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L etter text
Tothe Editor

Hidradenitis suppurativa (HS) is a chronic dermigtaharacterized by nodules and
abscesses in apocrine gland-bearing sites. Mugationthree gamma-secretase complex
(GSC) genes have been identified in autosomal dominamhd of HS (Frew et al., 2017)
(Tables S1-S2)NCSTN, PSEN1 and PSENEN mutations have been reported in 41 unrelated
HS patients, one Chinese HS family and 21 unrelBi®datients with or without Dowling-
Degos disease (DDD) respectively (Frew et al., 20Ifie functional consequences of these
mutations are yet to be elucidated. In the abs&ficgegregation analysis and functional
studies supporting their causality, it is posstibl@ some reported variants are benign (Table
S2).

Three studies investigaté8SC genemutations in small patient cohorts (Table S1).
One study explorebICSTN, PSEN1 andPSENEN in 48 British patients (Pink et al., 2012). A
second study analyzed the $88C genes NICSTN, PSEN1, PSENEN, PSEN2, APH1A and
APH1B) in 20 patients from South Wales (Ingram et al13)0 A third study investigated
NCSTN in 95 Caucasian patients (Liu et al., 2016).

In contrast to our previous studies which focusedrultiplex kindreds or in patients
with syndromic HS and led to the identification £4NCSTN mutations (Duchatelet et al.,
2019, Duchatelet et al., 2015, Miskinyte et al.120Sonbol et al., 2018), the current study
aimed at determining the prevalenceG8C gene mutations among a large cohort involving
169 unrelated mostly Caucasian patients, with iedlar syndromic HS. This study was
approved by the institutional review board (CPRdéeFrance Paris). Subjects provided
written informed consent and consented to the pattn of their images. Cohort
characteristics are detailed in Tables 1 and S3p@/ormed mutational analysis of the six

GSC genes using a targeted NGS gene panel, whichiatdaded PSTP1P1 involved in



PASH (pyoderma gangrenosum (PG), acne, HS) and BAP@Yyogenic arthritis, acne, PG,
HS) syndromesFGFR2 and POFUTL1 possibly implicated in HS (Calderon-Castrat et al.,

2016, Gonzalez-Villanueva et al., 2018, Higginalet2017).

We identified two unreportedNCSTN (NM_015331) mutations, p.Gly61Val
(c.182G>T) and p.Gly576Val (c.1727G>T), in two Uated familial cases (Patients 111 and
150), predicted to be damaging by computatidoals (Table S4). The first mutation co-
segregates with HS in the family (Figures 1 and. $he proband’s daughter carrying the
familial mutation had an atypical presentation withultiple comedones outside HS
predilection sites, suggesting the involvement obdifier genes, epigenetic and/or
environmental factors. Co-segregation of the secondation with the disease was not
studied, as no additional family member was av&labVe also identified a previously
reportedNCTSN variant ¢.996+7G>A in a sporadic patient (Pati2nt(Pink et al., 2012).
However, this variant was inherited from the unetiéée father and the study of the subject’s
keratinocytes mMRNA did not deteldCSTN splicing nor expression anomaly, suggesting it is
a non-deleterious change. In a familial HS casdidRa30), we identified a previously
unreported”SEN1 (NM_000021) mutation p.Ser390Glufs*20 (c.1167_1h8&A), inherited
from the mother with Crohn’s disease and spondytapathy (Figures 1 and S1). We found
PSENEN (NM_172341) mutations in 5 HS patients with DDDg{ifes 1 and S1). In patient
157, we identified the previously reported c.168Tp3yr56* Jewish Ashkenazi founder
mutation, inherited from the mother with Jewish Reshazi ancestry. Thre®SENEN
mutations were not previously described: c.304T>A1@2Argext*50 (Patient 158),
€.166+2T>C (Patients 159 and 160) and c.66dup gRrafs*98 (Patient 161). Haplotype

analysis for patients 159 and 160 did not reveabmmon haplotype, arguing against a



founder mutation (Figure 1). The ¢.166+2T>C mutati® predicted to abolish the splicing
donor site (Table S4). No causal mutation was itledtin the remaining 160 patients
Functional studies on primary keratinocytes frBSENEN-mutated patients 157 and
158 showed a 2-fold reduction PSENEN transcript levels in patient 157 compared with
controls and a 25% reduction in patient 158 (Figb2g. Western-blot analysis revealed no
mutated PEN2 protein in both patients, a low lefekild-type protein (~13%) in patient 157,
but a normal level of wild-type protein in patiet®8 (Figure S3). We could show impaired
NCSTN maturation and stability of PSEN1 proteirgfreents and a reduction HESL (Notch
target) transcript levelsn patient 157 compared with controls (Figures S2-Suggesting
impaired GSC function and Notch signaling. In casty patient 158 displayed no detectable
abnormality at the protein nor RNA levels (Figur82-S3), although previous studies
demonstrated the critical role of the length amglisace of the C-terminus of PEN2 for GSC
activity (Prokop et al., 2005). Previous studiemdastrated that sondidCSTN mutations did
not impair GSC activity nor Notch signaling (Zhaagd Sisodia, 2015), that tHeSEN1
p.Pro242Leufs*11 mutation may lead to enhanced INeignaling in zebrafish (Newman et
al., 2014) and that the total number of mature G&GS unaltered in fibroblast solubilized
membrane fractions harborifdCSTN p.Glu333_GIn367del oPSENEN p.Phe23Valfs*98
mutations (Pink et al., 2016) (Table S2).
To date, Notch was used as a hallmark for GSC imchypothesizing that Notch signaling
was involved in HS pathogenesis. However, theselirfgs suggest that the disease
mechanisms are complex and that these mutatioggthter with the p.*102Argext*50
PSENEN mutation, may act through the alteration of a G&@alytic activity independent
mechanism, and/or impaired Notch-independent doeast signaling. Alternatively,
mutations may become deleterious only in particakdls or conditions (temperature, pH or

salt concentrations). Therefore, the cells whichhemavestigated (fibroblasts or epidermal



keratinocytes) may not be appropriate and othértyeés such as follicular keratinocytes or
sebocytes could be more suitable to investigatgp&t8ophysiology. Further experiments to
elucidate the functional consequences of thesetimnsaon GSC activity and downstream

pathways are required.

In summary, in this and previous studies, we hazrenedGSC gene mutations in a total of
188 unrelated HS patients and identified mutation8 out of 169 patients in the current
study and in 4 out of 19 patients in our formedsats. Our findings confirm thabSC gene
mutations are uncommon in the largest HS cohorestigated so far (12 mutations/188
patients i.e. 6.4 %), further documd&8ENEN mutations in HS patients with DDD, report a
European case of HS due toP&EN1 mutation and expand the spectrum NESTN-

associated clinical manifestations.
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Table 1. Patient characteristics

Sex:

Male

Female

Ethnicity:

Caucasian

African

Asian

Other and mixed
Unknown

Form :

Familial

Sporadic

False sporadic
Unknown

Hurley stage severity score:
1

2

3

Unknown

Body massindex (mean) :
<18.5

18.5-24.9

25-29.9

>30

Unknown

Smoking history

Age of HS onset (mean)
Syndromic Form :
PASH

PAPASH

PASS

HS + Dowling-Degos disease
Comorbidities

severe acne

acne

dissecting cellulitis of the scalp

inflammatory bowel disease

74 (44%)
95 (56%)

107 (63%)
24 (14%)
3 (2%)

23 (14%)
12 (7%)

86 (51%)
48 (28%)
27 (16%)
8 (5%)

62 (37%)
44 (26%)
56 (33%)
7 (4%)

26.4 (range 17.0-46.0)

1 (<1%)
67 (40%)
54 (32%)
36 (21%)
11 (6%)
115 (68%)

20 (range 1-55 years)

13(8%)
5 (3%)
1 (<1%)
2 (1%)
5 (3%)

19 (11%)
34 (20%)

6 (4%)

18 (11%)

inflammatory rheumatologic diseasds$ (9%)

atopy, asthma, eczema
psoriasis
diabetes

Adamantiades-Behcet's disease

Familial Mediterranean fever

1 (24%)
2 (1%)
14 (8%)

1 (<1%)

1 (1%

14



“False sporadic” cases had in fact first or secdegree relatives who presented either a few
abscesses/cysts localized to HS predilection sitesisolated pilonidal sinus, without
completely fulfilling criteria for HS, and/or hadflammatory bowel disease, rheumatologic
inflammatory disease or severe acne.

Of note, there was a bias in the recruitment ofpd&ents in this cohort since the enroliment

mainly involved patients with severe forms of HS.
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Figure 1. Genealogical trees of patients harboring mutations in NCSTN, PSENL1 or
PSENEN genes

Arrows indicate the probands. Haplotype reconsimactwith informative microsatellites
markers (D19S416, D19S425, D19S893, D19S224 ané2A® on chromosome 19q13.11-
g13.13 flankingPSENEN was performed for patient 159 and her two affectadghters, as
well as for patient 160 and one of his affectetesjsas illustrated. No common haplotype for
these two families was identified. Patient 160 bgkto a family in which some patients
presented only H&nd were unavailable for the genetic study. Of nptgient 2NCSTN
variant was excluded as there is no co-segregatidhis splicing variant with HS and no

effects on mRNA expression or splicing, arguingiagfea causal mutation.
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Supplemental Table S1. Studies investigating gamma-secr etase complex gene mutationsin HS patients

. Number of patientswith NL_meer (.)f Number of patients
Reference Number of unrelated patients | =\ ~sry mutations patientswith with PSENEN Ethnicity
studied (Form) PSEN1 mutations .
(Form) (Form) mutations (Form)
Wang et a., 2010 6 (Familial) 3 (Familial) 1 (Familial) 2 (Familial) Chinese
Lieta. 2011 2 (1 Familial + 1 Sporadic) |2 (1 Familial + 1 Sporadic) - - Chinese
Livetd., 2011 2 (Familial) 2 (Familial) - - Chinese
Pink et al., 2011 7 (Familial) 1 (Familial) 0 1 (Familial) British
Miskinyte et al., 2012 14 (Familial) 3 (Familial) 0 0 French
Pink et a., 2012 48 (20 Familial + 28 Sporadic) 3 (Sporadic) 0 0 British (2) and Afro-Caribbean (1)
Haineset al., 2012 19 1 0 0 Singaporean Chinese in origin
Zhang et al., 2013 2 (Familial) 2 (Familial) - - Chinese
Ingram et al., 2013 20 (12 Familia + 8 Sporadic) 0 0 0 South Wales
Jaoetd., 2013 1 (Familia) 1 (Familia) - - Chinese
Nomuraet a., 2013 10 (1 Familia + 9 Sporadic) 1 (Familia) Japanese
Maet a., 2013 1 (Familia) 1 (Familia) - - Chinese
Nomuraet a., 2014 1 (Familia) 1 (Familia) - - Japanese
Chen et al., 2015 1 (Familia) 1 (Familia) - African American
Duchatelet et d., 2015 | 3 (2 Familial + 1 adopted child) 1 (Adopted child) 0 0 French
Yang et a., 2015 1 (Familia) 1 (Familia) - - Chinese
Panmontha et al., 2015 2 (Familial) - - 2 (Familial) Thai
Xueta., 2016 2 (Familial) 2 (Familial) - - Chinese
Australian, Canadian, Czech, Danish,
Liveta. 2016 | 95 (57 Familial + 38 Sporadic) | 2 (1 Familial + 1 Sporadic) i i EL?Qﬁhpﬁ;ﬁ?ﬁcfé e‘i;;eggg‘ggxf‘;
Turkish and American
Livuetad., 2016 1 (Sporadic) - - 1 (Sporadic) Chinese
Ratnamala et al., 2016 2 (Familial) 2 (Familial) - - Indian
Xiao et d., 2016 1 (Familial) 1 (Familial) - - Chinese
Faraji Zonooz et dl., 1 (Familia) 1 (Familia) - - Iranian




2016

Zhang et al., 2016 1 (Familial) 1 (Familial) - - Chinese
Zhou et al., 2016 2 (Familial) - - 2 (Familial) Chinese
Pink et a., 2016 1 (Familial) 1 (Familial) - - British
Raseretd, 2017 | 6(3Familia + 3 Sporadic) i i 6 (382?;“;(';2') *3 | Geman (3), FTrﬁ;?*(‘l()l)’ Indian (1),
Li etal., 2017 2 (Familial) - 2 (Familial) Chinese
Sonbol et a., 2018 1 (Sporadic) 0 0 0 French
Pavlovsky et a., 2018 4 (Familial) - - 4 (Familial) Jewish Ashkenazi (4)
Kaneta., 2018 1 (Familial) - - 1 (Familial) Japanese
Wu et a., 2018 1 (Familial) 1 (Familial) - - Chinese
Shi et al., 2018 1 (Familial) 1 (Familial) - - Chinese
Xiao et a., 2018 1 (Sporadic) 1 (Sporadic) - - Chinese
Duchatelet et al., 2019 1 (Familial) 0 0 0 French
Heetd., 2019 3 (Familial)* 3 (Familial)* - - Chinese
Takeichi et al., 2019 1 (Familia) 1 (Familia) - Japanese

!In total, 5 familial HS cases harboring NCSTN mutations were reported but two of them were previ ously published in Liu et a., 2011 and Xiao

et al., 2016




Supplemental Table S2. Summary of gamma-secr etase complex gene mutationsreported in HS

M utation

Gene Familial segregation Functional studies Reference
Nucleotide Protein
NCSTN c.97G>A p.Gly33Arg Yes None Takeichi et al., 2019
€.210_211delAG p.Val72Tyrfs*16 Yes None Liuetal., 2011
c.218delC p.lle73Thrfs*3 Yes None Wu et al., 2018
€.223G>A p.Val75lle Yes Invitro assay in fibroblasts:| Zhang et al., 2013 / Zhang et al., 20
no impact on PSEN1
endoproteolysis, Notch
processing nor nuclear
signaling
c.344_351dél p.Thr115Asnfs*20 n/a (adopted child None Duclettet al., 2015
€.349C>T p.Argll7* Yes/Yes/nr (familial Blood mRNstudy: Wang et al., 2010/Chen et al.,
reduced\NCSTN expression 2015/Liu et al., 2016
C.477C>A p.Cys159* Yes Skin immunohistochemistny: Xiao et al., 2016 / He et al., 2019
reduced NCSTN staining;
Skin mRNA and protein study:
decreased NSCTN expression
c.487delC p.GIn163Serfs*39 Yes mMRNA study from jpleerral Miskinyte et al., 2012
blood mononuclear cells:
significant reduction of
transcript level
c.497C>A p.Serl166* Yes None Ma et al.,2014
C.553G>A p.Asp185Asn nr (sporadic) Invitro assay in fibroblasts:| Pink et al., 2012 / Zhang et al., 201
no impact on PSEN1
endoproteolysis, Notch
processing nor nuclear
signaling
c.582+1delG p.Cys195Lysfs*16 (expn Yes Peripheral lymphocytes mRNA Nomura et al., 2013
6 skipping) + study: marked reduction of
p.Cys195_Gly332del NCSTN expression, abnormal
(exons 6-8 skipping) splicing
C.617C>A p.Ser206* Yes None Shietal., 2018

(3]



NCSTN

€.632C>G

p.Pro211Arg

Mutation
not found in the
patient’ healthy
relatives (sporadic)

Invitro assay in fibroblasts:
no impact on PSEN1
endoproteolysis, Notch
processing nor nuclear
signaling

Lietal., 2011/ Zhang et al., 2015

C.647A>C

p.GIn216Pro

Yes

(on Notch signaling processing

Invitro assay in fibroblasts:
functionally inactive mutant

and PSEN1 endoproteolysis)
but effect on activity negated

when the mutant is co-
expressed with the wild-type

Zhang et al., 2013 / Zhang et al., 20

c.686_687dub

p.Cy5230Pr0fs*342

Yes

None

Ratnamala et al., 2016

c.887A>G

p.Glu296Gly

Yes

None

Xu et al., 2016

c.944C>T

p.Ala315Val

Yes

None

Zang et al., 2016

€.978delG

p.-Met326llefs*31

nr

None

Haines et @12

€.996+1G>A

p.Glu333_GIn367del
(exon 9 skipping)

nr

Fibroblast mRNA study:
abnormal transcript, reduced
NCSTN expression;
Fibroblast protein study:
no mutant protein detected,
decreased mature NCSTN in
total cell fractions but no
abnormality for NCSTN,
PSEN1 and PEN2 expressio
in solubilized membrane
preparations

5

Pink et al. 2016

c.996+7G>AR

p.?

nr (sporadic)

lymphoblast mMRNA study
reduced\NCSTN expression

Pink et al., 2012

€.1101+1 G>A

No abnormal transcriy

—

Yes

MRNA study: No abnormal
transcript detected, reduced
NCSTN expression

Pink et al., 2011

c.1101+10 A>G

p.?

nr (sporadic)

lymphoblast mMRNA study: ho
aberrant transcripts, norma
NCSTN expression

Pink et al., 2012

€.1229C>T

p.Ala410Val

nr (sporadic)

None

Liu et 2016

NCSTN

€.1258C>T

p.GIn420*

Yes

MRNA and protein studies

aoJBt al., 2013/Yang et al., 2015




NCSIN

C.1294C>T

from whole skin, epidermis,
dermis, keratinocytes or
fibroblasts: reduced expressio

n

€.1300C>T

p.Arg432*

Yes

reduced NCSTN staining;
Skin mRNA and protein study:

Skin immunohistochemistryy:

decreased NSCTN expression

He et al., 2019

€.1352+1G>A

p.Arg434*

Yes/Yes

MRNA study from perigie
blood mononuclear cells:
normal expression

Miskinyte et al., 2012 / Xu et al., 20

€.1534C>T

p.?

Yes/Yes

reduced NCSTN staining;
Skin mRNA and protein study:

Skin immunohistochemistry: Liu et al., 2011 / He et al., 2019

decreased NSCTN expression

€.1551+1G>A

p.GIn512*

Yes

reduced NCSTN staining;
Skin mMRNA and protein study:
decreased NSCTN expression

Skin immunohistochemistny:

He et al., 2019

c.1635C>G

p.Ala486_Thr517del

Yes

Blood mRNA study
ReducedNCSTN expression;
abnormal splicing with exon 1|3
skipping

Wang et al., 2010

€.1695T>G

p.Tyr545*

Yes

None

Faraji Zonooz et al.,2016

c.1702C>T

p.Tyr565*

Yes

None

Li etal., 2011

c.1752delG

p.GIn568*

Yes (incomplete
penetrance)

None

Nomura et al., 2014

c.1768 A>G

p.Glu584Aspfs*44

Yes

Blood and skin mR&tédy:
reduced\NCSTN expression;
Skin protein study: decrease

NSCTN expression;
Skin immunohistochemistry:
reduced NCSTN staining

o

Wang et al., 2010/ He et al., 2019

p.Ser590AlafsX3 and
another product

Yes

MRNA study from periphera
blood mononuclear cells:
abnormal splicing; no
reduction of
NCSTN transcript levels

Miskinyte et al., 2012

.1800_1801delTH

p.Tyr600%

Yes

None

Ratnamala et al., 2016

16




€.2584-2585delCA

Reduced expression

nr (sporadic)

Reporter assay in HEK293T]
cells: decreased expressio
through miR-155

Xiao et al., 2018

PSEN1 c.725delC p.Pro242Leufs*11 Yes Blood mRNA study: Wang et al., 2010 / Newman et al.
reducedPSENL expression; 2014
Zebrafish study : increased
Notch signaling
c.868+16G>T"" p.? No (familial) None Ma et al., 2014
c.953A>G p.Glu318Gly nr None Ingram et al. 2013
PSENEN c.35T>A" p.Leul2* Yes None Ralser et al., 2017
c.43_56déf p.Cys15Profs*10¥ Yes None Kan et al., 2018
.62-1G>C* p.Gly22_Tyr56del Yes Exon trapping: exon 3 skipping Ralser et al., 2017
(exon 3 skipping)
c.66delG’ p.Phe23Leufs*46 YeBle novo mutation None Wang et al., 2010 / Liu et al., 2016
(sporadic)
c.66_67insG p.Phe23Valfs*9¥ Yes Blood and fibroblast mMRNA|  Pink et al.2011 / Pink et al. 2016
study: reduce®SENEN
expression;
Fibroblast protein study: no
mutant protein detected,
reduced PEN2 expression in
total cell fractions but no
abnormality for NCSTN,
PSEN1 and PEN2 expressign
in solubilized membrane
preparations
c.84dup p,Leuzgserfs,*gﬁ2 Yes Leukocyte mRNA study: Panmontha et al., 2015
IncreasedPSENEN expression
c.115C>T! p.Arg39* nr (sporadic)

Protein expression in
HEK293T cells:
no mutant protein

Ralser et al., 2017

c.166+2T>CM

p.Gly22_ Tyr56del
(exon 3 skipping)

nr (sporadic)

MRNA study : abnormal
splicing

Ralser et al., 2017

c.167-2A>G?

p.?

Yes

None

Zhou et al., 2016




PSENEN .168T>G’ p.Tyr56* Yes mRNA study from Pavlovsky et al., 2018
keratinocytes: decreased
PSENEN expression;
Notch-responsive reporter
assay in primary keratinocyte
decreased Luciferase activity

0

c.194T>G’ p.LeuB5Arg Yes/Yes None Zhou et al., 2016 / Laket2017
c.229 230insCACE p.lle77Thrfs*457 Yes None Lietal., 2017 (Zhang et al.,
unpublished data)
c.279delC p.Phe94Serfs*51 Yes None Wang et al., 2010

Mutations are numbered according to the nomendaitithe Human Genome Variation Society, suchtiais the A of the start codon (ATG)
of the cDNA sequences dICSTN (Genbank accession number NM_0153PEEN1 (NM_000021), andPSENEN (NM_172341).

n/a: not applicable; nr: not reported

1This mutation was initially reported as p.Thr70f&€X1

*This mutation was initially reported as p.Pro73ls05

3PASH syndrome

“This mutation was initially reported as ¢.687ins:Cys230Profs*31

>This mutation was initially reported as ¢.1125+1G>A

®This variant is unlikely to be causal accordingtw findings (absence of co-segregation with tiseae and no effect SICSTN splicing or
expression)

This variant was reported to be unlikely pathogémised on mRNA study results

®This mutation was initially reported as ¢.1799delf.Geu600X



*These variants were reported to be unlikely pathimg@bsence of co-segregation with the diseasrobd in healthy controls, predicted to be
benign)

9 This variant was initially reported as ¢.837+16G>T

1HS associated with Dowling-Degos disease or hygerphtation

2Mutations predicting an altered and elongated prote

Bpatients with this mutation presented Dowling-Dedisgase associated or not with HS

1This mutation was initially reported as g.1412T>C



Supplemental Table S3. Clinical information for the 169 HS patients from the cohort

Patient number Form Sex | Geographicorigin | Age | BMI | Smoking history | Ageat onset | Hurley stage Comor bidities
1 Familial F EU 40| 20.2 Yes 18 1 atopy
2 False sporadi M EU 27 209 Yes 18 1 acne, atopy
3 Familial M EU 28 | 20.6 Yes 13 1 DCS, eczema
4 False sporadi F EU 5] 29/0 Yes 25 1 atopy
5 Familial F EU 46| 30.2 Yes 27 1 atopy
6 Familial F EU 30| 34.9 Yes 13 1 acne, atopy
7 Familial F EU 47 | 26.7 Yes 15 1 severe acne, atagy
8 Familial F AF 26 | 35.9 Yes 15 1 atopy, SAPHO symale
9 Familial F AF 27| 21.9 No 7 1 atopy
10 Sporadic F EU 271 29.0 Yes 19 1 acne, atopy
11 Familial F EU 49| 26.8 Yes 19 1 acne, atopy
12 Familial F EU 38| 27.0 Yes 19 1 acne, atopy
13 Familial F EU 31| 26.0 Yes 13 2 diabetes, atopy
14 Familial M AF 37| 21.6 Yes 18 2 acne, atopy
15 Familial M AF 30| 21.8 No 18 2 acne
16 Sporadic F EU 47| 23.9 Yes 24 2 none
17 Sporadic M EU 47| 31.4 Yes 24 2 severe acneyatop
18 Sporadic F EU 35 28.1 Yes 10 2 acne, atopy
19 False sporadic M EU 35 25)0 Yes 24 2 acne, atopy
20 Familial M EU 26| 22.0 Yes 12 2 acne, atopy
21 Sporadic M EU 31| 21.( Yes 24 2 acne, atopy
22 Sporadic M EU 49|  20.6 Yes 12 2 severe acneyatop
23 Familial M EU 28| 27.8 Yes 17 2 severe acne,\atop
24 Familial M AF 58 | 27.5 Yes 18 2 diabetes, atamne
25 Sporadic M EU 32| 20.1 Yes 17 2 none
26 Familial F EU 34| 35.0 Yes 16 2 SAPHO syndronepwa
27 Familial F EU 33| 25.3 Yes 14 2 fibromyalgia




28 Familial F EU 39| 31.2 No 13 2 Gougerot-Sjogrgmdsome, atopy
29 Familial F EU 43| 20.1 Yes 21 2 chronic diarrhea

30 Familial M EU 25| 32.0 Yes 17 1 Crohn's diseasapy

31 Familial F EU 48| 33.0 Yes 29 1 Cra”i'gspl:‘f";‘ggg'c‘;r,“;:Qgt;‘gre”a'
32 Sporadic M EU 24|  27.0 No 15 2 none

33 Sporadic F EU 31 21.3 Yes 14 1 unlabeled aglas) acne

34 Sporadic M AF 28| 17.0 No 19 3 DCS, eczema

35 Sporadic M EU 38| 245 Yes 22 1 severe acnpyato

36 Sporadic F AF 35 25.0 No 16 3 breast cancer

37 Familial F AF 29| 28.4 Yes 21 1 atopy, osteomalac

38 Familial F AF 55| 20.0 No 16 1 Systemic Lupus

39 Sporadic M EU 41|  27.( Yes 22 2 DCS

40 False sporadic M EU 19 28)2 No 11 1 ache

41 Sporadic M EU- Maghreb 34 2212 Yes 26 1 Irrigatbbwel syndrome, asthma
42 False sporadic M EU 29 2419 Yes 25 2 none

43 Sporadic F EU 36| 28.1 Yes 17 1 AS, severe acne

44 Sporadic F AF 38/ 33.9 Yes 17 2 diabetes

45 False sporadic F EU 36  31i6 No 27 3 acne

46 False sporadic F EU 49  28|9 Yes 27 2 atopy

a7 False sporadic F EU 25 19{5 No 19 2 Crohn'sadseacne, atopy
48 False sporadic F EU 41  25|2 Yes 30 3 Crohnéades

49 False sporadi¢ F EU 2( 22|19 No 14 1 none

50 Familial F Saudi Arabia 277 398 No 9 3 anodontia

51 Familial M Maghreb 29| 27.8 Yes 15 2 acne

52 Familial F n/a 20 n/a n/a 16 3 n/a

53 Familial M EU 61| 26.1 Yes 25 3 none

54 Familial M EU 62| 20.3 Yes 40 3 none

55 Familial M EU 32| 28.9 Yes 23 2 severe ache

56 Familial M EU 25| 29.4 No 21 3 severe acne, atop




57 Familial M EU 35| 21.6 No 13 1 severe acne, atop

58 Familial M EU 38| 31.8 Yes 22 2 DCS

59 Familial F EU 41| 31.6 Yes 15 1 Darier's disease

60 Familial M Maghreb 27| 24.8 Yes 9 1 none

61 Familial M EU 30| 29.4 Yes 16 2 none

62 Familial F EU n/a n/a n/a n/a n/a none

63 Familial M AF-EU 40 | 20.2 Yes 17 2 Crohn's dissaeczema

64 Familial M AF 63| 31.0 No 33 3 diabetes, acne

65 False sporadic M EU 33 235 Yes 25 3 severe ache

66 False sporadic M EU 472 29)0 Yes 26 3 severe, aialgetes, eczema

67 Familial F EU 44| 28.3 Yes 15 3 atopy

68 n/a M EU 69| 24.2 Yes 52 3 severe acne, DCS

69 Familial M EU 71| 30.9 Yes 55 2 diabetes, atopy

70 Sporadic M EU 38| 229 Yes 17 1 severe acne

71 Familial F EU 36| 20.0 Yes 24 2 Crohn's disease

72 false Sporadig F n/a 34 n/a n/a 15 3 planteat&@derma, multiple sclerosis
73 Familial M AF 29 | 194 Yes 18 3 Crohn's disease

74 False sporadic F EU 31 20{1 Yes 16 2 AS

75 Sporadic M n/a n/g n/g n/a n/a n/a DCS

76 Familial F AF 31| 23.6 No 16 3 breast cancer

77 Familial F AF 24| 36.1 No 17 2 epidermolysisltisd, atopy, eczema
78 Sporadic M AF 25| 27.5 Yes 17 3 severe acne

79 Familial M Maghreb 62| 23.9 Yes 34 3 acne

80 False sporadic F EU 38 29|5 Yes 12 3 acne

81 False sporadic M EU 38 295 Yes 31 3 acne, atopy

82 Familial M EU 35| 22.6 Yes 15 1 acne

83 Familial M EU 52| 25.7 Yes 17 3 none

84 Familial F EU 40| 27.7 Yes 15 1 RA, atopy, pasid

85 False sporadi¢  F EU 50 213 Yes 25 3 | Crohn's d'SeaseS’y ';Q’Ofneeh‘?et's disease, 4

PL



86 Sporadic F AF-EU 64| 234 No 54 2 Crohn's dise@ssnert myotonia, diabete
87 Familial F EU 45| 32.5 Yes 15 1 none

88 Familial F EU 42| 25.3 Yes 18 1 AS

89 n/a F Maghreb 32 199 Yes 11 1 none

20 False sporadic F EU 35 24{4 Yes 20 1 none

91 Familial F EU 52| 21.0 Yes 30 1 acne

92 Familial F EU 37| 23.7 Yes 15 1 Ulcerative dslit
93 Familial M EU-Maghreb 35 255 Yes 23 1 none

94 Familial F EU 35| 21.0 Yes 20 1 none

95 False sporadic F EU 49 27|14 Yes 17 1 acne

96 n/a F AF 35| 33.5 Yes 16 1 acne

97 Familial M Asia 48| 32.6 No 15 1 diabetes, acne
98 Familial F EU 56| 24.7 Yes 18 1 none

99 Familial M AF 31| 219 No 19 2 none

100 Familial M EU 55| 29.9 Yes 46 2 none

101 False sporadic  F EU 39  28|7 Yes 28 2 AS

102 Sporadic F Maghreb 25 20(6 Yes 15 3 SAPHO syndr
103 Familial M EU 15| 28.0 No 13 3 none

104 Familial M AF 13| 22.6 No 8 3 none

105 Familial F EU 30| 27.6 Yes 22 3 Crohn's disease
106 Familial F AF 19| 26.3 No 11 3 adrenal hypeiiplas
107 Familial M EU 16| 21.8 No 13 2 severe acheniostenosis
108 Familial F EU 25| 23.9 No 11 3 none

109 False sporadic M EU 46 33/0 Yes 20 3 diabetes
110 Familial M EU 29| 28.4 n/a n/a 3 FMF

111 Familial M EU 51| 32.7 No 17 1 none

112 Sporadic M EU 56| 36.8 Yes 13 3 diabetes
113 Familial F n/a 26 n/a n/a n/a n/a none

114 Sporadic F AF 30 275 No 15 3 none

115 Familial F EU 40| 21.5 No 19 2 Crohn's diseas,PG




116 Sporadic F n/a 33 n/a n/a 31 3 none

117 Familial F EU-AF 24| 23.2 Yes 17 3 severe asegere acne
118 Sporadic M EU 35| 20.0 Yes 16 3 none

119 Sporadic M EU 44, 21.9 No 12 3 Crohn's disease
120 n/a F Maghreb 48 22 No 47 3 none

121 Familial F AF 31| 334 Yes 11 3 AS

122 Sporadic F AF 23] 18.8 No 11 2 Crohn's disease
123 Familial F EU 21| 23.1 Yes 13 2 Ulcerative tsli
124 Familial F Asia 17| 20.7 No 16 3 severe acne
125 Sporadic F AF 46| 235 Yes 19 1 none

126 Sporadic M n/a 29 30 Yes 20 1 severe acne
127 Sporadic F n/a 36 n/a Yes n/a 1 n/a

128 Sporadic F n/a 33 n/a No 11 1 none

129 Familial M n/a 33| 324 Yes n/a 1 none

130 Familial F EU 71| 27.1 Yes 22 1 none

131 Familial F EU 38| 39.0 Yes 20 1 Crohn's disease
132 n/a F Iran 24| 26.2 Yes 6 1 none

133 Familial M Maghreb 37| 34.38 Yes 21 1 diabetes
134 Sporadic F EU 42|  35.5 Yes 16 1 none

135 Familial F EU 33| 28.9 Yes 20 1 none

136 Sporadic F Maghreb 31 35/5 No 22 1 none

137 Sporadic F AF 42| 35.6 No 32 1 none

138 Sporadic F EU+AF 23 276 Yes 13 1 none

139 Sporadic F EU 28 22.1 Yes 22 1 severe ache
140 Sporadic F EU 42| 27.7 Yes 20 1 none

141 Sporadic F EU 28  30.1 Yes 11 1 none

142 n/a F EU 33| 28.6 Yes 18 1 none

143 Sporadic F EU 25 22.3 Yes 19 1 none

144 n/a M EU 29| 24.8 Yes 15 3 none

145 false Sporadig F EU 26 23[2 Yes 15 3 none




146 Sporadic F Saudi Arabia 16 430 No 1 3 none

147 Sporadic F EU 25 21y Yes 15 3 none

148 Sporadic M EU 44| 27.4 Yes 27 3 none

149 false Sporadic M Maghreb L 2217 Yes 40 3 none

150 Familial F EU 30| 21.7 No 23 3 none

151 false Sporadic M n/a 3( n/a Yes 26 1 none

152 Sporadic Algeria 58 31.p Yes 50 psoriasis

153 false Sporadig EU 34 2683 Yes 23 none

154 Familial F EU 47| 25.1 No 22 3 AS

155 Familial F Maghreb 50, 33.2 No 38 3 diabetes

156 false Sporadic M EU 29 231 Yes 22 3 Crohrssatie

157 Familial F EU 44| 214 No 24 1 Dowling-Degos

158 n/a M EU 60| 26.2 No 18 3 Dowling-Degos, diabeatopy

159 Familial F EU 66| 25.4 No 13 n/a Dowling-Degos

160 Familial M EU 54| 42.4 n/a 15 n/a Dowling-Degos

161 Sporadic M n/a 53 n/g n/a n/a n/a Dowling-Bego

162 Familial F EU 56 27 Yes 37 3 PG+Acne : PASHdsgme

163 Familial M Carabbean 35 19/9 Yes 30 3 PG+AdPASH syndrome

164 False sporadit M Eaﬁ'(?fgga' 22 | 19.6 Yes 14 3 PG+AC”e+Sp§;‘gg:8"r"nr tehmpathy - PASS
165 Sporadic M Morocco 47  27.p Yes n/a 2 PG+AdRASH syndrome

166 Sporadic F EU 40, 20.8 Yes 18 3 PG+Acne+arshrilAPASH syndrome
167 Sporadic | M EU 45| 324 No 16 2 PG*“”““S;‘S&’:% g‘mpathy - PASS
168 Familial M n/a 22 n/a n/a n/a n/a PG+Acne SPifssyndrome

169 Sporadic M Asia 40, 221 No 35 2 PG+Acne : PAShdrome




BMI: Body Mass Index, DCS: Dissecting cellulitis thie scalp, AS: Ankylosing Spondylarthritis, RRheumatoid arthritis, SAPHO: Synovitis,
acne, pustulosis palmoplantaris, hyperostosis atelts; PG: Pyoderma gangrenosum and FMF: FanMlediterranean fever, EU: Europe, AF:

Africa



Supplemental Table $4. In silico prediction analysis of identified mutations

Gene M utation Grantham score | Polyphen-2 SIFT MutationT aster Panther M utationA ssessor AlignGVGD SNAP2
NCSTN | p.Gly576val 109 5;%22% Deleterious | Disease causing | probebly damaging | mpar;cnteglijﬂﬁ:on / MOStV\lllilt(f?I ied €] effect
(score 0.998) (score0.05) | (prob0.999) | (preservation time 1368) (FI Score 2.745) (Class 65) (score 81)
NCSTN |  p.Gly61va 109 55%23% Deleterious | Disease causing | _probebly damaging | mpar;cnteglijﬂﬁ:on / MOStV\lllilt(f?I ied €] effect
(score 0,999) (score0.00) | (prob0.999) | (preservation time 1628) (FI Score : 3.085) (Class 65) (score 93)
PSEN1 | p.Ser390Glufs*20 n‘a n/a n/a n/a n/a n/a n‘a n/a
PSENEN p.Tyr56* n‘a n/a n/a n/a n/a n/a n‘a n/a
PSENEN | p.*102Argext*50 n‘a n/a n/a n/a n/a n/a n‘a n/a
PSENEN | p.Phe23Valfs*98 n‘a n/a n/a n/a n/a na n‘a n/a
Gene M utation SNP& GO Condé FATHMM Provean M utPred2 VEST-4 MutPred-LOF DDIG ENTPRISE-X
. . . . Functional :
Disease Deleterious | Pathogenic Deleterious pathogenic na na na
prob 0. score 0. score -1. score -4. score 0.
NCSTN p.Gly576Vval b 0.759 0.632 156 4.7g) | Consequences 0.955
(score 0.890)
: . . . Functional .
Disease Deleterious Pathogenic Deleterious pathogenic n/a n/a n/a
NCSTN p.Gly61Vval ® i conseguences
(prob 0.913) | (score 0.656) | (score-5.29) | (score-8.50) (score 0.931) (score 0.997)
pathogenic | No pathogenicity disease Deleterious
PSENL | p.Ser390Glufs* 20 a a Wa na a (score 0.971) (score 0.445) (score 0.935) | (score 0.970)
* pathogenic Pathogenicity disease Deleterious
PSENEN p-Tyrs6 na a na a a (score 0.887) | (score0.548) | (score0.842) | (score 0.973)
* * benign No pathogenicity n'a na
PSENEN | p.*102Argext*50 n/a n/a n/a n‘a n/a (score 0.088) (score 0.380)
. pathogenic | No pathogenicity disease Deleterious
PSENEN | p.Phe23Valfs 98 a a a a a (score 0.853) (score 0.439) (score0.883) | (score0.893)




Gene M utation SSF MaxEnt NNSPLICE GeneSplicer HSF
Loss of donor site | Loss of donor site | Lossof donor site | Loss of donor site | Loss of donor site
PSENEN | ¢.166+2T>C | ™" (71 05 > (7.39 = 1) (0725 1) (4.70= 1) (8146 = 54.63)

n/a: not applicable
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Supplemental Figure L egends

Supplemental Figure S1. Histopathological and clinical features of HS patients with
identified mutations

Hematoxylin and eosin staining of affected skinnfrpatient 158 with HS and Dowling-
Degos disease carryingRSENEN mutation, showed epidermal hyperplasia with eloadat
and hyperpigmented rete ridges.

Hyperpigmentation and numerous multipore comedaméise groin in Patient 30’s affected
mother (harborind®SEN1 mutation and presenting with HS associated witbh@is disease
and ankylosing spondylitis). Nodules of the gronddhe buttocks in Patient 111’s affected
niece (carryingNCSTN mutation). Hyperpigmentation of the interglutealdf the groin and
the axillary regions in Patient 157 (affected witB and Dowling-Degos disease, harboring a

PSENEN mutation). Subjects consented to the publicatich@r images.

Supplemental Figure S2. Relative PSENEN and HES1 transcripts abundance in
PSENEN-mutated patients versus control primary human epider mal keratinocytes.
Quantitative RT-PCRs of keratinocyte RNA from Patse 157 (p.Tyr56*) and 158
(p-*102Argext*50) show (a) decreas®BENEN expression level in both patients compared
to control RNA, suggesting nonsense-mediated mRNgag and unstable mutant mRNA
degradation respectively, and (b) reductiorHi&SL (used as a hallmark for Notch signaling

activation) expression level in patient 1¥GK1 was used as an endogenous control.

Supplemental Figure S3. Immunoblot of PEN2, NCSTN and PSEN1 in PSENEN-

mutated patientsand control primary human epidermal keratinocytes.

Western blot analysis of keratinocyte lysates froomtrol subjects, Patients 157 and 158
probed for PEN2 (a), NCSTN (b) and PSENL1 (c) shearehsed PEN2 levels, a significant

reduction in mature NCSTN expression and in PSEMgnients in Patient 157, but no



abnormality for Patient 158. No mutated PEN2 proteas observed in patients 157 and 158
(size prediction ~7 kDa for p.Tyr96* and ~17 kDa f*102Argext*50). Unaltered PSEN1

endoproteolysis was noted in both patients. Actis wsed as a loading control.
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Supplemental Table L egends

Supplemental Table S1. Studies investigating gamma-secr etase complex gene mutations
in HS patients

YIntotal, 5 familial HS cases harboring NCSTN mutations were reported but two of them were

previously published in Liu et a., 2011 and Xiao et a., 2016

Supplemental Table S2. Summary of gamma-secr etase complex gene mutationsreported
inHS

Mutations are numbered according to the nomenclature of the Human Genome Variation
Society, such that +1 is the A of the start codon (ATG) of the cDNA sequences of NCSTN
(Genbank accession number NM_015331), PSEN1 (NM_000021), and PSENEN
(NM_172341).

n/a: not applicable; nr: not reported

This mutation was initially reported as p.Thr70fsX 18

?This mutation wasiinitially reported as p.Pro73Leufs* 15

3PASH syndrome

“This mutation wasinitially reported as ¢.687insCC p.Cys230Profs* 31

>This mutation was initially reported as ¢.1125+1G>A

®This variant is unlikely to be causal according to our findings (no co-segregation with the
disease and no effect on NCSTN splicing or expression)

"This variant was reported as unlikely pathogenic based on mRNA study results

®This mutation wasiinitially reported as ¢.1799del TG p.Leu600X

*These variants were reported as unlikely pathogenic (no co-segregation with the disease,
observed in healthy controls, predicted to be benign)

19 This variant was initially reported as ¢.837+16G>T



'S associated with Dowling-Degos disease or hyperpigmentation
Ymutations predicting an altered and elongated protein
Bpatients with this mutation presented Dowling-Degos disease associated or not with HS

YThis mutation was initially reported as g.1412T>C

Supplemental Table S3. Clinical information for the 169 HS patients from the cohort

BMI: Body Mass Index, DCS:. Dissecting cellulitis of the scap, AS. Ankylosing
Spondylarthritis, RA: Rheumatoid arthritis, SAPHO: Synovitis, acne, pustulosis
pamoplantaris, hyperostosis and osteitis; PG: Pyoderma gangrenosum and FMF. Familial

Mediterranean fever, EU: Europe, AF: Africa

Table $4. In slico prediction analysis of identified mutations

n/a: not applicable



Supplementary Methods

Clinical diagnostic criteria

Diagnosis of HS was made according to Europeanefjogs (Zouboulis et al., 2015a,
Zouboulis et al., 2015b) including recurrent or unating typical lesions (nodules, abscesses,
sinus tracts or hypertrophic scars) in typical lizedions (axillae, inguinal folds, anal cleft,
sub-mammary regions) occurring more than twicexmsonths.

Study subjects

The DNA bioresources originated from three proteaédicated to studies of Hidradenitis
suppurativa which were all approved by French Eih@ommittee (CPP lle de France |, CPP
lle de France 3). All protocols were parallely apmd by the French drug agency
(AFFSSAPS/ANSM). Written informed consents wereagi#d from all subjects included.
Samples and associated data were managed by tiReEE platform at Pasteur Institute or by
Necker Imagine DNA biobank following all applicablegulations and standards. The
probands and their relatives provided a blood saniphtients 2, 157 and 158 provided punch
biopsies of skin. De-identified normal skin fronrgical margins was obtained for controls.
Targeted Next Generation Sequencing

A custom SureSelect gene panel was designed usengureDesign software (Agilent H.
sapiens, hgl9, GRCh37, February 2009). The taeggbms covered 751.97 kb (panel v1) or
866.10 kb (panel v2), including coding exons anéspunctions of the 185 genes (panel v1:
2613 exons) or 210 genes (panel v2: 2803 exong)ectsely. Illlumina compatible
precapture barecoded genomic DNA libraries were sttoated according to the
manufacturer’s protocol (Ovation Ultralow, Nugernchirologies). Briefly, genomic DNA (1 -
3ug) was mechanically fragmented by sonication withovaris S2 Ultrasonicator, ligated to
multiplexing lllumina compatible paired-end adapteamplified by PCR with indexed

(barcoded) primers for sequencing, and hybridizedibtinylated complementary 120-bp



RNA custom-designed capture probes in a solutiaetbareaction. Hybridization was
performed at 65 °C for at least 16 h, followed @ir@d-end sequencing on the lllumina
HiSeq 2500 (130 x130 bases) or on a NovaSeq 6@MX 100 bases) at the Genomics Core

Facility at the Imagine Institute.

Data analysis was performed with Paris Descartesvedsity/Imagine Institute’s
Bioinformatics Core facility. After demultiplexinggequences were aligned to the reference
human genome hgl9 using the Burrows-Wheeler Aligi®mwnstream processing was
carried out with the Genome Analysis Toolkit (GATK3AMtools and Picard, following
documented best practices (http://www.broadingitrg/gatk/guide/topic?name=best-
practices). Variant calls were made with the GATWhified Genotyper, freebayes and
SAMtools based on the 72nd version of ENSEMBL dasab Variants were annotated and
analyzed using the ihouse PolyDiag software interface which filters auelevant and
common polymorphisms based on frequencies extraitted public databases (dbSNP,
Exome Variant Server and Exome Aggregation Consoiti Consequences of mutations on
protein function were predicted using Polyphen2tp(higenetics.bwh.harvard.edu/pph2),
SIFT (https://sift.bii.a-star.edu.sg/) and Mutafiaster (www.mutationtaster.org). Mutations
were then ranked on the basis of the predictedéimpfeeach variant by combined annotation-
dependent depletion (CADD) (Kircher et al., 2014pd compared with the mutation
significance  cut-off, a gene-level specific cut-offfor CADD  scores
(http://pec630.rockefeller.edu:8080/MSC) (ltan et 2016). To evaluate Copy number
variations (CNVs, i.e duplication and large deletevents, for each individual) the relative
read count for each targeted region was determasethe ratio of the read count for that
region divided by the total absolute read countallofargeted regions of the design. The ratio

of the relative read count of a region in a givadividual over the average relative read



counts in other individuals of the run resultedha estimated copy number for that region in
that individual (method adapted from Goossens.eP@09).

The mean depth of coverage per sample was >30@¢exor patients 51, 148, 150, 152 and
155 for whom it was comprised between 267X and 29B&rmitting to maximize the
detection of variant in regions with less coveragel to enable accurate Copy Number
Variant Analysis of the exons of the panel. In age;, 99% of the targeted exonic bases were
covered at least with 30 independent reads.

Prioritization of the variants was performed thamkghe PolyDiag interface. We excluded
known variants with a minor allele frequene§% listed in databases or variants previously
identified in “inrhouse” exomes. We subsequently selected for varaifécting splice sites
or coding regions (nonsynonymous, nonsense, fraffiestart/stop gain or loss) and
predicted to be damaging Iy silico prediction tools. Additional prediction tools welteen
used to predict the pathogenicity of candidate emss variants identified (Panther,
MutationAssessor, AlignGVGD, SNAP2, SNP&GO, Cond&8ATHMM, Provean and
MutPred2). Other computational tools were also u84e8ST-4, MutPred-LOF, DDIG and
ENTPRISE-X). To evaluate the consequence of thieisgtsite mutation, we used silico
prediction tools (SSF, MaxEnt, NSPLICE, GeneSplasil HSF).

Microsatellites genotyping

Primers sequences of microsatellite markers (availat the Working Draft of the Human
Genome available at UCSC, Human Assembly (GRCh3B}aised for haplotype analysis

at PSENEN locus (19913.12) are listed below.

D19S416 (AFM304XF5) (5’-3"): F=CCTGTCCCAGAGAGACCCTA
R=AAGAGAGTGTGCCATTTGCT

D19S425 (AFMA139WED9) (5'-3"): F=CCACAGGTGTGCATAAAAG

R=GCCATGTGACTGTAGCAGA;



D19S893 (AFMB004WH1) (5'-3"): F=AATCCTGAGACTGGGGG,
R=TGGTGACACACTGGTGAC,;

D19S224 (AFM240VC1) (5'-3"): F=AACACCATTCCTCATCTTCC
R=CCCAGGCCCTATCTGA;

D19S220 (AFM214YF12) (5-3'): F=FATGTTCAGAAAGGCCATGTATTTG,
R=TCCCTAACGGATACACAGCAACAC.

FAM-labelled amplified fragments were electropheksn an Applied Biosystems 3500XL
genetic analyser using GeneScan™ 400 HD ROX™ Senmed&rd (Life technologies) and
analyzed using the Gene-Mapper Software 5 (ApBiedystems, Foster City, CA).

Cdll culture

4 mm punch biopsies were explanted to isolate pyirepidermal keratinocytes, which were
maintained in Green medium on a feeder layer bflét irradiated 3T3 mouse fibroblasts as
described previously (Barrandon and Green, 198@). déxperiments, keratinocytes were
grown in 0.06 mM CaGlEpiLife medium (Invitrogen) to 70-80% confluence.

RNA isolation from primary human epider mal keratinocytesand RT-PCR

Subconfluent cultured keratinocytes were harves®RA was prepared via RNeasy Mini
(Qiagen), and cDNA was prepared with random hexagmering and SuperScript IV reverse
transcriptase (LifeTechnologies). PCR was performddplicate for each sample with gPCR
MesaGreen Mastermix (Eurogentec) on a 7500 Sequiertection (Applied Biosystems).
Six control subjects were used, giving similar fssurhe experiment was replicated at least
three times. PGK1 was used as an endogenous control

RT-PCR primers

Quantitative PCR was performed wRSENEN or HES1 and normalization t®GK1.

PSENEN (5’-3"): F=FATGAACCTGGAGCGAGTGTC,

R=GTGTAGGCTGGGACAAGGAA;



HES1 (5-3’): F=CCAAAGACAGCATCTGAGCA, R=AGAATGTCCGCTTCTCCA;

PGK1 (5-3"): F=CTGTGGCTTCTGGCATACCT, R=AATCTGCTTAGCCCSSTGA.



Protein isolation from primary human epider mal keratinocytes and immunoblotting
Keratinocytes were lysed in buffer (50 mM pH 8 THEI, 150 mM NaCl, 1% Nonidet P-40,
5 mM pH 8 EDTA pH8, Complete protease inhibitor®¢Re]), incubated on ice for 30 min
and sonicated for 2 min. Protein extracts wereatsol by centrifugation at 13000 g at 4°C for
20 minutes. 30 pg samples were loaded in Laemnfiieb(62.5 mM pH 6.8 Tris HCI, 59%-
mercaptoethanol, 2% SDS, 10% glycerol, 0.002% bpdranol blue), separated by SDS-
PAGE, transferred onto Nitrocellulose membrane ri$+Blot Turbo Nitrocellulose, BioRad),
and incubated with primary and secondary antibodmth chemiluminescence detection
(ECL Plus Western Blotting Substrate, Pierce) usthg ChemiDoc Imaging System
(BioRad). B-actin served as loading control. Experiments wemdicated three times. Two
control subjects were used, giving similar results.

Antibodies. Primary antibodies included rabbit polyclonal éEN2 (Enzo ADI-905-736),
rabbit polyclonal anti-NCSTN (Sigma N1660) and nmwusionoclonal anti-PSEN1
(Chemicon international MAB5232). Secondary antibedwere HRP-linked anti-rabbit or
anti-mouse IgG antibodies (Cell Signaling #7074 #nd76).

Statistical analyses: Statistical significance of observed differencessveasessed by two-

tailed Mann-Whitney U tests. Means with s.e.m.sir@wn.



