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Abstract 

Background Individuals with variants of cytochrome c oxidase assembly factor 7 (COA7), a mitochondrial functional-
related gene, exhibit symptoms of spinocerebellar ataxia with axonal neuropathy before the age of 20. However, COA7 
variants with parkinsonism or adult-onset type cases have not been described.

Case presentation We report the case of a patient who developed cerebellar symptoms and slowly progressive 
sensory and motor neuropathy in the extremities, similar to Charcot-Marie-Tooth disease, at age 30, followed by 
parkinsonism at age 58. Exome analysis revealed COA7 missense mutation in homozygotes (NM_023077.2:c.17A > G, 
NP_075565.2: p.Asp6Gly). Dopamine transporter single-photon emission computed tomography using a 123I-Iof-
lupane revealed clear hypo-accumulation in the bilateral striatum. However, 123I-metaiodobenzylguanidine myocar-
dial scintigraphy showed normal sympathetic nerve function. Levodopa administration improved parkinsonism in this 
patient.

Conclusions COA7 gene variants may have caused parkinsonism in this case because mitochondrial function-related 
genes, such as parkin and PINK1, are known causative genes in some familial Parkinson’s diseases.
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Background
The cytochrome c oxidase assembly factor 7 (COA7) 
encodes COA7 (NM_023077.2), a protein known as res-
piratory chain assembly factor 1, sel1 repeat-containing 
protein 1, and C1orf163. COA7 variants cause mitochon-
drial dysfunction [1, 2].

Only six cases of COA7 gene abnormalities have been 
reported. The neurological manifestations of spinocer-
ebellar ataxia (SCA) with axonal neuropathy are based 
on cerebellar symptoms and axonal peripheral neuropa-
thy and are accompanied by developmental disorders, 
cognitive impairment, and spastic paraplegia. Addition-
ally, in all previously reported cases, symptoms occurred 
at young ages (≤ 15  years), and no cases of adult-onset 
(> 20 years) have been reported [1–3].

We report a case in which symptoms developed at 
the age of 30, with the patient exhibiting cerebellar 
symptoms with Charcot-Marie-Tooth disease (CMT)-
like slowly progressive sensory and motor neuropathy 
in the extremities and parkinsonism. We also discuss 
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the possible pathogenesis of COA7 variants and dopa-
responsive parkinsonism.

Case presentation
A 60-year-old man presented with bradykinesia and gait 
disturbance. Atrophy predominantly developed in the 
distal muscles of his lower extremities at approximately 
30  years of age. This atrophy slowly progressed, with 
mild instability when walking and a cramping sensation 
in both lower extremities at 53 years. At 54 years, a close 
examination revealed spastic paralysis in both lower 
limbs, CMT-like muscle weakness, muscle atrophy with 
distal muscle dominance owing to peripheral neuropathy, 
and cerebellar ataxia of the limbs. Brain magnetic reso-
nance imaging (MRI) revealed mild cerebellar atrophy, 
and a nerve conduction study showed axonal-predom-
inant peripheral neuropathy in both lower extremities. 
Therefore, a preliminary diagnosis of SCA with CMT was 
made. The patient noticed bradykinesia at age 58. There 
was no consanguinity within his family.

A neurological examination revealed no cognitive 
impairment (Mini-Mental State Examination score of 
30 points), diplopia, and saccadic eye movements with 
smooth eye pursuit without nystagmus or oculomotor 
apraxia. Hypomimia, like a masked face, was observed 
without facial muscle weakness. Mild slurred speech and 
dysphagia were observed. Bilateral upper extremities had 

dysmetria and dysdiadochokinesia. Mild muscle weak-
ness was observed in the bilateral distal lower extrem-
ity muscles, whereas other muscles were normal. Pes 
cavus was observed bilaterally, and tendon reflexes were 
normal, except for decreased bilateral Achilles tendon 
reflexes. No pathological reflexes were observed, includ-
ing the Babinski reflexes. Bradykinesia and dystonia were 
observed in both hands. Muscle tonus showed muscle 
stiffness predominantly in the left lower extremity and 
mild clasp-knee-like phenomena in both knee joints. 
No other involuntary movements, including resting, 
postural, or action tremors, were observed. The sensory 
disturbance demonstrated a distal dominant pattern 
characterized by a glove-and-stocking-like distribution 
with decreasing proprioceptive, positional, and vibratory 
sensory perception. The Romberg test was positive, and 
the patient had a broad-based gait.

Routine blood and cerebrospinal fluid (CSF) exami-
nation results were normal. The liver and renal function 
were normal, and the creatine kinase level (84 U/L) was 
within the normal range. Serum autoantibody, syphilis 
antibody, human T-cell leukemia virus type 1 antibody, 
and vitamin B12 levels were normal. Glucose tolerance 
and thyroid and adrenal functions were normal. Blood 
lactate (8.4  mg/dL; normal range, 3.7–16.3) and pyru-
vate (0.63  mg/dL; normal range, 0.3–0.9) levels were 

Fig. 1 Brain magnetic resonance fluid-attenuated inversion recovery (MRI-FLAIR) images. The axial and sagittal views reveal mild atrophy of the 
cerebellar vermis and hemisphere, but no atrophy of the brain stem. A, B Atrophy of the cerebral cortex or hippocampus is not observed. (C)
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normal; however, CSF lactate (21.9  mg/dL) and pyru-
vate (1.22 mg/dL) levels were increased.

Nerve conduction study results were normal in both 
upper extremities; however, the peroneal and sural 
nerves were not derivable, and the tibial nerve exhib-
ited a mixed axonal demyelinating pattern (amplitude, 

0.26  mV; velocity, 33.9  m/s) with temporal dispersion. 
Electromyography showed long-duration and high-
amplitude muscle action potentials, indicating rein-
nervation as a chronic neurogenic change. Acute 
denervation findings, such as fasciculation and positive 
sharp waves, were not observed.

Fig. 2 a Dopamine transporter (DAT) scan (dopamine transporter single-photon emission computed tomography [SPECT] using 123I-Ioflupane) 
shows a clear hypo-accumulation in the bilateral striatum with specific binding ratios (SBR) of 2.46 and 2.85 on the right and left sides, respectively. 
The asymmetric index was 14.8%. b 123I-metaiodobenzylguanidine (MIBG) myocardial scintigraphy showed that the heart-to-mediastinum (H/M) 
ratio was 2.84 (normal > 2.2) and 3.29 (normal > 2.2) in the early and late phases, respectively. The washout ratio was 15.3% (normal < 30%), and there 
was no evidence of myocardial sympathetic nerve dysfunction
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Brain MRI revealed mild cerebellar atrophy in the 
vermis and hemispheric regions; however, no atro-
phy was observed in the cerebral cortex and brainstem 
(Fig.  1). No abnormalities, including cavity formation, 
were observed in the cerebral cortex or white mat-
ter. The dopamine transporter (DAT) scan (dopamine 
transporter single-photon emission computed tomog-
raphy using 123I-Ioflupane) revealed decreased uptake 
in the bilateral striata (Fig.  2a). However, 123I-metaio-
dobenzylguanidine (MIBG) myocardial scintigraphy 
showed normal cardiac accumulation (Fig. 2b).

An exome analysis was performed based on the Ini-
tiative on Rare and Undiagnosed Diseases project [4]. 
Genomic deoxyribonucleic acid was extracted from 
the peripheral blood leukocytes of the patient. Whole-
exome sequencing in the patient was performed as 
described previously [5]. Briefly, all the exons were 
captured using the SureSelect All Exon V6 kit (Agilent 
Technologies, Santa Clara, CA). Subsequently, exome 
analyses were performed using the NovaSeq 6000 
platform (Illumina, San Diego, CA). Sanger sequenc-
ing confirmed a previously reported missense muta-
tion in the homozygous (NM_023077.2: c.17A > G, 
NP_075565.2: p.Asp6Gly) COA7 gene (NM_023077.2) 
[1] (Fig.  3). No abnormal expansion related to SCAs, 
such as SCA1, SCA2, SCA3, SCA6, SCA8, SCA17, 
SCA31, and DRPLA, was observed in translational 
or non-translational regions that could be verified 
by a commercial testing company (BML, inc. Tokyo, 
JAPAN). We diagnosed the patient with SCA and 
axonal neuropathy type 3 caused by a missense COA7 
gene variant. Levodopa/carbidopa 300 mg (three times 
daily) was prescribed for parkinsonism, which caused 
a decrease in the patient’s daily activities (Modified 

Hoehn and Yahr Scale stage 2). The pre-treatment 
Movement Disorder Society-sponsored revision of the 
Unified Parkinson’s Disease Rating Scale parts II and III 
score of 30 (part II, 8; part III, 22) improved to 22 (part 
II, 7; part III, 15) after levodopa administration [6]. This 
treatment was effective and continued.

Discussion and Conclusions
Variations in some genes that encode proteins involved 
in mitochondrial function maintenance, such as Parkin 
and PINK1, cause familial Parkinson’s disease (PD) [7]. 
COA7 encodes a mitochondrial function-related protein, 
and its variants affect the stability and localization of pro-
teins that interact with COA7, reducing the activity of 
mitochondrial complexes I and IV [1, 3]. COA7 ribonu-
cleic acid expression in the midbrain is not significantly 
higher than that in other brain regions (Human Protein 
Atlas, http:// www. prote inatl as. org). However, the precise 
functional role of COA7 is not fully understood [1, 2]. 
COA7 gene abnormality might cause mitochondrial dys-
function, resulting in damage to the fragile dopaminer-
gic neurons in the substantia nigra and the development 
of parkinsonism. Further, the DAT scan, which reflects 
dopamine neuron number and function in PD [8], 
showed decreased uptake in the bilateral striata, indicat-
ing dopamine neuron dysfunction or loss. The patient’s 
condition most likely developed during adulthood and 
progressed slowly, causing vulnerable mitochondrial 
function in dopaminergic neurons, thus triggering neu-
ronal death and parkinsonism.

In our case, MIBG scintigraphy did not show decreased 
uptake; however, it reflected the status of the cardiac 
sympathetic nervous system. Early PD stages (H&Y 
stages 1 and 2) indicate a cardiac sympathetic denervated 

Fig. 3 Deoxyribonucleic acid sequencing results using Sanger sequencing. The homozygous COA7 gene missense mutation, c.17 A > G, is identified 
in this patient. The red frame indicates c.17 nucleotide. The wild-type COA7 gene sequence is shown at the bottom of the figure as a control

http://www.proteinatlas.org
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pattern, with a sensitivity of 94.1% and specificity of 
80.2%, indicating a decreased heart-to-mediastinum 
(H/M) ratio on MIBG scintigraphy [9]. MIBG scintig-
raphy results revealed familial PD caused by mitochon-
drial maintenance-related proteins, showing that Parkin 
mutations are normal [10]. However, the PINK1 het-
erozygous variant decreased the H/M ratio in 12 out of 
23 cases (50%) [11]. Decreased uptake was not observed 
on scintigraphy in our case; however, the disease might 
be at an early stage before sympathetic nerve denervation 
occurred, or the sympathetic nervous system is preserved 
in COA7-variant cases.

Among the six reported cases [1–3], only one had the 
same homozygote variant (patient 1; c.17A > G), whereas 
two had compound heterozygous variants (patient 3; 
c.17A > G/c.446G > T and patient 4; c.17A > G/c.430delG) 
in COA7. In these cases, the age at onset was 5 years old 
or younger in two patients and 15  years in one patient, 
with no adult onset noted as in our case. Further, all 
three patients experienced sensory disturbance due to 
polyneuropathy, decreased tendon reflexes, and posi-
tive Romberg sign. The three patients did not have limbs 
and truncal ataxia, as observed in our case. However, all 
showed cerebellar atrophy on brain MRI, and parkin-
sonism was not reported in any case. A limitation of our 
study is that the onset of coincidental parkinsonism with 
idiopathic PD could not be ruled out.

In conclusion, this is a case of SCA with axonal neu-
ropathy type 3 with COA7 gene variants showing par-
kinsonism in an adult. There have been no reports on 
adult-onset SCA or parkinsonism with COA7 gene 
variants; however, the functional imaging findings of 
reduced bilateral striatal uptake on DAT scan and nor-
mal MIBG scintigraphy are consistent with hereditary 
parkinsonism with mitochondrial dysfunctional gene 
mutation. Consequently, parkinsonian symptoms might 
be a symptom of diseases caused by COA7 gene muta-
tions. However, further studies must clarify whether 
parkinsonism is a symptom of COA7 gene variants.

Abbreviations
COA7           Cytochrome c oxidase assembly factor 7
CMT           Charcot-Marie-Tooth disease
SCA           Spinocerebellar ataxia
MRI           Magnetic resonance imaging
CSF           Cerebrospinal fluid
DAT           Dopamine transporter
MIBG           123I-metaiodobenzylguanidine
PD           Parkinson’s disease
H/M ratio           Heart-to-mediastinum ratio
HTLV-1           Human T-cell Leukemia Virus Type 1
MDS-UPDRS         Movement Disorder Society-sponsored revision of the  

Unified Parkinson’s Disease Rating Scale

Acknowledgements
The authors thank the patients and their families for participating in this study. 
The authors also thank Mrs. Juri Satoh and Mrs. Yohko Shimojo for their excel-
lent technical assistance and the Initiative on Rare and Undiagnosed Diseases 
Diagnostic Committee members within the University Hospital of Tsukuba for 
the diagnostic discussion for this case. We would like to thank Editage (www. 
edita ge. com) for English language editing.

Authors’ contributions
KI and SO prepared the manuscript and submitted the draft. KI conducted 
the structural analysis. KI and AT conceived the overall study design. KI, SO, KK, 
HS, MY, TT, and AT conducted the critical review. KI, SO, and AT performed the 
neurological assessment. KI and SO conducted clinical data assumption. HS, 
TT, TU, and KK conducted genetic analyses. All authors have critically read and 
approved the final manuscript.

Funding
This work was partially supported by the Initiative on Rare and Undiagnosed 
Diseases [grant number JP18ek0109301] from the Japan Agency for Medical 
Research and Development. The funders were not involved in the design of 
this study, collection of the data, analysis of the data, interpretation of the data 
results, or writing of this case report, nor were they involved in determining 
the submission of this report for publication.

Availability of data and materials
Not applicable.
The data used during the current study are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study, including the Initiative on Rare and Undiagnosed Diseases study, 
was approved by the Ethics Committee of the University Hospital of Tsukuba.

Consent for publication
Written informed consent for the publication of their clinical details and 
images were obtained from the patients or the parents of the patients. A copy 
of the written consent is available for review by the editor of this journal.

Competing interests
The authors declare that they have no competing interests.

Received: 26 July 2022   Accepted: 5 April 2023

References
 1. Higuchi Y, Okunushi R, Hara T, Hashiguchi A, Yuan J, Yoshimura A, et al. 

Mutations in COA7 cause spinocerebellar ataxia with axonal neuropathy. 
Brain. 2018;141:1622–36. https:// doi. org/ 10. 1093/ brain/ awy104.

 2. Martinez Lyons A, Ardissone A, Reyes A, Robinson AJ, Moroni I, Ghezzi D, 
et al. COA7 (C1orf163/RESA1) mutations associated with mitochondrial 
leukoencephalopathy and cytochrome c oxidase deficiency. J Med 
Genet. 2016;53:846–9. https:// doi. org/ 10. 1136/ jmedg enet- 2016- 104194.

 3. Ban R, Liu Z, Shimura M, Tong X, Wang J, Yang L, et al. Biallelic COA7-vari-
ants leading to developmental regression with progressive spasticity and 
brain atrophy in a Chinese patient. Front Genet. 2021;12:685035. https:// 
doi. org/ 10. 3389/ fgene. 2021. 685035.

 4. Adachi T, Kawamura K, Furusawa Y, Nishizaki Y, Imanishi N, Umehara S, 
et al. Japan’s initiative on rare and undiagnosed diseases (IRUD): towards 
an end to the diagnostic odyssey. Eur J Hum Genet. 2017;25:1025–8. 
https:// doi. org/ 10. 1038/ ejhg. 2017. 106.

 5. Takenouchi T, Yamaguchi Y, Tanikawa A, Kosaki R, Okano H, Kosaki K. 
Novel overgrowth syndrome phenotype due to recurrent de novo PDG-
FRB mutation. J Pediatr. 2015;166:483–6. https:// doi. org/ 10. 1016/j. jpeds. 
2014. 10. 015.

http://www.editage.com
http://www.editage.com
https://doi.org/10.1093/brain/awy104
https://doi.org/10.1136/jmedgenet-2016-104194
https://doi.org/10.3389/fgene.2021.685035
https://doi.org/10.3389/fgene.2021.685035
https://doi.org/10.1038/ejhg.2017.106
https://doi.org/10.1016/j.jpeds.2014.10.015
https://doi.org/10.1016/j.jpeds.2014.10.015


Page 6 of 6Ouchi et al. BMC Neurology          (2023) 23:211 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 6. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin 
P, et al. Movement Disorder Society-sponsored revision of the Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS): scale presentation and 
clinimetric testing results. Mov Disord. 2008;23:2129–70. https:// doi. org/ 
10. 1002/ mds. 22340.

 7. Pickrell AM, Youle RJ. The roles of PINK1, parkin, and mitochondrial fidelity 
in Parkinson’s disease. Neuron. 2015;85:257–73. https:// doi. org/ 10. 1016/j. 
neuron. 2014. 12. 007.

 8. Palermo G, Ceravolo R. Molecular imaging of the dopamine transporter. 
Cells. 2019;8:872. https:// doi. org/ 10. 3390/ cells 80808 72.

 9. Orimo S, Suzuki M, Inaba A, Mizusawa H. 123I-MIBG myocardial scintigra-
phy for differentiating Parkinson’s disease from other neurodegenerative 
parkinsonism: a systematic review and meta-analysis. Parkinsonism Relat 
Disord. 2012;18:494–500. https:// doi. org/ 10. 1016/j. parkr eldis. 2012. 01. 009.

 10. Kim YD, Song IU, Kim JS, Chung SW, Lee KS. Cardiac (123)I-metaiodoben-
zylguanidine scintigraphy in a patient with familial parkinsonism with 
parkin gene mutation. J Mov Disord. 2010;3:42–4. https:// doi. org/ 10. 
14802/ jmd. 10011.

 11. Hayashida A, Li Y, Yoshino H, Daida K, Ikeda A, Ogaki K, et al. The identi-
fied clinical features of Parkinson’s disease in homo-, heterozygous and 
digenic variants of PINK1. Neurobiol Aging. 2021;97:146.e1-146.e13. 
https:// doi. org/ 10. 1016/j. neuro biola ging. 2020. 06. 017.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
https://doi.org/10.1016/j.neuron.2014.12.007
https://doi.org/10.1016/j.neuron.2014.12.007
https://doi.org/10.3390/cells8080872
https://doi.org/10.1016/j.parkreldis.2012.01.009
https://doi.org/10.14802/jmd.10011
https://doi.org/10.14802/jmd.10011
https://doi.org/10.1016/j.neurobiolaging.2020.06.017

	Parkinsonism in spinocerebellar ataxia with axonal neuropathy caused by adult-onset COA7 variants: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and Conclusions
	Acknowledgements
	References


