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SPGI11 Mutations Associated With a Complex Phenotype
Resembling Dopa-Responsive Dystonia
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Abstract: Background: The aim of this study was to describe a case of hereditary spastic paraplegia (HSP)
resulting from SPGI1 mutations, presenting with a complex phenotype of dopa-responsive dystonia (DRD),
diagnosed using whole exome sequencing (WES). HSP resulting from SPGI1 typically presents with spasticity,
cognitive impairment, and radiological evidence of thin corpus callosum. Initial presentation with DRD has not
been previously reported on. Methods: This 11-year-old boy with delay in fine motor skills, presented at
8 years of age with progressive, generalized dystonia with diurnal variation, bradykinesia, and stiff gait. There
was marked improvement in dystonia with levodopa, but he soon developed wearing-off phenomenon and .-
dopa-induced dyskinesia. Family history was unremarkable. Results: Brain MRI showed thinning of the
anterior corpus callosum with periventricular white matter changes. ?°l-ioflupane single-photon emission
coupled tomography showed bilateral severe presynaptic dopamine deficiency. WES identified
transheterozygous allelic variants in the SPGI1 on chromosome 15, including a truncating STOP mutation
(p.E1630X) and a second heterozygous coding variant (p.L2300R). Dystonia improved with globus pallidus
internus (GPi) DBS surgery. Conclusions: HSP resulting from SPGI11 should be considered in the differential
diagnosis of a patient presenting with DRD, parkinsonism, and spasticity. This case expands the HSP
genotype and phenotype. GPi DBS may be a therapeutic option in selected patients.

ing juvenile-onset parkinsonism™~ and, rarely, dystonia
(Table 1).>>7'° Other HSPs can rarely have dystonia or

Hereditary spastic paraplegia (HSP) is a clinically and genetically

heterogeneous  neurodegenerative  disorder  characterized

predominantly by progressive weakness and spasticity of the lower
limbs.! HSP can present with spasticity alone (uncomplicated) or
spasticity associated with other neurological and non-neurologic
features (complicated or complex). To date, 72 different spastic
gait disease loci have been identified, and 55 spastic paraplegia
genes have already been cloned, which include autosomal-domi-
nant, autosomal-recessive, and X-linked forms of HSP.?

HSP resulting from SPG11 mutations is a common cause of
autosomal recessive HSP, which typically presents clinically
with spasticity, cognitive impairment, and peripheral neuropa-
thy. Radiologically it is characterized by thinning of the corpus
callosum (TCC) and periventricular white matter changes.®"
However, there is increasing recognition that mutations in

SPG11 can cause heterogeneous clinical manifestations, includ-

parkinsonism.?

Dopa-responsive dystonia (DRD) is characterized by child-
hood-onset dystonia, diurnal fluctuation of symptoms, and a
dramatic response to levodopa therapy.'' Parkinsonian features
may appear later in the course of the disease and in adult family
members. A minority of patients may have hyperactive deep ten-
don reflexes and an apparent extensor plantar response.'> The
majority of reported cases of DRD have been a result of muta-
tions in genes that encode enzymes involved in the endogenous
dopamine biosynthesis pathway, such as GTP cyclohydrolase
(GCH-1) deficiency, as well as tyrosine hydroxylase (TH) and
sepiapterin reductase deﬁciency.13 There are other rare causes of
the DRD phenotype, which include 6-pyruvoyl-tetrahydropter-
in synthase cleﬁciency,14 PARK2,"®> SCA3,'® and ATM."
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Here, we describe a unique case of HSP associated with
SPG11 mutations, diagnosed by whole exome sequencing
(WES), that presented with a phenotype of dopa-responsive

dystonia, spasticity, and parkinsonism.

Case Report

An 11-year-old boy was initially evaluated at our clinic because
of abnormal posturing of the limbs. He was born full term, but
his birth was complicated by fetal distress and bilateral pneumo-
thorax, followed by chronic interstitial pulmonary dysfunction,
which improved over the next few years. He had some delay in
motor milestones, but with intensive physical therapy, he was
able to run and walk well, although he continued to have mild
impairment in fine motor function.

At 8 years of age, he started to drag his left leg while walking
and developed similar symptoms in the right leg a few weeks
later. He had abnormal posturing of the left arm characterized
by abduction of the shoulder as well as flexion at the elbow
with the arm behind the head. Subsequently, he developed
abnormal posturing of the right arm. Jerky tremor was also
noticed bilaterally in the hands while reaching to grab objects.
Over time, he also developed bilateral upper-extremity rest
tremor. His gait became stift and he developed postural instabil-
ity and near falling. At the beginning the patient’s parents
noticed marked diurnal variation in his symptoms: He was gen-
erally well upon awakening and became progressively worse by
the end of the day. His symptoms also improved after a nap.
Within 1 year, his condition progressed such that he became
increasingly dependent on a wheelchair. He also developed
urinary incontinence. In addition to progressive motor and
autonomic symptoms, he exhibited attention deficit hyperactiv-
ity disorder (ADHD), obsessive-compulsive disorder, and
anxiety. In 2011, at the age of 9 years, he was suspected to have
DRD and was given a trial of carbidopa/t-dopa (25/100 mg
three times a day) resulting in marked improvement in all
motor symptoms. However, within a few months, he experi-
enced wearing off, requiring increased frequency of L-dopa
doses to four times daily.

The patient was first evaluated at our clinic in 2013 at the
age of 11. He was examined 2 hours after the last dose of
L-dopa while in the ON state (see Video 1). There was evi-
dence of irregular jerky movements of the head and trunk at
rest, which worsened with movement. He also had irregular
jerky movements of both arms on finger-to-nose maneuver
and in posture holding, suggestive of dystonic tremor. He had
dystonia in both arms, worse on the left with flexion of the
wrist and fingers, and extension of the fingers on the right.
Fine finger movements were slow and deliberate without
decrementing amplitude. There was extension of the left leg
with eversion and slight extension of the foot, especially at
rest. Five and a half hours after the last dose of 1-dopa while
in the OFF state (see Video 1), the patient had marked wors-
ening of dystonia with moderate left torticollis and retrocollis
at rest. Dystonia was also worse in the extremities, especially
in the right leg. He also had mild intermittent opisthotonic

extension of the trunk, which limited his gait and resulted in
near falls in the absence of support. Dystonic tremors were
more pronounced when off medications. Reflexes were brisk,
particularly in the lower extremities with 6 to 8 beats of ankle
clonus and bilateral extensor plantar response. There was no
ataxia or dysmetria.

The patient continued to experience wearing off, and when
the 1-dopa dose was further increased, he developed r-dopa-
induced choreiform peak-dose dyskinesia involving the face and
arms (see Video 1). He had similar dyskinesia while on trihexy-
phenidyl, which was later discontinued. Ropinirole and amanta-
dine were also tried, but did not provide meaningful benefit.
The duration of 1-dopa response became progressively shorter
and his OFF periods were characterized by progressively worse
generalized dystonia as well as speech difficulty, palpitations,
anxiety, and nausea. He denied any sensory symptoms in the
legs, and the sensory examination was normal.

A neuropsychology evaluation performed 2 years before the
onset of motor symptoms met criteria for a diagnosis of ADHD
and impaired verbal IQ. Comprehensive retinal examination by
an ophthalmologist was unremarkable. A maternal great grand-
mother had Parkinson’s disease in her 70s, but there was no
other family history of dystonia or parkinsonism. The parents,
who are of Western European descent, are healthy and there is
no known history of consanguinity in the family. He has one
younger brother who is healthy.

Cerebrospinal fluid (CSF) neurotransmitter assessment (per-
formed before commencement of dopaminergic medications)
revealed low levels of both tetrahydrobiopterin (BH4) at
7 nmol/L (940 nmol/L) and homovanillic acid (HVA) at
204 nmol/L (218-852 nmol/L), but normal levels of 5-hydrox-
yindoleacetic acid (5-HIAA) 133 nmol/L (range, 66-338),
neopterin 16 nmol/L  (range, 7-40), and 3-O-methyldopa
12 nmol/L (<100 nmol/L). Genetic testing for Friedreich’s
ataxia was negative. EEG did not show any epileptiform activity.
Brain MRI
T2-weighted lesions and TCC, especially the anterior half

showed periventricular hyperintense
(Fig. 1A—C). He underwent '*I-ioflupane single-photon emis-
sion coupled tomography (DaT-SPECT), which showed essen-
tially absent tracer uptake in bilateral putamina with marked
reduced uptake in the caudate nuclei, with slightly greater
reduction in the left caudate nucleus compared to the right
(Fig. 1D).

Given the unusual and complex phenotype in this case, the
number of potentially contributory genetic syndromes, as well
as the remote possibility of a novel underlying condition, blood
was sent for WES, rather than targeted genetic testing. WES was
performed by the Medical Genetics Laboratories (MGL) at Baylor
College of Medicine (BCM; Houston, TX), which is certified by
the College of American Pathologists and the Clinical Laboratory
Improvement Amendments. Discovered variants are interpreted
in accordance with guidelines from the American College of
Medical Genetics and Genomics (ACMG). The analysis pipeline
and interpretation of WES by the BCM-MGL for use in
clinical practice has been previously reported on in detail and

. . .. .18
validated in a large, clinical case series.

MOVEMENT DISORDERS CLINICAL PRACTICE 151

doi:10.1002/mdc3.12144



RESEARCH ARTICLE

SPGI1 Gene Mutations-Dopa-Responsive Dystonia

Figure 1 (A and B) Axial T2 fluid-attenuated inversion recovery showing increased T2 signal in the periventricular white matter. (C) Sagittal
T1-marked thinning of the anterior half of the corpus callosum. (D) DaT-SPECT showing essentially absent tracer activity in bilateral putamina
and reduced uptake in caudate with slightly greater reduction in left caudate nucleus, compared to the right. (E) 1-3: Sedated resting-state
fMRI of motor function was atypical in that bilateral leg network and also includes bilateral hand and putamen. (F) 1-3: Sedated resting-state
fMRI of motor function was atypical in that bilateral sensory-face area includes the putamen.

Genetic analysis

WES of our patient revealed a mutation, ¢.4888G>T
(p-E1630X), in the SPG11 gene on chromosome 15:4881468,
predicted to introduce a premature STOP within exon 28, and
consistent with a pathogenic allele based on established guide-
lines.'” A second heterozygous variant in SPG11 ¢.6899T>G
(1s371334506, chromosome 15: 44858152) was also discovered.
This is a rare missense variant within exon 38, predicted to result
in a leucine to arginine change at position 2300. Based on pub-
licly available exome data (http://evs.gs.washington.edu/EVS/),
this variant has previously been observed only once in 8,596
control chromosomes from individuals of European-American
ancestry (minor allele frequency: ~0.01%). Both variants were
confirmed by Sanger sequencing in our patient. In addition,
targeted SPG11 sequencing of both parents demonstrated unam-
biguously that the p.E1630X and p.L2300R alleles were inherited
from the father and mother, respectively, establishing these vari-
ants in the transheterozygous configuration in our patient.
Although the p.L2300R  change is classified as a variant of
unknown clinical significance (VUS) based on ACMG guidelines,
it is predicted to be damaging by the sorting intolerant from

" and probably damaging by PolyPhen-2,2!

tolerant technique®
two validated algorithms for predicting the consequences of
protein amino acid substitutions.'” WES did not identify a
GCH-1 mutation.

Notably, another heterozygous variant of unknown clinical
significance, in the MTPAP gene c.410A>T (p.Q137L), was also
discovered in our patient, which is a novel variant, based on
public databases. Defects in this gene cause autosomal-recessive
spastic ataxia 4 (p.SPAX4) MIM:613672. A second candidate
variant or mutation was not discovered, consistent with the
recessive nature of this condition, although the presence of a
deletion or duplication cannot be definitively ruled out based
on the WES results. Furthermore, our patient did not demon-
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strate ataxia, a core clinical feature of this rare genetic disorder,
described to date only in a single large Amish family.*?

Our patient continued to have progressively shorter response
to L-dopa over time and additionally developed intermittent epi-
sodes of generalized dystonia associated with speech difficulty,
diaphoresis, and severe anxiety. These periods occurred during
medication wearing oft, which were very disabling for the
patient and affected his overall quality of life. On the other hand,
bothersome r-dopa-induced choreiform dyskinesia (see Video 1)
limited the frequent dosing of 1-dopa. Although previous expe-
rience is lacking, DBS surgery was considered a potential treat-
ment option for management of generalized dystonia.

The response to DBS was assessed using the Burke-Fahn-
Marsden Dystonia Rating Scale (BEMDRS).?> BEMDRS score
before surgery in the OFF-state was 24.5 and in the ON-state
was 13.5. The patient’s performance on neuropsychology testing
was limited by worsening of dystonia at first and then by devel-
opment of dyskinesia during the testing period. Before surgery,
he underwent fluorodeoxyglucose PET, which was normal, and
resting-state functional MRI (fMRI) showed evidence of corti-
cal-basal ganglia overconnectivity (Fig. 1E1-3 and F1-3).

He underwent bilateral globus pallidus internus (GPi) DBS
surgery in June 2014 with microelectrode recordings for target
localization. Two months after implantation of the DBS and
after completing 2 programming sessions, he showed a moder-
ate reduction in the number and severity of dystonic episodes
related to the wearing-off periods. The BEMDRS off medica-
tions with the DBS turned on was 9.

Discussion

We discovered a novel, compound heterozygous genotype at
the SPG11 gene as the most likely cause of the clinical pheno-
type in our patient. Of the two SPG11 allelic variants identi-
fied, the premature nonsense variant (p.E1630X) is a potentially

doi:10.1002/mdc3.12144


http://evs.gs.washington.edu/EVS/

S. Wijemanne et al.

RESEARCH ARTICLE

truncating mutation and is pathogenic based on ACMG guide-
lines.'” Whereas the p.L2300R variant, by contrast, is formally
classified as a VUS, this rare missense change is found to be
deleterious based on two independent algorithms. Furthermore,
Sanger sequencing of the parents established these alleles to be
in the transheterozygous configuration, consistent with the
autosomal-recessive inheritance of SPG11-associated HSP.
Finally, as discussed below, we believe the phenotypic overlap
between our case presentation and previous reports establishes
HSP resulting from SPG11 mutations as the most likely molec-
ular diagnosis. To date, at least 127 distinct mutations in the
SPG11 gene have been reported.”* SPG11 (MIM610844) maps
to chromosome 15q13—15 and encodes spatacsin, a protein of
unknown function. The protein has been associated with cyto-
skeleton, endoplasmic reticulum, and vesicles involved in pro-

tein trafficking, suggesting a potential role in axonal

25,26
transport.

Spatacsin has also been identified as a component
of Lewy bodies and glial cytoplasmic inclusions.”” This new
compound heterozygous mutation in our patient broadens the
potential allelic spectrum in SPG11-associated HSP.

The mean age at onset of HSP resulting from SPG11 muta-
tions is 12 years (range, 2—23) with initial presentation of diffi-
culty with ambulation (57%), which may be preceded by
intellectual disability in up to 19% of patients.® Our case
expands the clinical phenotype associated with SPG11 muta-
tions to include predominantly early dystonia with diurnal fluc-
tuation and robust r-dopa-responsive dystonia mimicking a
DRD phenotype. Additionally, a rapidly progressive course
demonstration of “wearing-oft phenomenon” and the occur-
rence of L-dopa-induced dyskinesia (see Video 1) within a few
months of starting L-dopa therapy were unusual. The
DaT-SPECT imaging was abnormal (Fig. 1D), indicating pre-
synaptic dopamine neuronal dysfunction, which is a hallmark of
neurodegenerative parkinsonism. r-dopa-induced dyskinesia has
been previously reported in a case of juvenile-onset parkinson-
ism resulting from SPG11> (Table 1), and there are several
reported cases of SPG11 mutations®  with parkinsonism having
abnormal DaT-SPECT. However, not all cases of SPG11 defi-
ciency are accompanied by parkinsonism, and it is likely a
unique phenotypic variant of this condition. By contrast, DaT-
SPECT is negative in cases of DRD resulting from GCH-1 and
TH deficiency, consistent with preserved striatal dopaminergic

: - 28-30
presynaptic nerve terminals.

TCC with periventricular
white matter change, as observed on MRI in our patient, is
most commonly observed in SPG11 mutations; however, it can
be also observed in SPG15 and, rarely, in cases with SPG 21,
SPG35, SPG48, and SPG54.%"

Previous studies have also found CSF neurotransmitter
metabolite abnormalities in SPG11. One study evaluating neu-
rotransmitter metabolites in 4 patients with SPG11 mutations
showed low concentration of HVA (3 of 4), which is the main
metabolite in the catabolic pathway of dopamine, and low
concentration of BH4 (3 of 4) and normal neopterin (all 4),
similar to our patient. 5-HIAA was normal in 3 of 4 patients.”
The mechanism leading to neurotransmitter abnormalities in

SPG11 patients is not known and further studies are needed.

WES, which played a key role in our diagnosis of this patient,
is finding increasing clinical utility in patients with presumed

: 18,3233
genetic syndromes.

Given the unusual, complex clinical
presentation, including dystonia and parkinsonism, and the
known genetic heterogeneity underlying the suspected diagnosis
of DRD, the alternative to WES would have been to pursue
piecemeal testing for numerous individual gene mutations and/
or testing for large panels of candidate genes causing overlapping
syndromes. In retrospect, WES was the most efficient, cost-
effective option for initial genetic testing in such a circumstance.
The increasing availability of WES in clinical practice will
undoubtedly broaden the known clinical and etiological
spectrum of DRD. Our case supports the notion that DRD is a
syndrome with multiple etiologies and clinical phenomenologies.

To our knowledge, this is the first reported case of SPG11
gene mutations treated with GPi-DBS surgery. Our results
show that, in the short term, DBS surgery can be effective in
improving generalized dystonia, reducing the wearing-off peri-
ods and thereby reducing the bothersome dystonic episodes.
We will continue to follow this patient to establish the long-
term response to DBS surgery.

In conclusion, HSP resulting from SPG11 mutations should
be considered in the differential diagnosis of a patient presenting
with DRD, parkinsonism, and spasticity. This unusual case
expands the clinical phenotypes associated with this form of
HSP and further adds to the heterogeneous genetic causes of

DRD. DBS surgery may be an option in selected cases.
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Supporting Information

A video accompanying this article is available in the supporting
information here.

Video 1. The first part of the video, taken during the ON
state, shows minimal hand dystonia and spastic gait. The second
segment, recorded during the OFF state, showed prominent
generalized dystonia with moderate left torticollis, retrocollis at
rest, bilateral arm and right leg dystonia, dystonic tremor, and
bradykinesia. The third segment shows generalized, predomi-
nantly choreic, L-dopa-induced dyskinesia.
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