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Abstract

BACKGROUND: In the clinically and genetically heterogeneous group of tmedhary
spastic paraplegias (HSPs), mutations inSRA&ST gene are most frequently found and cause
a pure autosomal dominant form.

OBJECTIVE: To provide the clinical and genetic characteristidduich patients with HSP
due to aSPAST mutation (SPG4).

METHODS: SPAST mutation carriers were identified through a comprehensive national
database search. Available medical records were reviewed.

RESULTS: 151 mutation carriers carried 60 different changes irSBAST gene, of which
one was a known polymorphism and 27 were novel. Missense mutations egtrfeeguently
found (39%). Clinical information was available from 72 mutatiorries. Age at onset
ranged from 1 to 63 years with a bimodal peak distribution in the first decatdabove age
30. The predominantly pure spastic paraplegia was accomparniedlebp sensory
disturbances and sphincter problems in almost 50%. An additional hand tremauwasnf
10%. Patients with missense mutations and exon deletions did not revestinatide
phenotype.

CONCLUSIONS Dutch SPAST mutation carriers show a broad mutation spectrum, with 27
novel mutations in the present series. A bimodal peak distribution in agsettwas found
and an accompanying tremor as peculiar feature of SPG4. The patityger44L, the first

exon 4 mutation, and a possible autosomal recessive mode of inheritadise@ssed.

Key words: SPAST, novel mutations, tremor, exon 4, S44L
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I ntroduction

The hereditary spastic paraplegias (HSPs) constitute a genetically lamdallg
heterogeneous group of disorders of which the main clinical featuregeepsive lower limb
spasticity due to pyramidal tract dysfunction. The cardinal sigsslt from a “dying back”
degeneration of the corticospinal tracts and dorsal column, preaotly affecting axonal
transport of the longest fibers that innervate the lower extrerfiifiééeuro-imaging of HSP
patients can reveal spinal cord atrophy, mostly at the thoracic[#Jel.addition, corpus
callosum atrophy (although more common in autosomal recessive H&Whyaof the
cerebellum, and white matter lesions have all been found in HSP.[3,4]

If neurological signs are limited to the lower limbs, eventually acemnepl by urinary
urgency and mildly impaired vibration sense at the ankles, HSBsisified as “pure”.[5] In
contrast, HSP is classified as a “complicated” form if additior@lrological signs are
present, such as mental retardation, extrapyramidal signs, visuahclysf, epilepsy, or
systemic involvement.[5]

HSP may be inherited as an autosomal dominant (AD), an autosomal receBgive e X-
linked disease, with more than 40 loci identified.[6] AD transmission is wdden 70 to
80% of all HSP cases in Western countries.[7] Mutatior@#ST are responsible for about
40% of the AD-HSP cases and cause a predominantly pure HSP.[4] &venutations of
different types (missense, nonsense and splice mutations, deletidrissamions) along the
SPAST gene have been reporteéfPAST is a gene encoding the spastin protein, which is a
member of the AP-ases Asociated with various cellularchivities (AAA) family.[4] Both
the AAA-domain and the MIT(microtubule interacting and trafficking)-donwdithe SPAST
gene play an important role. Recent studies confirmed that spastin gesssaisrotubule-
severing activity, necessary for axonal transport.[8] A loss of functi®pastin due to a

SPAST mutation, could thus lead to axonal dysfunction.
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There is a broad clinical spectrum 8PAST mutations,even within families, and the
genotype-phenotype correlations remain largely uncleafurther expand our knowledge on
the phenotypic and genetic spectrumSBAST-linked HSP, we studied the mutations and
disease characteristics of a comprehensive cohort of CBRAST mutation carriers and

found some new features.

M ethods

Patients

The DNA diagnostic laboratory within the Dept. of Human Genetics of thdbéud
University Nijmegen Medical Centre (RUNMC) is the single national labgrab provide
SPAST mutation analysis for the Netherlands, being offered since 2000. Thusrealle to
identify all Dutch SPAST mutation carriers from a laboratory information system query.
Available medical records and imaging data were reviewedinicogenetic HSP-database
was composed containing clinical information from history, with the af onset as
mentioned by the patient, and neurological examination, combined with tlts mfsgenetic
testing and additional investigations (CT-MRI-EMG-laboratory-othere $tudy has been
carried out in the Netherlands in accordance with the applicalele concerning the review

of studies by research ethics committees and informed consent.

Genetic analysis:

Mutation analysis of th&PAST gene was performed by sequencing of the coding sequences
including flanking intronic sequences as well as multiplex ligation-depméngeobe
amplification (MLPA) assay in all patients, using the methods descpbeviously.[9,10]

NM_014946.3 was used as reference sequence, with nucleotide 1 correspondingy td the
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the start codon. If the results were indicated by multiple flankirdpes within the MLPA
test, they were considered as indicative for a true deletion. Tedsregué confirmed by an
independent test according to standard proesdubetermination of pathogenicity of point
mutations was obtained by an in silico approach using the predictiormp®&IFT (Sorting
Intolerance from Tolerance; http:/sift.jcvi.org), AligBVGD (http://avgd.iarc.fr/) and

POLYPHEN (Polymorphism Phenotyping; http://genetics.bwh.hardodoph/).[11,12]

Results

From July 2000 till July 2008, mutation analysis was performed in 1386hOpatients with
suspected HSP, in the presence or absence of affected family mentiesgelded 151 (i.e.
11%) positive carriers originating from 84 families. Five patiengsewsporadic. We had

sufficient clinical data from 72 carriers (from 47 families) tiady the phenotypic spectrum.

Genotypic spectrum

The 151 mutation carriers originating from 84 families were found toy &0 different

changes in th&PAST gene, one of which is a known polymorphism (p.Ser44Leu; see below

and the discussion). Overall, we found 23 missense mutations (39%), 10sgpliceitations
(17%), 9 small deletions (15%), 8 deletions of single or muliépens (14%), 6 nonsense
mutations (10%), 2 duplications (3%), and 1 insertion (2%) (Supl. tApleMutations
occurred throughout the whole gene. According to the internationatragiec database
(www.hgvs.org), we identified 27 nov8PAST mutations (Table 1). By MLPA analysis we
identified 8 different large exonic deletions in t8RAST gene, 3 of which are novel. Most
families showed private mutations. Some mutations were observed frequently, like

c.1174del (p.Ala392fs). All, but one, novel missense mutations are clustetied RAA-
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domain. The other mutation is located in the MIT (microtubule inteig@nd trafficking)

domain (Figure 1).

Phenotypic spectrum

The phenotype could be defined for 72 cases. Five of them were asyatiptS8RAST
mutation carriers (according to their history) and were not includedetermining the
phenotypic spectrum, apart from the tendon reflexes (tablen 2ptal, 47 distinct families
could be identified based on available family information.

The family history of these patients revealed an autosomal domindet@haheritance with
certainty in 72% of the 72 cases. Five cases were sporadic (6.9%). Imilyeafaautosomal
recessive mode of inheritance was observed, associated withug umissense mutation in
exon 14 (c.1600C>G: p.Leu534Val). The two affected siblings, who showed a pstie spa
paraparesis, were homozygous for the mutation, while the heterozygous coresaumgu

parents were fully asymptomatic at ages of 73 and 68 years (see alssctissidn).

The age of onset varied from 1 to 63 years (mean 33.4 = SD 18.3 years),oamd sh
bimodal distribution with a first peak in the first decade and arekpeak between 30 and 60
years (figure 2).

Most patients presented with gait difficulty (Table 2). The overall pgpeotvas that of a
slowly progressive, mostly pure spastic paraparesis with only littteocarm involvement.
Strength and tone of the upper limbs were almost always normal, buhtion teeflexes in
the arms were brisk in 61%. Mild cerebellar ataxia of the arms vesem in a few cases.
Ataxia of gait was more common; 32% of the patients presented with a spasticgait
and/or difficulty with tandem gait. Muscle tone of the lower limbs was incressadbost

patients (85%). Muscle strength was only mildly impaired or normal, with 80% e$ e&so
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demonstrated strength of at least MRC 4. The small group with a (lowbj nuscle
strength of less than MRC 4 showed a significant longer disease dyragan of 24 years)
compared to the group with a strength of at least MRC 4 (mean dus&tlnyears). Brisk
reflexes of the lower limbs were found in 95% with Babinski signs in 86% Zi 7
bilaterally). About one third of the patients used some sort of walkidg %% was
completely wheelchair bound.

Deep sensory modalities were disturbed in almost half of the patients. Milf¥gtion sense
was predominantly impaired. Bladder disturbances, predominantly urimgenay, were
present in 42% of the patients, and anal sphincter disturbances in 15 %

Swallowing problems were mentioned by 2 patients (3%), in whomdyédrthria was also
noticed.

Patients with missense mutations did not show a signifeztier age of onset (33.8 years vs.
33.3), compared to other types of mutations. In both the <35rage gnd in the >35 age
group we observed an approximately 40% proportion of missense mutatigpsctieely
38% and 43%, without a preference for the younger age of onset group. fical cli
presentation and the age of onset of the patients with an exonic deletismiasto those
with loss of function mutations, i.e. missense, nonsense and stgiceutations.
Neuro-imaging of the brain and the spinal cord was performed pat3énts. Eight (21%) of
these scans showed HSP-associated abnormalities: 4 patieatsdpdny of the spinal cord;
the others had atrophy of the cerebrum (n=1), cerebellum (n=1) himdcatpus callosum
(n=2). Unspecific white matter lesions (WML) were seen in 4 (10%) patiehtsywere at

that time aged 44 to 62 years.

Complex phenotype




peer-00557440, version 1 - 19 Jan 2011

Over one fifth (22%) of the patients presented with a relatively complex phenotype
(table 3), based on clinical and/or imaging features. The abnormalgiesmostly minor. A
mild tremor of the arms was present in 7/67 patients (10%). Thremisashowed a postural
tremor, three patients an intention tremor and one patient an actoor.tr& more severe
complex phenotype, based for example on the presence of mental i@taciadementia,

was rare.

Clinical data of the S44L family

We found one family in which the known p.Ser44Leu polymorphism is segregatong
additional pathogeni&PAST mutation was identified. The mother was heterozygous for this
variant and showed no signs or symptoms. The father was also heterodygopiesented
with sphincter problems at the age of five years. On examinatiomedgswere hypertonic
with increased tendon reflexes and Babinski's sign bilaterally.sbim, who was homozygous
for the p.Ser44Leu variant, presented with sphincter disturbances sikabat without any

difficulty of gait or abnormalities on examination (see also the dismo)s

Discussion

SPAST mutations comprise by far the most frequent form of autosomal dominasticspa
paraplegia (between 15 and 40% of AD-HSP’s).[4,13] Our cases repredddteadf all
requests forSPAST mutation analysis, but it should be kept in mind that these requests
emerged from an unselected cohort that included sporadic and even Yrodzddsive
paraplegia cases. A German study revealed S7AGT mutations in a comparable population

suffering from spastic paraplegia with or without a family history.[9]
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Here, we report a comprehensive overview of the phenotypic and gensipgaicum of all
identified SPAST mutation carriers in the Netherlands. Since the RUNMC is the only d¢entre
the Netherlands providin§PAST mutation analysis, this overview includes all kno#RAST
carriers in the Netherlands. The identification of I¥JAST mutation carriers results in a

prevalence of 0.92 carriers per 100.000 in the Netherlands.

Mutations

Of the 60 different changes in tBRAST gene identified, one was a previously described non-
pathogenic polymorphism (p.Ser44Leu), 59 were true mutations. WWecaldirmed the
existence of exonic deletions, which is consistent with findings recentlyteedf@3,14] In

our cohort, missense mutations were the most frequent (39%), followesplice site
mutations (17%) and small deletions (15%). Comparable figures were founa iather
studies.[15,16]

The most frequent mutation was a previously described mutation (cel),7¥dthe AAA
(ATP-ases Asociated with various cellularcfivities) domain.[16] This deletion results in a
frameshift after the alanine at position 392 and was found in 5 outfafr@des (6%).

A novel finding is the deletion of exon 4 in one family suffering from a wellhddfspastic
paraplegia. The pathogenicity of this mutation is not certaiSPAST is alternatively spliced.
Exon 4 is spliced out in one transcript, coding for a slightly shortened isoform
(NM_199436.1). The transcript without exon 4 is still in frame, andnbtsknown what the

functional consequences are of this deletion.

Mode of inheritance
In 7/84 (8%) families the mode of inheritance was uncertain, miiapty best fits with

incomplete penetrance of an autosomal dominant trait, or incongileieal assessment of

9
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the parents. Incomplete penetrance and reduced or delayedsexpyavhich is depending on
the age at the time of examination, have been described beforelatively high proportion
(24.1%) of SPAST mutation carriers.[17] In this Irish study even a case of true non-pecetra
was observed.

Five cases seemed sporadic (6.9%) which is due to a de novo mutatiomplete
penetrance, somatic mosaicism, non-paternity, or incomplete clinisaksmsent of the
parents. De novo mutations have beamtbin 6% of cases in an Italian study and in 12% in
a French study.[18,19] As we have not systematically investigdtddmily members, we
cannot further comment on our sporadic cases.

One family presented with a (pseudo-)recessive inheritance. Botmtgamgho were
consanguineous, had a heterozygous missense mutation, ¢.1600C>G (p.Leus@thmal)
signs or symptoms at ages 73 and 68 years, respectively. Their itd/@rchhomozygous
carriers of the mutation, presented with a pure spastic paraparesis,itho#im wnset at age
39 years. Both patients were tested negative for SPG7. There are sepdaahtions for
these findings. First, this mutation (c.1600C>G, p.Leu534Val) may lmmlgathogenic in a
homozygous state (thus representing a recessive disease). SkeanupositeSPAST allele
may in fact be (partly) deleted. The allele carrying the ¢.1600C>G mutatiold wuus
appear to be homozygous after sequencing. This, however, is veglyiabkboth parents are
carrier of the mutation. The third explanation is that the mutation m®rapathogenic
polymorphism. In that case, the diagnosis cannot be confirmediagdiye However, a
different heterozygous missense mutation affecting the same anmhesidue, ¢.1601T>C
(previous nomenclature in literature: ¢.1726T>C); p.Leu534Pro, é&s dbescribed causing
an autosomal dominant pure HSP.[20] The leucine to valine ehdngth nonpolar,
hydrophobic amino acids) is less dramatic than the leucine to prolamgeha moderately

polar, negatively charged amino acid with the additional capacityrto & hydrogen bond).

10



peer-00557440, version 1 - 19 Jan 2011

This could well explain the fact that L534P acts in a dominant wagreas L534V only has

a pathogenic effect when present in a homozygous statep.Tlkke@534Val concerns a
conservative change of a strongly conserved amino acid. Due to the highvatosethe
change is predicted to affect protein function by online predictiois tS8IFT and Align
GVGD (refs 1, 2)Also the fact that p.Leu534Val is located in the AAA domain, may cause it

to be pathogenic.[11,12]

SA4L

S44L (p.Serd4leu) is a relatively rare, but well-described noregattic polymorphism. In a
North American control population, the L44 allele was found in 0.6% ofichatls examined
and in a British control population even in 3.1%.[15,21] However, a ®la phenotypic
modifier is also attributed to S44L previously.[15,21]

One family in which this polymorphism is segregating was found in our sturatyfakher’s
disease, which is compatible with an early onset spastic paraplegidensaysed by an as of
yet unidentified mutation in one of the genes underlying pariaplsgggesting a role for
p.Serd44lLeu as a genetic modifier. This may include an unigehtnutation in a regulatory
or intronic region of SPAST. An English severely affected child with compound
heterozygosity for p.Pro36lLeu and p.Serdd4lLeu in 8RAST gene supports this
hypothesis.[22] Urinary urgency and frequency together with hyperreflexia weméatim
features in this family, comparable to our case. In case of co-oacartd anotheBSPAST
mutation, S44L would act via a gain of function mechanism angemoa primary ‘loss of
function’ effect caused by a different loss of function mutation wowin trans.[23] An
imbalance between short and long isoforms could be responsible for pathi@yen effect of
an isolated S44L mutation.[22]Jnother explanation could be that p.Ser44Leu shows a high

variability in phenotypic expression, rather than being a geneticfisrodiwo Norwegian

11
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families with HSP and a p.Ser44Leu polymorphism were describ#uwitbout an identified
pathological SPAST mutation.[24] Some of the family members were homozygous, others
heterozygous for the polymorphism, associated with or without calinsymptoms.
Development of a more severe disease duehtmrazygous mutation of S44L, as in the son

in our case, has been suggested before.[16]

Thus, rather than being completely non-pathogenic and innocent, it df®sluspected that
p.Serd44leu, under specific conditions, may cause a mild HSP phenwaitfp@ more severe

phenotype, when combined with a classiRAST mutation, or in a homozygous mutation.

Phenotype

The phenotype of gait difficulty due to a slowly progressive pure sppataparesis with
little or no arm involvement, accompanied by impairment of deeposemsodalities and
sphincter problems, is fully consistent with the phenotype as reportee litetfature.[15,16]
Compared to almost 42% bladder disturbances and 14.5% anal sptisttdsances in our
cohort, urinary urgency was only found in 21% of the British cases.[15]dIffesence may
be caused by the intensity of questioning rather than by a true ddéeralso the proportion
of patients who were wheelchair bound in our study (15%), is comparable with7%6
reported previously.[4] In contrast, swallowing problems and dysartivhich were present
in 2 of our 67 symptomatic patients (3%), have not been reporteadpsbyi

One-fifth of our patients had a, mostly mild, complex phenotype, adiitional signs or
symptoms not attributable to the pyramidal tract or dorsal columnsd ltamor was
observed in 10% o8PAST patients. A literature search did not reveal any recent repbrts
tremor inSPAST patients, but might have been overlooked clinically. In a family description
from 1963 a ‘slight intention tremor’ in four patients was mentionechasgygical feature of

AD-HSP.[25] The other additional neurological symptoms or signs foaral part of our

12
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cohort, such as neuropathy, epilepsy, mental retardatioshediar atrophy and thinning of
the corpus callosum have previously been describedPAST patients.[6] A mild form of
dementia, which has been described as an associated sympt8ASh patients, was
however only found in one of o @PAST patients.[26] Based on neuropsychological testing,
CSF findings and brain MRI in our patient, this cortical demeobuld be eithe PAST-

related or Alzheimer’'s dementia.

The mean age of onset in our cohort was 33.4 + 18.3 years, ranging frd@8 Ydars, with a
bimodal distribution showing a peak in the first decade and a secakdrmpthe &' till 6"
decade. A mean age of onset of 29-34 years with a comparable broad ranfpeiveain
previous studies.[15,16,17] However, a clear bimodal distribut®nyea describe, was not
found in these European studies and we clearly found more patientanngtle of onset in
the ' and &' decade (both 19%), compared to other reports. The challenges herasisess
the exact age of onset. Currently, this is estimated by carefahhtsking, but this method
may Yyield systematic error as many patients probably go through an phiéiaé in which

they do not yet experience symptoms, while hyperreflexia coulddglisapresent.

In the group with exonic deletions a similar phenotype was found irtuy, s in the group
with loss of function mutations caused by a base pair substitution or a smalbrdeleti
insertion, as previously has been described.[13,14] In contrast to othesstudi results do
not confirm the recently proposed hypothesis of an earlier onset of tlasalisten caused

by a missense mutation in the AAA domain.[10]

Spinal cord atrophy, as was found in 4 of our patients, has been desicrilSBAST

patients.[2] In the same study, MRI of the brain was normal and the ésilof the corpus

13
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callosum did not differ from healthy controls.[2] Another study alkowed atrophy of the
midthoracic cord, and in this study the corpus callosum was indgeificgintly smaller in
patients in comparison to healthy controls.[3] However, in that stothalh patients were
tested forSPAST mutations, but were merely diagnosed with pure HSP. On the contrary,
another study states that a thin corpus callosum is not associate&PA&Ehlinked HSP.[27]
We found 2 patients with a thin corpus callosum, supporting a possibleiatisso with
SPAST.

Four patients showed so-called unspecific WML on brain-MRI. It is predile whether this
finding is of any value, i.e. linked to HSP. It may be related & ag the youngest patient
with WML was 44 years old. The literature is also ambiguous. In somélyrotiter papers,
WML are indeed linked to HSP.[28,29] Others suggest that WML are na aoonmon in

HSP patients then in controls.[30] No age-matched comparisonyétalyeen conducted.

Conclusion

Dutch patients with HSP due taSRAST mutation show a broad mutation spectrum, with 59
different mutations identified of which 27 are novel. Clinicadlypredominantly pure spastic
paraparesis was observed, with a wide range of age at onset, consistethevitteports of
large populations dBPAST patients in Western countries.

Interestingly, a distincbimodal peak distribution of age at onset, at the first decade an
between 30 and 60 years of age, was found in the Dutch population. Cornparegiious
studies, an age at onset before 10 and after 50 years was relativeljraguent. Although
urinary urgency is frequently described in the literature, bladdel anal sphincter
disturbances were more common observed in this study and might have desrstimated.

As a complicating feature, a tremor was found in almost 10% of the patiendsyiee fehich

14
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needs more detailed investigation in future studies. The samesajagpaepossible autosomal
recessive mode of inheritance of the missense mutation in exon 140CAG:

p.Leu534Val), the role of the p.Ser44 Leu variant and of exon 4 wnsati
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Figure 1: Schematic figure showing the structural domain§&R#ST. Indicated are all
missense mutations identified in this study. Open circles indicate knownionataclosed
circles indicate novel mutations. All but one novel missense mutation wadedete the
AAA domain; the other mutation was detected in the MIT domain.

Figure 2: distribution (in %) of the age at onset in 67 HSP patient<SR&ST mutations,
with a peak of 19% with an age of onset before 10 years and a peak of 2646 ade of
onset between 40 and 49 years.
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No.

Exon/intron

cDNA (nucleotide
change)

Amino acid
change

Mutation
type

Effect

10

11

12

13

14

15

16

17

18

19

Ex 1

Ex 1

Ex 1

Ex 1

Ex 2

Ex 5

Ex 7

Ex7

Ex 7

Ex7

Ex 8

In8

Ex 9

In9

Ex 10

Ex 11

Ex 11

Ex 12

Ex 13

€.153C>G

¢.155_156dup

c.310del
€.328_340del

C.484G>A

€.790del

c.1061T>A

€.1066G>A

€.1069del

€.1093C>T

€.1144G>C

c.1174-2A>C

€.1220G>T

€.1245+1G>C

€.1266G>C

c.1334G>A

C.1378C>A

c.1444G>C

€.1500_1501insT

p.Tyr51X

p.Phe53fs

p.Alal04fs
p.Gly110fs

p.Vall62lle

p.His264fs

p.Leu354X

p.Glu356Lys

p.lle357fs

p.Pro365Ser

p.Gly382Arg

p.?

p.Ser407lle

p.?

p.Leud22Phe

p.Ser445Asn

p.Arg460Ser

p.Val482Leu

p.lle501fs

Nonsense

Duplication

Deletion
Deletion

Missense

Deletion

Nonsense

Missense

Deletion

Missense

Missense

Splice site

Missense

Splice site

Missense

Missense

Missense

Missense

Insertion

Premature termination
codon (PTC)

Frameshift leading to
downstream PTC

Frameshift leading to PTC
Frameshift leading to PTC

Conservative change in
residue conserved up to
frog; MIT domain

Frameshift leading to PTC
PTC

Non-conservative change
of a strong conserved
amino acid in the AAA-
cassette

Frameshift leading to PTC

Mutation in the AAA-
cassette that influences the
correct splicing of the gene

Non-conservative change
of a very strong conserved
amino acid in the AAA-
cassette

Influences the splice
acceptor of exon 9. A skip
is very likely.
Non-conservative change
of a conserved residue in
the conserved AAA-
cassette

Influences the splice donor
site of exon 9. A skip is
very likely.

Mutation of a conserved
residue in the conserved
AAA-cassette

Mutation of a conserved
residue in the conserved
AAA-cassette

Mutation of a conserved
residue in the conserved
AAA-cassette
Mutation of a conserved
residue in the conserved
AAA-cassette

Frameshift leading to PTC
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20

21

22

23

24

25

26

27

Ex 13

Ex 14

Ex 15

Ex 15

Ex 17

Ex 3-17

Ex 4

Ex 14-17

c.1534_1536del

€.1600C>G

€.1628dup

€.1685G>C

c.1817del

¢.503-?_1851+7del

c.587-?_682+7?del

c.1537-
?2_1851+2del

p.Glu512del

p.Leu534Val

p.Tyr544fs

p.Arg562Pro

p.Arg606fs

Unknown

Unknown

Unknown

Deletion

Missense

Duplication

Missense

Deletion
Exon
deletion
Exon

deletion

Exon
deletion

Influences the function of
the AAA-cassette domain

Mutation of a conserved
residue in the conserved
AAA-cassette

Frameshift leading to PTC

Mutation of a conserved
residue in the conserved
AAA-cassette

Frameshift leading to PTC

Deletion of major part of
the SPAST gene leads to
an unstable transcript

In frame deletion of 32
amino acid residues

Deletion of 3’ part of the
SPAST gene will lead to a
short and unstable
transcript

Table 1: List of 27 novel mutations identified in tB#eAST gene in our HSP cohort
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Characteristic

Characteristic

Men : women 3:2 | Atrophy lower limb (%) 5/43 (12%)
33.4+SD 18.3

M ean age at onset (years) (n=67) (range 1 to 67 years| Spastic gait (%) 47166 (71%)
46.2 + SD 16.7

M ean age at examination (years)

(range 1 to 72 years

Walking aid (stick or wheelchair) (%)

19/59 (32%)

Family history (%) Positive

67/72 (93%)

Wheelchair bound completely (%)

9/59 (15%)

M ental retardation/deterioration (%)

2167 (3%)

Reflexes upper limbs

Abnor malities of cranial nerves/brainstem (%) 6/62 (10%) Normal 25/66 (38%,
Eye movements 1/62 (2%) Brisk 40/66 (61%)
Optic atrophy 3/49 (6%) Decreased 1/66 (2%)
Speech 4/62 (7%) | Reflexes lower limbs
Swallowing 2/61 (3%) Normal 3/72 (4%)

Upper limb weakness (%) Brisk 68/72 (95%)
Absent (MRC 5) 57/60 (95%) Decreased 1/72 (1%)
Mild (MRC 4-5) 3/66 (5%) | Babinski sign 61/71 (86%)

L ower limb weakness (%) Bilateral 51/71 (72%
Absent (MRC 5) 29162 (47%) Unilateral 10/71 (14%
Mild (MRC 4) 21/62 (34%)| Ataxia (%)

Moderate (MRC 3) 6/62 (10%) Upper limb 8/52 (15%

Toneupper limb (%) Lower limb 8/45 (18%)
Normotonia 38/42 (90%) Gait 15/47 (32%
Hypertonia 4/42 (10%) | Superficial sensory modalities 6/66 (9%)

Tonelower limb (%) Deep sensory modalities 31/66 (47%)
Hypotonia 1/54 (2%) | Sphincter disturbances (%) 28/62 (45%)
Normotonia 7/54 (13%) Bladder (mostly urinary urgency) 26/62 (42%0)
Hypertonia 46/54 (85%) Anal 9/62 (15%),

Table 2: phenotypic characteristics inSRAST mutation carriers, among which 5 were
asymptomatic according to histoRC: Medical Research Council scale.
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| Number of patients n=67

Pure

Complicated

- tremor

- optic atrophy

- polyneuropathy

- thin corpus callosum
- mental retardation

- dementia

- epilepsy

- cerebellar atrophy

52 (77.6 %)
15 (22.4 %)
7 (10.4 %)
2 (3.0 %)
2 (3.0 %)
2 (3.0 %)
1 (1.5 %)
1 (1.5%)
1 (1.5 %)
1 (1.5 %)

Table 3: Pure versus complex phenotype of th8F8YST patients based on clinical and/or

imaging features.
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Neurol 255, 303
8 Ex 2 C.484G>A p.Vall62lle Missense novel
9 In3 c.586+9 586+1 Deletion Higgins (2001)
2del Neurology 56, 1482
10 Ex5 €.790del p.His264fs Deletion novel
11 In5 c.871-1G>A p.? Splice mutation Shoukier (2009) Eur J
Hum Genet 17, 187
12 In6 €.1004+2T>G p.? Splice mutation Fonknechten (2000)
Hum Mol Genet 9, 637
13 In6 €.1004+5G>T p.? Splice mutation Loureiro (2009) Acta
Neurol Scand 119, 113
14 In6 €.1005-2A>G p.? Splice mutation McDermott (2006)
Neurology 67, 45
15 Ex7 €.1048G>C p.Ala350Pro Missense Brugman (2005) Ann
Neurol 58, 865
16 Ex7 c.1061T>A p.Leu354X Nonsense novel
17 Ex7 c.1066G>A p.Glu356Lys Missense novel
18 Ex7 €.1069del p.lle357fs Deletion novel
19 Ex7 €.1082C>T p.Pro361Leu Missense Chinnery (2004)
Neurology 63, 710
20 Ex7 €.1093C>T p.Pro365Ser Missense novel
21 Ex8 €.1144G>C p.Gly382Arg Missense novel
22 1In8 €.1174-2A>C p.? Splice site novel
23 Ex9 c.1174del p.Ala392fs Deletion Fonknechten (2000)
Hum Mol Genet 9, 637
24 Ex9 c.1196C>T p.Ser399Leu Missense Meijer (2002) Arch
Neurol 59, 281
25 Ex9 c.1216A>G p.lle406Val Missense Schickel (2006)
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28 In9 €.1245+1G>C p.? Splice site novel
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43
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46

a7

48

49

50

51

52

53

54

55

56

57

In9

Ex 10

Ex 10

Ex 11

Ex 11

Ex 11

Ex 11

Ex 12

Ex 12

In12

Ex 13

Ex 13

Ex 13

Ex 14

Ex 15

Ex 15

Ex 15

Ex 15

In 15

In 16

Ex 17

Ex 17

Ex 17

Ex 17

Ex 1

Ex 2-17

Ex 3-17

Ex 4

Ex 8+9

€.1245+1G>A
€.1266G>C
€.1276C>G
€.1324G>T
€.1334G>A
c.1378C>A

c.1378C>T

c.1444G>C
c.1466C>T
€.1493+2_1493
+5del
c.1496G>A
€.1500_1501ins
T
€.1534_1536del

c.1600C>G

c.1625A>G
€.1628dup
c.1685G>A
c.1685G>C
€.1688-2A>G
c.1729-2A>T
c.1735A>C
c.1741C>T
c.1817del
c.1820G>A
c.1-?_415+7del
c.416-
?_1851+?del
¢.503-
?_1851+?del
c.587-

?_682+?del
¢.1099-

p.?
p.Leud22Phe
p. Leud26Val
p. Glu442X
p.Ser445Asn
p.Arg460Ser

p.Arg460Cys

p.Val482Leu
p.Pro489Leu
p.?
p.Arg499His
p.lle501fs
p.Glu512del

p.Leu534Val

p.Asp542Gly
p.Tyr544fs
p.Arg562GIn
p.Arg562Pro
p.?

p.?
p.Asn579His
p. Arg581Xx
p.Arg606fs
p.Trp607X
Unknown
Unknown
Unknown
Unknown

Unknown

Splice site
Missense
Missense
Nonsense
Missense
Missense

Missense

Missense
Missense
Splice site
Missense
Insertion
Deletion

Missense

Missense
Duplication
Missense
Missense
Splice mutation
Splice mutation
Missense
Nonsense
Deletion
Nonsense
Exon deletion
Exon deletion
Exon deletion
Exon deletion

Exon deletion

Svenson (2001) Am J
Hum Genet 68, 1077
novel

Fonknechten (2000)
Hum Mol Genet 9, 637
Brugman (2005) Ann
Neurol 58, 865

novel

novel

Falco (2004)
Neuromuscul Disord
14, 750

novel

Meijer (2002) Arch
Neurol 59, 281
Buerger (2000) Eur J
Hum Genetics

Park (2005) Arch
Neurol 62, 1118
novel

novel

novel

Brugman (2005) Ann
Neurol 58, 865
novel

Meijer (2002) Arch
Neurol 59, 281
novel

Hazan (1999) Nat
Genet 23, 296
Ivanova (2006) Clin
Genet 70, 490
Brugman (2005) Ann
Neurol 58, 865
Patrono (2005) Hum
Mutat 25, 506

novel

Patrono (2005) Hum
Mutat 25, 506
Depienne (2007) J
Med Genet 44, 281
Erichsen (2007) Eur J
Neurol 14, 809

novel

novel

Svenstrup (2009) J
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?_1245+7del

58 Ex9 c.1174-
?_1245+7del

59 Ex14- ¢.1537-
17 ?_1851+?del

60 Ex17 c.1729-
?_1851+?del

Unknown

Unknown

Unknown

Exon deletion

Exon deletion

Exon deletion

Neurol Sci 284, 90
Depienne (2007) J
Med Genet 44, 281

novel

Beetz (2007) Hum
Mutat 28, 739

Supplementary table 1. All mutations found in the Dutch cohort oSPAST mutation
carriers, including the 27 novel mutations found.
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