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Abstract
Purpose: Heterozygous	 pathogenic	 variants	 in	 SPAST	 are	 known	 to	 cause	Hereditary	
Spastic	Paraplegia	4	(SPG4),	the	most	common	form	of	HSP,	characterized	by	progres-
sive	bilateral	 lower	 limbs	 spasticity	with	 frequent	 sphincter	disorders.	However,	 there	
are	very	few	descriptions	in	the	literature	of	patients	carrying	biallelic	variants	in	SPAST.
Methods: Targeted	Sanger	sequencing,	panel	 sequencing	and	exome	sequencing	were	
used	to	identify	the	genetic	causes	in	9	patients	from	6	unrelated	families	with	symptoms	
of	HSP	or	infantile	neurodegenerative	disorder.
Results: We	describe	5	patients	with	pure	HSP	with	a	variable	age	of	onset,	mostly	in	
infancy,	and	4	patients	with	profound	intellectual	disability	and	progressively	worsen-
ing	 tetrapyramidal	 syndrome.	The	patients'	 parents,	 heterozygous	 carriers	of	patho-
genic SPAST	 variants,	 included	both	 asymptomatic	 carriers	 and	patients	with	 classic	
forms	of	SPG4.
Conclusion: Biallelic	variants	of	SPAST	may	explain	cases	of	hereditary	spastic	paraple-
gia	with	autosomal	recessive	inheritance.	Furthermore,	some	biallelic	variants	may	also	
cause	psychomotor	regression	with	an	infantile	neurodegenerative	disorder,	associated	
with	a	tetrapyramidal	syndrome,	a	new	phenotype	associated	with	the	SPAST gene.
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INTRODUC TION

Hereditary	spastic	paraplegia	(HSP)	is	a	heterogeneous	group	of	ge-
netic	disorders	characterized	by	progressive	spasticity	of	lower	limbs.	
The	most	 common	 type	 of	HSP,	 sporadic	 or	with	 autosomal	 domi-
nant	transmission	is	spastic	paraplegia	4	(SPG4,	OMIM#	182601)	[1],	
caused	by	heterozygous	pathogenic	variants	 in	SPAST	 [2].	Most	fre-
quent	symptoms	include	progressive	bilateral	spasticity	of	the	lower	
limbs,	sphincter	disturbance	and	impaired	vibration	sense	at	the	ankles	
defining	pure	HSP	[3,	4].	Complex	forms	of	HSP	with	associated	sei-
zures,	cerebellar	atrophy,	intellectual	disability,	peripheral	neuropathy	
and	other	neurological	symptoms	have	also	been	described	in	SPG4	
[5,	6].	The	age	at	onset	vary	both	between	and	within	families,	with	
two	peaks	between	birth	and	the	first	decade	and	between	the	third	
and	fifth	decades	of	life	[7,	8].	Intellectual	disability	can	sometimes	be	
associated	with	SPG4,	more	frequently	in	patients	with	an	earlier	age	
at	onset	[7,	9]. SPAST	gene	codes	for	spastin,	a	microtubule-	associated	
protein	 (MAP),	 which	 is	 a	microtubule-	severing	 enzyme	 [10].	 Some	
genotype–phenotype	correlations	have	been	proposed	in	SPG4,	with	
earlier	onset	for	missense	variants	located	in	the	AAA	domain	[7].

Although	the	phenotype	of	autosomal	dominant	SPG4	has	been	
widely	reported,	there	are	only	a	few	descriptions	of	carriers	of	bial-
lelic	variants.	The	hypomorphic	variant	S44L	[11] has been described 
as	a	 severity	 factor	when	 found	 in	 trans	of	a	pathogenic	variant	 in	
SPAST,	 with	 an	 earlier	 onset	 of	 symptoms	 [11].	 To	 our	 knowledge,	
there	are	only	three	descriptions	of	homozygous	pathogenic	variants	
in	the	literature,	associated	with	a	typical	pure	phenotype	of	SPG4	in	
one	case	[12]	and	with	a	more	severe	phenotype,	including	epilepsy	
and	progressive	psychomotor	deterioration,	in	two	families	[8,	13].

We	report	here	a	series	of	nine	patients	carrying	biallelic	variants	
in SPAST,	with	the	aim	of	better	describing	the	phenotypic	spectrum	
associated	with	this	rare	condition.	Indeed,	the	phenotypes	of	these	
patients	 vary	 dramatically	 in	 severity,	 ranging	 from	 classical	 pure	
HSP	to	infantile	neurodegenerative	disorder	with	spastic	quadriple-
gia,	an	under-	recognized	phenotype	associated	with	the	SPAST gene.

MATERIAL S AND METHODS

Patient's	 collection,	 variants	 detection	 and	 analyses	 are	 detailed	
in	Data	S1.	 Informed	 consent	was	obtained	 from	all	 individual	 par-
ticipants included in the study. This study has been approved by the 
appropriate	ethics	committee	(CHU	de	Bordeaux,	CPP	Sud	Ouest	et	
Outre	Mer	III)	and	has,	therefore,	been	performed	in	accordance	with	
the	ethical	standards	laid	down	in	the	1964	Declaration	of	Helsinki.

CLINIC AL AND GENETIC FINDINGS

Family A—Patient 1,2

Patients	1	and	2	were	born	from	first-	degree	cousin	consanguineous	
parents	(Figure 1a)	in	France,	from	gypsy	community.	Patient	1,	the	

elder	brother,	presented	with	psychomotor	delay	and	spastic	para-
plegia.	 At	 3 years,	 he	 presented	 generalized	 tonic–clonic	 seizures,	
with	 electroencephalographic	 abnormalities	 (generalized	 diffuse	
spike–wave	paroxysms)	and	was	treated	with	sodium	valproate	and	
clobazam.	He	experienced	psychomotor	regression	since	the	age	of	
18 months,	with	communication	regression,	losing	the	ability	to	sit,	
never	acquiring	 the	ability	 to	walk	and	evolving	 into	spastic	 tetra-
paresis,	leaving	him	bedridden	with	swallowing	difficulties	and	pro-
found	intellectual	disability.	He	died	of	aspiration	pneumonia	at	the	
age	of	21.	Cerebral	MRI	performed	at	age	7	revealed	diffuse	cerebral	
atrophy	and	T2	white	matter	hyperintensities	at	the	level	of	the	len-
ticulostriate	nuclei,	controlled	at	17 years	showing	diffuse	cerebral	
atrophy and lenticulostriate nuclei lesions stability.

His	brother,	patient	2,	was	monitored	during	pregnancy	with	
in-	utero	 cerebral	MRI	because	of	 his	 brother's	 pathology,	which	
showed	normal	results.	His	neurological	examination	was	normal	
at	 the	 age	 of	 3	 and	 6 months,	with	 only	 an	 extensor	 plantar	 re-
sponse	noticed	at	6 months,	which	can	be	physiological	at	this	age.	
He	had	 a	 psychomotor	 delay,	 acquiring	 sitting	 at	 11 months	 and	
progressed to spastic tetraplegia with psychomotor regression 
from	the	age	of	18 months.	At	the	age	of	2 years,	a	cerebral	MRI	
showed T2 white matter hyperintensities posterior to the ventric-
ular	junctions	and	at	the	level	of	the	centrum	semiovale,	without	
subsequent	 imaging	control.	At	the	age	of	14,	he	developed	par-
oxysmal	abnormal	movements	of	the	right	lower	limb,	suggestive	
of	myoclonia,	although	these	episodes	were	not	confirmed	by	an	
EEG	 recording.	 Interictal	 EEG	 showed	 slow	 background	 activity	
without	 paroxysms,	 but	 fast	 rhythms	 due	 to	 treatment	 by	 diaz-
epam.	He	died	at	the	age	of	15	from	pneumonia,	likely	related	to	
swallowing	difficulties.

Ten	 years	 later,	 their	 parents	 presented	 signs	 of	 pure	 spas-
tic	 paraplegia	 around	45 years	 for	 the	 father,	 and	53 years	 for	 the	
mother,	leading	to	the	identification	of	the	same	heterozygous	SPAST 
variant	c.447 T > A	(p.Tyr149*)	in	both	parents.	This	variant	had	pre-
viously	been	 identified	 at	 the	heterozygous	 state	 in	 a	 cousin	who	
also	displayed	progressive	spastic	paraplegia.	Subsequently,	Sanger	
sequencing	was	performed	on	stored	DNA	from	the	two	deceased	
brothers	revealing	homozygous	status	for	the	familial	variant.	Whole	
exome	sequencing	(WES)	was	also	performed	and	revealed	no	other	
variants	to	explain	their	phenotype.

This	variant	was	previously	described	as	pathogenic	 in	ClinVar	
(VCV000989091.1).	This	nonsense	variant,	 located	 in	the	MIT	do-
main	and	absent	from	the	control	population,	is	pathogenic	accord-
ing	to	the	ACMG	classification	 (PVS1,	PM2_supp,	PM3_supp,	PP1)	
(Table 1)	[14].

Family B—Patient 3,4,5

Patients	3,	4	and	5	belong	 to	a	 large	 family	with	multiple	consan-
guinity	loops	(Figure 1b)	from	Algeria.	Patients	3	and	4	are	siblings.	
They	developed	spastic	paraplegia	at	the	age	of	7 years	for	patient	3	
and	6 years	for	patient	4,	with	secondary	involvement	of	the	upper	
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limbs.	They	both	had	cerebral	MRI,	which	showed	no	abnormalities.	
Patient	3	presented	with	dysphonia	 and	patient	4	presented	with	
dysphagia	(age	at	onset	is	unknown).	Their	parents	did	not	show	any	
neurological	signs	or	gait	disturbance	at	63 years	for	their	father	and	
64 years	for	their	mother.

WES	identified	a	homozygous	variant	c.1076 T > C,	p.(Ile359Thr)	
in SPAST	in	patients	3	and	4.	This	variant	is	rare,	absent	from	control	
population,	located	in	the	AAA	domain	of	the	protein	and	affects	an	
amino	acid	conserved	up	to	Zebrafish.	In	silico	predictors	are	in	favor	

of	pathogenicity	(CADD	Phred	26,50,	REVEL	0,928)	(Table 1).	This	
variant	is	probably	pathogenic	according	to	the	ACMG	classification	
(PM1,	PM2_supp,	PM3_supp,	PP1_strong,	PP3_mod).

At	the	age	of	1 year,	patient	5	developed	spasticity	of	the	lower	
limbs,	with	pyramidal	syndrome.	His	neurological	examination	was	
normal	 in	 the	upper	 limbs.	He	was	able	 to	sit	up	at	9 months	and	
walk	at	15 months,	 and	no	psychomotor	delay	was	 reported	until	
now.	 He	 did	 not	 have	 epilepsy.	 He	 had	 a	 normal	 brain	MRI,	 but	
never had an electroencephalogram as he never presented clinical 

F I G U R E  1 Pedigree	of	families	A,	B,	C,	D,	E,	and	F.
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seizures.	His	parents	report	no	symptoms	of	HSP,	but	they	have	not	
been	examined	by	a	neurologist.	He	had	NGS	panel	sequencing	of	
HSP	genes,	showing	the	same	homozygous	variant	than	his	cousins,	
patients 3 and 4.

Family C—Patient 6

Some	partial	clinical	and	biological	 information	of	patient	6	have	
already	been	published	by	Varghaei	et	al	[8].	Here,	we	provide	fur-
ther	details	of	the	clinical	data.	She	was	born	to	consanguineous	
parents	 (Figure 1c)	 from	Canada.	She	 showed	no	delay	 in	motor	
acquisition,	 with	 sitting	 acquisition	 at	 6 months	 and	walking	 ac-
quisition	at	1 year,	but	 spasticity	and	 leg	weakness	were	already	
reported	during	walking	acquisition.	Later	in	childhood,	she	devel-
oped	 hypophonia,	 dysarthria	 and	 dysphagia	 leading	 to	 swallow-
ing	difficulties.	She	had	Special	Education	Needs	school,	without	
cognitive	 testing	 done.	 She	 had	 upper	 limb	 spasticity	 from	 the	
age	of	6.	At	age	18,	ability	to	walk	and	speak	was	lost,	with	last-
ing	gradual	worsening	of	motor	and	cognitive	features.	Brain	MRI	
was	performed,	normal	 (age	unknown),	but	no	EEG.	WES	 identi-
fied	the	pathogenic	homozygous	variant	c.153C > G,	p.(Tyr51*)	in	
SPAST.	This	nonsense	variant	is	reported	as	pathogenic	in	Clinvar	
(VCV001369382.7),	 absent	 from	 controls.	 This	 variant	 is	 likely	
pathogenic	 according	 to	 the	 ACMG	 classification	 (PVS1,	 PM2_
supp)	(Table 1).

Her	parents,	carriers	of	the	pathogenic	variant	in	a	heterozygous	
state,	had	normal	neurological	examination	in	adulthood	(precise	age	
at	examination	unknown).

Family D—Patient 7

Patient	7	comes	from	India	and	presented	with	global	developmen-
tal	delay,	epilepsy	onset	at	4 months	of	age	with	general	sharp	wave	
discharges	 on	 EEG	 at	 7 months,	 severe	 spasticity	 since	 8 months	
of	age	and	microcephaly	(49 cm,	−2.9SD,	manual	measurement).	At	
10 years	of	age,	she	presented	with	severe	intellectual	disability,	de-
velopmental delay and epilepsy; she was unable to stand and could 
only	speak	a	bisyllables.	Trio	WES	showed	a	homozygous	missense	
variant	c.467 T > C	p.(Leu156Pro)	in	SPAST,	inherited	from	each	par-
ent	(Figure 1d).	This	missense	variant	is	absent	in	the	control	popula-
tion,	affects	an	amino	acid	conserved	up	to	Zebrafish,	is	located	in	
the	MIT	domain	and	is	predicted	to	be	pathogenic	by	several	in	silico	
predictors	 (CADD	 Phred	 27.6;	 REVEL	 0.879)	 (Table 1).	 According	
to	 the	ACMG	classification,	 this	 variant	 is	 likely	 pathogenic	 (PM1,	
PM2_supp,	PM3_supp,	PP3_mod).

Family E—Patient 8

Patient	 8	was	 born	 in	 Algeria	 and	moved	 to	 France	 at	 8.	 She	 ac-
quired	walking	at	a	normal	age	but	presented	with	spastic	diplegia	TA
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in	infancy	(the	exact	age	of	onset	is	unknown).	She	lost	her	ability	to	
walk	at	the	age	of	17	and	is	now	wheelchair-	bound	(Figure 1f).	She	
had	a	normal	education.	Clinical	examination	at	the	age	of	38 years	
shows	increased	and	brisk	tendon	reflexes,	as	well	as	Babinski	sign.	
Possible	cognitive	deterioration	was	also	suspected,	without	availa-
ble	neuropsychological	testing.	Panel	sequencing	of	57	genes	of	HSP	
revealed	the	homozygous	probably	pathogenic	variant	c.1076 T > C,	
p.(Ile359Thr),	already	identified	in	patients	3,	4	and	5	(no	familial	link	
was	found	between	them).

Family F—Patient 9

Patient	 9,	 born	 from	 consanguineous	 parents	who	 are	 first	 cous-
ins	 in	France	 (Figure 1f),	 showed	abnormal	walking	 at	16 months,	
characterized	by	tiptoeing	and	inwardly	turned	feet,	accompanied	
by	frequent	falls.	He	had	normal	 language	development	with	first	
words	at	10 months	and	complete	sentences	at	3 years.	At	4 years,	
etiological	 investigations	 including	 cerebral	 MRI,	 somatosensory	
evoked	 potentials	 and	 biomarker	 assays	 (including	 immunoglobu-
lin	 levels,	 alpha-	fetoprotein,	 tocopherol	 and	very	 long-	chain	 fatty	
acids)	showed	normal	results.	At	5 years,	neurological	examination	
revealed predominant spasticity in the adductor and triceps sural 
muscles,	 knee	 flexion	 contractures	 and	 exaggerated	 osteotendi-
nous	 reflexes	 in	 both	 upper	 and	 lower	 limbs.	However,	 no	 upper	
limb	spasticity	was	observed	at	age	11,	with	lower	limb	symptoms	
remaining relatively stable.

Genetic	 analysis	 by	 panel	 sequencing	 of	 54	 genes	 associated	
with	HSP	at	age	5	revealed	a	homozygous	SPAST	variant	c.166C > T,	
p.(Pro56Ser),	 inherited	 from	 both	 parents.	 This	 variant,	 located	 in	
the	 N-	terminal	 domain,	 is	 absent	 in	 control	 populations	 and	 pre-
dicted	to	be	pathogenic	by	multiple	in	silico	predictors	(CADD	Phred	
23.9,	 SIFT	 Deleterious,	 Polyphen	 2	 probably	 damaging)	 (Table 1).	
The	variant's	significance	remains	uncertain	according	to	the	ACMG	
classification	(PM2_supp,	PM3_supp,	PP3_supp)	but	affects	a	con-
served	amino	acid	up	to	Zebrafish.

DISCUSSION

We	present	 the	 largest	 series	 of	 nine	 patients	 carriers	 of	 biallelic	
variants in SPAST,	 including	 three	patients	with	severe	 intellectual	
disability,	 associated	 with	 epilepsy,	 a	 new	 phenotype	 associated	
with SPAST. All nine patients had progressive lower limb spasticity 
and	the	majority	(6/9)	had	upper	limb	spasticity	(Table 2).	Four	of	the	
nine	patients	had	severe	intellectual	disability,	with	some	cognitive	
regression.	They	all	had	an	early	age	of	onset,	ranging	from	6 months	
to	7 years.

These	 different	 phenotypes	 are	 consistent	with	 the	 descrip-
tions	available	in	the	literature.	Cruz-	Camino	et	al.	described	two	
siblings	 of	 consanguineous	 parents,	 with	 epilepsy,	 degenerative	
psychomotor	regression,	limb	spasticity	with	extensor	plantar	re-
sponses	and	axial	hypotonia	[13]. They also had corneal opacity and 

dysostotic	bones.	WES	was	performed	in	only	one	child,	showing	a	
homozygous	nonsense	variant	in	SPAST	(c.1634C > G,	p.(Ser545*)).	
Their	 parents,	 heterozygous	 carriers	 of	 the	 variants,	 showed	 no	
signs	 of	HSP,	 but	 older	 family	members	 described	 signs	 of	HSP,	
with	autosomal	dominant	transmission	in	the	family.	WES	showed	
no	 other	 variant	 explaining	 dysostotic	 bones	 or	 corneal	 opacity	
but	 show	 a	 variant	 of	 unknown	 significance	 in	GABRA1.	De	Bot	
et	 al.	 described	 two	 brothers	 carrying	 a	 homozygous	 missense	
variant	in	the	AAA	domain	(c.1600C > G,	p.Leu534Val).	They	both	
presented	with	pure	spastic	paraparesis,	both	with	an	onset	at	the	
age	of	39 years.	 Their	 parents	 remain	 asymptomatic	 until	 an	 ad-
vanced	age	[12].

The SPAST	 gene	 encodes	 Spastin,	 a	 microtubule-	associated	
protein	 (MAP),	which	 is	 a	microtubule-	severing	 enzyme.	 Spastin,	
like	other	members	of	the	AAA	family,	has	ATPase	activity	through	
its	 AAA	 domain.	 The	 microtubule	 (MT)	 network	 is	 an	 essential	
structure	 for	 the	 proper	 functioning	 of	 neurons,	 particularly	 at	
the	axon	level,	where	it	helps	to	guide	exchanges	between	the	cell	
body	 and	 axonal	 terminals	 [15].	 By	 cutting	MT,	 Spastin	 contrib-
utes	to	the	formation	of	smaller	MT	fragments,	allowing	dynamics	
at	the	end	of	the	MT	network	for	synaptogenesis	[16,	17].	It	also	
helps	to	improve	MT	stability	by	incorporating	fragments	of	GTP	
tubulin,	 thereby	 limiting	depolymerisation	of	 the	network.	 Its	 lo-
calization	to	endoplasmic	reticulum	(ER)	and	lipid	droplets	(LD)	has	
been	associated	to	LD	metabolism,	membrane	remodelling	and	ER	
shaping	as	well	[18,	19].

The	pathogenic	mechanisms	of	SPAST	variants	are	not	yet	fully	
understood,	the	relative	predominance	of	 loss-	of-	function	variants	
in	SPG4	[7,	20]	suggests	that	haploinsufficiency	is	a	mode	of	patho-
genicity	in	SPG4.	However,	missense	variants	are	also	common	and	
cluster	 in	the	AAA	domain,	suggesting	a	dominant-	negative	mech-
anism.	 Indeed,	 functional	 assays	 have	 shown	 constitutive	 binding	
to	MT	and	defective	ATP-	ase	activity,	 leading	 to	deficiency	 in	MT	
severing	and	a	MT	disorganization	with	some	missense	variants	 in	
the	AAA	domain	of	Spastin	in	vitro	[10].	These	differents	pathogenic	
mechanisms could lead to genotype–phenotype correlations in pa-
tients carrying biallelic SPAST	 variants.	 Indeed,	 in	our	 study,	 three	
patients	 diagnosed	with	 severe	 intellectual	 disability	with	DEE	 or	
infantile	neurodegenerative	disorder	showed	homozygous	variants,	
either	loss-	of-	function	or	missense,	located	in	the	microtubule	inter-
acting	and	trafficking	(MIT)	domain	(Figure 2).	On	the	contrary,	the	
two	patients	published	by	Cruz-	Camino	with	DEE	had	variants	not	
located	to	the	same	domain	(AAA	domain).	Therefore,	further	inves-
tigations	should	be	carried	out	to	verify	the	underlying	mechanism,	
such	as	functional	studies	to	explore	the	consequences	on	the	MT	
network,	depending	on	the	type	of	variant.

Interestingly,	 our	 patient	 carrying	 the	 c.153C > G,	 p.(Tyr51*)	
homozygous	variant	is	the	first	carrier	with	an	expected	complete	
loss	of	function	of	M1-	spastin,	the	brain-	enriched	isoform	of	spas-
tin.	 This	 variant	 likely	 results	 in	 a	 complete	 loss	 of	M1-	spastin's	
ability	to	interact	with	the	ER	through	its	N-	terminal	domain	[21]. 
The	M87-	spastin	isoform	could	be	unaffected	in	this	patient,	sug-
gesting	 that	 alterations	 in	ER	and	LD	 functions,	without	 changes	



6 of 9  |     DEGOUTIN et al.

TA
B

LE
 2
 
Su
m
m
ar
y	
ta
bl
e	
of
	c
lin
ic
al
	d
at
a	
fo
r	t
he
	n
in
e	
pa
tie
nt
s.

Fa
m

ily
 A

Fa
m

ily
 B

Fa
m

ily
 C

Fa
m

ily
 D

Fa
m

ily
 E

Fa
m

ily
 F

TO
TA

L

Pa
tie

nt
 1

Pa
tie

nt
 2

Pa
tie

nt
 3

Pa
tie

nt
 4

Pa
tie

nt
 5

Pa
tie

nt
 6

Pa
tie

nt
 7

Pa
tie

nt
 8

Pa
tie

nt
 9

9

G
en
et
ic

SP
AS

T 
va

ria
nt

c.
44
7 
T 

>
 A
,p
.(T
yr
14
9*
)	

H
om
oz
yg
ou
s

c.
10
76
 T
 >
 C
,	p
.(I
le
35
9T
hr
)	

H
om
oz
yg
ou
s

c.
15
3C
 >
 G
,	p
.(T
yr
51
*)
	

H
om
oz
yg
ou
s

c.
46
7 
T 

>
 C
,	

p.
(L
eu
15
6P
ro
)	

H
om
oz
yg
ou
s

c.
10
76
 T
 >
 C
,	

p.
(Il
e3
59
Th
r)	

H
om
oz
yg
ou
s

c.
16
6C
 >
 T,
	

p.
(P
ro
56
Se
r)	

H
om
oz
yg
ou
s

N
eu

ro
de

ve
lo

pp
em

en
t

N
eo

na
ta

l h
yp

ot
on

ia
N

A
+

−
−

+
−

−
N

A
−

2/
7

Si
tt
in
g	
ac
qu
is
iti
on

+
+
	(1
1m
)

+
+

+
	(9
m
)

+
	(6
m
)

2y
 w

ith
 s

up
po

rt
+

+
	(5
 m
)

9/
9

W
al
ki
ng
	a
cq
ui
si
tio
n

−
−

+
+

+
	(1
5m
)

+
	(1
y)

−
+

+
	(1
6m
)

6/
9

D
ev
el
op
pe
m
en
ta
l	

re
gr

es
si

on
+

+
−

−
−

−
−

+
/−
	(p
os
si
bl
e	

co
gn
iti
ve
	d
ec
lin
e)

−
2/
9

In
te
lle
ct
ua
l	d
is
ab
ily

Se
ve
re

Se
ve
re

−
−

−
Se
ve
re

Se
ve
re

−
−

4/
9

N
eu

ro
lo

gy
A
ge
	o
f	o
ns
et

<
 3
y

6 
m

7y
6y

1y
1y

8 
m

U
nk
no
w
n,
	lo
ss
	o
f	

ga
it 

at
 1

7y
<
 1
6 
m

Lo
w
er
	li
m
bs
	

sp
as
tic
ity
	(A
O
)

+
+
	(1
1 
m
)

+
+

+
+
	(1
2 
m
)

+
	(8
 m
)

+
16
 m

9/
9

U
pp
er
	li
m
bs
	

sp
as

tic
ity

+
	(3
y)

+
+

+
−

+
	(6
y)

−
+

6/
9

C
er
eb
ra
l	M
RI
	

ab
no

m
al

ie
s

+
+

−
−

−
−

−
N

A
N

A
2/

7

Ep
ile

ps
y

+
+

−
−

−
−

+
	(o
ns
et
	a
t	4
 m
)

−
−

3/
9

M
ic

ro
ce

ph
ay

+
	(-
	3D
S)

+
N

A
N

A
N

A
N

A
+

N
A

−
3/

4

Fa
th

er
G
en
et
ic

c.
44
7 
T 

>
 A
	

he
te
ro
zy
go
us

c.
10
76
 T
 >
 C
	

he
te
ro
zy
go
us

N
A

c.
15
3C
 >
 G
	

he
te
ro
zy
go
us

c.
46
7 
T 

>
 	

C
he
te
ro
zy
go
us

N
A

c.
16
6C
 >
 T
	

he
te
ro
zy
go
us

Sy
m
pt
om
at
ic
	(a
ge
	

of
	o
ns
et
)

Pu
re
	H
SP
	a
t	5
0	
y

A
sy

m
pt

om
at

ic
 a

t 6
3 

y
N
or
m
al
	e
xa
m
in
at
io
n	

in
 a

du
lth

oo
d

N
ot

 s
ym

pt
om

at
ic

1/
3

M
ot

he
r

G
en
et
ic

c.
44
7 
T 

>
 A
	

he
te
ro
zy
go
us

c.
10
76
 T
 >
 C
	

he
te
ro
zy
go
us

N
A

c.
15
3C
 >
 G
	

he
te
ro
zy
go
us

c.
46
7 
T 

>
 C
	

he
te
ro
zy
go
us

N
A

c.
16
6C
 >
 T
	

he
te
ro
zy
go
us

Sy
m
pt
om
at
ic
	(a
ge
	

of
	o
ns
et
)

Pu
re
	H
SP
	a
t	5
5y

A
sy

m
pt

om
at

ic
 a

t 6
4 

y
N
or
m
al
	e
xa
m
in
at
io
n	

in
 a

du
lth

oo
d

N
ot

 s
ym

pt
om

at
ic

1/
3

A
bb
re
vi
at
io
ns
:	H
SP
,	H
er
ed
ita
ry
	S
pa
st
ic
	P
ar
ap
le
gi
a;
	m
,	m
on
th
s;
	N
A
,	n
ot
	a
va
ila
bl
e;
	y
,	y
ea
rs
.



    |  7 of 9BIALLELIC SPAST VARIANTS: PHENOTYPE SPECTRUM

to	microtubule-	severing	activities,	are	sufficient	to	cause	an	SPG4	
phenotype.	However,	quantitative	RT-	PCR	targeting	each	isoform	
in	patient	cells	should	be	performed	to	confirm	this	hypothesis.	It	
has	been	shown	that	genetic	variations	of	SPAST	have	more	dele-
terious	effects	on	the	M1	 isoform	than	on	the	M87	 isoform	[22],	
and	 indeed	we	observe	 a	 severe	 complex	HSP	phenotype	 in	our	
patient,	 including	 intellectual	 disability,	 neurodegeneration,	 and	
early	onset	at	12 months.

Most	of	the	parents	of	our	patients,	heterozygous	carriers	of	
SPAST	 variants,	 showed	no	 signs	 of	HSP.	However,	 few	parents	
benefit	from	neurological	examination,	and	with	the	possible	late	
onset	 of	 SPG4,	 they	 may	 become	 symptomatic	 with	 HSP	 later	
in	 life.	 In	family	A,	both	parents	and	other	family	members,	het-
erozygous	carriers	of	 the	 truncating	variant,	 suffered	 from	 late-	
onset	pure	form	of	SPG4.	In	this	family,	the	homozygous	brothers	
showed	 a	 severe	 phenotype	 with	 early	 infantile	 neurodegener-
ative	 condition.	 Interestingly,	 Cruz-	Camino	 et	 al.	 also	 described	
a	family	with	symptomatic	heterozygous	carriers	of	a	truncating	
variant,	 and	 severe	DEE	 in	 homozygous	 carriers.	 For	 these	 two	
truncating	variants,	the	severity	of	the	phenotype	was	correlated	
with	the	copy	number	(zygosity)	of	the	variant.	Conversely,	hypo-
morphic	variants,	which	may	not	have	clinical	 implications	when	
heterozygous,	 could	 potentially	 lead	 to	 HSP	 when	 present	 in	 a	
biallelic state.

To	further	these	investigations	and	more	accurately	describe	the	
cellular	effects	of	biallelic	SPAST	variants,	functional	assays	should	
be	performed	to	reveal	varying	effects	of	SPAST variants on the MT 
network	 and	 ER/LD	 functions	 depending	 on	 their	 pathogenicity	
when	present	at	the	heterozygous	vs.	homozygous	state.

CONCLUSION

In	this	study,	we	show	that	biallelic	variants	in	SPAST	lead	to	SPG4	
classical	 presentation.	 Alternatively,	 some	 SPAST biallelic variants 
can	lead	to	infantile	onset	neurodegenerative	disorder,	a	new	severe	
phenotype	associated	with	this	gene,	which	is	a	crucial	information	
for	 genetic	 counselling.	 Finally,	 a	 complete	 loss	of	 function	of	 the	
M1-	spastin	is	associated	with	a	complex	HSP	phenotype.
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F I G U R E  2 Diagrammatic	representation	of	the	SPAST	gene	and	the	localization	of	variants	relative	to	the	protein's	functional	domains	
of	interest.	The	different	functional	domains	are	represented	with	colours:	In	green	the	N-	ter	domain	(N-	ter),	in	yellow	the	Microtubule	
Interacting	and	Trafficking	domain	(MIT),	in	pink	the	Microtubules	binding	domain	(MTBD)	and	orange	the	AAA	domain	(AAA).	The	five	
different	SNVs	are	represented	according	to	their	position	in	SPAST,	with	missense	variants	in	blue	and	nonsense	variants	in	red.	The	N-	ter	
domain,	in	green,	is	only	present	in	the	M1-	isoform	of	the	protein.
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