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Purpose: To describe a case of hereditary spastic ataxia (HSP) presenting with childhood optic nerve atrophy and
report a novel homozygous variant in the SPG7 gene.

Observations: A 57-year-old man suffering from progressive optic nerve atrophy since childhood eventually un-
derwent genetic testing. A targeted whole exome gene sequencing panel for optic neuropathy identified a novel
homozygous variant in the SPG7 gene, ¢.2T > G, p.(Met?), which likely abolished production of paraplegin, an
inner mitochondrial membrane protein. Subsequent neurologic examination revealed subtle signs of spastic
paraplegia and ataxia in keeping with the genetic diagnosis of SPG7.

Conclusion and importance: Spastic paraplegia 7 (SPG7) is an autosomal recessive form of the neurodegenerative
disorder HSP. Pure HSP is characterized by spastic paraparesis in the lower limbs, whereas complicated HSP
presents additional neurological manifestations. This case report adds to the evidence that SPG7 can present with
childhood optic nerve atrophy, preceding the characteristic SPG7 manifestations. SPG7 should be considered in

the workup of suspected hereditary optic neuropathy.

1. Introduction

Hereditary spastic paraplegia (HSP) is group of inherited neurode-
generative disorders, characterized by a triad of progressive spastic
paraparesis, hypertonic bladder, and mild sensory dysfunction of the
lower limbs." HSP can occur either in a pure or complex form. The latter
manifests with additional neurological features, including dementia,
mental retardation, ataxia, muscular atrophy, epilepsy, visual dysfunc-
tion, peripheral neuropathy, and magnetic resonance imaging (MRI)
abnormalities.”> HSP displays heterogeneous inheritance, and so far
more than 80 genetic types of HSP have been identified.

Spastic paraplegia 7 (SPG7) is an autosomal recessive form of HSP. It
is caused by biallelic pathogenic variants in SPG7, a gene encoding
paraplegin. Paraplegin is a subunit of the ATP-dependent m-AAA pro-
tease, an inner mitochondrial membrane protein involved in degrada-
tion of misfolded proteins and regulation of ribosome assembly.’ SPG7
maps to Chromosome 16q24.3 and is composed of 17 exons.” About 150
pathogenic SPG7 variants are described in the Human Gene Mutation

Database, ranging from single nucleotide alterations to larger deletions.®
A variety of phenotypic features have been reported in complex cases of
SPG7, including cerebral and cerebellar atrophy, dysarthria optic neu-
ropathy, cerebellar ataxia, nystagmus, strabismus, blepharoptosis,
ophthalmoplegia, motor and sensory neuropathy, amyotrophy, and in-
tellectual disability.>” ° The onset of SPG7 ranges from 7 to 72 years,
but symptoms most commonly present in adulthood.>”*'" We report an
unusual case of SPG7 presenting with childhood optic nerve atrophy.

2. Case report

The patient was a 57-year-old Caucasian male born to first-cousin
parents. Since the age of six, he had experienced bilateral progressive
vision loss, and he was diagnosed with idiopathic optic nerve atrophy at
the age of 20. Prior to referral he had been followed by a general
ophthalmologist, who had noted stable visual function of counting fin-
gers for both eyes over the last years. The patient was referred to our
section for neuro-ophthalmology because of further acute vision loss for
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his right eye. He had also experienced two episodes of transient aphasia
in the previous months.

The patient’s family history was unremarkable. He had neither sib-
lings nor children. He had a past medical history of type 2 diabetes and
hypertension. He did not smoke or consume alcohol. His medical
treatment compromised antidiabetics (dapagliflozin, metformin, gli-
mepiride), a statin (atorvastatin), and Calcium and Vitamin D supple-
ments. Five years ago, he had experienced an episode of aphasia and
convulsions without loss of consciousness. Neurologic workup at that
time had included cerebral MRI, computed tomography (CT) angiog-
raphy, and electroencephalogram, which had been described as normal.
A broad-legged gait had been noted on discharge.

On ophthalmic examination the visual function was light perception
for both eyes. The patient had left esotropia and a conjugate gaze palsy,
which was more pronounced vertically than horizontally. He also had
pendular nystagmus. There was no blepharoptosis. The intraocular
pressure was normal. There was slight cortical cataract. Fundoscopy
revealed pale optic discs with slightly increased cupping (Fig. 1A). The
funduscopic examination was otherwise unremarkable, without signs of
diabetic retinopathy. Optical coherence tomography (OCT) demon-
strated severe thinning of the peripapillary retinal nerve fiber layer
(mean thickness of 51 ym for the right eye and 47 pm for the left eye; <
99% age-adjusted reference range) (Fig. 1B).

Cerebral CT and MRI were performed to rule out ischemic stroke.
The images showed late sequelae of multiple lacunar infarcts and
generalized cerebral and cerebellar atrophy. Carotid ultrasound and
electrocardiogram were normal. Taken together these findings were
consistent with small vessel cerebral disease, and acetylsalicylic acid
was added to the patient’s medical treatment.

A history of bilateral optic nerve atrophy since childhood raised
suspicion of hereditary cause, and a genetic screening was performed.
Whole exome sequencing with bioinformatical filtration of variants in a
gene panel for optic neuropathy identified a novel homozygous variant
in SPG7 (NM_003119.4): c¢.2T > G, p.(Met?) (chr16:89574827, hg19).
The 47 genes in the panel are listed as Supplementary information. The
variant was confirmed by Sanger sequencing (Fig. 2). SPG7 ¢.2T > G
alters the start codon and expectedly abolish protein production. The
variant is not listed in the Genome Aggregation Database v.2.1.1.
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Fig. 2. Chromatogram of the Sanger sequencing shows the homozygous c.2T >
G variant in SPG7. The top green line represents the reference sequence with
the ATG start codon encoding methionine, and the bottom blue line represents
the patient’s sequence, with the AGG codon encoding arginine. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)

However, there are five cases of other heterozygous variants altering p.
Metl. In three cases of SPG7-related disease, c.1A > T, c.1A > G, and
¢.3G > A occurred either homozygously or in combination with a known
pathogenic variant.>”>'! Moreover, two likely loss-of-function variants,
c.4delG, p.(Ala2Profs*64) and c.86G > A, p.(W29%), located between p.
Metl and the first downstream in-frame methionine, p.Met44, have
been reported. This indicates that p.Met44 cannot be sufficiently utilized
as an alternative start codon.'” '° Accordingly, ¢.2T > G, p.(Met?) can
be interpreted as likely pathogenic.'*!°

The genetic result prompted referral for neurologic evaluation of
SPG7. Upon meeting with the neurologist, the patient described
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Fig. 1. A. Fundus photography shows pale optic discs with slightly increased cupping. B. Optical coherence tomography of the peripapillary retinal nerve fiber layer

displays severe thinning in both eyes.
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unsteadiness and occasional stumbling, which he himself had attributed
to visual impairment. The neurological examination revealed several
findings: The tongue movements were somewhat reduced. There was
mild right-side dysdiadokokinesia. The muscle tone was increased in the
lower limbs, and the lower limb reflexes were brisk. Plantar reflexes
were indifferent. The muscle strength in the ankle dorsiflexors was
mildly reduced. The heel-to-shin test was slightly uncoordinated bilat-
erally. The gait was broad-based, and the patient was unable to walk on
a straight line. Vibration sense was lightly reduced in the lower limbs.
Romberg’s test was positive. The Scale for the Assessment and Rating of
Ataxia (SARA) score was 7.5/40, indicating mild ataxia.'® The neuro-
logical conclusion was that the medical history and clinical findings
were consistent with complex SPG7.

3. Discussion

We report the case of a patient with a novel homozygous variant in
the SPG7 gene, c.2T > G, p.(Met1?), presenting with childhood optic
nerve atrophy. The patient was first diagnosed as an adult. Neurological
work-up revealed subtle spastic ataxia. Accordingly, the final diagnosis
was complex SPG7, but apart from optic nerve atrophy, additional
neurological manifestations had gone unnoticed until the pathogenic
SPG7 variant was detected.

Hereditary optic neuropathies can occur as an isolated condition
(monosymptomatic) or be part of a systemic neurodegenerative disease,
in which ophthalmic findings occasionally are the earliest manifesta-
tion.!” With regard to SPG7, more than 30 cases of optic neuropathy
have been described, typically as a feature of complex
SpG7.7510:1L18-22 occasionally, optic neuropathy is subclinical and
only evident on OCT.'"*? There are a few reports of childhood-onset
optic nerve atrophy in SPG7.”'%%° Similarly to our patient, two of
these cases presented with progressive visual loss, preceding other SPG7
manifestations by many years.”>*°

In the case of our patient, the presenting phenotype was isolated
optic nerve atrophy from childhood, and it would take more than fifty
years and the discovery of a novel genetic variant to raise suspicion of
SPG7. Accordingly, the initial expectation for genetic screening was that
the patient could suffer from one of the more common mono-
symptomatic optic neuropathies, Leber Hereditary Optic Neuropathy
(LHON) or autosomal dominant optic atrophy (ADOA), which both can
present in childhood. Notably, some ADOA cases later develop other
manifestations and are then referred to as ADOA plus syndrome
(ADOA+). ADOA + features include ophthaloplegia and ataxia, thereby
overlapping the clinical presentation of SPG7 in our patient.”® The
possibility of dominantly inherited SPG7 with optic nerve atrophy
further complicates the phenotypic overlap between ADOA+ and
SPG7.*" Particularly, seven family members of a French family were
initially diagnosed with AODA. Instead of OPA1 mutations, however, a
heterozygous SPG7 mutation was eventually identified in all affected
family members, indicating that SPG7 can also cause dominantly
inherited optic neuropathy.'! This underscores the value of genetic
testing for making the correct diagnosis.

Notably, our patient had previously experienced intermittent
neurological symptoms and was referred because of further, acute vision
loss for his right eye. Neuroimaging showed ischemic sequelae and
generalized cerebral and cerebellar atrophy. In this regard, the
involvement of a mitochondrial membrane protein in SPG7 is intriguing;
mitochondrial disease may present with acute onset of neurological
symptoms and cerebral changes, such as in Mitochondrial Encephalo-
myopathy with Lactic Acidosis and Stroke-like episodes (MELAS), or
acute vision loss, such as in LHON. Still, stroke-like episodes are not
considered a clinical feature of SPG7, and we can only speculate as to
whether mitochondrial dysfunction predisposed to acute neurological
deterioration in our patient.

In conclusion, this case report of a novel variant in the SPG7 gene
adds to the evidence that SPG7 can present with childhood optic nerve
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atrophy. Our patient displayed phenotypic overlap with ADOA+ in
particular, and genetic testing was crucial for making the correct diag-
nosis. SPG7 should be kept in mind in the workup of suspected heredi-
tary optic neuropathy.

Funding
No funding was received for this work.
Intellectual property

We confirm that we have given due consideration to the protection of
intellectual property associated with this work and that there are no
impediments to publication, including the timing of publication, with
respect to intellectual property. In so doing we confirm that we have
followed the regulations of our institutions concerning intellectual

property.
Research ethics

We further confirm that any aspect of the work covered in this
manuscript that has involved human patients has been conducted with
the ethical approval of all relevant bodies and that such approvals are
acknowledged within the manuscript.

Written consent to publish potentially identifying information, such
as details or the case and photographs, was obtained from the patient(s)
or their legal guardian(s).

Authorship

All listed authors meet the ICMJE criteria.
We attest that all authors contributed significantly to the creation of this
manuscript, each having fulfilled criteria as established by the ICMJE.

We confirm that the manuscript has been read and approved by all
named authors.

We confirm that the order of authors listed in the manuscript has
been approved by all named authors.

Contact with the editorial office

This author submitted this manuscript using his/her account in
EVISE.

We understand that this Corresponding Author is the sole contact for
the Editorial process (including EVISE and direct communications with
the office). He/she is responsible for communicating with the other
authors about progress, submissions of revisions and final approval of
proofs.

We confirm that the email address shown below is accessible by the
Corresponding Author, is the address to which Corresponding Author’s
EVISE account is linked, and has been configured to accept email from
the editorial office of American Journal of Ophthalmology Case Reports:
kathrineoeriksen@gmail.com.

Patient consent

Consent to publish this case report has been obtained from the pa-
tient in writing.

CRediT authorship contribution statement

Kathrine O. Eriksen: Writing — original draft, presentation, Visu-
alization. Andreas Reidar Wigers: Conceptualization, Validation. Ise-
lin Marie Wedding: Writing — review & editing, Validation. Anne
Kjersti Erichsen: Validation. Tuva Bargy: Writing — review & editing,
Validation. Kristoffer Sgberg: Writing — review & editing, Visualiza-
tion. Gystein Kalsnes Jgrstad: Conceptualization, Writing — original


mailto:kathrineoeriksen@gmail.com

K.O. Eriksen et al.
draft, presentation, Writing — review & editing, Visualization.
Conflicts of interest
No conflict of interest exists.
Acknowledgements

The patient has consented to publication. Permission to publication
has also been obtained from the Institutional Data Protection Officer at
Oslo University Hospital (reference 21/18516).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ajoc.2022.101400.

References

1. Harding AE. Classification of the hereditary ataxias and paraplegias. Lancet. 1983;1:
1151-1155.

2. Fink JK. Hereditary spastic paraplegia: clinico-pathologic features and emerging
molecular mechanisms. Acta Neuropathol. 2013;126:307-328.

3. Hedera P. Hereditary spastic paraplegia overview. In: Adam MP, Ardinger HH,
Pagon RA, et al., eds. GeneReviews(®). Seattle (WA): University of Washington,
Seattle, Copyright © 1993-2021, University of Washington, Seattle. GeneReviews is
a registered trademark of the University of Washington, Seattle. All rights reserved.;
1993.

4. Koppen M, Metodiev MD, Casari G, Rugarli EI, Langer T. Variable and tissue-specific
subunit composition of mitochondrial m-AAA protease complexes linked to
hereditary spastic paraplegia. Mol Cell Biol. 2007;27:758-767.

5. Elleuch N, Depienne C, Benomar A, et al. Mutation analysis of the paraplegin gene
(SPG7) in patients with hereditary spastic paraplegia. Neurology. 2006;66:654-659.

6. Stenson PD, Mort M, Ball EV, et al. The Human Gene Mutation Database (HGMD
(®)): optimizing its use in a clinical diagnostic or research setting. Hum Genet. 2020;
139:1197-1207.

7. van Gassen KL, van der Heijden CD, de Bot ST, et al. Genotype-phenotype
correlations in spastic paraplegia type 7: a study in a large Dutch cohort. Brain.
2012;135:2994-3004.

8. Casari G, De Fusco M, Ciarmatori S, et al. Spastic paraplegia and OXPHOS
impairment caused by mutations in paraplegin, a nuclear-encoded mitochondrial
metalloprotease. Cell. 1998;93:973-983.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

American Journal of Ophthalmology Case Reports 26 (2022) 101400

. Wedding IM, Koht J, Tran GT, et al. Spastic paraplegia type 7 is associated with

multiple mitochondrial DNA deletions. PLoS One. 2014;9, e86340.

McDermott CJ, Dayaratne RK, Tomkins J, et al. Paraplegin gene analysis in
hereditary spastic paraparesis (HSP) pedigrees in northeast England. Neurology.
2001;56:467-471.

Klebe S, Depienne C, Gerber S, et al. Spastic paraplegia gene 7 in patients with
spasticity and/or optic neuropathy. Brain. 2012;135:2980-2993.

Yoon G, Baskin B, Tarnopolsky M, et al. Autosomal recessive hereditary spastic
paraplegia-clinical and genetic characteristics of a well-defined cohort.
Neurogenetics. 2013;14:181-188.

Schlipf NA, Schiile R, Klimpe S, et al. Amplicon-based high-throughput pooled
sequencing identifies mutations in CYP7B1 and SPG7 in sporadic spastic paraplegia
patients. Clin Genet. 2011;80:148-160.

Richards S, Aziz N, Bale S, et al. Standards and guidelines for the interpretation of
sequence variants: a joint consensus recommendation of the American college of
medical genetics and genomics and the association for molecular pathology. Genet
Med. 2015;17:405-424.

Abou Tayoun AN, Pesaran T, DiStefano MT, et al. Recommendations for interpreting
the loss of function PVS1 ACMG/AMP variant criterion. Hum Mutat. 2018;39:
1517-1524.

Schmitz-Hiibsch T, du Montcel ST, Baliko L, et al. Scale for the assessment and rating
of ataxia: development of a new clinical scale. Neurology. 2006;66:1717-1720.
Kersten HM, Roxburgh RH, Danesh-Meyer HV. Ophthalmic manifestations of
inherited neurodegenerative disorders. Nat Rev Neurol. 2014;10:349-362.

De Michele G, De Fusco M, Cavalcanti F, et al. A new locus for autosomal recessive
hereditary spastic paraplegia maps to chromosome 16q24.3. Am J Hum Genet. 1998;
63:135-139.

Pfeffer G, Gorman GS, Griffin H, et al. Mutations in the SPG7 gene cause chronic
progressive external ophthalmoplegia through disordered mitochondrial DNA
maintenance. Brain. 2014;137:1323-1336.

Marcotulli C, Leonardi L, Tessa A, et al. Early-onset optic neuropathy as initial
clinical presentation in SPG7. J Neurol. 2014;261:1820-1821.

Choquet K, Tétreault M, Yang S, et al. SPG7 mutations explain a significant
proportion of French Canadian spastic ataxia cases. Eur J Hum Genet. 2016;24:
1016-1021.

Wiethoff S, Zhour A, Schols L, Fischer MD. Retinal nerve fibre layer loss in
hereditary spastic paraplegias is restricted to complex phenotypes. BMC Neurol.
2012;12:143.

Skidd PM, Lessell S, Cestari DM. Autosomal dominant hereditary optic neuropathy
(ADOA): a review of the genetics and clinical manifestations of ADOA and ADOA+.
Semin Ophthalmol. 2013;28:422-426.

Sanchez-Ferrero E, Coto E, Beetz C, et al. SPG7 mutational screening in spastic
paraplegia patients supports a dominant effect for some mutations and a pathogenic
role for p.A510V. Clin Genet. 2013;83:257-262.


https://doi.org/10.1016/j.ajoc.2022.101400
https://doi.org/10.1016/j.ajoc.2022.101400
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref1
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref1
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref2
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref2
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref3
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref3
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref3
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref3
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref3
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref4
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref4
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref4
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref5
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref5
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref6
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref6
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref6
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref7
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref7
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref7
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref8
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref8
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref8
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref9
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref9
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref10
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref10
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref10
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref11
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref11
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref12
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref12
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref12
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref13
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref13
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref13
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref14
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref14
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref14
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref14
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref15
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref15
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref15
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref16
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref16
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref17
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref17
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref18
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref18
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref18
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref19
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref19
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref19
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref20
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref20
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref21
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref21
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref21
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref22
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref22
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref22
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref23
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref23
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref23
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref24
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref24
http://refhub.elsevier.com/S2451-9936(22)00146-3/sref24

	A novel homozygous variant in the SPG7 gene presenting with childhood optic nerve atrophy
	1 Introduction
	2 Case report
	3 Discussion
	Funding
	Intellectual property
	Research ethics
	Authorship
	Contact with the editorial office
	Patient consent
	CRediT authorship contribution statement
	Conflicts of interest
	Acknowledgements
	Appendix A Supplementary data
	References


