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Abstract
Background: Congenital	 insensitivity	 to	 pain	 (CIP)	 conditions	 are	 a	 group	 of	
Mendelian	disorders	with	clinical	and	genetic	heterogeneity.	CIP	with	anhidrosis	
(CIPA)	is	a	distinct	subtype	caused	by	biallelic	variants	in	the	NTRK1	gene.
Methods: In	this	study,	six	families	with	CIPA	were	recruited	and	submitted	to	a	
series	of	clinical	and	genetic	examinations.	Whole-	exome	sequencing	and	whole-	
genome	sequencing	were	applied	to	perform	a	comprehensive	genetic	analysis.	
Sanger	sequencing	was	used	as	a	validation	method.
Results: These	patients	exhibited	phenotypic	variability.	All	probands	in	the	six	
families	were	positive	for	biallelic	pathogenic	variants	in	NTRK1.	Five	individual	
variants,	 namely	 NTRK1:	 (NM_002529.3)	 c.851-	33T>A,	 c.717+2T>C,	 c.1806-	
2A>G,	 c.1251+1G>A,	 and	 c.851-	794C>G,	 including	 three	 novel	 ones,	 were	
identified,	which	were	carried	by	the	six	patients	in	a	homozygous	or	compound	
heterozygous	way.	The	validation	results	indicated	that	all	the	parents	of	the	six	
probands,	except	for	one	father	and	one	mother,	were	monoallelic	carriers	of	a	
single	variant.
Conclusions: The	findings	in	our	study	extended	the	variation	spectrum	of	the	
NTRK1 gene	and	highlighted	the	advantage	of	the	integrated	application	of	mul-
tiplatform	genetic	technologies.
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1 	 | 	 INTRODUCTION

Congenital	Insensitivity	to	Pain	is	a	category	of	rare	con-
genital	 conditions	 mainly	 characterized	 by	 the	 inability	
to	 perceive	 pain	 (absence	 of	 nociception)	 (Schon	 et	 al.,	
2018).	 Patients	 with	 these	 conditions	 do	 not	 feel	 pain	
from	 any	 noxious	 stimuli,	 including	 inflammation	 and	
heat	(Goldberg	et	al.,	2007),	so	they	often	develop	finger-	
tip	and	oral	cavity	wounds	due	to	self-	mutilating	injuries	
in	childhood	and	bony	deformities	due	to	recurrent	frac-
tures	while	getting	older	(Schon	et	al.,	2018).	Additionally,	
they	 have	 an	 increased	 susceptibility	 to	 the	 infection	 of	
Staphylococcus aureus	 (Drissi	 et	 al.,	 2020).	 Assessment	
of	 the	 remainder	 of	 the	 peripheral	 and	 central	 nervous	
system	is	typically	normal	(touch,	vibration	and	position	
sense,	motor	functions,	and	deep	tendon	creflexes).

The	 prevalence	 of	 CIP	 phenotype	 is	 currently	 un-
known,	 while	 the	 genes	 associated	 with	 it	 have	 been	
identified	continuously	(Nahorski	et	al.,	2015).	Up	to	our	
knowledge,	 at	 least	 16  genes	 have	 been	 indicated	 to	 be	
CIP	 related,	 among	 which	 the	 NTRK1  gene	 is	 the	 most	
common	one	(Drissi	et	al.,	2020;	Indo,	2008;	Schon	et	al.,	
2018).	 NTRK1-	CIP,	 also	 known	 as	 CIPA	 or	 hereditary	
sensory	 and	 autonomic	 neuropathy	 IV	 (HSAN	 IV,	 MIM	
#256800),	is	caused	by	the	biallelic	pathogenic	variants	in	
NTRK1	and	is	distinctive	from	other	CIP	subtypes	by	the	
anhidrosis	symptom	and	susceptibility	to	recurrent	febrile	
episodes	(Indo,	2001).	Besides,	the	patients	of	CIPA	often	
exhibit	a	variable	degree	of	 intellectual	disability,	which	
enhances	 the	 difficulty	 in	 clinical	 diagnosis	 and	 often	
causes	misdiagnosis	(Caparros-	Martin	et	al.,	2017).

The	 NTRK1	 (MIM	*191315)	gene	encodes	 the	neuro-
trophic	tyrosine	kinase-	1	receptor	and	belongs	to	a	family	
of	 nerve	 growth	 factor	 receptors	 whose	 ligands	 include	
neurotrophins	(Indo,	2012),	which	play	an	important	role	
in	regulating	the	development	of	both	the	central	and	pe-
ripheral	 nervous	 systems	 (Bibel	 &	 Barde,	 2000).	 NTRK1	
contains	17	exons	spanning	25 kb	of	DNA,	of	which	exon	
9	is	alternatively	spliced	(https://www.omim.org/).	Since	
Indo	et	al.	initially	identified	NTRK1	as	the	causative	gene	
for	 CIPA	 (Indo	 et	 al.,	 1996),	 more	 than	 130	 pathogenic	
variants	including	nonsense,	splicing,	and	missense	have	
been	 detected	 (The	 Human	 Gene	 Mutation	 Database,	
HGMD	professional	v2019.4,	http://www.hgmd.cf.ac.uk/
ac/index.php).	There	 are	 different	 “hot-	spot”	 variants	 of	
NTRK1	 in	 various	 descents;	 for	 instance,	 the	 p.Pro621S-
erfs*12	 variant	 accounts	 for	 89%	 in	 Israeli	 Bedouins	
(Shatzky	 et	 al.,	 2000),	 whereas	 the	 p.Arg554Glyfs*104,	

c.851-	33T>A,	and	p.Asp674Tyr	variants	together	account	
for	more	than	70%	in	Japanese	(Indo,	2001).

Advances	 in	massive	parallel	 sequencing	have	acceler-
ated	 the	 discovery	 of	 novel	 NTRK1	 variants	 (Geng	 et	 al.,	
2018;	 Nam	 et	 al.,	 2017;	 Zhao	 et	 al.,	 2020).	 However,	 the	
genotype–	phenotype	correlation	of	CIPA	is	still	not	well	es-
tablished	due	to	the	heterogeneity	and	variability	of	its	clin-
ical	features,	and	the	shortage	of	in-	depth	functional	study	
of	specific	variations	(Li	et	al.,	2019;	Shaikh	et	al.,	2017).

In	the	present	study,	a	cohort	of	six	families	with	CIPA	
was	recruited	and	subjected	to	genetic	analysis.	All	caus-
ative	variants	 in	 these	cases	were	 identified	and	verified	
using	 a	 combination	 of	 various	 techniques,	 including	
WES,	 WGS,	 and	 Sanger	 sequencing.	 Our	 findings	 pro-
vided	solid	evidence	to	counseling	for	the	affected	families	
and	expanded	the	mutation	spectrum	of	NTRK1-	CIPA.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Patients

Six	 unrelated	 cases	 with	 suspected	 CIPA	 were	 recruited	
from	three	medical	 institutions	 (institution	2/4/5	on	 the	
title	 page)	 between	 January	 2017	 and	 November	 2020.	
These	families	were	all	from	northern	China	and	belonged	
to	the	Han	population.	Written	informed	consent	was	ob-
tained	from	all	patients	or	their	guardians.	A	comprehen-
sive	physical	examination	was	conducted	on	the	patients.	
Imaging	examination	with	X-	ray	was	also	performed.

2.2	 |	 Genomic DNA extraction

Three	 milliliters	 of	 peripheral	 blood	 was	 collected	 from	
participants	 by	 means	 of	 BD	 Vacutainer™	 tubes	 (BD	
Biosciences,	USA).	Genomic	DNA	was	extracted	using	the	
QIAamp	 DNA	 Blood	 mini-	kits	 (Qiagen	 Sciences,	 USA)	
according	 to	 the	 manufacturer's	 protocol,	 and	 the	 DNA	
quality	was	verified	by	1%	agarose	gels	and	Qubit®	DNA	
Assay	 Kit	 in	 Qubit®	 2.0	 Fluorometer	 (Life	 Technologies,	
CA,	USA).

2.3	 |	 Whole- exome sequencing (WES)

Briefly,	the	enrichment	of	the	exon-	region	sequence	was	
conducted	 by	 the	 Sure	 Select	 Human	 Exon	 Sequence	

K E Y W O R D S
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Capture	 Kit	 (Agilent,	 USA).	 The	 sequencing	 librar-
ies	 were	 quantified	 using	 the	 Illumina	 DNA	 Standards	
and	 Primer	 Premix	 Kit	 (Kapa	 Biosystems,	 USA),	 and	
were	 massively	 parallel-	sequenced	 using	 the	 Illumina	
Novaseq6000	platform.	After	sequencing	and	filtering	out	
the	low-	quality	readings,	the	high-	quality	reads	(%Q30	>	
89%)	were	compared	with	the	human	genome	reference	
sequence	[hg19].	The	GATK	software	was	used	to	identify	
suspected	 pathogenic	 variants	 (https://softw	are.broad	
insti	tute.org/gatk/).	 The	 variations	 were	 identified	 by	
sequence	alignment	with	 the	NCBI	Reference	Sequence	
(NG	 011537.1)	 using	 Chromas	 v2.33.	 The	 pathogenic-
ity	 of	 the	 identified	 variants	 was	 then	 assessed	 accord-
ing	 to	 the	 common	 guidelines	 issued	 by	 the	 American	
Association	of	Medical	Genetics	and	Genomics	(ACMG)	

(Richards	 et	 al.,	 2015)	 referring	 to	 multiple	 databases	
(1000g2015aug_eas,	 https://www.inter	natio	nalge	nome.
org/;	 ExAC_EAS,	 http://exac.broad	insti	tute.org;	 gno-
mAD_exome_EAS,	 http://gnomad.broad	insti	tute.org/);	
HGMD®:	Human	Gene	Mutation	Database	(Professional	
Version	 2019.4)	 with	 the	 Enliven®	 Variants	 Annotation	
Interpretation	(Berry	Genomics,	China)	system.

2.4	 |	 Whole- genome sequencing (WGS)

To	further	detect	the	other	diagnostic	variant	 in	one	case	
with	only	one	heterozygous	allele	detected	by	WES,	WGS	
was	 introduced.	 Briefly,	 the	 sequencing	 library	 was	 gen-
erated	 using	 the	 CLEAN-	NGS	 DNA	 kit	 following	 the	

F I G U R E  1  Representative	clinical	indications	of	patients	in	this	study.	(a)	Oral	image	of	patient	1.1 showing	mild	healing	wounds	to	
the	lip	and	tongue.	(b)	Patient	1.1’s	hands	showing	nail	bite	marks.	(c	and	d)	Patient	1.1’s	appearance	and	X-	ray	photographs	of	the	lower	
extremity	showing	typical	Charcot's	joint	formation.	(e	and	f)	Patient	3.1’s	X-	ray	photographs	of	lower	extremity	showing	treatment	for	
dislocation	of	the	right	hip

https://software.broadinstitute.org/gatk/
https://software.broadinstitute.org/gatk/
https://www.internationalgenome.org/
https://www.internationalgenome.org/
http://exac.broadinstitute.org
http://gnomad.broadinstitute.org/
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manufacturer's	 recommendations,	 and	 index	 codes	 were	
added	 to	 each	 sample.	 Afterward,	 the	 DNA	 sample	 was	
taken	and	enzymatically	disrupted	to	a	size	of	350 bp.	Then	
DNA	 fragments	 were	 end-	polished,	 A-	tailed,	 and	 ligated	
with	 the	 full-	length	adapter	 for	 Illumina	 sequencing,	 fol-
lowed	 by	 further	 PCR	 amplification.	 After	 PCR	 products	
were	purified	(AMPure	XP	system),	libraries	were	analyzed	
for	size	distribution	by	Agilent	2100	Bioanalyzer	and	quan-
tified	by	real-	time	PCR	(3 nM).	The	clustering	of	the	index-	
coded	samples	was	performed	on	a	cBot	Cluster	Generation	
System	using	Novaseq6000	S4	Reagent	Kit	(Illumina,	USA)	
according	 to	 the	 manufacturer's	 instructions.	 After	 clus-
ter	generation,	 the	DNA	 libraries	were	 sequenced	on	 the	
Illumina	 NovaSeq	 platform	 and	 150  bp	 paired-	end	 reads	
were	generated.	Clean	reads	were	compared	with	reference	
human	 genome	 (UCSC	 hg19),	 and	 the	 results	 were	 con-
verted	into	bam	format	and	sorted	by	SAMtools	software.	
Finally,	 basic	 information	 statistics	 and	 map	 comparison	
statistics	 were	 conducted.	 Subsequently,	 the	 annotation	
and	interpretation	progress	was	fulfilled	as	in	Section	2.4.

2.5	 |	 Sanger sequencing

The	suspected	diagnostic	variant	was	validated	by	Sanger	
sequencing	using	ABI	3730	Automated	Sequencer	accord-
ing	 to	 the	 manufacturer's	 protocol	 (Applied	 Biosystems,	
USA).	Primers	and	methods	for	Sanger	sequencing	can	be	
found	in	Supporting	Information.

3 	 | 	 RESULTS

3.1	 |	 Clinical findings

The	 representative	 images	 of	 patients	 were	 summarized	
in	 Figure	 1.	 And	 the	 clinical	 manifestations	 of	 the	 six	
probands	were	shown	in	Table	1.

All	patients	exhibited	 insensitivity	 to	pain	with	anhi-
drosis,	recurrent	unexplained	fever,	absence	of	reaction	to	
noxious	stimuli,	and	self-	mutilating	behaviors.	Apart	from	
patient	3.1,	all	of	the	other	patients	displayed	intellectual	
disability	and	irascibility.	Older	patients,	such	as	1.1,	have	
formed	“Charcot's	joint”	in	the	knee	due	to	past	fractures,	
resulting	in	limited	movement	and	having	to	undergo	sur-
gery.	Patient	1.1	exhibited	leukodystrophy;	and	3.1	exhib-
ited	dislocation	of	the	right	hip.

3.2	 |	 Genetic variations

Biallelic	variants	were	identified	in	all	of	the	six	patients	
(see	details	in	Table	2).	Validation	by	Sanger	sequencing	 T
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indicated	that	their	parents	were	all	carriers	of	one	single	
pathogenic	allele,	except	for	the	father	of	3.1	and	mother	
of	patient	4.1	(see	patients	3.2	and	4.3	in	Figure	2).	The	
parental	origin	details	of	the	variants	can	be	seen	in	Table	
2.	Five	various	variants	including	three	novel	ones	were	
detected	 (see	 representative	 sequence	 peak	 images	 in	
Figure	3).

The	 most	 commonly	 carried	 variant,	 c.851-	33T>A,	
was	present	in	five	patients	of	the	six,	namely	1.1,	2.1,	3.1,	
5.1,	and	6.1,	in	a	homozygous	or	compound	heterozygous	
way	(Figure	2	and	Table	2).	The	other	 four	NTRK1	vari-
ants,	namely	(NM_002529.3)	c.717+2T>C,	c.1806-	2A>G,	
c.1251+1G>A,	 and	 c.851-	794C>G,	 were	 detected	 in	 3.1,	
4.1,	 and	 6.1,	 respectively,	 in	 a	 compound	 heterozygous	
way	(Figure	2	and	Table	2).	Three	variants,	c.717+2T>C,	
c.1251+1G>A,	 and	 c.851-	794C>G,	 were	 novelly	 identi-
fied	in	this	study.	The	variant	c.851-	794C>G	harbored	by	
patient	 6.1	 was	 identified	 by	WGS,	 as	WES	 failed	 in	 de-
tecting	it.

4 	 | 	 DISCUSSION

Pain	 is	 essential	 in	 teaching	 us	 how	 to	 use	 our	 bodies	
optimally	 and	 avoid	 or	 respond	 to	 injuries,	 being	 per-
manently	 painless	 results	 in	 significant	 morbidity	 and	
mortality	(Drissi	et	al.,	2020).	To	date,	up	to	nine	genes	
have	 been	 identified	 to	 be	 associated	 with	 the	 human	

CIP	 phenotype	 (Drissi	 et	 al.,	 2020).	 Conditions	 caused	
by	these	genetic	defects	have	a	commonality	in	pain	in-
sensitivity,	 yet	 each	 has	 its	 own	 characteristics	 (Drissi	
et	al.,	2020).	NTRK1	is	the	first	identified	and	most	com-
mon	pathogenesis	among	these	genes.	To	the	best	of	our	
knowledge,	however,	the	HSAN	IV	it	leads	to	has	a	high	
phenotypic	overlap	with	at	least	two	rare	autosomal	re-
cessive	CIP	subtypes,	namely,	HSAN	V	(MIM	#608654)	
caused	 by	 NGF	 and	 HSAN6	 (MIM	 #616488)	 caused	 by	
PRDM12,	 mainly	 in	 the	 symptoms	 of	 anhidrosis	 and	
increased	 S. aureus	 infection	 risk	 (Chen	 et	 al.,	 2015;	
Einarsdottir	 et	 al.,	 2004).	 Therefore,	 in	 order	 to	 clarify	
the	 inheritance	 pattern	 of	 specific	 CIP/CIPA	 cases	 and	
to	evaluate	the	recurrence	risk	in	affected	families,	com-
prehensive	and	systematic	genetic	analysis	is	pivotal	(Li	
et	al.,	2019;	Zhao	et	al.,	2020).

In	this	study,	all	six	affected	children	not	only	showed	
typical	 CIPA	 phenotypes	 but	 also	 showed	 some	 degree	
of	 phenotypic	 heterogeneity,	 mainly	 in	 the	 presence	 of	
mental	 abnormalities	 or	 not.	This	 may	 be	 related	 to	 the	
degree	of	damage	caused	by	specific	variations	to	protein	
function	or	may	be	due	to	genetic	background	differences	
among	different	 individuals.	But	whatever	the	reason	is,	
further	functional	studies	are	needed.	Besides,	as	there	is	
an	ongoing	therapeutic	clinical	trial	for	NTRK1-	HSAN	IV	
(No.	NCT02424942,	https://www.clini	caltr	ials.gov/),	early	
detection	of	the	causative	variation	is	valuable	for	possible	
treatments.

T A B L E  2 	 NTRK1 gene	variation	characteristics	of	the	six	probands

Patients Variant Zygote
Pathogenicity (ACMGa 
evidence level) Parental origin

1.1 c.851-	33T>A Homozygote Pathogenic	(PS1	+	PS3	+	
PM2	+	PP4)

Both	father	(1.2)	and	mother	(1.3)	are	
heterozygous	carriers

2.1 c.851-	33T>A Homozygote Pathogenic	(PS1	+	PS3	+	
PM2	+	PP4)

Both	father	(2.2)	and	mother	(2.3)	are	
heterozygous	carriers

3.1 c.851-	33T>A Compound	
heterozygote

Pathogenic	(PS1	+	PS3	+	
PM2	+	PP4)

Mother	(3.3)	is	heterozygous	carrier

c.717+2T>C Likely	pathogenic	(PVS1	+	
PM2)

4.1 c.1806-	2A>G Compound	
heterozygote

Pathogenic	(PVS1	+	PM3_
Strong	+	PM2)

c.1251+1G>A Likely	pathogenic	(PVS1	+	
PM2)

Father	(4.2)	is	heterozygous	carrier

5.1 c.851-	33T>A Homozygote Pathogenic	(PS1	+	PS3	+	
PM2	+	PP4)

Both	father	(2.2)	and	mother	(2.3)	are	
heterozygous	carriers

6.1 c.851-	33T>A Compound	
heterozygote

Pathogenic	(PS1	+	PS3	+	
PM2	+	PP4)

Father	(6.2)	is	heterozygous	carrier

c.851-	794C>G Likely	pathogenic	(PM2	+	
PM3	+	PP3	+	PP4)

Mother	(6.3)	is	heterozygous	carrier

Note: NTRK1 gene	transcript:	NM_002529.3.
aACMG,	American	Committee	on	Medical	Genetics	and	Genomics	(Richards	et	al.,	2015;	PMID	25741868).

https://www.clinicaltrials.gov/
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The	genetic	etiology	of	six	probands	in	this	study	was	all	
clear,	which	are	biallelic	variants	in	NTRK1.	Intriguingly,	
all	 the	 variants	 we	 detected	 were	 in	 noncoding	 regions,	
either	 were	 splicing	 variation	 or	 in	 deep-	introns,	 which	
is	 inconsistent	 with	 the	 fact	 that	 missense	 mutations	
account	 for	 most	 of	 the	 previously	 reported	 mutations	
(http://www.hgmd.cf.ac.uk/)	 (Drissi	 et	 al.,	 2020;	 Indo,	
2008).	This	may	be	because	the	sample	size	of	our	study	
is	 relatively	 small	 and	 does	 not	 have	 universal	 signifi-
cance.	 We	 identified	 three	 novel	 variants,	 which	 were	
two	 splicings,	 c.717+2T>C	 and	 c.1251+1G>A,	 and	 one	
deep-	intronic	variant,	c.851-	794C>G.	The	last	one	was	not	
detected	by	WES	and	was	successfully	revealed	by	WGS,	
indicating	the	 importance	of	setting	a	more	comprehen-
sive	genetic	detection	strategy.	Combined	with	the	results	

of	this	and	previous	studies,	the	c.851-	33T>A	variant	has	
a	high	prevalence	in	East-	Asian	people	(Geng	et	al.,	2018;	
Li	et	al.,	2019;	Nam	et	al.,	2017;	Zhao	et	al.,	2020),	so	it	is	
worth	to	design	a	screening	kit	that	targeting	it	as	a	carrier	
screening	 product.	 In	 addition,	 two	 separate	 parents	 of	
two	probands	were	wild-	type,	which	is	rare.	We	inferred	
from	the	results	that	the	two	probands	(3.1	and	4.1)	may	
have	a	de	novo	variant	each,	but	we	also	could	not	rule	out	
the	possibility	that	their	parents	had	gonadal	chimerism	
(van	der	Martin	et	al.,	1995).	 If	so,	care	should	be	taken	
and	appropriate	advice,	such	as	prenatal	diagnosis,	should	
be	provided	when	assessing	the	family's	risk	of	recurrence	
of	future	pregnancy.

According	 to	 the	 research	 by	 Lee	 et	 al.	 (2009)	 and	
Altassan	 et	 al.	 (2017),	 NTRK1  gene's	 specific	 types	 of	

F I G U R E  2  Pedigree	schematics	of	the	six	families	in	this	study.	The	color	slashes	represent	the	carrying	status	of	each	variant,	and	their	
colors	are	consistent	with	the	block	referents	in	Figure	3a,b.	Black	arrows	represent	probands

http://www.hgmd.cf.ac.uk/
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variants	 are	 related	 to	 the	 severity	 of	 the	 phenotype.	
The	symptoms	of	mental	development	and	sweat	gland	
development	level	caused	by	specific	types	of	missense	
variants	 and	 splicing	 variants	 are	 “mild.”	 However,	
for	 the	 variants	 detected	 in	 our	 research,	 there	 is	 still	

insufficient	 evidence	 on	 the	 association	 between	 gen-
otype	 and	 phenotype.	 Therefore,	 a	 more	 in-	depth	 re-
search	 is	 required	 on	 these	 functional	 genes	 in	 order	
to	clarify	in	future	research	(Franco	et	al.,	2016;	Shaikh	
et	al.,	2017).

F I G U R E  3  (a)	The	sequences	of	five	detected	variants	are	illustrated	by	Sanger	sequencing.	Variant	c.851-	33T>A	was	exhibited	in	both	
homozygous	(Homo;	an	example	from	patient	1.1)	and	heterozygous	(Hetero;	an	example	from	patient	3.1)	patterns.	(b)	Schematics	of	the	
NTRK1 gene	and	its	product,	TrkA	peptide,	showing	the	locations	of	these	five	variants
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The	 limitation	of	 this	study	 is	 that	 the	sample	size	 is	
relatively	 small,	 and	 we	 have	 not	 carried	 out	 the	 func-
tional	 verification	 of	 the	 novel	 variations	 for	 the	 time	
being,	which	is	pivotal	 to	understand	the	impact	of	spe-
cific	NTRK1	variants	on	gene	expression	and	protein	func-
tion	and	will	be	arranged	in	the	subsequent	study	(Shaikh	
et	al.,	2017).

In	conclusion,	the	current	study	has	genetically	diag-
nosed	six	CIPA	cases	and	detected	bi-	allelic	variants	in	all	
patients	in	the	NTRK1 gene,	including	three	novel	unre-
ported	variants.	The	findings	of	 this	study	expanded	the	
mutation	 spectrum	 of	 NTRK1  gene	 and	 provide	 a	 solid	
evidential	 basis	 for	 genetic	 counseling	 and	 reproductive	
guidance	to	affected	families.
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