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Abstract
Background: CHILD	 syndrome	 is	 an	 X-	linked	 dominant	 disorder	 associated	
with	pathogenic	mutations	in	the	NSDHL	gene.	The	condition	is	predominantly	
found	in	females	as	it	is	lethal	in	males.	Most	cases	present	at	birth	with	extensive	
unilateral	ichthyosiform	erythroderma	involving	the	trunk	and	limbs.	Milder	and	
less	 extensive	 presentations	 have	 been	 reported,	 leading	 to	 misdiagnosis	 espe-
cially	during	early	childhood.
Methods and Results: We	report	an	adult	female	of	Malay	ancestry	who	pre-
sented	 with	 minimal	 skin	 and	 limb	 involvement.	 She	 was	 only	 diagnosed	 in	
adulthood	 when	 she	 presented	 with	 gastrointestinal	 symptoms	 and	 worsening	
of	skin	manifestations.	The	clinical	diagnosis	was	suspected	after	a	combination	
of	clinical,	pathological	and	immunohistochemistry	correlation,	and	molecularly	
confirmed	with	the	discovery	of	a	frameshift	variant	in	NSDHL.	The	novel	vari-
ant	was	inherited	from	her	mother	who	had	some	linear	hypopigmented	patches	
over	the	medial	aspects	of	both	her	arms	and	right	forearm.
Conclusion: We	uncovered	a	novel	frameshift	variant	associated	with	presenta-
tions	that	cast	a	new	light	on	the	clinical	features	of	CHILD	syndrome.
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1 	 | 	 INTRODUCTION

Congenital	 hemidysplasia	 with	 ichthyosiform	 erythro-
derma	 and	 limb	 defects	 (CHILD)	 syndrome	 (OMIM#	
308050)	 is	 an	 ichthyosiform	 disorder	 associated	 with	
pathogenic	 mutations	 in	 the	 NAD(P)-	dependent	 ste-
roid	 dehydrogenase-	like	 protein	 (NSDHL)	 gene	 (OMIM	
300275).	 The	 almost	 39  kb	 gene	 is	 located	 near	 the	 ter-
minal	of	the	q	arm	of	the	X	chromosome	and	encodes	an	
enzyme	involved	in	cholesterol	biosynthesis.	As	having	a	
germline	mutation	is	lethal	for	male	foetuses,	the	condi-
tion	is	almost	exclusively	found	in	females.

Most	patients	with	CHILD	syndrome	present	at	birth	
with	 extensive	 ichthyosiform	 erythroderma	 involving	
the	trunk	and	limbs	on	one	side	of	the	body,	either	dif-
fuse	 or	 follow	 lines	 of	 Blaschko	 or	 both,	 with	 a	 sharp	
midline	 demarcation.	 Yellowish-	waxy	 scales,	 ptycho-
tropism	 (affinity	 for	 body	 folds)	 and	 the	 occurrence	 of	
verruciform	 xanthomas	 are	 additional	 distinguishing	
features	(Happle	et	al.,	1995).	Ipsilateral	skeletal	abnor-
malities	ranging	from	hypoplasia	of	some	fingers	to	the	
complete	 absence	 of	 limbs	 on	 the	 same	 side	 are	 often	
also	 observed.	 Other	 organs	 below	 the	 areas	 of	 ichthy-
osis	may	also	be	affected	(Ramphul	et	al.,	2021).	Milder	
and	 less	 extensive	 presentations	 of	 the	 condition	 may	

lead	 to	misdiagnosis,	especially	during	early	childhood	
(Ormerod	et	al.,	2019).

We	 report	 an	 adult	 female	 with	 features	 of	 CHILD	
syndrome	 but	 had	 minimal	 skin	 and	 limb	 involvement.	
She	was	only	diagnosed	in	adulthood	when	she	presented	
with	 gastrointestinal	 symptoms	 and	 worsening	 of	 skin	
manifestations.	The	clinical	diagnosis	was	suspected	after	
histopathological	correlation	and	molecularly	confirmed	
with	 the	 identification	 of	 a	 pathogenic	 variant	 in	 the	
NSDHL	gene	via	next-	generation	sequencing.

2 	 | 	 CLINICAL DESCRIPTION

The	 patient	 of	 Malay	 ancestry	 presented	 at	 the	 age	 of	
23  years	 to	 the	 dermatology	 department	 with	 an	 itchy	
and	 erosive	 rash	 affecting	 her	 left	 retro-	auricular	 area	
over	a	2-	year	period.	On	examination,	 there	were	multi-
ple	hyperpigmented,	crusted	and	hyperkeratotic	papules	
(Figure	1a).	Dermoscopy	of	these	lesions	showed	a	brown	
reticulate	 pattern	 with	 yellowish	 scales	 (Figure	 1b).	 In	
addition,	there	were	yellow-	brown,	scaly,	hyperkeratotic	
plaques	on	her	anterior	left	thigh	and	dorsum	of	her	left	
little	finger	(Figure	1c,d)	in	a	linear	configuration,	as	well	
as	a	 linear	hypopigmented	streak	on	 the	 inner	aspect	of	

F I G U R E  1  Images	from	the	
patient's	skin	lesions	in	various	regions:	
(a)	Multiple	hyperpigmented,	crusted	
and	hyperkeratotic	papules	over	the	left	
retro-	auricular	area.	(b)	Dermoscopic	
image	of	the	papules	over	the	left	retro-	
auricular	area.	(c)	Yellow-	brown,	scaly,	
hyperkeratotic,	linear	plaque	on	the	
anterior	left	thigh.	(d)	Yellow-	brown,	
scaly,	hyperkeratotic	linear	plaque	on	the	
left	little	finger.	(e)	Linear	hypopigmented	
patch	on	the	inner	aspect	of	the	left	arm
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her	left	arm	and	left	axilla	(Figure	1e)	and	a	depigmented	
macule	 on	 her	 lower	 back.	 She	 had	 previously	 been	 di-
agnosed	 with	 incontinentia	 pigmenti	 during	 infancy	 by	
physicians	 from	 a	 tertiary	 institution	 elsewhere	 and	 her	
parents	provided	a	history	that	she	was	born	with	blisters	
affecting	the	aforementioned	areas.	These	blisters	subse-
quently	resolved,	resulting	in	the	hyperkeratotic	plaques	
and	hypopigmented	patches.	Her	mother's	skin	had	simi-
lar	linear	hypopigmented	patches	over	the	medial	aspects	
of	both	arms	and	the	right	forearm.

Biopsies	 of	 the	 plaques	 on	 the	 patient's	 left	 retro-	
auricular	 region	 and	 thigh	 showed	 hyperkeratosis,	 col-
umns	 of	 parakeratosis,	 acanthosis	 of	 the	 epidermis	 and	
multiple	 xanthoma	 cells	 within	 the	 papillary	 dermis	
(Figure	2a–	d).	At	the	same	time,	she	presented	to	the	gas-
troenterologist	 with	 complaints	 of	 recurrent	 dyspepsia	
and	heartburn.	An	esophagogastroduodenoscopy	revealed	
multiple	 whitish	 plaques	 in	 the	 proximal	 duodenum,	
stomach	 and	 distal	 oesophagus	 (Figure	 3a–	e).	 Biopsies	
of	these	areas	showed	similar	xanthoma	cells	with	finely	
vacuolated	cytoplasm	in	the	lamina	propria	(Figure	4a–	c).		
These	cells	were	positive	for	CD163 stain	(Figure	4d),	con-
firming	 their	 macrophage	 lineage	 and	 the	 diagnosis	 of	
gastrointestinal	xanthomatosis.

After	 clinical-	pathological	 correlation,	 a	 diagnosis	 of	
CHILD	syndrome	was	suspected,	and	this	was	confirmed	
on	 molecular	 testing.	The	 patient	 was	 commenced	 on	 a	
compounded	 combination	 cream	 containing	 1%	 sim-
vastatin	 and	 2%	 cholesterol,	 with	 a	 good	 response	 after	
3 months	of	treatment	(Figure	5a–	c).	Her	gastrointestinal	
symptoms	improved	on	treatment	with	a	proton	pump	in-
hibitor	and	antacids.

3 	 | 	 MOLECULAR ANALYSIS

Genetic	investigation	under	the	research	setting	was	ob-
tained	 from	 the	 SingHealth	 Centralised	 Institutional	
Review	Board	which	has	oversight	of	all	research	activities	
in	 the	 hospital.	 Punch	 biopsy	 specimens	 were	 obtained	
from	 the	 lesional	 skin	 of	 the	 left	 retro-	auricular	 region	
and	 left	 thigh	 after	 written	 informed	 consent.	 Venous	
blood	was	collected	from	the	patient	and	both	her	parents.	
DNA	 was	 extracted	 using	 DNeasy	 Blood	 and	 Tissue	 kit	
(Qiagen	Inc.,	USA)	for	skin	tissues	and	PureGene	Blood	
Kit	(Qiagen	Inc.,	USA)	for	venous	blood.	Targeted	panel	
sequencing	 using	 Illumina's	 TruSight	 One	 kit	 with	 the	
DNA	extracted	 from	the	 thigh	tissue	uncovered	a	dupli-
cation	 of	 a	 G	 nucleotide	 in	 exon	 3	 of	 the	 NSDHL	 gene	
which	would	lead	to	a	frameshift	starting	from	an	amino	
acid	change	in	the	next	codon	(NM_015922.3:	c.131dupG:	
p.	Gly45Trpfs*24).	The	variant	was	confirmed	by	targeted	
Sanger	 sequencing	 for	 DNA	 from	 both	 skin	 tissues	 and	

blood.	Testing	of	parental	DNA	indicated	maternal	inher-
itance,	with	her	father	testing	negative	for	the	variant.

The	insertion	of	a	duplicated	G	nucleotide	results	in	a	
frameshift	that	leads	to	premature	termination	24	codons	
downstream	of	the	duplication	site.	This	variant	has	not	
been	previously	reported	in	any	patient	or	population	da-
tabases.	However,	a	de novo	single	nucleotide	substitution	
leading	 to	 a	 missense	 in	 the	 same	 codon	 (c.130G>A:p.	
Gly44Ser)	has	been	reported	in	a	Filipino	girl	with	CHILD	
syndrome.	It	was	classified	as	“likely	pathogenic”	by	the	
investigators	(Maceda	et	al.,	2020).

4 	 | 	 DISCUSSION

We	report	a	rare	case	of	CHILD	syndrome	diagnosed	only	
in	 adulthood,	 and	 only	 after	 a	 combination	 of	 clinical,	
pathological,	 and	 molecular	 correlation	 and	 confirma-
tion.	Her	skin	lesions	were	subtle	and	present	from	birth,	
becoming	more	prominent	only	in	adulthood.	A	diagno-
sis	of	CHILD	syndrome	was	not	considered	initially	with	
these	 early	 clinical	 features.	 Instead,	 she	 was	 diagnosed	
with	incontinentia	pigmenti.	On	current	presentation,	the	
main	differential	diagnosis	of	her	skin	lesions	was	mosaic	
Darier's	disease.	However,	no	variants	were	identified	for	
both	ATP2A2	and	IKBKG,	excluding	Darier's	disease	and	
incontinentia	pigmenti.	Our	case	illustrates	that	the	clini-
cal	 spectrum	 of	 CHILD	 syndrome	 can	 include	 patients	
with	subtle	skin	features	and	almost	no	limb	defects,	ne-
cessitating	 the	 requirement	 for	 skin	 biopsies	 to	 confirm	
the	presence	of	multiple	xanthoma	cells	in	the	dermis	as-
sociated	 with	 other	 classical	 features	 of	 hyperkeratosis,	
orthokeratosis	 or	 epidermal	 acanthosis	 (Gantner	 et	 al.,	
2014).

Our	patient	also	presented	with	gastrointestinal	symp-
toms	which	are	rare	in	cases	of	CHILD	syndrome	but	may	
also	provide	clues	 to	 the	diagnosis,	with	the	presence	of	
similar	 xanthoma	 cells	 in	 biopsies	 of	 the	 stomach	 and	
duodenum	(Ryan	et	al.,	2013).	This	extensive	distribution	
of	xanthomas	in	the	gastrointestinal	tract	is	postulated	to	
be	reactive	secondary	to	mucosal	 inflammation,	damage	
or	trauma,	and	may	be	related	to	deposition	of	toxic	lipid	
metabolites	due	to	mutations	in	the	NSDHL	gene	(Mavilia	
&	Wu,	2018).	Xanthomas	in	the	gastrointestinal	tract	have	
also	 been	 reported	 in	 association	 with	 carcinoma,	 lym-
phoma	and	cytomegalovirus	colitis.	Our	case	adds	CHILD	
syndrome	to	the	differential	diagnoses	of	multiple	xantho-
mas	in	the	gastrointestinal	tract.

Ever	 since	 mutations	 in	 the	 NSDHL	 gene	 were	 iden-
tified	 to	 be	 the	 underlying	 cause	 of	 CHILD	 syndrome	
(König	et	al.,	2000),	no	other	gene	has	been	linked	to	this	
disorder.	 The	 other	 NSDHL-	associated	 disorder	 is	 CK	
syndrome	 (OMIM#	 300831)	 which	 is	 characterized	 by	
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variable	 cognitive	 impairment,	 seizures,	 microcephaly,	
cerebral	 cortical	 malformations	 and	 dysmorphic	 facial	
features	 (McLarren	 et	 al.,	 2010;	 du	 Souich	 et	 al.,	 2008).	
CK	syndrome	 is	an	X-	linked	 recessive	disorder	affecting	
mostly	 males.	 In	 contrast,	 CHILD	 syndrome	 affects	 fe-
males	almost	exclusively	as	it	is	X-	linked	dominant.	Only	
two	 cases	 of	 affected	 males	 have	 been	 reported	 (Happle	
et	 al.,	 1996;	 Zellweger	 &	 Uehlinger,	 1948),	 and	 they	 are	
most	 likely	 due	 to	 postzygotic	 and	 not	 germline	 muta-
tions.	 Another	 related	 disorder,	 X-	linked	 chondrodys-
plasia	 punctata	 2	 (CDPX2,	 OMIM#	 302960)	 can	 exhibit	
clinical	features	similar	to	CHILD	syndrome	and	has	been	
attributed	 to	 mutations	 in	 the	 EBP	 (Emopamil-	binding	
protein)	 gene,	 which	 encodes	 a	 protein	 that	 functions	
downstream	of	NSDHL	 in	a	common	biosynthetic	path-
way	(Herman,	2003).	In	addition	to	ichthyosiform	lesions	
distributed	in	a	linear	or	whorled	pattern	and	shortening	
of	bones	of	the	upper	arms	and	thighs,	these	patients	also	
exhibit	radiological	features	of	stippling	near	the	ends	of	
bones	and	in	cartilage.

The	 NSDHL	 gene	 codes	 for	 3β-	hydroxysteroid	 dehy-
drogenase,	an	enzyme	involved	in	the	biosynthesis	of	cho-
lesterol.	 As	 cholesterol	 is	 one	 of	 the	 key	 components	 of	

the	lamellar	structures	found	in	the	stratum	corneum,	its	
insufficiency	can	result	in	the	disruption	of	these	lamellar	
structures	(Feingold	&	Elias,	2014).	Accumulation	of	ste-
rol	intermediates	may	also	result	in	abnormal	Hedgehog	
signalling	pathways,	giving	rise	to	skeletal	deformities	as	
seen	 in	CHILD	syndrome	patients	 (Cooper	et	al.,	 2003).	
The	success	of	the	use	of	combination	topicals	containing	
cholesterol	and	statins	(e.g.	2%	lovastatin	/	2%	cholesterol)	
to	treat	the	cutaneous	lesions	in	CHILD	syndrome	imply	
that	 the	 skin	 lesions	 are	 not	 only	 due	 to	 a	 deficiency	 of	
cholesterol	 alone	 but	 to	 accumulation	 of	 toxic	 metabo-
lites	(Christiansen	et	al.,	2015;	Paller	et	al.,	2011;	Sandoval	
et	 al.,	 2019).	The	 improvement	 seen	 in	 our	 patient	 adds	
further	evidence	of	the	efficacy	of	this	combination	in	the	
treatment	of	cutaneous	lesions	of	CHILD	syndrome.

To	 date,	 more	 than	 30	 different	 pathogenic	 vari-
ants	 (including	 insertions	 and	 deletions)	 spanning	
the	NSDHL	 gene	have	been	 identified	 in	patients	with	
CHILD	syndrome.	Most	are	single	nucleotide	substitu-
tions	 of	 which	 there	 are	 13  missense,	 seven	 nonsense,	
two	splice	sites	and	one	substitution	 in	the	3’	untrans-
lated	region	documented	in	the	Human	Gene	Mutation	
Database.	 Multi-	exon	 deletions	 and	 a	 small	 insertion	

F I G U R E  2  Images	from	biopsy	
samples	of	the	patient's	skin	from	
various	regions	stained	with	hematoxylin	
and	eosin	at	400×	magnification:	(a)	
From	the	retro-	auricular	area	showing	
hyperkeratosis,	columns	of	parakeratosis,	
acanthosis	of	the	epidermis	and	multiple	
xanthoma	cells	within	the	papillary	
dermis.	(b)	From	the	retro-	auricular	area	
showing	multiple	xanthoma	cells	within	
the	papillary	dermis.	(c)	From	the	thigh	
showing	hyperkeratosis	and	acanthosis	
of	the	epidermis.	(d)	From	the	thigh	
showing	hyperkeratosis,	acanthosis	of	the	
epidermis	and	multiple	xanthoma	cells	
within	the	papillary	dermis
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have	also	been	described.	The	majority	of	patients	in	the	
reports	 were	 of	 European	 descent,	 with	 a	 smaller	 pro-
portion	of	East	Asians	(Chinese	and	Japanese),	and	sol-
itary	cases	 from	elsewhere	 in	 the	world	 (Hettiarachchi	
et	al.,	2020;	Tang	et	al.,	2021).	Our	patient	might	be	the	
first	 CHILD	 syndrome	 patient	 of	 Malay	 ethnicity	 (de-
fined	 as	 descendants	 of	 the	 natives	 of	 the	 Southeast	
Asian	 region	 including	 Southern	 Thailand,	 the	 Malay	
Peninsula	 and	 Indonesian	 islands).	 Another	 unusual	
feature	of	 this	case	 is	 the	maternal	 transmission	when	
most	cases	are	sporadic	with	de novo	variants.

Although	 skin	 manifestations	 of	 CHILD	 syndrome	
are	known	to	be	restricted	to	one	side	of	the	body,	bilat-
eral	presentations	have	been	reported	(Estapé	et	al.,	2015;	
Fink-	Puches	et	al.,	1997;	Xu	et	al.,	2020).	Approximately	
two-	thirds	of	patients	exhibited	right-	sided	 involvement,	
with	left-	sided	involvement	associated	with	a	more	severe	
phenotype	or	early	death	(Ramphul	et	al.,	2021)	(Hummel	
et	 al.,	 2003).	 Our	 patient	 had	 left-	sided	 involvement	 but	
her	 phenotype	 was	 so	 mild	 that	 mosaicism	 was	 initially	
suspected.	 The	 variation	 in	 clinical	 severity	 is	 marked	
when	compared	with	two	other	patients	with	frameshift	

F I G U R E  3  Images	from	the	patient's	
upper	gastrointestinal	tract	endoscopy	
showing	the	presence	of	multiple	whitish	
plaque-	like	lesions	in	various	regions:	
(a)	Z-	line;	(b)	antrum;	(c)	corpus;	(d)	
duodenum;	(e)	Near	focus	magnified	view	
of	the	gastric	xanthelasma	at	the	gastric	
corpus	greater	curve
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variants,	 who	 displayed	 more	 extensive	 phenotypes	 in-
cluding	 skeletal	 abnormalities	 and	 areas	 of	 persistent	
erythroderma	(Bornholdt	et	al.,	2005;	Estapé	et	al.,	2015).	
Another	patient	carrying	a	missense	variant	in	the	same	
codon	as	our	patient	also	 showed	classical	 symptoms	of	
CHILD	syndrome	(Maceda	et	al.,	2020).	The	variability	in	
the	presentation	of	 the	syndrome	suggests	 the	 influence	

of	 epigenetic	 and	 environmental	 factors	 on	 phenotypic	
presentation.

As	the	NSDHL	gene	is	located	on	the	X	chromosome,	
another	plausible	explanation	of	 the	variable	 severity	 in	
phenotype	 is	 skewed	 X	 inactivation	 which	 could	 range	
from	 34	 and	 68%	 for	 each	 of	 the	 two	 X	 chromosomes	
(Migeon,	2020).	However,	that	is	less	likely	as	the	NSDHL	

F I G U R E  4  Haematoxylin	and	
eosin	staining	of	gut	sections	at	400×	
magnification:	(a)	Gastric	antrum	
showing	multiple	xanthoma	cells	within	
the	lamina	propria.	(b)	Duodenum	
showing	multiple	xanthoma	cells	within	
the	lamina	propria.	(c)	Z-	line	mucosa	
showing	multiple	xanthoma	cells	within	
the	lamina	propria.	(d)	CD163	(200×)	
staining	of	a	section	from	Z-	line	mucosa	
showing	multiple	xanthoma	cells	in	the	
lamina	propria

F I G U R E  5  Images	from	the	
patient's	skin	after	3 months	of	treatment	
with	compounded	combination	cream	
containing	1%	simvastatin	and	2%	
cholesterol	over	the	(a)	left	retro-	auricular	
area,	(b)	anterior	left	thigh	and	(c)	left	
little	finger
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protein	appears	to	be	essential	for	cell	survival:	Nsdhl-	null	
fibroblasts	did	not	survive	past	48 hours	when	cultured	in 
vitro	(Cunningham	et	al.,	2005),	and	there	is	also	evidence	
of	negative	selection	against	NSDHL-	deficient	cells	in	var-
ious	mouse	tissues	(Cunningham	et	al.,	2009).

5 	 | 	 CONCLUSIONS

Our	 results	 add	 a	 novel	 pathogenic	 variant	 found	 in	 a	
mother-	child	 pair	 and	 widen	 the	 phenotypic	 spectrum	
of	 CHILD	 syndrome.	 Our	 case	 illustrates	 that	 the	 clini-
cal	spectrum	of	CHILD	syndrome	can	include	subtle	skin	
features	 and	 almost	 no	 limb	 defects,	 and	 she	 was	 only	
diagnosed	in	adulthood	when	she	presented	with	gastro-
intestinal	symptoms	and	worsening	of	her	skin	manifes-
tations.	This	case	also	emphasizes	that	the	condition	can	
present	with	a	mild	phenotype,	with	the	presence	of	mul-
tiple	xanthomas	in	both	skin	and	gastrointestinal	tissues	
providing	clues	to	the	diagnosis.|
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