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Abstract

Background: Rapid-onset dystonia-parkinsonism (RDP) is a rare autosomal dominant disorder that is caused by
mutations in the ATP1A3 gene and is characterized by an acute onset of asymmetric dystonia and parkinsonism. To
date, fewer than 75 RDP cases have been reported worldwide. Clinical signs of pyramidal tract involvement have
been reported in several RDP cases, and none of them included the Babinski sign.

Case presentation: We report a 24-year-old Chinese female with RDP who exhibited a strikingly asymmetric,
predominantly dystonic movement disorder with a rostrocaudal gradient of involvement and parkinsonism. Physical
examiniations revealed hyperactive reflexes, bilateral ankle clonus and positive Babinski sign in the right. DTI
showed reduced white matter integrity of the corticospinal tract in the frontal lobe and subpontine plane. Genetic
testing revealed a missense mutation of the ATP1A3-gene (E277K) in the patient.

Conclusion: We suggest that pyramidal tract impairment could be involved in rapid-onset dystonia-parkinsonism
and the pyramidal tract impairment in RDP needs to be differentiated from HSP.
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Background
Rapid-onset dystonia-parkinsonism (RDP, DYT12) is a
rare autosomal dominant movement disorder with vari-
able expressivity and reduced penetrance that is caused
by a mutation of ATP1A3 (Na+/K+ −ATPase α3 subunit
gene) located on chromosome 19 [1]. To date, epidemio-
logical data related to RDP is limited and fewer than 75
RDP cases have been reported worldwide [2].
RDP is characterized by the sudden onset of asymmet-

ric dystonia and parkinsonism and presents a clear
rostrocaudal gradient of symptoms (face > arms > legs)
and prominent bulbar involvement [3, 4]. To our know-
ledge, clinical signs of pyramidal tract involvement have
been reported in several RDP cases, but none of them
included the Babinski sign. Although both the brisks
reflexes and the ankle clonus exhibited in several RDP

cases, scarce articles have discussed the pyramidal tract
dysfunction in RDP. Here, we describe a Chinese RDP
case with the Babinski sign, which indicates significant
pyramidal tract impairment.

Case presentation
A 24-year-old Chinese female with severe speech and
swallowing difficulties, prominent lower lip concavity,
and walking difficulties was admitted to our institution
in July 2015. In 2006, she displayed abnormal right leg
posture while running. She was unaware of the abnor-
mality until her father told her. In 2012, she suffered
from right leg spasms while sleeping as well as notable
gait disturbance. In April 2015, she displayed dragging
of the right leg with involuntary inversion of the right
ankle and slowness of movement. In May 2015, she ex-
perienced an acute onset of severe speech and swallow-
ing difficulties, and these symptoms were followed by
drooling, prominent lower lip concavity and dystonic
right hand postures several days later. The symptoms
slightly progressed over 1 week and then stabilized.
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Subsequently, her symptoms fluctuated frequently over a
1 week period. Depression and anxiety could worsen her
symptoms. The patient presented with global develop-
mental delay since early childhood and exhibited no pre-
ceding illness or drug use. There was no family history
of dystonia or Parkinson’s disease (Fig. 1). The patient’s
mother died of cerebrovascular disease at 30 years old.
The patient displayed prominent lower lip inversion

(Fig. 2). Due to severe hypokinesia of the tongue she was
anarthric. The muscle strength was normal. She pre-
sented cogwheel rigidity of her right arm and both legs,
particularly the right leg. She also showed markedly slow
movements, including finger and feet tapping. Deep ten-
don reflexes of the legs were hyperactive. Ankle clonus
was present bilaterally with more than 3 cloni. The right
foot displayed a positive Babinski sign, whereas the left
displayed a suspicious positive.
Both laboratory tests and routine cerebrospinal fluid

(CSF) studies were normal. Diffusion tensor imaging
(DTI; Fig. 3) showed reduced white matter integrity of
the corticospinal tract in the frontal lobe and subpontine
plane. Genetic tests for spinocerebellar ataxia (SCA) and
hereditary spastic paraplegia (HSP) yielded negative
results (HSP-associated and SCA associated genes in-
cluded in the gene sequencing of the patient were shown
in Additional file 1.). Next-generation sequencing of the
patient revealed a heterozygous nucleotide substitution
(c.829G > A) in ATP1A3 gene in exon 8 of chromosome
19, resulting in an amino acid substitution of glutamic

acid (E) to lysine (K) at codon position 277 (p.E277K),
which her father did not carry (Fig. 4) (Dystonia-associ-
ated genes included in the gene sequencing of the pa-
tient were shown in Additional file 2).
The symptoms appeared to be slightly improved by

the administration of trihexyphenidyl and baclofen.
When she was admitted at our institution again 4
months later, ankle clonus and a positive Babinski sign
were not observed, but deep tendon reflexes of the legs
remained brisk.

Conclusion
RDP (OMIM #128235), which was first reported by Dobyns
in 1993 [5], has been linked to various mutations in the
ATP1A3 [1, 3], which encodes the α3 subunit of the Na+/K
+ −ATPase. The Na+/K+ −ATPase (sodium pump), which
pumps three molecules of Na + out of and two molecules
of K+ into cells, is highly expressed in the basal ganglia,
cerebellum, thalamic nuclei, hippocampus and several areas
of the pons [6] and plays an important role in maintaining
the electrochemical gradient at the plasma membrane prior
to depolarization [7]. ATP1A3 gene has been involved in
five clinical neurological entities [8]: (1) RDP; (2) alternating
hemiplegia of childhood (AHC); (3) CAPOS (cerebellar
ataxia, areflexia, pes cavus, optic atrophy, sensorineural
hearing loss) syndrome; (4) early infantile epileptic enceph-
alopathy; and (5) Relapsing encephalopathy with cerebellar
ataxia (RECA).

Fig. 1 The pedgree for this patient. Squares indicate males; circles, females; arrow, proband; filled circle, affected female; circle with oblique line,
died female
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Fig. 2 Prominent lower lip concavity in our patient. Our patient presented prominent lower lip concavity, as shown in the picture

Fig. 3 Diffusion tensor imaging (DTI) of the patient. Diffusion tensor imaging (DTI) showed reduced white matter integrity of the corticospinal tract in
the frontal lobe and subpontine plane. The left side of corticospinal tract showed more sparse in the frontal lobe and subpontine plane than the other
side (filled triangles in white shown in picture d, e, f). Also, we could find some interruption in left side of corticospinal tract (arrows in yellow in picture
a, b, c, e, f). In addition, we could still see some interruption in the right side of corticospinal tract (arrows in yellow in picture c)
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To date, 12 missense mutations, two 3-bp deletions
and one 3-bp insertion in the ATP1A3 gene have been
reported to be associated with RDP [4, 9]. The patient
we presented had the E277K mutation, which has been
previously reported in three individuals with adult-onset
RDP [1, 3, 10]. RDP-associated ATP1A3 mutations are
inherited in an autosomal dominant fashion but also
frequently occur de novo [3, 4, 11]. We could not deter-
mine whether the patient’s mutation appeared de novo
because the patient’s mother was deceased. However,
there was no family history of dystonia or Parkinson dis-
ease, suggesting that our patient is likely a sporadic case.
Our patient displayed prominent lower lip inversion, a

symptom that has not been described in previously re-
ported RDP cases and was probably caused by the orofa-
cial dystonia [3, 4, 10]. The patient had severe bulbar
symptoms (dysarthria and dysphagia) and mild dystonia
in her right arm and leg, consistent with the rostrocau-
dal gradient and asymmetric involvement of symptoms
(face > arm > leg) in RDP [1, 3, 4].
About 13 reported RDP cases showed brisk reflexes on

physical exammination, with only 2 cases performed
ankle clonus simultaneously, but none of them exhibited
the Babinski sign [5, 10, 12–16]. Although both the
brisks reflexes and the ankle clonus exhibited in several
RDP cases, scarce articles have discussed the pyramidal
tract dysfunction in RDP [2]. However, Oblak et al. [2]
reported neuropathological investigations in 4 siblings
with RDP and described the involvement of corticospinal

tract in RDP. Also, recent DTI studies have suggested
that altered microstructural integrity of brainstem path-
ways and adverse interactions between the cerebellum
and basal ganglia may contribute to the development of
idiopathic early-onset dystonia [17, 18]. Our patient ex-
hibited both ankle clonus and a positive Babinski sign,
which were caused by impairment of the pyramidal tract.
DTI in our patient revealed decreased white matter in-
tegrity of the corticospinal tract in the frontal lobe and
subpontine plane, providing evidence of pyramidal tract
impairment.
The pyramidal tract impairment in the patient needs to

be differentiated from hereditary spastic paraplegia (HSP).
In the diagnosis of our patient, we realized the pyramidal
tract impairment and the dystonia in our patient at first,
which indicates the probable diagnosis of HSP. As compli-
cated HSP could encompass the parapyramidal signs (in-
cluding dystonia), for example in SPG21,SPG35,SPG56
[19, 20], so we take the next-gene sequencing on HSP.
And the gene test of HSP was negative, which excluded
SPG1-39,SPG41-56,SPG61-74,SCA5,SCA7-16,SCA19,SCA
22-23, SCA26-28, SCA34-36 and so on (see in Additional
file 1).
However, approximately 4 months after the diagnosis

was made and a treatment with baclofen and trihexyphe-
nidyl was started, and when our patient was re-admitted
to our clinic, she not only got better in drooling and walk-
ing, but also could speak single syllable. But the psychiary
symptoms, such as anxiety, depression, were much worse.

Fig. 4 Next-generation sequencing of the patient and her father. Next-generation sequencing of the patient revealed a heterozygous nucleotide
substitution (c.829G > A) in ATP1A3 gene in exon 8 of chromosome 19 (chr19:42489234) (a). Next-generation sequencing of the patient’s father
revealed no nucleotide substitution in ATP1A3 gene (b)
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She even had violent behaviours sometimes. On neuro-
logical examination, the ankle clonus and Babinski sign
were no longer present, but the deep tendon reflexes of
the legs were hyperactive. Baclofen is a GABA-B autore-
ceptor agonist that has been used to treat spasticity [21]
and dystonia [22], and trihexyphenidyl is an anticholiner-
gic agent that has proven effective for the symptomatic
treatment of dystonia in young patients [23]. Furthermore,
Almeida GL et al. reported an 11-year-old boy with spastic
diplegia cerebral palsy and found that ankle clonus and
Babinski reflexes could be decreased during balofen ad-
ministration [24]. The treatment with baclofen and trihex-
yphenidyl could have contributed to the resolution of the
ankle clonus and Babinski sign; however, the real reason is
unknown.
No curative treatment for RDP is currently available [1,

3]. The trihexyphenidyl and baclofen treatment provided
limited benefits to the patient. In the future, therapies
aimed at the Na+/K+-ATPase pump may be effective treat-
ments for RDP.

Additional files

Additional file 1: HSP-associated and SCA-associated genes included in
the gene sequencing of the patient. (DOC 98 kb)

Additional file 2: Dystonia-associated genes included in the gene
sequencing of the patient. (DOC 40 kb)

Abbreviations
ATP1A3: Na+/K+ −ATPase α3 subunit gene; DTI: Diffusion tensor imaging;
HSP: Hereditary spastic paraplegia; RDP: Rapid-onset dystonia-parkinsonism

Acknowledgements
Not applicable.

Funding
No funding to declare.

Availability of data and materials
The data supporting our findings will not be shared since is not ethically
appropriate (underlying data pose privacy concerns and might reveal the
identity of the patient).

Authors’ contributions
YLi and YLu drafted the manuscript, analyzed the data, and revised the
manuscript. XZ designed the study, participated in the management of the
patient and revised the manuscript. SX participated in the management of the
patient. TWa participated in the management of the patient. TWu provided the
data of diffusion tensor imaging (DTI) data from The First Affiliated Hospital of
Zhengzhou University, and was involved in revising the manuscript. CW
analyzed the data of diffusion tensor imaging (DTI) data from The First Affiliated
Hospital of Zhengzhou University, and was involved in revising the manuscript.
All authors read and approved the final manuscript.

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

Consent for publication
Written informed consent for publication of this Case Report and any
accompanying images was obtained from the patient and her father. A copy
of the written consent is available for review to the Editor of this journal.

Ethics approval and consent to participate
The clinical study was approved by the Ethical Committee of Xuan Wu
Hospital, Capital Medical University.

Author details
1Department of Neurology, Xuanwu Hospital of Capital Medical University,
Beijing 100053, China. 2Department of Neurology, The First Affiliated Hospital
of Zhengzhou University, Zhengzhou 450052, China. 3Department of
Magnetic Resonance, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou 450052, China.

Received: 28 July 2016 Accepted: 8 November 2016

References
1. De Carvalho AP, Sweadner KJ, Penniston JT, Zaremba J, Liu L, Caton M, et al.

Mutations in the Na+/K + −ATPase alpha3 gene ATP1A3 are associated with
rapid-onset dystonia parkinsonism. Neuron. 2004;43:169–75.

2. Oblak AL, Hagen MC, Sweadner KJ, Haq I, Whitlow CT, Maldjian JA, et al.
Rapid-onset dystonia-parkinsonism associated with the I758S mutation of
the ATP1A3 gene: a neuropathologic and neuroanatomical study of four
siblings. Acta Neuropathol. 2014;128:81–98.

3. Brashear A, Dobyns WB, De Carvalho AP, Borg M, Frijns CJ, Gollamudi S, et
al. The phenotypic spectrum of Rapid-onset Dystonia-Parkinsonism (RDP)
and mutations in the ATP1A3 gene. Brain J Neurol. 2007;130:828–35.

4. Rosewich H, Ohlenbusch A, Huppke P, Schlotawa L, Baethmann M, Carrilho
I, et al. The expanding clinical and genetic spectrum of ATP1A3-related
disorders. Neurology. 2014;82:945–55.

5. Dobyns WB, Ozelius LJ, Kramer PL, Brashear A, Farlow MR, Perry TR, et al.
Rapid-onset dystonia-parkinsonism. Neurology. 1993;43:2596–602.

6. Bøttger P, Tracz Z, Heuck A, Nissen P, Romero-Ramos M, Lykke-Hartmann K.
Distribution of Na/K-ATPase alpha 3 isoform, a sodium-potassium P-type
pump associated with rapid-onset of dystonia parkinsonism (RDP) in the
adult mouse brain. J Comp Neurol. 2011;519:376–404.

7. McGrail KM, Phillips JM, Sweadner KJ. Immunofluorescent localization of
three Na, K-ATPase isozymes in the rat central nervous system: both
neurons and glia can express more than one Na, K-ATPase. J Neurosci.
1991;11:381–91.

8. Dard R, Mignot C, Durr A, Lesca G, Sanlaville D, Roze E, et al. Relapsing
encephalopathy with cerebellar ataxia related to an ATP1A3 mutation. Dev
Med Child Neurol. 2015;57:1183–6.

9. Wilcox R, Brænne I, Brüggemann N, Winkler S, Wiegers K, Bertram L, et al.
Genome sequencing identifies a novel mutation in ATP1A3 in a family with
dystonia in females only. J Neurol. 2015;262:187–93.

10. Tarsy D, Sweadner KJ, Song PC. Case records of the Massachusetts General
Hospital. Case 17–2010 – a 29-year-old woman with flexion of the left hand
and foot and difficulty speaking. N Engl J Med. 2010;362:2213–9.

11. Anselm IA, Sweadner KJ, Gollamudi S, Ozelius LJ, Darras BT. Rapid-onset
dystonia-parkinsonism in a child with a novel ATP1A3 gene mutation.
Neurology. 2009;73:400–1.

12. Pittock SJ, Joyce C, O’Keane V. Rapid-onset dystonia-parkinsonism: a clinical
and genetic analysis of a new kindred. Neurol. 2000;55:991–5.

13. Zaremba J, Mierzewska H, Lysiak Z, Kramer P, Ozelius LJ, Brashear A. Rapid-
onset dystonia-parkinsonism: a fourth family consistent with linkage to
chromosome 19q13. Mov Disord. 2004;19:1506–10.

14. Brashear A, DeLeon D, Bressman SB, Thyagarajan D, Farlow MR, Dobyns WB.
Rapid-onset dystonia-parkinsonism in a second family. Neurology. 1997;48:
1066–9.

15. Lee JY, Gollamudi S, Ozelius LJ, Kim JY, Jeon BS. ATP1A3 mutation in the
first asian case of rapid-onset dystonia-parkinsonism. Mov Disord.
2007;22:1808–9.

16. Kamm C, Fogel W, Wächter T, Schweitzer K, Berg D, Kruger R, et al. Novel
ATP1A3 mutation in a sporadic RDP patient with minimal benefit from
deep brain stimulation. Neurology. 2008;70:1501–3.

17. Carbon M, Kingsley PB, Tang C, Bressman S, Eidelberg D. Microstructural white
matter changes in primary torsion dystonia. Mov Disord. 2008;23:234–9.

18. Calderon DP, Fremont R, Kraenzlin F, Khodakhah K. The neural substrates of
rapid-onset Dystonia-Parkinsonism. Nat Neurosci. 2011;14:357–65.

19. Fink JK. Hereditary spastic paraplegia: clinico-pathologic features and
emerging molecular mechanisms. Acta Neuropathol. 2013;126:307–28.

Liu et al. BMC Neurology  (2016) 16:218 Page 5 of 6

dx.doi.org/10.1186/s12883-016-0743-8
dx.doi.org/10.1186/s12883-016-0743-8


20. De Souza PV, de Rezende Pinto WB, de Rezende Batistella GN, Bortholin T,
Oliveira AS. Hereditary Spastic Paraplegia: Clinical and Genetic Hallmarks.
Cerebellum. 2016; Jun 7. [Epub ahead of print].

21. Margetis K, Korfias S, Boutos N, Gatzonis S, Themistocleous M, Siatouni A, et
al. Intrathecal baclofen therapy for the symptomatic treatment of hereditary
spastic paraplegia. Clin Neurol Neurosurg. 2014;123:142–5.

22. Jankovic J. Medical treatment of dystonia. Mov Disord. 2013;28:1001–12.
23. DeLong MR, Wichmann T. Circuits and circuit disorders of the basal ganglia.

Arch Neurol. 2007;64:20–4.
24. Almeida GL, Campbell SK, Girolami GL, Penn RD, Corcos DM. Multidimensional

assessment of motor function in a child with cerebral palsy following
intrathecal administration of baclofen. Phys Ther. 1997;77:751–64.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Liu et al. BMC Neurology  (2016) 16:218 Page 6 of 6


	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Conclusion
	Additional files
	show [abb]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

