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Background: Data on dermatological manifestations of Costello syndrome (CS) re-
main heterogeneous and lack in validated description.

Objectives: To describe the dermatological manifestations of CS; compare them with
the literature findings; assess those discriminating CS from other RASopathies, in-
cluding cardiofaciocutaneous syndrome (CFCS) and the main types of Noonan syn-
drome (NS); and test for dermatological phenotype-genotype correlations.
Methods: We performed a 10-year, large, prospective, multicentric, collaborative
dermatological and genetic study.

Results: Thirty-one patients were enrolled. Hair abnormalities were ubiquitous, in-
cluding wavy or curly hair and excessive eyebrows, respectively in 68% and 56%.
Acral excessive skin (AES), papillomas and keratotic papules (PKP), acanthosis nig-
ricans (AN), palmoplantar hyperkeratosis (PPHK) and ‘cobblestone’ papillomatous
papules of the upper lip (CPPUL), were noted respectively in 84%, 61%, 65%, 55% and
32%. Excessive eyebrows, PKP, AN, CCPUL and AES best differentiated CS from
CFCS and NS. Multiple melanocytic naevi (>50) may constitute a new marker of
attenuated CS associated with intragenic duplication in HRAS. Oral acitretin may
be highly beneficial for therapeutic management of PPHK. No significant dermato-
logical phenotype-genotype correlation was determined between patients with and
without HRAS ¢.34G>A (p.G12S).

Conclusions and Relevance: This validated phenotypic characterization of a large
number of patients with CS will allow future researchers to make a positive diagno-
sis, and to differentiate CS from CFCS and NS.

For affiliations refer to page 7.
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COSTELLO SYNDROME AND DERMATOLOGY

INTRODUCTION

Costello syndrome (CS) is a very rare RASopathy charac-
terized by distinctive craniofacial features, congenital heart
defects, neurodevelopmental disorders, failure to thrive and
other anomalies including, for the most prevalent, dermato-
logical and musculoskeletal anomalies and an increased risk
of cancer." CS is caused by heterozygous gain-of-function
germline variants in HRAS,” almost always involving the
amino acid glycine at Position 12 or 13 in exon 2, including
¢.34G>A (p.G12S) and ¢.35G>C (p.G12A) missense, and ac-
counting for approximately 80% of the pathogenic variants
in CS. The molecular genetic individualization of CS helped
to define its phenotype among the other RASopathies, par-
ticularly those closely related on a phenotypic level, such
as cardiofaciocutaneous syndrome (CFCS) and Noonan
syndrome with pathogenetic variant in the SOSI gene
(SOSI-NS).> Although dermatological manifestations are
common in patients with CS, they are still poorly described,
with limitations due to the small number of cutaneous man-
ifestations studied and the small number of cases of CS re-
sulting in a lack of dermatological expertise (Table S1).

In this French multicentre and multidisciplinary pro-
spective study, our primary objective was to better define the
dermatological manifestations of CS by studying a cohort of
children and adults with molecularly defined CS and compar-
ing them with the findings in the literature. Our secondary
objective was to search for a dermatological phenotype-gen-
otype correlation based on the presence of the p.G12S mis-
sense pathogenic variants and other pathogenic variants.

PATIENTS AND METHODS

We prospectively enrolled children and adults (>18years)
with CS seen in French departments of medical genet-
ics, dermatology and paediatric dermatology [i.e. Angers,
Bordeaux, Caen, Clermont-Ferrand, Lyon, Marseille (AP-HM),
Montpellier, Nancy, Nantes, Nice, Paris: Necker-Enfants
Malades Hospital (AP-HP) and Robert-Debré Hospital (AP-
HP), and Toulouse] between March 2013 and December 2022
and at four workshops organized by the French Costello &
CFC Association in the years 2015, 2017, 2019 and 2022 in
Bordeaux.

This work was approved by the clinical research depart-
ment of the university hospital of the principal investigator
(DB), the Consultative Committee for the Processing of
Health Research Data (CCTIRS; 12.750) and the National
Commission on Informatics and Liberty (CNIL; 913041).
Consent was obtained from all individuals or their parents.

Inclusion and evaluation criteria

Eligible patients were consecutively included if they had a
clinically confirmed diagnosis of CS evaluated by clinical

geneticists and the presence of a pathogenic variant of HRAS.
For each patient, demographic information, medical history
and dermatological manifestations were documented pro-
spectively on a standardized proforma.

The data were collected during consultation with an
experienced dermatologist and then classified following
an exhaustive literature review: (i) hair abnormalities in-
cluding temporal alopecia, scarcity of global scalp hair
(excluding isolated temporal alopecia), wavy or curly hair
considered pathological only when absent among first-
degree relatives, scarcity or absence of eyebrows and eye-
lashes and excessive eyebrows including thick eyebrows
and/or excessive hairiness of the glabella (latter, based ex-
clusively on examination of clinical photographs by DB);
(ii) keratinization disorders including keratosis pilaris,
ulerythema ophryogenes (UO) defined by chronic kera-
totic follicular papules with perifollicular erythema and
associated with scarring and/or atrophy and/or alopecia,
palmar and/or plantar hyperkeratosis (PPHK), acantho-
sis nigricans (AN), ichthyosis, papilloma and/or keratotic
papules (PKP) with appraisal of the following locations:
periocular, perioral and perinasal (examination of the gen-
ital and anal region was not systematic); (iii) melanocytic
naevi 23 mm in diameter, in order to avoid confusion with
freckles or lentigines, with appraisal of the number (>50 or
not) and palmar and/or plantar locations; (iv) pigmentary
disorders including café-au-lait macules (0.5 cm or larger),
multiple lentigines (2-4mm in diameter) and hyperpig-
mentation defined as skin colour darker than that of other
family members; (v) connective tissue disorders includ-
ing hyperelastic skin and acral excess skin (AES); and (vi)
other cutaneous manifestations including easy bruising
and hyperhidrosis (whatever the location), all determined
by questioning parents and examining the child's health
record, palmoplantar linearity, deep palmoplantar creases
and lymphoedema.

After obtaining patient and/or parental agreement, non-
standardized photographs of the dermatological lesions
were taken during the visit and reviewed by the principal
investigators (DB, DL).

Molecular screening

Genotyping of HRAS exons and flanking intron-exon
boundaries was performed on genomic DNA obtained from
peripheral leukocytes by bidirectional Sanger sequencing,
as previously described,’ or by next-generation sequencing
(NGS). Briefly, direct sequencing of PCR products by the
Sanger method was performed using the Big Dye Terminator
Cycle Sequencing Ready Reaction Kit (ABL, Foster City, CA,
USA). The reaction products were run on an automated
capillary sequencer (ABI 3130 Genetic Analyzer, ABI).
Sequences were aligned using Seqscape® analysis software
(ABI) and compared with reference sequences for genomic
DNA and mRNA.
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NGS was performed using capture-based target enrich-
ment (Custom SureSelect XTHS2, Agilent) and sequencing
on a NextSeq 500 (High Output Kit v2, 2*150 bp) (Illumina).
Bioinformatic alignment was performed using Pipeline
Local Run Manager v.2.4.0 (Illumina). Variant calling was
performed using VarScan v.2.3.5. Variant classification was
performed using Alissa Interpret (Agilent Technologies).
The average sequencing depth was 100x.

Variants were named according to the NCBI reference
transcript sequence with the following GenBank accession
number HRAS (NC_000011.10). Previous reports of single
nucleotide variants were checked by consulting the Ensembl
genome browser (http:/www.ensembl.genome.org). The
pathogenicity of amino acid variants was interpreted ac-
cording to international expert consensus.”

Statistical analysis

Statistical analysis was performed using SAS® version 8.2
(SAS Enterprise Guide). The characteristics of CS patients
with positive-p.G12S HRAS mutation versus negative-p.
G12S HRAS mutations were compared using Pearson's
chi-squared test or Fisher's exact test (if theoretical num-
bers<5) for the qualitative variables. For the quantita-
tive variables, Student's t-test was used if normality was
respected; otherwise, a non-parametric test (Wilcoxon
Mann-Whitney test) was used. p-Value was adjusted with
the false discovery rate method. A p-value <0.05 was con-
sidered significant.

RESULTS

Thirty-one patients were recruited, including three pa-
tients previously reported.’ Pertinent characteristics of the
31 patients are summarized in Table 1 (further details of
clinical and molecular findings are provided in Table S2).
Patients were almost exclusively Caucasian (90.3%, data
not shown), mostly male (55%), with age at consulta-
tion ranging from 0.2 to 25years (median age of 8 years).
HRAS variants ¢.34G>A (p.G12S), ¢.35G>C (p.G12A),
c.34G>T (p.G12C), c.64C>A (p.Q22K) and, duplication
c.187_207dup2l (p.Glu63_Asp69dup) were identified in
respectively 67.8% (21/31), 22.6% (7/31), 3.2% (1/31), 3.2%
and 3.2%.

Hair abnormalities

Hair abnormalities were present in 90.3%, including wavy
or curly hair, scarcity of global scalp hair and temporal al-
opecia (Figure 1a) respectively in 67.7%, 38.7% and 38.7%.
Scarcity or absence of eyebrows and eyelashes occurred
respectively in 16.1% and 0.3%. Conversely, excessive eye-
brows were noted in 58% (14/24), sometimes as early as the
age of 2 years.

Keratinization disorders

Papillomas (Figure 1b) and/or round and dome-shaped
keratotic papules (Figure 1c), sometimes with a horn cen-
tre, I-4mm in diameter, were present in 61.3% at any age,
in 83.3% after the beginning of adolescence (>10years), and
consistently observed in adults. These were mostly located
on the perinasal, periocular and perioral areas respectively
in 41.9%, 22.6% and 22.6%, while extracephalic locations
were noted in 33.3%, predominantly on the neck (Figure 1d)
and the axillary folds (data not shown).

AN characterized by hyperpigmented and velvety plaques,
sometimes associated with acrochordons, was present from
6months onward, with a frequency of 64.5% at any age, in-
creasing to 77% after the beginning of adolescence and con-
sistently observed in adults. It was always distributed over the
neck and axillae and associated with an orange thickening and
stippled appearance of the dermatoglyphics (pachydermato-
glyphia) on the fingertips (Figure le) and palms (tripe palms).

Multiple coalescent millimetre-size papules—smooth-
surfaced, flesh-coloured and ‘cobblestone’ appearance
with a linear distribution on the vermilion of the upper lip
(Figure 1f)—were noted in 32.3%. These were almost always
associated, to various degrees, with a thickened, pleated ‘in
ladder rung’ and sometimes brownish mucosal lip sugges-
tive of a labial localization of AN (Figure 1g).

PPHK was present in 54.8%. Bilateral and symmet-
ric plantar involvement was constant, characterized by
painful, thick, yellow-to-orange, patchy keratotic plaques
prominent in pressure areas (Figure 1h). Association with
palmar pseudo-ainhum was noted in one case (Figure 2a).
Due to functional limitations in walking, three male pa-
tients had been treated since the age of 8, 12 and 22 years
with oral acitretin 0.3-0.5 mg/kg/day for a minimum pe-
riod of 6 months, intermittently. Marked reduction in the
thickness and pain of the plantar callosities was observed,
with routine care reduced to a daily application of emol-
lient. Substantial improvement of palmar pseudo-ainhum
was also noted after 7 months of treatment with oral acitre-
tin (0.4 mg/kg/day, 10 mg/day) (Figure 2b). Good long-term
clinical and biological tolerance, including regular blood
haematologic, hepatic and lipid monitoring, was noted.

Connective tissue disorders

AES characterized by loose, wrinkled and/or redundant skin
on the palmoplantar and dorsal surface of the hands and feet
was present in 83.9%, associated with deep palmoplantar
creases and hyperlinearity (Figure 1i) respectively in 77.4%
and 61.3%.

Additional cutaneous features

All relevant data regarding other cutaneous features are
summarized in Table 1. An atypical observation is briefly
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TABLE 1 Baseline characteristics and dermatological manifestations of the 31 patients with Costello syndrome and positive HRAS mutation and the
clinical characteristics associated with the pG12S mutation (univariate analysis).

Global p-value Costello

Costello syndrome with G128
Costello syndrome  syndrome pathogenic variantin HRAS  Corrected
with p.G12S without p.G12S versus Costello syndrome p-value (false
pathogenic variant  pathogenic without G12S pathogenic discovery
Total in HRAS variant in HRAS variant in HRAS™® rate)®
Baseline characteristics
Number of patients 31 20 11
Median age at evaluation (range), 8 (0.2-25) 10.5 (0.2-25) 6 (2-22) 0.06 0.47
years
Sex ratio (n female, male) 0.8 (14, 17) 1.2(11,9) 0.4 (3,8) 0.26 0.90
Dermatological manifestations
Hair abnormalities 90.3 (28/31) 85.0 (17/20) 100 (11/11) 0.54 1.00
Scarcity or absence of eyebrows  16.1 (5/31) 10.0 (2/20) 27.3 (3/11) 0.32 0.90
Scarcity or absence of eyelashes 3.2 (1/31) 5.0 (1/20) 0 (0/11) 1.00 1.00
Excessive eyebrows 58 (14/24) 61.5 (8/13) 54.5 (6/11) 1.00 1.00
Scarcity of scalp hair 38.7 (12/31) 30.0 (6/20) 54.5 (6/11) 0.26 0.90
Wavy or curly hair 67.7 (21/31) 70.0 (14/20) 63.6 (7/11) 1.00 1.00
Temporal alopecia 38.7 (12/31) 30.0 (6/20) 54.5 (6/11) 0.26 0.90
Hypertrichosis 16.1 (5/31) 5.0 (1/20) 36.4 (4/11) 0.04 0.47
Keratinization disorders 71.0 (22/31) 75.0 (15/20) 63.6 (7/11) 0.68 1.00
Keratosis pilaris 12.9 (4/31) 20 (4/20) 0 (0/11) 0.27 0.90
Ulerythema ophryogenes 6.5 (2/31) 5.0 (1/20) 9.1 (1/11) 1.00 1.00
Palmar and/or plantar 54.8 (17/31) 55.0 (11/20) 54.5 (6/11) 1.00 1.00
hyperkeratosis
Acanthosis nigricans 64.5 (20/31) 65.0 (13/20) 63.6 (7/11) 1.00 1.00
Ichthyosis 3.2 (1/31) 5.0 (1/20) 0 (0/11) 1.00 1.00
Papilloma 61.3 (19/31)  60.0 (12/20) 63.6 (7/11) 1.00 1.00
Peri-ocular 22.6 (7/31) 25.0 (5/20) 18.2 (2/11) 1.00 1.00
Peri-oral 22.6 (7/31) 25.0 (5/20) 18.2 (2/11) 1.00 1.00
Peri-nasal 41.9 (13/31) 45.0 (9/20) 36.4 (4/11) 0.72 1.00
Linear papules of the upper lip 32.3 (10/31) 45.0 (9/20) 9.1 (1/11) 0.06 0.47
Melanocytic naevi
n>50 3.2 (1/31) 0 (0/20) 9.1 (1/11) 0.35 0.90
Acral location 9.7 (3/31) 10.0 (2/20) 9.1 (1/11) 1.00 1.00
Pigmentary disorders
Café-au-lait macules (>2) 0 (0/31) 0 (0/20) 0 (0/11) - -
Multiple lentigines 0 (0/31) 0 (0/20) 0 (0/11) - -
Hyperpigmentation 14.3 (4/28) 0 (0/19) 44.4 (4/9) <0.01 0.31
Connective tissue disorders
Skin hyperlaxity 67.7 21/31)  65.0 (13/20) 72.7 (8/11) 1.00 1.00
Acral excess skin (hands and 83.9 (26/31) 75.0 (15/20) 100 (11/11) 0.13 0.81
feet)
Other
Easy bruising 16.1 (5/31) 20.0 (4/20) 9.1 (1/11) 0.63 1.00
Hyperhidrosis 54.8(17/31)  50.0 (10/20) 63.6 (7/11) 0.71 1.00
Lymphoedema 3.2 (1/31) 0.0 (0/20) 9.1 (1/11) 0.35 0.90
Palmoplantar linearity 61.3 (19/31) 60.0 (12/20) 63.6 (7/11) 1.00 1.00
Deep palmoplantar creases 77.4 (24/31) 75.0 (15/20) 21.8 (9/11) 1.00 1.00

*Pearson's chi-squared test or Fisher's exact test was used to compare qualitative variables.
°For the quantitative variables, the Student's t-test was used if normality was respected, otherwise a non-parametric test (Wilcoxon Mann-Whitney test) was used.

“False discovery rate correction for multiple testing.
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FIGURE 1 CSand characteristic dermatological abnormalities. (a) Curly hair, temporal alopecia and thick eyebrows of a 10-year-old girl with
p-G12S HRAS variant. (b) Multiple papillomas located on the nasal and perinasal areas of a 15-year-old boy with p.G12C HRAS variant.

(c) Multiple round and dome-shaped keratotic papules of the forehead in a 26-year-old girl with p.G12S HRAS variant. (d) Acanthosis nigricans (AN)
and multiple acrochordons on the posterior and lateral sides of the neck in a 14-year-old boy with p.G12A HRAS variant. (e) Orange, thickened and
stippled appearance of the dermatoglyphics (pachydermatoglyphia) on the fingertips of a 26-year-old girl with p.G12S HRAS variant. (f) ‘Cobblestone’
papillomatous linear papules (white arrows) of the upper lip in a 10-year-old girl with p.G12S HRAS variant. (g) Thickened, pleated ‘in ladder rung’ and
brownish mucosal lip suggestive of a labial localization of AN in a 25-year-old boy with p.G12S HRAS variant. (h) Plantar bilateral keratoderma with
thick and orange patchy plaques, predominant in areas of pressure in an 8-year-old boy with p.G12S HRAS variant. (i) Palmar excess skin (cutis laxa)
with deep creases and hyperlinearity in a 7-year-old boy with p.G12A HRAS variant.

summarized herein. A 22-year-old man, without relevant
family medical history, was seen for the management of
multiple melanocytic naevi (MMN) present since early
childhood. His personal history included surgical correc-
tion of craniosynostosis at the age of 4, delayed puberty, os-
teoporosis at the age of 20, severe lower limb lymphoedema
post-surgery for high arches and mild intellectual disabili-
ties. On clinical examination, he exhibited a normal height
and weight, a Noonan-like facial features (Figure 3a) with
a long and broad neck and pectus excavatum (Figure 3b).
Dermatological manifestations included (i) diffuse scalp
alopecia with thin, sparse, short and slow-growing hair;
(i) several hundred small multiple melanocytic naevi
(Figure 3b-d), distributed diffusely on the scalp, forehead,

cheeks, neck, trunk, limbs, and more sparsely on the dorsal
and palmar aspects of the hands and feet and the major folds;
(iii) AN over the neck and axillae with multiple acrochor-
dons (Figure 3a), and pachydermatoglyphia predominantly
on the fingertip pulp (Figure 3e); (iv) PKP on the perinasal
and periocular regions (Figure 3f); (v) mild acral loose skin
on the dorsum of the hands (Figure 3g); (vi) generalized hy-
perpigmentation with a skin colour significantly darker than
that of his parents; (vii) orange callosities in pressure areas
of the sole; and (viii) severe bilateral lower limb lymphoe-
dema (Figure 3h). Cardiological investigations were normal
except for a prolonged QT interval on electrocardiography.
Brain and spinal cord MRI were normal. Molecular genetic
diagnosis revealed a 2I-nucleotide duplication insertion
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(c.187_207dup) in codons 63 and 69 in the exon of the HRAS
gene, predicted to result in an in-frame duplication of the
amino acids 63-69 [p.(Glu63_Asp69dup)] and suggestive of
a mild phenotype of CS.

FIGURE 2  Successful treatment of palmar keratoderma with
pseudo-ainhum in an 8-year-old boy with Costello syndrome. (a) Initial
state before treatment. (b) Substantial improvement of pseudo-ainhum
and marked reduction in the thickness and area of callosities after
7months of treatment with acitretin at a dosage of about 0.4 mg/kg/day
(10 mg/day).

Dermatological phenotype-genotype correlation

The pertinent characteristics of patients with and with-
out HRAS variants ¢.34G>A (p.G12S) are shown in
Table 1. No dermatological manifestation was significantly
discriminating.

DISCUSSION

Analysis of the clinical features in the present series of pa-
tients confirms the high prevalence of dermatological mani-
festations in CS, whatever the pathogenic variant of HRAS.
These skin abnormalities were specifically related to the
presence of hair abnormalities, connective tissue and kerati-
nization disorders in 90.3%, 83.9% and 71%, respectively,
and in accordance with the literature review.>”*’

Wavy or curly hair and scarcity of scalp hair were present
respectively in 67.7% and 38.7%, an overall lower frequency
than previously reported in previous dermatological stud-
ies and pooled data, respectively varying from 77%° >~
to 96%2° and 64%° to 81%,° respectively. The difference
may be explained by the prospective design of our study
distinguishing scarcity of global scalp hair from isolated

FIGURE 3 Main dermatological manifestations in a 22-year-old-man with duplication p.(Glu63_Asp69dup) in HRAS. (a) Noonan-like facial
dysmorphia with a high and narrow forehead with temporal constriction, thick eyebrows, a bulbous nasal tip, full lips and wide ears set low. Multiple
melanocytic naevi (MMN) are present on the face associated with multiple acrochordons of the lateral parts of the neck. (b) MMN on the anterior
surface of the trunk. (c) MMN on the scalp. (d) MMN with a close-up dermoscopic view. (e) Thickening and stippled appearance of the dermatoglyphs
(pachydermatoglyphia) on the fingertips. (f) Multiple papillomas located on the perinasal and perioral areas. (g) Moderate loose, wrinkled and
redundant dorsal part of the hands. (h) MMN on the lower limbs with severe lymphoedema.
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temporal alopecia and considering wavy or curly hair patho-
logical only in the absence among first-degree relatives.
Wavy or curly hair and scarcity of scalp hair are also com-
mon in CFCS with frequencies respectively close to 86%*>*’
and 74%,"** and thus appeared poorly discriminating
(Table S3). On the other hand, a low frequency of scarcity or
absence of eyebrows was noted in 16.1%, within the ranges of
9% to 24%,”*>*""*" and appeared highly relevant in distin-
guishing CS from CFCS and SOSI-NS where frequencies are
respectively close to 81%*®** and 66%.”° Similarly, excessive
hairiness of the eyebrows appeared as an early and common
sign of CS present in 58%, consistent with the frequency of
47.8% previously described in a large dermatological series,*®
and particularly discriminating from CFCS where this sign
is uncommon, noted in less than 2%.*>*°

Several keratinization disorders appeared as classic man-
ifestations of CS, and this might be particularly useful in
distinguishing it from other RASopathies. The rate of facial
PKP, AN and dermatoglyphia was moderately higher than
reported in previous studies, respectively 61.3%, 64.5% and
64.5% versus 49%,>°* 48%>>* and 31%,’° a difference
possibly due to our data collection method based on system-
atic clinical examination. The high frequencies of PKP and
AN, their onset from early childhood, and the constant pres-
ence in adults appeared to be useful distinctive signs of CS
as opposed to CFCS and PTPNI1I- and SOSI-NS, where they
are unusual and present respectively in 1.2%** and 11%*® for
CFCS, and 0%’ to 2.7%° for the main types of NS.

We noted the presence of ‘cobblestone’ papillomatous
papules of the upper lip in 32.3%, always located at the lower
part of a thickened, pleated and sometimes brownish mu-
cosa suggestive of labial localization of AN. These mucosal
lesions, previously described by our team in one case,”’ may
constitute a new underrecognized and clinical sign of CS
distinguishing it from other RASopathies including CFCS
and various types of Noonan syndrome, where they have
never been reported. This might represent a particular linear
form of florid mucosal oral papillomatosis associated with
AN of the upper lip® but, in absence of available histological
data, no definitive conclusion could be drawn.

We observed PPHK in 54.8%, which is within the range
of 46% to 76% reported in the main dermatological stud-
ies™?*® and more common than in CFCS and NS (PTPNII-
and SOSI-NS) with frequencies respectively noted in about
28%*** and 1%-12%.”" We described the second case of
pseudo-ainhum associated with PPHK of CS** and, although
few patients were treated, our results confirm that oral ac-
itretin may be a useful and well-tolerated treatment for the
PPHK of CS, associated or not with pseudo-ainhum.”* Our
series highlights the uncommon presence of UO in CS in
6.5%, a sign hitherto unreported in dermatological series,”>
but no UO-PPHK association was noted. This association
remains highly indicative of CFCS, where it is present in
20% of adult patients*® and discriminating from the other
RASopathies, while PPHK in unusual in all genotypic forms
of NS, including SOSI-NS, where UO-PPHK has not previ-
ously been described.™

AES and deep palmoplantar creases were respectively
present in 83.9% and 77.4%, which was close to the findings
from the pooled data of 301 patients.>>™*" AES, although
sometimes subjective in mild form, especially in young
children, appeared highly indicative of clinical CS diagno-
sis and relevant in distinguishing it from CFCS and various
forms of NS, where it was noted respectively in 18%*® and
10%-18%.

The observation of MMN in RASopathies remains classi-
cally associated with NS with multiples lentigines and CFCS,
respectively in 46% and 26% in contrast to CS where they
were observed in 3.2% (1/31) in our series and 4.3%-9% in
the two dermatological studies that specifically investigated
it.>*® The presence of MMN in CS may be a phenotypic
marker for rare pathogenic variants in HRAS, especially the
intragenic duplication p.(Glu63_Asp69dup), an attenuated
phenotype of CS with mild intellectual disability and a lower
tumour risk than in ‘typical’ p.(Glyl2Ser) or other specific
missense pathogenic variants of HRAS-associated CS.* Two
other previously reported cases of HRAS intragenic duplica-
tion, p.Glu63_Asp69dup and p.Glu62_Arg68dup, were also
possibly associated with MMN rather than multiple lentigi-
nes, as the relative low density and sparse distribution of the
pigmented lesions documented with images seems to sup-
port this hypothesis.?**°

The limitations of our study are inherent to the rarity of
CS, with a limited number of enrolled patients. The cohort of
patients may have been too small to allow definitive conclu-
sions on more specific genotype—phenotype correlations in
rare patients. For example, we were unable to analyse patients
with the pathogenic variants ¢.37G>T transversion in HRAS
p-G13C and, thus, to confirm the specific association with
loose anagen hairs and dolichocilia as previously described."*

CONCLUSIONS

Excessive hairiness of the eyebrows, PKP, AN, ‘cobblestone’
papillomatous papules of the upper lip and AES appear to be
pertinent manifestations in positively diagnosing CS in its
typical or emerging attenuated forms*®*” and differentiating
it from CFCS and the main types of NS. Oral acitretin may
be highly beneficial for therapeutic management of PPHK.
No significant dermatological phenotype-genotype correla-
tion in the presence or absence of p.G12S or p.G12A patho-
genic variant of HRAS could be determined.
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