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Abstract
Background: Hyaline	fibromatosis	syndrome	is	a	rare	autosomal	recessive	dis-
order	with	ANTXR2	mutations	characterised	by	the	accumulation	of	hyaline	sub-
stances	 in	 tissues.	 We	 present	 a	 case	 with	 the	 severe	 form—	infantile	 systemic	
hyalinosis	(ISH)—	with	long	survival	and	review	the	literature.
Methods and results: Trio-	exome	 sequencing	 revealed	 compound	 heterozy-
gous	mutations,	including	a	novel	4.41	kb	deletion	on	4q21.21	and	the	previously	
reported	c.1294C	>	T	mutation,	in	the	ANTXR2	gene.	He	was	diagnosed	with	ISH	
and	treated	symptomatically.	After	follow-	ups	until	4	years	of	age,	his	recurrent	
respiratory	infections	and	diarrhoea	improved	after	one	severe	diarrhoea	attack	
treated	with	intravenous	gamma	globulin.	He	is	now	awaiting	surgical	excision	
of	gingival	hypertrophy	and	joint	contractures.
Conclusion: The	novel	gross	deletion	in	ANTXR2	enriches	the	genetic	mutation	
spectrum	of	hyaline	fibromatosis	syndrome.	The	manifestation	of	decreased	foe-
tal	movement,	acute-	infection	attack	or	intravenous	gamma	globulin	treatment	
may	be	associated	with	hyaline	fibromatosis	syndrome.	A	review	of	116	reported	
cases	 reveals	 that	missense	mutations	 in	 the	vWA	domain	are	associated	with	
joint	symptoms,	respiratory	tract	infection	and	diarrhoea,	while	frameshift	muta-
tions	are	associated	with	facial	deformities	and	speech	delays.
We	have	enriched	the	current	knowledge	of	the	clinical	manifestations	and	ge-
netic	mutation	spectrum	of	HFS.
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1 	 | 	 INTRODUCTION

Hyaline	 fibromatosis	 syndrome	 (HFS)	 [MIN	 #22860]	 is	
an	 autosomal	 recessive	 condition	 characterised	 by	 the	
accumulation	of	hyalinising	fibrosis.	The	disease-	causing	
gene	 ANTXR2	 [MIM#	 608041],	 also	 called	 CMG2,	 is	 lo-
cated	on	chromosome	4q21	(Dowling	et	al., 2003;	Hanks	
et	al., 2003).	The	ANTXR2	gene	encodes	a	55-	kDa	type	I	
transmembrane	protein,	followed	by	an	extracellular	von	
Willebrand	 type	 A	 domain	 (vWA),	 an	 immunoglobulin-	
like	(Ig-	like)	domain,	a	transmembrane	(TM)	domain	and	
a	cytosolic	 tail	 (Bell	et	al., 2001;	Casas-	Alba	et	al., 2018;	
Sun	 &	 Collier,  2010).	 There	 are	 four	 classes	 according	
to	 the	 identified	 mutations	 (Deuquet	 et	 al.,  2012):	 Class	
I	 (missense	mutations	 in	 the	vWA	domain),	Class	 II	 (all	
other	missense	in	exons	1–	11),	Class	III	(all	frameshift	and	
probably	splicing	mutations	leading	to	deleterious	effect)	
and	Class	IV	(missense	mutations	in	the	cytosolic	tail).

HFS	 is	 characterised	 by	 cutaneous	 nodules,	 pearly	
papules,	perianal	plaques,	gingival	hypertrophy,	joint	con-
tracture	 with	 pain,	 intractable	 diarrhoea	 and	 recurrent	
infections	 (Casas-	Alba	 et	 al.,  2018),	 and	 has	 two	 forms:	
juvenile	hyaline	fibromatosis	(JHF)	and	infantile	systemic	
hyalinosis	(ISH).	JHF	has	a	mild	course	and	presents	clin-
ical	 features	 at	 2–	5	years	 with	 more	 prolonged	 survival	
(Çam	et	al., 2015).	ISH	is	the	life-	threatening	form	asso-
ciated	with	early	onset	in	infants	and	early	death	within	
2	years	(Lu	et	al., 2016;	Rahvar	et	al., 2016).	HFS	is	clas-
sified	 into	 four	grades	according	 to	 the	clinical	manifes-
tation:	Grade	1	(mild)	with	skin	or	gingival	involvement;	
Grade	2	(moderate)	with	joint	or	bone	involvement;	Grade	
3	(severe)	with	recurrent	infections,	persistent	diarrhoea	
or	other	symptoms;	and	Grade	4	(life-	limiting)	with	organ	
failure	and/or	septicaemia	(Denadai	et	al., 2012).

There	 is	no	 radical	 treatment	 for	HFS.	Early	 surgical	
excision	 of	 subcutaneous	 nodules	 and	 gingival	 hyper-
trophy,	 methotrexate	 and	 steroids	 to	 improve	 range	 of	
motion,	 penicillamine	 to	 narrow	 skin	 lesions	 and	 non-
steroidal	anti-	inflammatory	drugs	to	relieve	pain	are	the	
recommended	 clinical	 treatments	 (Denadai	 et	 al.,  2012;	
Shieh	et	al., 2006;	Urbina	et	al., 2004).	Herein,	we	report	
a	patient	with	ISH	lived	much	longer	than	average	with	a	
gross	deletion	in	exons	7–	17	and	a	missense	mutation	of	
the	ANTXR2	gene.

2 	 | 	 CASE REPORT

A	 Chinese	 male	 infant	 was	 born	 to	 healthy	 non-	
consanguineous	 parents.	 He	 was	 the	 second	 child	 and	
had	 no	 family	 history	 of	 ISH.	 His	 healthy	 older	 brother	
was	5	years	old,	and	his	mother	had	experienced	two	in-
duced	abortions.	His	mother	was	threatened	with	preterm	

labour	 at	 3  months	 of	 gestation	 and	 was	 treated	 with	
medication.	 Decreased	 foetal	 movement	 was	 observed	
during	pregnancy.	Foetal	hydronephrosis	was	diagnosed	
by	prenatal	ultrasound	screening.	The	boy	was	delivered	
by	caesarean	section	after	38	weeks	of	gestation	owing	to	
oligohydramnios,	 premature	 rupture	 of	 membranes	 and	
intrauterine	hypoxia.	No	hypoxia	was	observed	after	birth.	
When	 the	child	was	1-	month-	old,	he	developed	 increas-
ingly	restricted	movement	of	his	limbs.	From	2.5 months,	
he	began	crying	when	he	was	moved.	He	presented	with	
feeding	 problems	 and	 diarrhoea.	 Electromyography	 and	
magnetic	resonance	imaging	of	the	head	and	lumbosacral	
vertebrae	 produced	 normal	 results.	 SMA	 gene	 was	 ex-
cluded	before	the	visit.

The	 boy	 was	 referred	 to	 our	 clinic	 at	 4  months	 with	
hypoactivity,	 hypotonia	 and	 sensitivity	 to	 passive	 move-
ment.	 He	 had	 frontal	 bossing,	 a	 short	 nose,	 a	 depressed	
nasal	bridge	and	presented	with	a	papular	skin	rash	on	his	
hands	(Figure 1a).	He	was	diagnosed	with	myopathy	due	
to	hypoactivity	and	hypotonia.	He	had	an	increased	serum	
alanine	 aminotransferase	 level	 (61	U/L,	 normal	 range:	
0–	40	U/L)	 and	 mild	 hyperkalaemia	 (5.57	mmol/L,	 nor-
mal	range:	3.5–	5.5	mmol/L).	The	levels	of	2-	ketoglutarate	
and	citric	acid	 increased	owing	 to	 secondary	changes	 in	
urine	 mass	 spectrometry.	 Tests	 for	 anti-	dsDNA	 antibod-
ies	 (dsDNA)	 were	 positive.	 The	 creatine	 kinase,	 serum	
creatinine,	blood	glucose,	thyroid	function,	blood	gas,	co-
agulation	 function,	 syphilis	 antibody	 and	 blood	 tandem	
mass	spectrometry	data	were	normal.	Hydronephrosis	on	
the	 left	 side	 was	 diagnosed	 by	 ultrasound.	 Radiography	
revealed	bilateral	periosteal	hyperplasia	 in	 the	humerus,	
ulna,	femur	and	tibia;	a	thickened	cortex	in	the	left	clavi-
cle;	and	a	bony	process	at	the	upper	end	of	the	left	radius	
(Figure 1d–	g).

At	6 months,	the	infant	developed	flexion	contractures	
in	the	elbow,	hip,	knee	and	ankle	with	swollen	joints	and	
body	pain.	One	month	later,	hyperpigmentation	over	the	
bony	 prominences	 was	 observed	 (Figure  1b,c).	 He	 had	
experienced	 recurrent	 respiratory	 infections	 (one	 acute	
bronchitis	and	two	upper	respiratory	tract	infections)	and	
one	episode	of	diarrhoea.	He	was	treated	with	antibiotics	
for	 infections	and	probiotics	 for	diarrhoea.	The	subject's	
IgG	level	was	3.0 g/L	(normal	range:	3.7–	8.3 g/L),	CD3+%	
was	 57%	 (normal	 range:	 64%–	73%),	 CD8+%	 was	 23%	
(normal	range:	24%–	34%)	and	CD19+%	was	22%	(normal	
range:	 14%–	21%).	 Separation	 of	 the	 renal	 pelvis,	 spleno-
megaly	 and	 patent	 ductus	 arteriosus	 was	 detected	 using	
ultrasound.

At	 8  months,	 he	 failed	 to	 thrive	 with	 a	 weight	 of	
7.0  kg	 (<2	 SD).	 He	 could	 not	 raise	 his	 head	 or	 sit	 up	
unaided.	 Gingival	 hypertrophy	 was	 observed.	 His	 in-
telligence	was	similar	to	that	of	healthy	children.	Trio-	
exome	sequencing	(ES)	was	performed	with	the	parents'	
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informed	 consent.	 The	 data	 analysis	 was	 conducted	
using	 an	 in-	house	 pipeline	 (Yang	 et	 al.,  2019).	 ES	 re-
vealed	 a	 NM:058172.5:c.1294C	>	T	 p.(R432X)	 nonsense	
mutation	 in	 exon	 15	 of	 the	 ANTXR2	 gene	 from	 the	
mother,	 which	 introduced	 a	 stop	 codon	 in	 432	 amino	
acids	 that	 generates	 a	 truncating	 protein.	 There	 was	
also	a	4.41-	kb	deletion	in	4q21.21	from	the	father,	which	
predicted	 a	 premature	 stop	 codon	 in	 215	 amino	 acids	
generated	 by	 ANTXR2	 (Figure  2a).	 Sanger	 sequenc-
ing	 was	 performed	 to	 confirm	 the	 missense	 mutation	
(Figure  2b).	 Quantitative	 polymerase	 chain	 reaction	
(qPCR)	 was	 performed	 to	 identify	 the	 gross	 deletion	
(Figure 2c).	The	patient	had	a	compound	heterozygous	
mutation	in	ANTXR2	(Figure 2d).	Therefore,	the	diagno-
sis	of	ISH	was	confirmed.

At	 2	years,	 he	 experienced	 recurrent	 acute	 bronchitis	
or	pneumonia	3–	5	times	every	year.	Persistent	diarrhoea	
with	 loose	 stool	 6–	7	 times	 every	 day	 was	 developed.	 He	
was	 symptomatically	 treated	 with	 probiotics.	 At	 3	years,	
he	suffered	from	diarrhoea	with	severe	dehydration,	sei-
zure	and	a	coma.	He	was	treated	at	hospital	without	any	
improvement.	 He	 was	 withdrawn	 from	 treatment	 and	
taken	home	according	 to	his	parents'	will.	After	a	2-	day	
coma	at	home,	he	woke	up	and	recovered	gradually.	He	
was	 taken	 to	 the	 hospital	 and	 treated	 with	 intravenous	
gamma	 globulin	 (IVIg)	 due	 to	 his	 oedema,	 along	 with	
other	symptomatic	 therapies.	After	 this	acute	attack,	his	
diarrhoea	 improved	 with	 well-	formed	 stools	 2–	3	 times	

every	day.	He	had	a	good	appetite	and	rarely	suffered	from	
respiratory	infections.

In	the	last	follow-	up	at	4	years	of	age,	his	gingival	hy-
perplasia	led	to	facial	deformity.	Pearly	papules	around	his	
neck,	cutaneous	nodules	at	his	chest,	back	and	right	ear,	
hyperpigmentation	at	his	abdomen	and	back	with	recur-
rent	skin	infections,	and	perianal	plaques	were	observed	
(Figure 1h–	m).	His	joint	contractures	had	not	progressed	
after	1	year	of	age	(Figure 1n,o).	He	had	a	weight	of	7.2 kg	
(<4	 SD).	 He	 visited	 to	 our	 multidisciplinary	 treatment	
team	and	awaited	surgical	excision	of	gingival	hypertro-
phy	and	joint	contractures	to	relieve	symptoms	at	his	par-
ents'	wishes.

3 	 | 	 DISCUSSION

Murray	 first	 reported	 a	 patient	 with	 HFS	 in	 1873	
(Murray,  1873).	 The	 disorder	 occurs	 most	 frequently	 in	
Turkish,	Moroccan	and	Indian	people	owing	to	the	high	
rate	of	consanguineous	marriage	(Casas-	Alba	et	al., 2018;	
Chaudhry	 et	 al.,  2021).	 HFS	 can	 be	 diagnosed	 based	 on	
clinical	 characteristics,	 together	 with	 histopathology	 or	
genetic	 sequencing.	 Early	 diagnosis	 is	 difficult	 without	
the	typical	phenotype.

Our	patient	presented	with	restricted	movement	with	
pain,	 hypoactivity	 and	 hypotonia.	 Thus,	 he	 was	 diag-
nosed	with	myopathy	at	our	clinic.	We	then	launched	an	

F I G U R E  1  A	patient	with	infantile	systemic	hyalinosis	at	8 months	old	(a–	g)	and	4	years	old	(h–	o).	(a)	Papular	skin	rash	on	hands.	(b	
and	c)	Hyperpigmentation	over	prominent	of	lateral	malleolus.	(d–	g)	Periosteal	reaction	in	the	humerus,	ulna,	femur	and	tibia.	(h	and	i)	
Pearly	papules	around	neck.	(j	and	k)	Cutaneous	nodules	and	hyperpigmentation	at	chest	and	back.	(l)	Gingival	hypertrophy.	(m)	Perianal	
plaques.	(n	and	o)	Joint	contractures	of	foots.

(a) (d) (e)

(f) (g)

(b) (c)

(h)

(m)(l)

(k)(j)(i)

(o)(n)
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undiagnosed	disease	programme.	Trio-	ES	was	performed	
in	 his	 family;	 the	 pathogenic	 missense	 mutation	 in	 the	
ANTXR2	gene	from	the	mother	was	of	concern.	The	dis-
covery	of	one	mutation	was	insufficient	for	a	diagnosis	of	
the	 autosomal	 recessive	 disorder.	 Therefore,	 we	 further	
analysed	 the	 sequencing	 data	 according	 to	 our	 in-	house	
pipeline	for	copy	number	variation	(CNV)	detection	(Qian	
et	al., 2018).	There	was	a	4.41-	kb	deletion	in	the	ANTXR2	
gene	 from	 the	 father,	 which	 could	 not	 be	 detected	 by	 a	
routine	next-	generation	sequencing	pipeline.	The	deletion	
was	confirmed	by	qPCR.	According	 to	 the	discussion	 in	
the	multidisciplinary	 treatment	 team—	which	comprised	
representatives	from	the	neurology	department,	physiatry	
department,	 hepatology	 department	 and	 the	 centre	 for	
molecular	medicine—	ISH	with	compound	heterozygous	
mutations	of	ANTXR2	was	diagnosed,	and	 there	was	no	
indication	 for	 further	 biopsy.	 The	 clinical	 classification	
was	Grade	3	 in	 this	patient.	This	 is	a	case	of	gross	dele-
tion	covering	exons	7–	17	of	the	ANTXR2	gene.	Therefore,	
molecular	diagnosis	 is	useful	 in	patients	without	 typical	
manifestations	or	biopsy	results.

Our	 patient	 suffered	 from	 systemically	 involved	 per-
sistent	 diarrhoea,	 recurrent	 infections	 and	 failure	 to	
thrive,	 which	 were	 consistent	 with	 the	 features	 of	 ISH.	

Interestingly,	 his	 diarrhoea	 and	 infections	 greatly	 im-
proved	 after	 acute	 severe	 diarrhoea	 with	 dehydration,	
seizure	 and	 a	 coma	 and	 treatment	 with	 IVIg	 and	 other	
symptomatic	therapies.	After	that	he	had	a	good	appetite.	
Such	improvement	in	ISH	after	an	acute	attack	has	never	
been	 mentioned	 in	 other	 reported	 cases.	 Hanks	 (Hanks	
et	al., 2003)	found	that	ISH	patients	may	experience	less	
infections	and	pain	in	joints	if	they	live	longer	than	1	year	
of	age,	but	the	causes	of	these	changes	are	still	unknown.	
Whether	 the	acute	attack	of	diarrhoea	or	 the	IVIg	 treat-
ment	are	associated	with	these	changes	in	our	patient	re-
quires	further	study.

We	searched	the	PubMed	database	for	literature	pub-
lished	from	January	2000	to	May	2021	using	the	keywords	
“hyaline	fibromatosis	syndrome,”	“infantile	systemic	hya-
linosis”	or	“juvenile	hyaline	fibromatosis”	and	“ANTXR2”	
or	“CMG2”	without	language	restrictions.	In	total,	49	arti-
cles	reported	115	cases	with	clinical	features	and	molecu-
lar	diagnoses	(Table S1).	A	total	of	116	patients	(including	
the	 case	 in	 the	 present	 study)	 were	 included	 for	 further	
analysis.

There	were	81	of	116	patients	reported	the	informa-
tion	 of	 consanguineous	 or	 non-	consanguineous	 par-
ents.	A	total	of	53	patients	were	born	to	consanguineous	

F I G U R E  2  Clinical	presentation	and	molecular	characterisation	of	infantile	systemic	hyalinosis	family.	(a)	The	family	tree,	with	
trio-	exome	sequencing	for	the	proband	(black	arrow)	and	his	parents.	(b)	The	c.1294C	>	T	mutation	in	exon	15	was	confirmed	by	Sanger	
sequencing.	(c)	A	4.41	kb	deletion	on	4q21.21	was	detected	and	confirmed	by	q-	PCR.	(d)	Our	patient	with	compound	heterozygous	
mutations.

(a) (b)

(c)

Reference
sequence

Patient

Mother

Father

NM_058172.5:exon15:c.1294C>T(p.R432X)

(d)

A G       A C C A C       C T   C      G       A C      C C A       A A C       C

A G       A C C A C       C T        Y G       A C      C C A       A A C       C

A G       A C C A C      C T     C G      A C         C C A       A A C        C

A G        A C C A C      C T      Y G       A C        C C A       A A C        C

vWA lg-like TM Cytoplasmic tail

ANTXR2
protein

CN

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

ANTXR2
gene

3’5’

c.1294C>T

c. 637_866del
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parents.	 Among	 116	 patients,	 the	 commonly	 observed	
symptoms	 were	 joint	 contracture	 or	 stiffness	 (94%,	
109/116),	 gingival	 hypertrophy	 (79%,	 92/116)	 and	 cu-
taneous	nodules	(75%,	87/116),	 followed	by	osteopenia	
(67%,	 33/49),	 joint	 pain	 (53%,	 61/116),	 intractable	 di-
arrhoea	 (52%,	 60/116),	 failure	 to	 thrive	 (47%,	 55/116),	
osteolysis	(41%,	20/49),	perianal	plaques	(40%,	46/116),	
pearly	papules	(37%,	43/116),	hyperpigmentation	(35%,	
41/116),	 recurrent	 infections	 (30%,	 35/116)	 and	 thick-
ened	 skin	 (26%,	 30/116).	 No	 intellectual	 disability	 was	
mentioned	in	any	of	the	patients	(Figure 3).

There	are	61	mutations	reported	in	ANTXR2	up	until	
May	2021	(The	Human	Gene	Mutation	Database).	More	
than	 75%	 of	 the	 mutations	 are	 homozygous,	 and	 less	
than	 25%	 are	 heterozygous.	 Approximately	 half	 of	 the	
homozygous	 mutations	 were	 found	 to	 be	 deleterious.	
There	 are	 73	 of	 116	 patients	 with	 homozygous	 muta-
tions.	 We	 therefore	 performed	 genotype–	phenotype	
analysis	of	the	73	patients.	We	found	that	Class	I	(27%)	
and	 Class	 III	 mutations	 (63%)	 account	 for	 the	 major-
ity.	Patients	with	Class	I	mutations	all	suffer	from	joint	
contracture	 or	 joint	 stiffness	 (100%),	 much	 more	 than	
those	with	Class	III	(87%)	and	Class	IV	(50%).	Gingival	
hypertrophy	and	nodules	are	more	likely	to	be	present	in	
patients	with	Class	IV	mutations	(100%	and	100%)	than	
those	 with	 Class	 I	 (65%	 and	 70%)	 and	 Class	 III	 muta-
tions	(73.9%	and	60.9%).	Approximately	half	of	the	Class	
I	cases	were	systemically	involved	(persistent	diarrhoea,	
55%;	 recurrent	 infections,	 50%;	 failed	 to	 thrive,	 45%),	
whereas	 the	 Class	 III	 cases	 had	 fewer	 recurrent	 infec-
tions	(28%).	Class	I,	II	and	III	mutations	harbour	clinical	
classifications	of	Grade	2	to	Grade	4,	whereas	Class	IV	
mutations	harbour	Grade	1	to	Grade	3.	The	age	of	onset	
is	later	in	patients	with	Class	III	mutations	(8 months)	

than	that	of	patients	with	Class	I	(4 months)	and	Class	
II	 mutations	 (0  months).	 Consequently,	 we	 infer	 that	
Class	III	results	in	milder	symptoms	than	Class	I.	Class	
II	 may	 produce	 the	 severest	 form	 owing	 to	 its	 earlier	
onset.	 Class	 IV	 mutation	 with	 relatively	 late-	onset	 age	
produces	the	mildest	form	(Figure 4).

In	 our	 analysis,	 we	 found	 that	 facial	 deformities	 are	
overwhelmingly	present	 in	patients	with	Class	III	muta-
tions	(six	low-	set	ears,	four	prominent	ears,	four	depressed	
nasal	bridge,	three	proptosis,	two	deep-	set	eyes,	two	a	long	
face,	one	macrocephaly,	one	wide	nasal	bridge,	one	short	
nasal	 bridge,	 one	 prominent	 forehead)	 compared	 with	
other	 classes	 (one	 macrocephaly	 and	 one	 epicanthus	 in	
Class	I	mutations,	and	none	in	Class	II	and	Class	IV	mu-
tations).	We	therefore	infer	that	Class	III	mutations	may	
lead	to	facial	deformities.

Cognitive	 impairment	 is	 rarely	 reported,	 which	 is	
in	 accordance	 with	 the	 belief	 that	 the	 ANTXR2	 gene	
is	 minimally	 expressed	 in	 the	 brain	 (Bell	 et	 al.,  2001;	
Casas-	Alba	et	al., 2018).	To	date,	three	cases	of	HFS	with	
intellectual	 disabilities	 have	 been	 reported.	 One	 is	 a	
5-	year-	old	Turkish	boy	diagnosed	with	JHF	without	any	
genetic	information	(Çam	et	al., 2015),	and	the	other	two	
are	Chinese	twins	diagnosed	with	ISH	with	compound	
heterozygous	variants	(Yang	et	al., 2021).	Whether	intel-
lectual	impairment	in	HFS	is	related	to	ANTXR2	muta-
tions	remains	unknown.	Speech	delay	has	been	reported	
in	the	three	cases.	One	was	a	JHF	patient	and	two	were	
twins	diagnosed	with	ISH	(Koonuru	&	Venugopal, 2015;	
Youssefian	 et	 al.,  2017).	 Genetic	 testing	 revealed	 that	
these	patients	harboured	Class	III	mutations.	Therefore,	
we	suggest	that	Class	III	mutations	are	associated	with	
language	difficulties.	Additional	case	studies	are	needed	
for	confirmation.

F I G U R E  3  The	percentage	of	clinical	
manifestation	in	116	patients	diagnosed	
with	hyaline	fibromatosis	syndrome.
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Decreased	 foetal	 movement	 during	 pregnancy	 was	 re-
ported	in	our	case	as	well	as	another	two	cases	with	frameshift	
mutations	(Vahidnezhad	et	al., 2015;	Youssefian	et	al., 2017).	
ISH	usually	results	in	symptoms	shortly	after	birth.	The	find-
ing	of	decreased	foetal	movement,	affected	by	a	large	number	
of	factors,	is	expected.	Further	observations	during	pregnancy	
are	required	to	clarify	the	age	of	onset	of	HFS.

Herein,	we	describe	an	ISH	patient	with	a	gross	de-
letion	 in	 exons	 7–	17	 and	 a	 missense	 mutation	 of	 the	
ANTXR2	 gene.	 We	 have	 thereby	 enriched	 the	 current	
understanding	of	 the	clinical	 features	and	genetic	mu-
tation	spectrum	of	HFS.	The	prevalence	of	ISH	is	twice	

that	of	JHF.	Class	I	mutations	are	associated	with	joint	
symptoms	and	are	systemically	 involved.	Class	III	mu-
tations	 may	 be	 associated	 with	 facial	 deformities	 and	
speech	 delays.	 Decreased	 foetal	 movement	 widens	 our	
knowledge	of	HFS.

AUTHOR CONTRIBUTIONS
YZ,	 XD,	 LS	 and	 DW	 collected	 the	 data.	 Yunqian	 Zhu	
drafted	this	manuscript.	BW	analysed	the	genetic	data	and	
confirmed	phenotype	genotype	correlation.	HW	and	BW	
reviewed	the	manuscript.	All	authors	read	and	approved	
the	final	manuscript.
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correlation	in	73	patients	with	
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