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1 	 | 	 INTRODUCTION

Short	stature	refers	to	people	whose	height	is	less	than	two	
standard	deviations	or	less	than	the	third	percentile	of	peo-
ple	of	the	corresponding	age,	sex,	and	race.	It	represents	
one	of	the	most	frequent	referrals	to	pediatric	endocrinol-
ogists,	with	an	 incidence	of	3%–	5%	(Stavber	et	al.,	2020;	

Yang	et	al.,	2018).	Genetics	and	environment	can	both	af-
fect	a	person’s	final	height.	Some	short	children	can	find	
clear	 causes,	 such	 as	 insufficient	 growth	 hormone	 (GH)	
secretion,	hypothyroidism.	Most	children	are	diagnosed	as	
ISS	 with	 unknown	 reason.	 Pathogenic	 SHOX	 gene	 vari-
ants	 are	 considered	 to	 be	 the	 most	 common	 monogenic	
cause	accounting	 for	2%–	15%	of	 ISS	cases	 (Plachy	et	al.,	
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Abstract
Background: ACAN	(OMIM	155760)	is	located	on	chromosome	15q26	and	en-
codes	the	production	of	aggrecan.	Aggrecan	is	a	large	chondroitin	sulfate	proteo-
glycan	with	a	molecular	weight	of	254 kDa	and	contains	2530	amino	acids.	It	is	
a	critical	structural	component	of	the	extracellular	matrix	of	cartilage,	including	
growth	 plate,	 articular,	 and	 intervertebral	 disk	 cartilage.	 It	 plays	 a	 key	 role	 in	
bone	development.
Methods: Here,	 we	 describe	 two	 pedigrees	 with	 loss-	of-	function	 variants	 in	
ACAN.	Whole	exome	sequencing	was	performed	for	the	probands	from	each	fam-
ily.	We	illustrate	the	clinical	variability	associated	with	ACAN	variants.
Results: The	 proband	 of	 pedigree	 A	 manifested	 short	 stature,	 relative	 macro-
cephaly,	mild	flat	nasal	bridge,	low-	set	ears,	short	neck,	and	short	thumbs.	The	
proband	of	pedigree	B	had	short	height,	abnormal	vertebral	development,	and	cen-
tral	precocious	puberty.	By	trio-	based	whole	exome	sequencing	and	in	silico	anal-
yses,	we	identified	two	de	novo	heterozygous	variants	of	ACAN:	NM_013227.4:	
c.116dupT,	 p.Arg40Glufs*51	 and	 NM_013227.4:	 c.2367delC,	 p.Ser790Glnfs*20	
(accession	number:	AC103982.10).
Conclusion: The	 clinical	 manifestations	 of	 ACAN	 gene	 variants	 are	 diverse.	
ACAN	gene	variants	are	important	genetic	factors	for	short	stature	and	should	be	
considered	as	the	differential	diagnosis	of	children	with	idiopathic	short	stature	
(ISS).
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2019).	Recent	studies	have	shown	that	the	prevalence	of	
ACAN	gene	variants	in	children	with	ISS	is	1.4%–	6%	(Hu	
et	al.,	2017;	Hauer	et	al.,	2017).	Heterozygous	ACAN	gene	
variants	may	be	the	second	leading	cause	of	ISS.

Clinical	manifestations	of	ACAN	variants	can	be	clas-
sified	into	three	categories:	spondyloepiphyseal	dysplasia,	
Kimberley	type	(SEDK,	OMIM	608361),	short	stature	and	
advanced	bone	age,	with	or	without	early	onset	osteoar-
thritis	and/or	osteochondritis	dissecans	(OMIM	165800),	
and	 spondyloepimetaphyseal	 dysplasia,	 aggrecan	 type	
(SEMD,	OMIM	612813).	Gleghorn	and	colleagues	first	re-
ported	human	SEDK	and	severe	osteoarthritis	associated	
with	 ACAN	 autosomal	 dominant	 inheritance	 mutation	
in	2005	(Gleghorn	et	al.,	2005).	Tompson	and	colleagues	
first	 reported	 SEMD,	 clinically	 manifested	 severe	 short	
stature	 and	 craniofacial	 deformities	 owing	 to	 ACAN	 au-
tosomal	recessive	inheritance	mutation	in	2009	(Tompson	
et	al.,	2009).	Most	ACAN	variants	are	autosomal	dominant	
inheritance,	 while	 SEMD	 is	 autosomal	 recessive	 inheri-
tance,	including	homozygous	variants	and	compound	het-
erozygous	variants	(Fukuhara	et	al.,	2019;	Tompson	et	al.,	
2009).	Gender	difference	is	not	obvious	in	the	incidence	of	
ACAN	gene	variants.

Five	Chinese	pedigrees	with	ACAN	gene	variants	have	
been	reported	(Hu	et	al.,	2017;	Zeng	et	al.,	2018;	Xu	et	al.,	
2018).	 This	 article	 reports	 another	 two	 pedigrees	 with	
short	stature	caused	by	novel	ACAN	gene	mutations.	The	
proband	of	pedigree	A	manifested	short	 stature,	 relative	
macrocephaly,	 mild	 flat	 nasal	 bridge,	 low-	set	 ears,	 short	
neck,	and	short	thumbs.	The	proband	of	pedigree	B	had	
short	 height,	 abnormal	 vertebral	 development,	 and	 cen-
tral	precocious	puberty.	The	mutation	sites	of	the	two	ped-
igrees	were	both	discovered	for	the	first	time.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Patients

We	 enrolled	 five	 members	 of	 two	 pedigrees	 from	 China	
in	our	study.	Medical	records	including	physical	examina-
tion	and	biochemical	tests	were	acquired.

2.2	 |	 Whole exome sequencing

Peripheral	blood	was	collected	from	the	patients	and	their	
family	members	and	genomic	DNAs	were	isolated	using	
QIAamp	 DNA	 Blood	 Mini	 Kit	 (Qiagen).	 DNAs	 concen-
tration	 was	 measured	 by	 Thermo	 Scientific	 NanoDrop	
2000	 (Thermo	 Fisher	 Scientific).	 Genomic	 DNAs	 were	
fragmented	 to	 100–	700  bp	 with	 a	 Covaris	 S220	 ultra-
sonicator	 (Cole-	Parmer),	 and	 then	 fragments	 measuring	

of	150–	200 bp	were	 selected	with	magnetic	beads.	Then	
sequencing	 libraries	 were	 prepared;	 library	 preparation	
included	 end	 repair,	 adapter	 ligation	 and	 PCR	 enrich-
ment	was	carried	out	as	recommended	by	Illumina	pro-
tocols	(Illumina).	The	amplified	DNA	was	captured	using	
GenCap	WES	capture	kit	(MyGenostics).	The	enrichment	
libraries	 were	 sequenced	 on	 Illumina	 HiSeq	 X	 Ten	 se-
quencer.	After	sequencing,	the	raw	sequencing	data	were	
filtered	to	remove	low-	quality	reads	or	probable	artifacts.	
Then	sequencing	reads	were	aligned	to	a	reference	human	
genome	 (hg19)	 using	 BWA	 (http://bio-	bwa.sourc	eforge.
net).	 Duplicated	 reads	 were	 removed	 using	 Picard	 tools	
(http://broad	insti	tute.github.io/picard)	 and	 mapping	
reads	 were	 used	 for	 variation	 detection.	 The	 variants	 of	
single	nucleotide	variation	(SNP)	and	inserts	and	deletions	
(InDel)	were	detected	by	GATK	Haplotype	Caller	(https://
softw	are.broad	insti	tute.org/gatk),	and	then	GATK	Variant	
Filtration	 was	 used	 to	 filter	 variants.	 Variants	 were	 fur-
ther	annotated	by	ANNOVAR	(http://annov	ar.openb	ioinf	
ormat	ics.org/en/latest)	and	associated	with	multiple	data-
bases,	such	as	1000	Genomes	Project	(http://www.1000g	
enomes.org),	dbSNP	(http://www.ncbi.nlm.nih.gov/proje	
cts/SNP),	 HGMD	 (http://www.hgmd.cf.ac.uk),	 and	 pre-
dicted	 by	 SIFT	 (http://sift.jcvi.org/www/SIFT_enst_sub-
mit.html),	PolyPhen-	2	 (http://genet	ics.bwh.harva	rd.edu/
pph2),	 MutationTaster	 (http://www.mutat	ionta	ster.org),	
GERP++	 (http://mendel.stanf	ord.edu/Sidow	Lab/downl	
oads/gerp/index.html).

2.3	 |	 Sanger sequencing

Filtered	 candidate	 variants	 were	 confirmed	 by	 PCR	 and	
Sanger	sequencing.	PCR	primers	were	designed	by	Primer	
3.0	online	software	(http://prime	r3.ut.ee).	Amplified	PCR	
products	 were	 analyzed	 on	 ABI	 3730	 Genetic	 Analyzer	
(Thermo	Fisher	Scientific).	The	final	determined	variants	
were	 submitted	 to	 ClinVar	 (https://www.ncbi.nlm.nih.
gov).

3 	 | 	 RESULTS

3.1	 |	 Pedigree A

The	 proband	 is	 a	 Chinese	 boy	 of	 non-	consanguineous	
parents.	He	was	referred	to	us	because	of	growth	retarda-
tion	 for	more	 than	4 years.	He	was	born	prematurely	at	
35  weeks	 of	 gestation	 with	 birth	 weight	 of	 2.2  kg,	 birth	
length	 of	 45  cm	 (−3.07  SDS),	 and	 unknown	 head	 cir-
cumference.	He	went	to	pediatric	endocrine	clinic	due	to	
short	stature	at	4 years	of	age.	The	peak	level	of	GH	was	
5.47 µg/L,	 indicating	partial	GH	deficiency.	After	1 year	
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of	GH	treatment,	his	height	increased	by	9–	10 cm.	His	fa-
ther	was	178.7 cm	(+1.00 SDS),	his	mother	was	149 cm	
(−2.16  SDS),	 and	 his	 maternal	 grandfather	 was	 150  cm	
(−3.76 SDS).	His	mother’s	 sister	also	 showed	short	 stat-
ure.	 The	 proband’s	 mother	 and	 grandfather	 both	 have	
macrocephaly	and	short	neck.

His	height	was	109.3 cm	(−4.14 SDS),	his	weight	was	
21.8 kg,	and	his	head	circumference	was	54 cm	at	8 years	
8 months.	Other	observed	anomalies	 included	 flat	nasal	
bridge,	 low-	set	 ears,	 short	 neck,	 short	 thumbs,	 and	 pec-
tus	 excavatum	 (Figure	 1a).	 Bone	 age	 (BA)	 was	 5  years	
6 months	by	x-	ray	imaging	of	the	left	hand	(Figure	1b).

Next-	generation	 sequencing	 (NGS)	 was	 performed	 in	
the	 proband	 and	 identified	 a	 novel	 heterozygous	 frame-
shift	mutation	c.116dupT	(p.Arg40Glufs*51)	in	exon	3	of	
the	ACAN	gene	(Figures	1d	and	3a),	which	was	inherited	
from	his	mother	(Figure	1c),	while	his	father	was	normal	
(Figure	1d).	Variants	were	subsequently	validated	 in	 the	
same	site	of	his	maternal	grandfather	by	Sanger	sequenc-
ing	(Figure	1d).	According	to	the	2015	American	College	
of	 Medical	 Genetics	 and	 Genomics	 (ACMG)	 guidelines,	
the	 variant	 was	 determined	 as	 a	 suspected	 pathogenic	
variant	(PVS+PM2).

3.2	 |	 Pedigree B

The	 proband	 is	 a	 7-	year	 and	 9-	month-	old	 girl	 and	 she	
is	the	first	child	of	unrelated	Chinese	couple.	Her	bilat-
eral	breasts	had	been	developing	for	half	a	year	when	we	
encountered.	She	was	born	at	41 weeks	of	gestation	via	
cesarean	section	delivery.	Her	birth	weight	was	2.65 kg.	
Her	 father	 was	 146.3  cm	 (−4.38  SDS),	 her	 mother	 was	
140  cm	 (−3.84  SDS),	 her	 maternal	 grandfather	 was	
150  cm	 (−3.76  SDS),	 and	 her	 maternal	 grandmother			
was	 159  cm	 (−0.30  SDS).	 Her	 mother	 had	 menarche	
around	12 years	old.

In	 the	 last	 evaluation,	 her	 height	 was	 120.1  cm	
(+1.06 SDS)	and	her	weight	was	30 kg.	She	was	in	Tanner	
stage	B4PH2.

Laboratory	 investigations	 revealed	 no	 abnormality	 in	
the	complete	blood	count,	 liver	function,	renal	function,	
serum	electrolytes,	blood	gas	analysis,	and	thyroid	 func-
tion.	GH	peak	value	was	normal	(13.1 ng/ml)	at	90 min-
utes,	luteinizing	hormone	(LH)	basal	value	was	3.45 mU/
ml,	LH	peak	value	was	50.7 mU/ml	at	15 minutes,	follicle-	
stimulating	hormone	(FSH)	basal	value	was	8.23 mU/ml,	
FSH	peak	value	was	21.95 mU/ml	at	30 minutes,	the	ratio	

F I G U R E  1  Clinical	presentation		
and	genetic	analysis	of	pedigree	A.			
(a)	The	proband	of	pedigree	A:	
the	proband	manifested	relative	
macrocephaly,	mild	flat	nasal	bridge,	
low-	set	ears,	short	neck,	short	thumbs,	
and	pectus	excavatum.	(b)	BA	was	
5 years	and	6 months	by	x-	ray	imaging	
of	the	left	hand	(Chronological	age:	
8 years	and	8 months).	(c)	Pedigrees	of	
the	family:	the	proband	and	his	mother,	
maternal	grandfather	had	the	same	gene	
mutation.	(d)	The	gene	map	of	pedigree	
A:	the	proband	(Ⅲ-	1)	and	his	mother	
(Ⅱ-	2),	maternal	grandfather	(Ⅰ-	1)	had	the	
same	heterozygous	frameshift	mutation	
c.116dupT	(p.Arg40Glufs*51)	in	exon	3	
of	the	ACAN	gene,	while	the	father	(Ⅱ-	1)	
was	normal
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of	LH/FSH	peak	was	2.31,	indicating	precocious	puberty.	
BA	 was	 10  years	 old	 on	 the	 basis	 of	 x-	ray	 imaging.	 As	
shown	in	Figure	2a,	lateral	radiograph:	the	lumbar	spine	
was	slightly	lateralized.	The	physiological	curvature	of	the	
cervical	spine	became	straight,	cervical	4	and	5	were	par-
tially	fused,	and	the	intervertebral	space	between	them	was	
slightly	narrow.	Abdominal	ultrasound	revealed	an	intra-
hepatic	bile	duct	stones	(0.3 × 0.3 cm).	Cardiac	ultrasound	
and	 double	 kidney	 ultrasound	 were	 normal.	 Ultrasound	
of	uterine	and	ovary	showed	that	the	inner	diameter	of	the	
uterine	section	was	3.8 × 2.4 × 2.9 cm;	the	left	ovary	was	
3.0 × 1.6 cm,	the	right	ovary	was	2.6 × 1.3 cm;	and	the	left	
follicle	was	0.5 × 0.5 cm,	the	right	follicle	was	0.6 × 0.6 cm,	
indicating	 pubertal	 development.	 Pituitary	 MRI	 showed	
that	the	height	of	the	adenohypophysis	was	7.3 mm	and	
the	upper	edge	of	 the	pituitary	gland	was	slightly	raised	
as	 the	physiological	environment	changed.	The	patient’s	
karyotype	was	46,	XX,	9qh+.

We	identified	a	novel	heterozygous	frameshift	variant	
c.2367delC	(p.Ser790Glnfs*20)	in	exon	12	of	ACAN	gene	
of	the	proband	(Figures	2c	and	3a),	which	was	from	her	
mother	 (Figure	 2b).	 No	 variant	 was	 found	 in	 her	 father	
(Figure	2c).	The	variant	c.2367delC	was	determined	as	a	
suspected	pathogenic	variant	(PVS+PM2).

The	 patient	 had	 been	 treated	 with	 gonadotropin-	
releasing	 hormone	 analog	 (GnRHa)	 for	 1  year	 owing	 to	
precocious	puberty.	Her	height	increased	by	3 cm	in	this	
year.	The	latest	examination	showed	LH	was	0.42 mU/ml,	
FSH	was	1.55 mU/ml,	and	bone	age	was	11 years	(chrono-
logical	age	8-	year	and	9-	month	old),	and	she	started	to	get	

GH	treatment	recently	achieving	a	growth	rate	of	3.7 cm	
for	5 months.

4 	 | 	 DISCUSSION

Aggrecan	is	a	large	chondroitin	sulfate	proteoglycan.	The	
core	protein	of	aggrecan	contains	three	globular	domains	
(N-	terminal	G1	and	G2	domains,	C-	terminal	G3	domain),	
interglobular	domain	(IGD),	keratan	sulfate	domain	(KS),	
and	 chondroitin	 sulfate	 domain	 (CS;	 Figure	 3a).	 G1	 do-
main	 interacts	 with	 hyaluronan.	 G3	 domain	 binds	 to	
tenascins	 and	 fibulins	 through	 its	 C-	type	 lectin	 domain	
(CLD).	G2	domain	is	highly	conserved	during	evolution,	
while	 its	 biology	 function	 is	 still	 unclear	 (Gkourogianni	
et	al.,	2017).

Patients	 with	 ACAN	 variants	 have	 a	 wide	 spectrum	
of	 clinical	 phenotypes.	 Relevant	 studies	 were	 searched	
from	 PubMed,	Web	 of	 Science,	 Human	 Gene	 Mutation	
Database	 (HGMD),	 and	 Online	 Mendelian	 Inheritance	
in	 Man	 (OMIM).	 Seventy-	four	 ACAN	 variants	 includ-
ing	ours	are	 summarized	 in	Table	1.	As	Table	1	 shows,	
all	 patients	 with	 ACAN	 variants	 showed	 short	 stature,	
16%	 (12/74)	 ACAN	 variants	 only	 manifested	 short	 stat-
ure	 without	 other	 symptoms.	 Head	 and/or	 neck	 defor-
mities	 are	 the	 second	 common	 manifestations	 (Figure	
3b),	and	manifested	in	70%	(7/10)	of	children	born	small	
for	gestational	age	(SGA).	About	40.5%	(30/74)	of	ACAN	
variants	 were	 missense	 variants,	 27.0%	 (20/74)	 were	
nonsense	 variants,	 and	 24.3%	 (18/74)	 were	 frameshift	

F I G U R E  2  Lateral	radiograph	of	
the	proband	and	genetic	analysis	of	
pedigree	B.	(a)	Lateral	radiograph:	the	
lumbar	spine	was	slightly	lateralized.	
The	physiological	curvature	of	the	
cervical	spine	became	straight,	cervical	
4	and	5	were	partially	fused,	and	the	
intervertebral	space	between	them	was	
slightly	narrow.	(b)	Pedigrees	of	the	
family:	the	proband	and	his	mother	had	
the	same	gene	mutation.	(c)	The	gene	map	
of	pedigree	B:	the	proband	and	her	mother	
had	the	same	heterozygous	frameshift	
mutation	c.2367delC	(p.Ser790Glnfs*20)	
in	exon	12	of	the	ACAN	gene,	while	the	
father	was	normal
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variants	 (Figure	 3c).	 Most	 variants	 occurred	 in	 the	 G1	
and	G3	domains	(Figure	3d).	About	56.5%	(13/23)	of	the	
variants	that	occurred	in	IGD	and	G3	domain	exhibited	
osteoarthritis/osteochondritis	 (OA/OD),	 while	 no	 OA/
OD	 was	 observed	 in	 KS	 domain.	 Variants	 in	 CLD	 can	
affect	 articular	 cartilage	 and	 cause	 early	 onset	 arthritis	
(Nilsson	et	al.,	2014),	which	is	consistent	with	the	high-
est	number	of	OA/OD	in	G3 mutation	in	our	summary.	
Most	 children	 with	 ACAN	 gene	 variants	 had	 advanced	
BA,	some	children	had	normal	BA	or	delayed	BA.	As	our	
Table	1	indicates,	all	 frameshift	variants	 in	KS,	CS,	and	
G3	domain	presented	advanced	BA,	while	variants	in	G2	
mainly	 presented	 normal	 BA.	 In	 this	 study,	 the	 ACAN	
gene	 mutations	 were	 frameshift	 mutations	 in	 the	 G1	
domain	and	CS,	respectively	(Figure	3a),	and	obviously	
delayed	BA	was	observed	 in	 the	male	proband	of	pedi-
gree	A,	while	advanced	BA	was	observed	 in	 the	 female	
proband	of	pedigree	B.

Short	stature	 is	 the	most	common	phenotype,	mostly	
are	 family	 inheritance,	 some	 are	 sporadic.	 In	 a	 genetic	
testing	 study	of	428	 idiopathic	 short	European	children,	
6	children	had	ACAN	gene	variants	(Hauer	et	al.,	2017).	
A	study	of	218	Chinese	children	with	familial	short	stat-
ure	revealed	that	3	children	had	ACAN	gene	variants	(Hu	

et	al.,	2017).	These	studies	suggest	that	ACAN	pathogenic	
variants	 are	 common	 causes	 of	 ISS.	 Some	 children	 also	
showed	 OA/OD	 and	 protrusion	 of	 intervertebral	 disk.	
Florio	et	al.	reported	a	boy	with	ACAN	gene	variant,	pre-
sented	septic	arthritis,	which	further	suggested	that	ACAN	
variants	are	associated	with	the	joint	involvement	(Florio	
et	al.,	2019).	Genetic	testing	is	recommended	to	perform	
for	patients	whose	height	below	−3.00	or	−2.50 SDS,	with	
congenital	abnormalities,	facial	abnormalities,	and	abnor-
mal	bone	development	(Quintos	et	al.,	2015).

Wang	et	al.	 reported	 the	 first	patient	of	ACAN	variant	
with	precocious	puberty	(Wang	et	al.,	2020).	Aggrecan	is	a	
critical	 structural	component	of	growth	plate	encoded	by	
ACAN,	the	rate	of	growth	plate	chondrogenesis	is	regulated	
by	multiple	hormones	such	as	GH,	thyroid	hormone,	and	
sex	 hormones.	 Abnormally	 elevated	 sex	 hormones	 may	
occur	in	children	with	precocious	puberty.	In	our	study,	the	
female	proband	of	pedigree	B	showed	breast	development	
at	around	7 years	old,	and	bilateral	breast	was	at	stage	B4	
when	she	was	7 years	9 months.	Both	GnRH	stimulation	
test	and	uterine	ovarian	ultrasound	supported	central	pre-
cocious	puberty.	After	1 year	of	GnRHa	treatment,	her	sex	
hormones	 decreased	 to	 normal	 levels.	 But	 her	 height	 in-
creased	slowly,	and	her	BA	matured	by	1	year.	She	started	

F I G U R E  3  The	structure	of	ACAN,	different	phenotypes,	and	the	proportion	of	mutation	types	and	domains.	(a)	The	structure	of	
ACAN	and	the	locations	of	pathogenic	sequence	variants.	Structure	of	ACAN	is	shown	in	the	upper	row	with	exon	numbers	making	in	the	
blue	blocks.	Structure	of	the	aggrecan	protein	is	shown	in	the	lower	row	with	crucial	domains	drawing	approximately	to	scale.	(G,	globular	
domain;	IGD,	interglobular	domain;	KS,	keratan	sulfate;	CS,	chondroitin	sulfate;	EGF,	epidermal	growth	factor-	like	domain;	CLD,	C-	type	
lectin	domain;	CRP,	complement	regulatory-	like	domain).	(b)	Number	of	ACAN	mutations	with	different	phenotypes.	(c)	The	proportion	of	
ACAN	mutation	types.	(d)	The	proportion	of	ACAN	mutation	domains
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to	get	GH	treatment	recently.	This	is	the	second	patient	of	
ACAN	variant	with	precocious	puberty,	which	enriched	the	
possible	clinical	phenotypes	of	ACAN	gene	variants	though	
the	potential	pathogenesis	was	not	clear.

GH	 treatment	 or	 combined	 with	 GnRHa	 treatment	
is	 used	 to	 improve	 the	 final	 height	 of	 patients	 at	 pres-
ent.	 Most	 children	 have	 benefited	 from	 GH	 treatment,	
but	some	patients	showed	poor	GH	treatment	effect	(Xu	
et	al.,	2018).	In	our	study,	the	male	child	of	pedigree	A	was	
treated	with	GH	for	1 year	from	4 years	old,	and	his	height	
increased	 by	 9–	10  cm,	 which	 is	 satisfactory.	The	 female	
child	of	pedigree	B	was	treated	with	GH	combined	with	
GnRHa,	for	5 months	and	her	height	increased	by	3.7 cm.

In	 conclusion,	 our	 study	 revealed	 two	 novel	 variants	
of	ACAN	in	children	with	short	stature,	and	enriched	the	
genotype	and	possible	clinical	phenotypes	of	ACAN	vari-
ants.	 Future	 research	 would	 clarify	 the	 potential	 role	 of	
GH	therapy	or	combination	with	GnRHa	in	a	large	sample	
of	people.
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