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1 | INTRODUCTION

Dowling-Degos disease (DDD) (ORPHA:79145) is a rare autosomal
dominant genodermatosis characterized by slowly progressive re-
ticulated pigmented lesions in flexural skin areas.! The first gene
associated with DDD was KRT5.2 Mutations in the head region of
keratin 5 (KRT5) protein are found in ~1/3 of DDD patients, usu-
ally presenting an acantholytic variant named Galli-Galli Disease
(GGD).®* Loss-of-function (LOF) mutations in the genes encoding
the protein O-fucosyltransferase 1 (POFUT1) and the protein O-
glucosyltransferase 1 (POGLUT1) have been found in sporadic cases
and families suffering from DDD.>®

Hidradenitis suppurativa (HS), also known as Acne Inversa, is a
chronic inflammatory skin disease clinically characterized by recur-
rent painful nodules and abscesses on body areas containing apo-
crine glands.” In severe HS phenotypes, recurrent nodular rupture
leads to sinus tract formation, a hallmark that severely impacts pa-
tients' quality of life®. HS may appear in a sporadic, familial or syn-
dromic form and is associated with a mutation in NCSTN, PSEN-1 or
PSENEN in 5% of patients.’”

The first patient suffering from DDD and HS was described in
1990 and, ever since, several patients have been reported raising
the hypothesis that this co-occurrence is due to a shared pathogenic
mechanism rather than a simple coincidence. Interestingly, mutations
in PSENEN were first associated with HS and only later found in pa-
tients suffering from DDD alone or DDD and HS, 1 thus confirm-
ing the pathogenic link between DDD and HS. Even if the molecular
events leading to HS and DDD are not well elucidated, the common
hypothesis is that a reduced NOTCH signalling in keratinocytes and
melanocytes could be responsible for both diseases. In fact, most of
the mutated proteins in HS or DDD are involved in NOTCH Recep-
tors processing or maturation. Presenilin enhancer (PEN-2 -encoded
by PSENEN) together with nicastrin (NCSTN), presenilins 1 or 2 (PSEN)
and anterior pharynx defective 1 A or B (APH1) compose the gamma-
secretase complex,® a high molecular weight transmembrane enzyme
complex that is involved in intramembrane cleavage of the NOTCH
Receptors.16 In addition, POFUT1 and POGLUT1 add O-fucose and
O-glucose, respectively, to most of the EGF-like repeats of NOTCH
Receptors.17 Why mutations in certain genes are associated with HS
and others with DDD is not known. In this respect, even if mutations
in NCSTN have already been found in patients suffering from both HS
and DDD, NCSTN remains not recognized as a gene for DDD.

In this paper, we report the genetic study of a four-generation fam-
ily from Brazil where HS and DDD co-segregate as an autosomal domi-
nant trait. Whole exome sequencing (WES) performed in two affected
and one non-affected family member allowed the identification of a
novel nonsense mutation in the NCSTN gene that was found in all af-
fected individuals. Functional studies conducted on outer root sheath
keratinocytes isolated from plucked hairs showed that the mutation
caused haploinsufficiency of NCSTN triggered by nonsense-mediated
decay (NMD) and also affected other subunits of the gamma-secretase
complex. Interestingly, this haploinsufficiency could be corrected by
gentamicin, a read-through stimulating antibiotic.

2 | MATERIALS AND METHODS
2.1 | Patients

In October of 2019, a Brazilian family was recruited in a multidisci-
plinary ambulatory of HS at Hospital das Clinicas-Federal Univer-
sity of Pernambuco, situated in Recife, Brazil. This study, managed
in accordance with the Declaration of Helsinki standards, has
been approved by the local and federal ethical committee (CAAE:
03096118.1.0000.5208/Approval number 3.588.204). To be in-
cluded in the study, written consent from all the patients has been
collected after a scrupulous explanation of the research's purpose.

HS clinical diagnosis was given by a dermatologist based on the
European guidelines (S1) of Dessau.'® DDD diagnosis was later con-
firmed in two patients through a 5mm biopsy punch and histopatho-
logic analysis stained with haematoxylin and eosin. Biopsies were
only performed on patients that went through HS surgery. Although
histopathologic analyses were not performed in the remaining pa-
tients, similar clinical DDD lesions were observed.

2.2 | Whole exome sequencing analysis

Subsequent to diagnosis, patients' blood samples were collected
for DNA isolation. DNA was isolated from peripheral venous blood
using the Wizard® Genomic DNA Purification Kit (Promega), fol-
lowing the instructions provided in its protocol. DNA WES was per-
formed through outsourcing sequencing (Macrogen) with a 150x
average coverage. WES was performed in two patients diagnosed
with HS and DDD (the propositus IlI-2 and the family member I11-4)
as well as one healthy individual from the family (lI-3). Briefly, the
exonic sequencing reactions were done using the Illlumina® HiSeq
2500 system with the library SureSelect Human all Exons V7 kit
in the pair-ended configuration (150 base pairs). After checking
the sequencing quality, Illumina adapters were removed with Trim
Galore 0.6.1 and FASTQ files were aligned with Software Package
Burrows-Wheeler Aligner (BWA) 13 to the Human Genome version
38 (GRCh.38) as a reference. Finally, variants were annotated using
ANNOVAR and visualized using the R software v. 4.2.2.

To assess the segregation between the variant and the disease,
Sanger sequencing was performed for all the affected individuals
using BigDye terminator v3.1cycle sequencing kit (ThermoFisher
Scientific) according to manufacturer's instructions, and analysed
with SeqStudio Genetic Analyser (ThermoFisher Scientific). Primers

used are indicated in Table 1.

2.3 | Cellsisolation and culture

Outer root sheath (ORS) keratinocytes were isolated from 10 pa-
tients' hairs in anagen phase. Cells were isolated by enzymatic di-
gestion using 0.25% trypsin with 0.03% EDTA at 37°C following the
protocol by Rochat et al..}? To obtain a cell suspension, the isolated

85U8017 SUOWWOD 3A1ER.D 3|qeoljdde au Aq pausencb a1e aolie O ‘8N o s8N 10} A%eiq 1T 8Ul|UO AB]IM UO (SUORIPUCD-PUB-SLLBIALID™ A8 | IM"AeIq 1 jBu |Uo//SdNY) SUONIPUOD pue SWiB | 8} 89S *[£202/60/20] U0 ARiqiTauliuo A8|im AiseAln eed Ad 66T PXe/TTTT OT/I0p/W00"A8|IM AleiqBul|uo//SANY WOl papeo|uMog ‘0 ‘S290009T



de OLIVEIRAET AL.

3
xperimental Dermatology S\V:VA | LEYJ—

TABLE 1 Primersused in the study.

Gene Primer
Sanger sequencing NCSTN Forward
Reverse
qPCR OAZ1 Forward
Reverse
NCSTN Forward
Reverse

Sequence (5’-3') Sequence ID
ACGATAAGTGTGTGCCCAAG ENST00000294785
GGTTGGGGTTGTATGAGATGC

ACTTATTCTACTCCGATGATC NM_004152.3
GAGAATCCTCGTCTTGTC

GCGTCCTACTAGCAGGTTTGT NM_015331
AAGGACACTGCAAGACCAGC

Note: gPCR denotes quantitative real-time PCR; NCSTN, nicastrin; OAZ1, ornithine decarboxylase antizyme 1.

cells were filtered through a 40-mm-pore nylon mesh cell strainer
(BD Falcon). Cells were grown and maintained following the proto-
cols by Rheinwald and Green?® in the presence of feeder cells 3T3-
J2 (kindly donated by Dr Y. Barrandon). Cells were further amplified
and maintained in DermaCult Keratinocyte Expansion Medium
(STEMCELL Technologies).

2.4 | Cells treatment by read-through agents

ORS keratinocytes from patient 111-2 (1.5x 10° cells) were seeded at
~80% confluency and cultured in DermaCult Keratinocyte Expan-
sion Medium (STEMCELL Technologies) for 24 h. Cells were then
left untreated or treated with Amlexanox (33.4mM) or Gentamicin
(50 uM) for additional 24 h and lysed for RNA extraction. The experi-
ment was repeated three times.

2.5 | Quantitative PCR

About 2x10° cells were seeded and cultured in DermaCult Ke-
ratinocyte Expansion Medium (STEMCELL Technologies) for 3days
to reach confluency. Cells were lysed and RNA extracted using the
PureLink RNA Mini Kit (ThermoFisher Scientific), following manu-
facturer's instructions. NCSTN expression level was measured by
quantitative real-time PCR using the kit Takyon™ ROX SYBR 2X
MasterMix dTTP blue (Eurogentec). The NCSTN relative expression
level was calculated using the 2722¢T method, and OAZ1 as a house-
keeping gene (Table 1).

2.6 | Western blot

About 2x10° cells were seeded and cultured in DermaCult Ke-
ratinocyte Expansion Medium (STEMCELL Technologies) for
3days to reach confluency. Cells were then lysed in RIPA buffer
(ThermoFisher Scientific) supplemented with the Halt Protease
Inhibitor Cocktail (ThermoFisher Scientific). The protein con-
tents in cell lysates were determined using the Pierce™ BCA Pro-
tein Assay Kit (Thermo Fisher Scientific), and the concentrations
were adjusted with sample buffer (250mM Tris-HCI, 10% (v/v)

SDS, 50% (v/v) Glycerol, 0.5M p-mercaptoethanol, 0.5% (w/v)
Bromophenol blue, pH 6.8) prior to samples boiling 5min at 95°C.
Equal amounts of protein lysates were loaded on 4%-12% Bis-Tris
gels (NuPage, Invitrogen) and transferred to 0.2 um pore-size ni-
trocellulose membranes (ThermoFisher Scientific). Membranes
were blocked 30 min in PBS supplemented with either 0.1% (v/v)
Tween-20 and 4% (w/v) non-fat dried milk or 0.1% (v/v) Tween-20
and 5% (w/v) BSA and incubated up to 12h at 4°C with respec-
tive primary antibodies, and 45 min with secondary antibodies di-
luted in PBS/ 0.1% Tween-20. Membranes were washed 30min
at least twice in PBS/ 0.1% Tween-20, developed using ECL Plus
western blotting detection system (GE Healthcare) and visual-
ized by Amersham Hyperfilm ECL (GE Healthcare). All molecular
weights (MW) were in kDa. Antibodies used in this study: beta
Actin Loading Control Monoclonal Antibody (Thermo Fisher
Scientific Cat# MA5-15739, RRID:AB_10979409-1/20000), In-
vitrogen; Mouse antibody against NCSTN (R and D Systems
Cat# MAB53781, RRID:AB_11128467-1/500); Rabbit antibod-
ies against PSEN1-C (Cell Signaling Technology Cat# 5643,
RRID:AB_10706356-1/1000), PSEN1-N (Cell Signaling Technology
Cat# 87146, RRID:AB_2800100-1/1000); PSEN2 (Cell Signaling
Technology Cat# 9979, RRID:AB_10829910-1/1000), PEN2 (Cell
Signaling Technology Cat# 8598, RRID:AB_11127393-1/1000),
and HRP conjugated secondary antibodies against mouse (Cell
Signaling Technology Cat# 7076, RRID:AB_330924-1/2000)
and rabbit (Cell Signaling Technology Cat# 7074,
RRID:AB_2099233-1/2000). Densitometry values were obtained
using the ImageJ software?? for proteins of interest and p-actin, as
a control protein. Data from at least three different experiments
are reported as the ratios of protein of interest/p-actin. This ratio
was normalized to wild-type values (individual 11-3), which was set

to the value of 1.

2.7 | Statistical analyses

Statistical analyses were performed using GraphPad Prism (version
9, GraphPad Software) in all experiments that were repeated at least
three times. Results were reported as mean+standard error of the
mean (SEM). Statistical analyses between two sets of data were per-
formed by using the two-tailed unpaired Student's t-test. Significant
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differences between control or treated samples are indicated as
****p<0.0001, ***p<0.001, **p<0.01, *p<0.05. Only p<0.05 was

considered as statistically significant.

3 | RESULTS
3.1 | Clinical features

We identified a four-generation family with five affected patients
with DDD comorbid with HS (Figure 1). The proband (IlI-2) was clas-
sified with a severe phenotype of HS (Hurley Ill) characterized by
inflammatory nodules, abscess, comedones, interconnected tunnels,
scars, sebaceous cysts, follicular hyperkeratosis and folliculitis in
several body areas. Apart from her, the other HS/DDD family mem-
bers have a mild HS phenotype (Hurley 1) characterized by several
sebaceous cysts ranging in size from small to large, nodules, follicular
papules, folliculitis, pyogenic granuloma, scars and single and double
comedones in different areas of the body (Figure 2). Some of them
also presented inactive pilonidal cyst. In particular, the individual II-2
was also diagnosed with invasive ulcerated squamous cell carcinoma
(SCC) located between the inguinal and scrotum regions of the right
side. At the time of the examination, patient 1l-1 did not show active
typical HS lesions. Thus, the diagnosis was made based on the scars
that were present, and family reports. DDD was characterized by
reticulated pigmentations in the armpits and groin, and crateriform/
cribriform scars on the back, nasal dorsum and lip philtrum (Figure 2).

As depicted in Figure 1, one family patient (IV-3) may be affected
by HS only. In this case, HS may be presented in an HS conglobate-
like type that presents itself like conglobate acne, a severe acne that

k?2. However, the patient did not

mainly occurs on a patient's bac
meet the criteria for HS diagnosis, which includes the involvement
of HS typical areas of the body: axilla, genitofemoral area, perineum
and gluteal area.’® He reported a history of inflammatory lesions
located on the face and back since he was 12years old. Clinical
analysis revealed the presence of erythematous papules, pustules,
small nodules, atrophic scars, and simple and double-ended open
comedones (pseudocomedones) along the entire length of the back,
lumbosacral region and face. A linear lesion was also observed in the
right lumbar region, below the waistline, which could correspond to
a fistula or a scar. Such findings can occur both in the conglobata HS
subtype?® and in acne, and it is also known that these two conditions

can coexist.

3.2 | Identification of a novel variant associated
with DDD and HS

We performed WES in two patients of the family affected by HS
and DDD, IlI-2 and I1I-4, as well as in one healthy individual, II-3. We
identified a novel NCSTN heterozygous single nucleotide variation
(SNV) (NM_015331.3:c145T>A) located in exon 2, predicted to cre-
ate a premature stop codon (NP_056146.1:Leud44Ter[p.L44*]). The

segregation of this variant was confirmed by Sanger sequencingin all
family members. Note that all affected subjects carried the p.L44X
variant (Table 2). It is noteworthy that the three unaffected individu-
als of the fourth generation who have the SNV, have not yet reached
puberty, the period associated with HS development.?* There was
also no sign of DDD in these patients, a progressive disease that is
acquired over the years .!

In order to evaluate the impact of this SNV, ORS cells were iso-
lated from plucked hairs of subjects 1I-3 (healthy control), 111-2, 11I-5
and V-2 (cases). A significant decrease in both NCSTN mRNA and
protein level was observed by gPCR and western-blot assays in sub-
jects carrying the heterozygous premature stop codon when com-
pared with the unmutated individual (Figure 3). This suggests that
the phenotype observed in mutated individuals results from haplo-
insufficiency of NCSTN.

After confirming NCSTN haploinsufficiency in three mutated
subjects, we questioned if lower levels of NCSTN could be a con-
sequence of NMD surveillance. Since the SNV is predicted to
generate a premature termination codon (PTC), a strategy to skip
NMD is through the inhibition of this mechanism or through the
incorporation of a random amino-acid at the PTC position, caus-

ing a PTC read-through.?®

A few commercially available molecules
that target NMD have been described.?®?” To answer this ques-
tion, we treated the I11-2 ORS cells with two of these compounds,
amlexanox and gentamicin (Figure 3C). As seen in Figure 3C, after
treating cells, levels of NCSTN mRNA were significantly increased,
corroborating that the mutation was activating the NMD mecha-

nism in these cells.

3.3 | Evaluation of gamma-secretase
subunits stability

Since pathogenic mutations in genes that were previously asso-
ciated with DDD namely KRT5, POGLUT1, POFUT1 and PSENEN,
were not found (Table S1), it is safe to assume that the NCSTN mu-
tation was associated with both conditions in this family. NCSTN
belongs to the gamma-secretase complex alongside PSENEN and
other genes. As mutations in PSENEN have already been reported
in subjects with both HS and DDD, we wondered whether hap-
loinsufficiency of NCSTN could lead to gamma-secretase com-
plex instability or degradation of its subunits. We thus evaluated
mRNA and protein relative expression levels of PSEN1, PSEN2 and
PSENEN in mutated and non-mutated subjects' ORS cells. There
was no statistically significant difference between patients and
control regarding the mRNA levels of these genes (not shown).
However, protein levels of these gamma-secretase subunits were
significantly lower in two out of three mutated individuals when
compared with the unmutated one (Figure 4). This suggests that
NCSTN haploinsufficiency may result in protein degradation of the
other subunits of the gamma-secretase complex. Interestingly, the
individual IV-2, who carries the mutation but has not developed
HS vyet, has significantly lower levels of NCSTN mRNA and the
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FIGURE 1 (A)Family pedigree of the four-generation Brazilian family affected by HS and DDD. The arrow refers to the proband. Males
are shown with squares and females with circles. A diagonal line indicates deceased individuals. HS and DDD are shown with solid and
hatched patterns, respectively, whereas unaffected individuals are shown with clear symbols. T/A genotype indicates the presence of the
variant at the NCSTN, NM_015331.3:c145T>A; NP_056146.1:Leu44Ter[p.L44*]), while T/T indicates the wild type. Patients with question
marks carry the mutation but have not yet developed the disease or have an inconclusive diagnosis. (B) Partial sequence of the exon 2 of the
NCSTN gene. The top electrogram belongs to the control (II-3), whereas the bottom one belongs to the patient Il1-2, indicating the mutation,

NM_015331.3:c145T>A.

immature form of the protein but normal levels of its mature form.
In this patient, the protein levels of the other gamma-secretase
subunits were not significantly different from the unmutated sub-
ject, corroborating the hypothesis that the HS and DDD pheno-
types may result from a lower level of the whole gamma-secretase
complex. Altogether, our results support the hypothesis that the
NCSTN mutation is not only responsible for HS onset in these pa-
tients; it is also associated with gamma-secretase instability that
causes DDD.?®

4 | DISCUSSION

To date, LOF mutations in KRT5, POGLUT1 and POFUT1 have been
associated with DDD and its acantholytic form GGD.>?? LOF muta-
tions in PSENEN were first associated with HS'! and then found in
patients affected by DDD or presenting DDD comorbid with HS.%#
The opposite holds true for POFUT1, whose mutations were first
associated with DDD and later described in sporadic patients pre-
senting both HS and DDD.3%3! Recently, sporadic patients suffering
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FIGURE 2 (A-K,M,N) Skin images of the affected family members. (A) hyperpigmented macules in a reticulate pattern in the axillary
region; (B) hyperpigmented macules in a reticulate pattern in the groin and inner thigh; (C) hyperpigmented macules in a reticulate pattern,
comedones, follicular papules and nodules in the axillary region; (D) cribriform scars on the back; (E) cribriform scars on the nasal dorsum
and lip philtrum; (F) hyperpigmented macules in a reticulate pattern, nodules and sinus tracts in the axillary region; (G) hyperpigmented
macules in a reticulate pattern in the groin and inner thigh; (1) hyperpigmented macules in a reticulate pattern, nodules and atrophic scars in
the axillary region; (J) cribriform scars on the nasal dorsum and lip philtrum; (K) nodules in the axillary region; (L) hyperpigmented macules
in a reticulate pattern in the groin; (N) nodules and cribriform scars on the back. (H, M) Histologic images of DDD biopsies show filiform
acanthosis in an ‘antler-like’ pattern with hyperpigmentation in the basal layer; haematoxylin and eosin stain, magnification (H) 5x and (m)

10x.

from HS and DDD have been described with damaging mutations in
NCSTN.®2 Garcovich et al.?® have also identified a nonsense NCSTN
mutation associated with familial HS where the older father also suf-
fered from DDD. Even with those results, the NCSTN role in DDD
remains debated for the lack of sufficient evidence.

Here, we describe the first family where HS and DDD co-
segregated across two generations. All patients carried a non-
sense mutation in the NCSTN gene (NM_015331.3:c145T>A;
NP_056146.1:Leud4Ter[p.L44*]), including five of them with HS
and DDD. This demonstrates that NCSTN should be considered as
a gene associated with DDD comorbid with HS. It remains to be un-
derstood whether, in the case of mutations in NCSTN, DDD is a sub-
phenotype of HS or the opposite is true.

In this family, affected members suffer from a follicular HS phe-
notype and developed folliculitis and opened and closed comedones,

which are characteristics of HS patients carrying NCSTN mutations.®

Interestingly, out of the five family members with a conclusive diag-
nosis of HS and DDD, only the proband was diagnosed with a severe
HS phenotype. The others have a mild HS phenotype, thus support-
ing the hypothesis by Garcovich et al. that DDD lesions become
clinically evident when HS skin inflammation is kept at bay.?® As for
the onset age, these five individuals suffering from DDD and HS de-
veloped HS symptoms around the age of 15, 5years earlier than the

1.3 while DDD lesions probably arose later

age reported by Xu et a
as they usually have an age of onset between 20 and 50years.3* This
could be recapitulated by the clinical history of the patient IV-3, who
has not been diagnosed with HS but has been suffering from con-
globate acne since the age of 12 and still does not show any DDD
lesions at the age of 17. Moreover, his clinical history indicates that

the NCSTN nonsense mutation NM_015331.3:c145T>A causes HS
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TABLE 2 Clinical features of the HS and DDD family individuals.

ID -1 11-2 11-3 11-2
Sex F M F F
Age 60 65 68 37
Age when HS started NA 17 - 15
BMI NA 37.52 NA 27.13
Smoker NA - NA -
NCSTN, c.T131A:p.L44X + + =
DDD + -
Face - + - -
Trunk - + - +
Axillae + - +
Inguinal folds NA - +
DDD histology - - - +
HS 4 4 = +
Axillae aF = aF
Inframammary region NA = = =
Inguinal folds NA + - +
Genitals NA I = =
Trunk NA 4 = =
Sebaceous cyst NA + - NA
Hurley | | = 11
Comorbidities
Metabolic syndrome NA + NA -
Type 2 diabetes mellitus  + + NA -
Systemic hypertension + + NA -
Squamous cell - + . -
carcinoma
Pylonidal cyst NA + NA +
Acne - - NA -

7
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11-4 11-5 V-1 V-2 V-3 V-4 V-5
F M F M M M F
36 36 15 11 17 12 10
15 15 - - 12 - -
3798  33.22 NA NA 18.7 NA NA
- NA NA - NA NA
+ + - + + + +
+ + - - - - -
- + _ - . - -
- + - - - - -
+ _ - - - _ -
+ NA - NA NA NA NA
F - - g - -
+ - - - - -
+ _ - - - _ -
+ - - - - - -
- - - - + - -
+ = = = + = =
| | - - Acne - -
conglobata?
- NA NA NA NA NA NA
- - NA NA - NA NA
- + NA NA - NA NA
- - NA NA - NA NA
+ NA NA - NA NA
- NA NA + NA NA

Note: F denotes female; M, male; NA, information is not available; +, presence of a feature; -, absence of a feature.

even in the absence of predisposing factors such as obesity, present
in the adults with HS and DDD of this family, and cigarette smoking.
Finally, patient 11-2 showed the association of HS, DDD and ulcer-
ated SCC that has been reported in many patients suffering from HS
and DDD.**3%

Regarding the pathogenic mechanisms, NCSTN deficiency has
been found to impact keratinocyte differentiation and prolifer-
ation, responsible for cyst formation and hyperkeratosis com-
monly observed in HS patients.33 Patients with HS and DDD
carrying PSENEN mutations were also distinguished by follicular

2 suggesting a potential link between gamma-

hyperkeratosis,*
secretase dysfunction and keratinocyte proliferation. Wild-type
mice treated with a gamma-secretase inhibitor corroborate the
association between this enzymatic inhibition and epidermal
abnormalities.®” Moreover, since most of the genes mutated in
DDD and HS encode for proteins with roles in ligand-dependent
NOTCH their post-translational

receptors processing or

maturation, the common hypothesis is that a decreased NOTCH
signalling is the common pathogenic mechanism leading to both
HS and DDD. However, NOTCH signalling-deficient mice showed
a coat colour dilution and hair greying that resulted from abnor-
mally localized and differentiated melanocyte stem cells and
melanoblasts in the hair follicles.®®3? The association of NCSTN
with pigmentation defects was studied mainly in zebrafish (ZF).
A Ncstn LOF mutation induced tyrosinase leakage out of mela-
nosomes causing the necrotic death of melanophores and mis-

pigmentation of ZF.40

Another recent study showed that knock
down Ncstn larvae had a defect in melanophore migration, shape
and number resulting in non-homogenous body pigmentation*!
as already shown for Psenen knock down larvae.*?> Noteworthy,
in humans, no difference in melanocytes number or tissue dis-
tribution were associated with DDD; instead, an atypical bio-
genesis of melanosomes in melanocytes and their subcellular

distribution or retention in basal keratinocytes are key features
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FIGURE 3 Quantification of NCSTN mRNA (A) and protein levels (B) present in patients' ORS cells through real-time PCR and western-
blot, respectively. Mature (left) and immature (right) NCSTN have been quantified separately. (C) l1l1-2 ORS cells were treated either with
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111-2 ORS cells. Expression levels were compared using Student t-tests. Bar graphs represent the mean +standard deviation, n=3. *p <0.05;

**p<0.01; ***p<0.001; ns, non-significant.

of the disease.*?*3 Therefore, we can hypothesize that other bio-
logical activities of NCSTN may be responsible for DDD in these
patients as it is known that NCSTN is localized in melanosome
membranes in all their maturation stages** and its role in their
biogenesis and degradation requires a deeper investigation. We
can also conjecture that the deficiency of NCSTN mature form
led to the degradation of other gamma-secretase subunits such
as PSEN-1, PSEN-2 and PSENEN. Thus, NCSTN deficiency may
mimic the effect of PSENEN LOF mutations reducing its expres-
sion that was recently correlated with increased melanin content
in human melanocytes.*®

Finally, in an attempt to restore NCSTN expression in ORS kera-
tinocytes isolated from the patient with the most severe phenotype,
we used two Food and Drug Administration (FDA) approved read-
through agents: gentamicin and amlexanox. These 2 compounds

have been successfully used to treat severe genodermatoses.*¢*’

Gentamicin, in particular, has been shown to reduce infections in HS
patients undergoing surgical excision with primary closure without
negative side effects.*®

These findings support the hypothesis that DDD and SCC
are complications that may arise in HS patients with mutations
in NCSTN and should be paid careful attention by dermatologists
during clinical exams. Why some patients with NCSTN mutations
do not develop such complications is not yet understood. In our
family, the two HS/DDD-affected members analysed by WES har-
boured a relatively frequent SNV in the KRT5 gene (rs61747180),
and we cannot rule out that this polymorphism or other common
genetic polymorphisms may account for the co-occurrence of HS
and DDD. In this respect, it is intriguing that in the individual IV-
2, the NCSTN SNV was associated with a significant decrease of
its MRNA but the quantity of the gamma-secretase proteins was
comparable to the healthy family member I1-3. This indicates that
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genetic variants in other biological pathways may affect the quan-
tity of the gamma-secretase subunits, even in the presence of a
pathogenic variant.

In conclusion, our study shows the possibilities of genetic and
functional analyses for precision medicine in our patients. Herein,
NCSTN expression in ORS keratinocytes isolated from a severe pa-
tient was increased upon treatment with an FDA-approved antibi-
otic that acts as a readthrough agent. Therefore, to ease the clinical
course of the disease, the use of gentamicin should be investigated
in individuals bearing this mutation.
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