and PI3K/AKTespectively, in control and mutant
epidermis. Like the expression pattern of PELO,resgion levels of pPSMAD1/5 were down-
regulated after completion of barrier developmentontrol epidermis, but were unchanged in
Pelo-deficient epidermis (Figure 3c). Consistent witksults showing an essential role of
PISK/AKT signaling in keratinocyte differentiatio©'Shaughnessy et al., 2007), expression
levels of pAKT were elevated at the onset of bafdemation at E16.5 and attenuated thereafter
in control epidermis (Figure 3d). IRelo-deficient epidermis, expression of pAKT remainéd a
high levels even after barrier formation (Figure),3ddicating that PELO deficiency leads to

persistent activation of BMP and PI3K/AKT signalipgthways.



To address whether the elevated activities of BM& BISK/AKT signaling pathways were
the cause of the perturbed epidermal barrier fancin Pelo-deficient skin, we performed
organotypic cultures with dorsal skin explants eltsed from E15.5 embryos. H&E staining of
skin explants after two days of culture showeddéeelopment of SC in control and mutant skin
explants (Figure 4a). In order to determine whe#peédermal barrier acquisition was disrupted in
Pelo-null skin explants, we examined the diffusion bé tfluorescent dye Lucifer yellow in
cultured skin explants. The dye was retained inS@e(upper layer) of control explants (Figure
4b), whereas in mutant explants Lucifer yellow uk#d through the SC down into the dermal
layer (Figure 4b). These results supportediowivo findings and also indicated that impaired
EPB is a result of autonomous defect®ao-deficient skin and is not due to systemic defetts
PELO deficiency.

To determine whether inhibition of PI3BK/AKT signadj can restore epidermal development in
mutant explants, E15.5 skin explants were cultioe@ days in the presence or absence of PI3K
inhibitor LY294002. Although LY294002 was able tmrsficantly attenuate pAKT levels in
mutant explants, these pAKT levels remained sigaifily higher than the basal pAKT levels
found in control skin explants (Figure 4c). As simow Figure 4c, LY294002 treatment reduced
also the levels of pAKT in control epidermis. Propkin development critically depends on tight
control of AKT activity within the epidermis (O'Shghnessy et al., 2009). Indeed, our
histological analysis revealed a failure of SC dewment in both control and mutant explants in
the presence of PI3K inhibitor (Figure 4a). We asalyzed the effect of LY294002 on BMP
signaling in control and mutant skin and noticeslight increase in the levels of pPSMAD1/5 in
LY294002-treated skin of both genotypes (Figure 4c)

Next, we addressed whether attenuation of BMP &imgmavould impact on PI3K/AKT

activity and could restore the epidermal barriarction in Pelo-null skin. Skin explants were
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cultured in the presence or absence of noggin, & BRtagonist. The effectiveness of noggin in
inhibiting BMP activity was confirmed by a decreasgpSMAD1/5 in control and mutant skin
explants (Figure 4d). Interestingly, we observesibaificant decrease in the levels of pPSMAD1/5
and pAKT in mutant explants that corresponded &abkevels observed in control skin (Figure
4d). Importantly, we observed the development ofis@oggin-treated mutant explants (Figure
4a) and proper functioning of the skin barrierjraficated by retention of Lucifer yellow in the
upper layer of SC (Figure 4b). In contrast, inhdsitof BMP signaling in control skin explants
disrupted the development of SC (Figure 4a) anectétl the EPB, as judged by the diffusion of
dye through all epidermal layers and into the dsrafinoggin-treated control explants (Figure
4b). In support of these results, levels of FLG oroars were markedly attenuated in noggin-
treated control skin explants, whereas profilaggpimocessing was restored and filaggrin
monomers were readily detected in noggin-treatethntiskin explants (Figure 4e). These results
support our conclusion that the restoration of epithl barrier function by noggin treatment in
Pelo-deficient pups is accompanied by proper processfngLG. These results also establish a
direct link between elevated levels of BMP and FRKT signaling with defective filaggrin

processing irPelo-deficient epidermis.

Epidermal barrier defects in Pelo-deficient mice result in hyperkeratosis and skin
inflammation.

To investigate whether impaired barrier functiorsules in increased susceptibility to skin
inflammation in adulPelo**mice as showed in other mouse models with a défeskin barrier
acquisition (Boguniewicz and Leung, 2011), we itgelc8-week-oldPelo™", Pelo™ CreERT2
and Pelo™"CreERT2 mice with Tam for 5 subsequent days. Byr@efiths after this treatment,

control Pelo™" and Pelo™* mice presented a normal skin appearance (Figyrevbareas the tail
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A mice

and ear skin oPeo™® mice was scaly. In addition, facial and neck aref$elo®
exhibited alopecia, erythema and ulcerations, whighte aggravated over time by increased
scratching behavior (Figure 5b). For these reasBds-deficient animals had to be sacrificed
once these symptoms appeared to minimize suffeffigtological analysis revealed marked
epidermal hyperplasia and a hyperkeratotic stratameum inPelo®* mice (Figure 5¢ and d).

A mice

The hair follicles were hyperplastic, consistentiwihe alopecic phenotype iRelo®
(Figure 5d). Transmission electron microscopic ysialrevealed an enlarged cornified epidermal
layer with thick, over-compacted corneal sheathdittérent electron density exclusively in skin
sections of adulPelo” (Supplementary Figure S2 online). These corneatbkevere separated
by narrow ragged spaces and corneocytes contairedvasicular inclusions (white arrowheads
in b, d) In addition, a massive and diffused inflaatory infiltrate was observed in the dermis of
Pelo® skin as detected by a significant increase imtimaber of mast cells in these skin sections
as determined by TEM (not shown) and staining vituidine blue (Figure 5e-g).

To assess whether the inflammatory skin phenotgpa iresult of impaired keratinocyte
differentiation we determined the expression pesfibf specific markers of different epidermal
layers. The expression of K14 was restricted tabaslls of control epidermis, whereas K14
expression extended into the supra-basal cell $agémutant epidermis and overlapped with
expression of the early differentiation marker K{Bupplementary Figure S3a-d online).
Expression of the late differentiation markersdadn and FLG revealed increased layers of SG
and SC in mutant epidermis (Supplementary Figure-I83online), indicating perturbed
keratinocyte differentiation to be the cause fa dlisruption of the epidermal barrier function in
Pelo™* mutants.

Next, we addressed the origin of the inflammatonerpmtype and investigated whether it

OA/A

correlated with epidermal hyperplasia and scratghehavior inPel mice. Expression levels
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for epidermallL-4 andTslp, which are implicated in the pathogenesis of atal@rmatitis (Chan
et al., 2001; Demehri et al., 2009), were dramHgidacreased irPelo*” epidermis compared to
that of Pelo™ mice (Supplementary Figure S3i and j online). Imliidn, mutant mice also
showed increased serum IgE levels when comparedrol mice (Supplementary Figure S3k

online).
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DISCUSSION

In the present study, we showed that the loss dfCPRrior to epidermal barrier acquisition
results in neonatal lethality. Disruption of barrfermation in Pelo-deficient pups is due to
defective processing of profilaggrin into filaggrmonomers that occurs during the terminal
differentiation of corneocytes (Sandilands et 2009).In vivo andin vitro studies demonstrated
elevated activities of BMP and PI3K/AKT signalingatbways inPelo-deficient epidermis
suggesting that PELO regulates epidermal barriquiaition through the orchestration of both
signaling pathways. Further studies revealed tiadisruption of epidermal barrier formation as
a consequence of PELO depletion in adult life lemddermal infiltration by immune cells and
epidermal hyperplasia.

A general decrease in phosphorylation of profilaggs thought to be required before its
proteolytic processing into filaggrin monomers (iRgset al., 1993). PI3K/AKT signaling
mediates the phosphorylation of many proteins ohalg proteins that are involved in epidermal
barrier acquisition (O'Shaughness et al., 2007h&ig§hnessy et al., 2009). Our observations led
us to suggest that the significant elevation of gAK PELO-depleted epidermis might
counteract the dephosphorylation of profilaggrid #mereby negatively affect its processing.
Expression analysis of PELO as well as activityelsvof BMP and PI3K/AKT signaling
pathways during epidermal barrier formation of cohémbryos showed similar kinetics. Further
results showed a significant elevation in the agtiof both signaling pathways in the absence of
PELO, leading us to the conclusion that PELO neghti regulates BMP and PI3K/AKT
signaling pathways during epidermal barrier develept. Inhibition of BMP signaling caused a
significant attenuation of PI3K/AKT activity in mant skin highlighting that PELO, either

directly or indirectly, initiates the modulation &MP activity which subsequently regulates
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PIBK/AKT signaling. Several lines of evidences ra&eel that BMP signaling regulates the
PISK/AKT activity in the development of differenssues (Ghosh-Choudhury et al., 2002; He et
al., 2004; Sui et al., 2009). Regulation of PI3K/AKignaling by PELO has been demonstrated
by results showing that PELO antagonizes the bmadinthe p85 regulatory subunit of PI3K to
tyrosin kinase receptors, hence, attenuating PIBR/Aignaling in tumor cell lines (Pedersen et
al., 2013).

Impaired development of SC in control and mutamt skplants as a result of inhibition of
PISK/AKT signaling is consistent with a previoupogt which showed that the down-regulation
of PISK/AKT activity in double null mice foAktl andAkt2 disrupts the development of the SC
and causes neonatal lethality (Peng et al., 2088)ough the levels of pAKT in mutant skin
were attenuated by LY294002 treatment, the devedmpraf epidermis was not restored. These
results suggest that loss of PELO may affect adlggraling pathway(s) necessary for normal skin
development.

In contrast to the effect of AKT inhibition, cules of mutant skin explants with the BMP
antagonist noggin resulted in the restoration eflepnal permeability barrier as judged by the
retention of the Lucifer yellow fluorescent dyetime upper layer of the SC. At the molecular
level, treatment of mutant skin explants with nogigid to a significant decrease in the levels of
pSMAD and pAKT, to levels seen in untreated cong&pldermis. Collectively, these results
suggest that an adequate threshold level of BMRigcts required for proper acquisition of
epidermal barrier functions. Certainly, it rematnsaddress how PELO modulates the activities
of both signaling pathways during epidermal bardievelopment.

Mutations in either the profilaggrin gene or geresecoding for proteins regulating the
proteolytic processes of FLG monomers have beemtifok®l as the cause of ichthyosis vulgaris

(IV) and are the major predisposing factors fompatalermatitis (AD) (Sandilands et al., 2009;
13



Agrawal and Woodfolk, 2014). Defective processifigmfilaggrin in the epidermis dfelo-null
mice and similarities of epidermal defects in siirPel o-deficient mice with those in IV and AD
patients led to speculation that mutations in PEL&Y represent another predisposing factor for
IV and AD. The screening of patients with AD is ueéqd to address this.

The proper development and maintenance of the epalepermeability barrier requires
equilibrium between the proliferation of keratintey in the basal layer and the coordinated
differentiation of corneocytes (Hsu et al., 20M/e showed that the defective barrier function in
Pelo-deficient mice is associated with a significardrease in cell proliferation in the basal layer
of epidermis and defective terminal differentiatimfrkeratinocytes. Both phenotypes are likely to
arise from increased activities of PISK/AKT and BMignaling pathways and might be
responsible for the perturbation of epidermal learaicquisition.

In conclusion, we identified PELO as a modulatortttd BMP-AKT signaling axis which

promotes, either directly or indirectly, epiderrbalrier formation.
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MATERIAL AND METHODS

Mice

The generation of conditionBelo knockout Pelo™”

) mice was described elsewhere (Nyamsuren

et al., 2014) To inactivatd’elo before the development of the skin barrier, pragna
Pelo”"CreERT2 and controPelo™" mice were injected intra-peritonally with tamoxiféfam) at
embryonic stages E13.5 and E14.5 as describedopdyi (Raju et al., 2015). To deld®elo in
8-week-oldPelo™, Pelo™* CreERT2 andPelo™ CreERT2 mice, animals were injected with 1 mg
Tam for 5 consecutive days. Skin samples were peepfiom Tam-treated mutafelo™” and

control Pelo™™ embryos at E15.5, E16.5, E17.5 and E18.5 and frduoit animals after 2-3
months of Tam injection. To detect Cre-mediatégo recombination, a piece of tail was
genotyped by polymerase chain reaction (PCR) asquegly described (Nyamsuren et al., 2014).

All experiments performed in this study comply wiEt regulation and were approved by the
Institutional Animal Care and Use Committee of MedliUniversity of Gottingen.

Histological and immunohistochemical analysis

Histology and immunohistochemical analyses arerdesttin Supplementary Materials online.
Transmission electron microscopy

Control and mutant 8-week-old mice were i.p. imgelctwith TAM. After 2 months of Tam
administration, mice were sacrificed and skin sa®plvere fixed in 3% glutaraldehyde in 0.1M
phosphate buffer (pH 7.3) for 3 hours followed by @/ernight rinse in 0.1 M phosphate buffer
containing 5% sucrose (pH 7.3). Tissues were thest pxed in 1% osmium tetroxide in 0.1 M
phosphate buffer (pH 7.3) for two hours, dehydratedascending concentrations of alcohol and
embedded in Epon 812 (Luft, 1961). Transmissi@ttedbn microscopy (TEM) was performed on
ultra-thin sections (100 nm on 200 mesh grids)nsthiwith uranyl acetate and counterstained with

lead citrate. Images were taken with a Philips ChBrument at 80 kV.
15



Skin per meability staining

An in situ dye permeability assay with toluidine blue wasf@ened usingPelo™ and Pelo®*
embryos at E18.5 as previously described (Hardrhah,e1998).

Proliferation assay

Cell proliferation was measured by intra-peritoimction of pregnant mice at gestational day 18.5
with 50 mg/kg BrdU and the embryos were sacrifigdu later. Skin sections prepared as described in
Supplementary Materials online were incubated wéhanti-BrdU antibody (1:500; Abd seroTec,
Puchheim, Germany). The number of BrdU-positivelgiuzas counted at x200 magnification in 5-7
microscopic fields with skin samples from 4 diffierembryos per genotype.

I mmunaoblotting

Skin samples were harvested for protein isolatioth Western blots were performed as described in
Supplementary Materials online.

Cornified envelope preparation

Isolated epidermis from E18.5 embryos was cut Bitmnt and CE was prepared as described in
Supplementary Materials online.

Embryonic epider mal explant culture

Organotypic cultures of embryonic skin were predas previously described (O'Shaughnessy et al.,
2009) and details are listed in Supplementary Nelgonline.

RNA preparation and real time PCR

Methods of RNA isolation and real time PCR werecdbgd in Supplementary Materials online.

Enzyme-linked immunosor bent assay (ELISA) for IgE
A sandwich ELISA was used for the determination IgE in serum as described in

Supplementary Materials online.
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Statistical analyses
Data were expressed as mean + SEM. Differences gugramups were tested by the Studentasst or

two-way ANOVA test when appropriate. R value < 0.05 was considered to be significant.
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Figure Legends

Figure 1: Temporal deletion of Pelo leads to perturbation of the EPB and early neonatal
lethality. (a) Genotyping PCR analysis of E18.5 embryos. Theewee of a 455-bp fragment of
Pelo® allele (A) and loss of a 376-bp dPelo™ allele (F) in mutant embryos demonstrates
successful Cre-mediated recombination) (Western blot analysis of epidermis lysates from
E18.5 Pelo™ and mutantPelo®™ pups shows efficient loss of PELO Relo™”. For loading
control, the blot was stripped and reprobed withi artubulin antibody (TUB). ) Gross
morphology of E18.%elo™ and Pelo™ pups is shown.d) Graph showing the weight loss of
Pelo™ (n = 4) andPelo”” embryos if = 6) over the indicated time period. Body weighéothe
time is presented relative to that of O h. Eaclu@akpresents mean + SEMP ¥ 0.05 compared
with control. €) Skin permeability assay on E18%8l0™" and Pelo” embryos using toluidine
blue.

Figure 2: Aberrant processing of profilaggrin in Pelo-deficient epidermis. (a) Epidermal
proliferation was assayed in skin sections of E1®80™ and Pelo®™ embryos by
immunostaining using antibodies to BrdU and Kl4bhasal cell-specific marker. Histogram
showing the percentage of BrdU-positive nuclei &sdd layer relative to total number of K14-
immunopositive cells (right panel). More than 40D4Kpositive cells were examined from 3 pups
of each genotype. Nuclei (blue) were stained wikPD Values are expressed as mean + SEM.
*P < 0.05. p) Immunofluorescent staining for expression of epidal K10, K14, Lor and FLG
in skin sections from E17.5 and E18.5 embryog) Morphological appearance of purified
cornified envelopes.d) Western blot analysis for profilaggrin processinge18.5Pelo™ and
Pelo™ epidermal extracts. The positions of profilaggmtermediates (2x and 3x FLG) and
filaggrin monomers (1x FLG) and molecular weightrkess (kDa) are indicated. Bars = 40 pm

(@), 100 pm (b) and 200 pm (c).
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Figure 3. Loss of PELO elevatesthe activity of BMP and PI3K/AKT signaling pathways. (a)
Expression of PELO in epidermal extracts of cont&olbryos during skin barrier acquisition.
Epidermal protein extracts from mutant embryos wesed to verify the specificity of the anti-
PELO antibody. On the right panel, PELO levels rained too-tubulin (TUB) are presented as
mean £ SEM (n = 3). A.U. indicates arbitrary unRsotein levels in the epidermis of E15.5 were
expressed as 1.0P*< 0.05 compared with E15.50b)(Expression ofPelo mRNA at different
stages was determined by qRT-PCR. Value®abd expression levels normalized Kprt are
presented as mean + SEM of three experiments. dniphgevels in the epidermis of adult mice
are expressed as 1.0 ¥ 0.05 compared withdult. €, d) Western blot analysis showing the
expression levels of pPSMAD1/%)(and pAKT () at different stages (left panels). On the right
panels, expression levels of pAKT and pSMAD1/5 ralined to that of total AKT and-tubulin,
respectively, are presented as mean + SEM (n ¥ 8tpge). P < 0.05.

Figure 4. Noggin treatment restores the functional EPB in mutant skin organotypic culture.

(a) Histological analysis of E15.Belo™" andPelo” skin explants before (d0) and after culture
for 2 days (d2) in the presence (+) and absencef (L)Y294002 or Noggin. k) Micrographic
images showing Lucifer Yellow dye (green) applieth gkin explants. Sections were
counterstained with DAPI (blue)c,(d) Western blot showing pAKT and pSMAD1/5 expression
in skin explants cultured either with (+) or witho(t) PI3K inhibitors LY294002(c) or
recombinant Noggind). Expression levels of pAKT and pSmad1/5 were normedlito that of
total AKT (AKT) and a-tubulin (TUB), respectively, and presented as meaBEM (n = 6).
Protein levels in untreated skin explants from oargmbryos were expressed as 1B.<*0.05,

** P < (0.001, **P < 0.0001. (e) Protein blot analysis for profilaggprocessing in skin explants
cultured in either presence (+) or absence of Nodg. Filaggrin monomers are labeled by

arrowhead. Bars = 20 um (a) and 40 um (b).
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Figure 5. Depletion of PELO during mouse adult life displays atopic dermatitis-like
phenotypes. (a, b) Gross morphology of 5-month-old contral) @nd mutantlf) mouse after 3
months of Tam administration. Alopecia is noticadhe neck region of mutant mice (insert in
b). (c, d) Hematoxylin/ eosin-stained skin sections from teeknregion of controld) and mutant
mice @). (e, f) Toluidine blue-stained sections B&lo ™ (e) and Pelo® (f) skin. Arrowheads
indicate mast cells with intense blue color in deemis. ¢) The number of mast cells in the skin
sections oPelo 7F andPelo” animals is represented as mean + SERI>*0.05. Data represent
the number of mast cells in 20 microscopic fieldsyf 3 animals per genotype. Bars = 100 um

(c, d, e) and 50 um (f).
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