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Abstract: X-linked dystonia–parkinsonism (XDP; OMIM314250), also referred to as DYT3 dystonia or
“Lubag” disease, was first described as an endemic disease in the Philippine island of Panay. XDP is
an adult-onset movement disorder characterized by progressive and severe dystonia followed by
overt parkinsonism in the later years of life. Among the primary monogenic dystonias, XDP has
been identified as a transcriptional dysregulation syndrome with impaired expression of the TAF1
(TATA box-binding protein associated factor 1) gene, which is a critical component of the cellular
transcription machinery. The major neuropathology of XDP is progressive neuronal loss in the
neostriatum (i.e., the caudate nucleus and putamen). XDP may be used as a human disease
model to elucidate the pathomechanisms by which striatal neurodegeneration leads to dystonia
symptoms. In this article, we introduce recent advances in the understanding of the interplay between
pathophysiology and genetics in XDP.
Keywords: X-linked dystonia–parkinsonism; striatum; striosome; neurodegeneration; genetics;
pathophysiology

1. Introduction
X-linked dystonia–parkinsonism (XDP; OMIM314250), also known as DYT3 dystonia or “Lubag”
disease, is a hereditary neurodegenerative disorder that primarily involves the striatum. XDP may be
a unique human disease model used to investigate the pathogeneses of dystonia and parkinsonism.
It was first described as an endemic disease on the island of Panay in the Philippines [1]. XDP is
now classified as a primary monogenic torsion dystonia [2]. This adult-onset movement disorder
is clinically characterized by progressive and severe dystonia, followed by overt parkinsonism in
the later years of life [3]. Like Huntington’s disease (HD) and spinocerebellar ataxia 17 (SCA17),
XDP has been identified as a transcriptional dysregulation syndrome [4]. XDP involves the impaired
expression of the TAF1 (TATA box-binding protein associated factor 1) gene [5], which is ubiquitously
expressed and is an essential component of the transcription machinery [6]. The major neuropathology
of XDP is progressive neuronal loss in the neostriatum (i.e., the putamen and caudate nucleus) [7–9],
where compartmental and cell type-specific degeneration of striatal neurons is found [8,9]. Among
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the primary monogenic dystonias, XDP is a unique heredodegenerative disorder whose causative
gene and functional pathology have been explicated. Here, we introduce recent advances in the
understanding of the genetic and clinicopathological features of XDP.
2. Clinical Phenotype
XDP is originally endemic to the island of Panay in the Philippines [1]. As of 2001, its prevalence
rate for the entire Philippines was 0.31 per 100,000, although it was as high as 5.24 per 100,000 in
the island of Panay [10]. Currently, affected Filipinos with XDP are also found in the USA, Canada,
Germany, UK, and Japan [3,11].
The striking clinical feature in patients with XDP is the contradictory biphasic movement disorder
manifestation, namely dystonia and parkinsonism. The onset of the disease usually occurs in the
late 30s to early 40s (mean, 39.67; range, 12–64) [3]. It usually starts with focal dystonia (94.3%),
although some patients first present with parkinsonism (5.7%) [3]. On average, focal dystonia becomes
generalized within four years (range, 1–23 years), and most patients (84%) present with generalized
dystonia within five years of disease onset [3]. Eventually, the vast majority of patients with focal
dystonia (97%) develop generalized dystonia [3]. Generalized dystonia affects the craniofacial and
cervical segments, the upper and lower limbs, and the trunk [3,10]. Dystonia is typically predominant
until the seventh year of illness. Parkinsonism becomes gradually more prominent between the
seventh and 10th year after onset [11]. The mean duration from onset to predominant parkinsonism is
14 years (range, 7–25) years [3]. To date, 14 affected female patients have been reported, while more
than 500 men have been diagnosed with XDP [12]. Homozygosity and skewed X-inactivation can
lead to XDP in women [5,12]. Female XDP carriers are mostly asymptomatic and symptomatic female
carriers usually manifest non-progressive focal dystonia, chorea, focal tremor, or non-progressive mild
parkinsonism [12–14]. Pain is frequently observed in 80% of individuals with oromandibular dystonia
and in 75% of those with truncal–axial dystonia due largely to muscle contraction [15].
Cognitive impairment in patients with XDP is usually mild. However, 76% of patients with XDP
fail one of the following tests: the Mini-Mental State Examination, the Clock Drawing Test, and Frontal
Assessment Battery [16]. There may be impairments in the dorsolateral frontal lobe functions of
abstract thinking and conceptualization [16]. Executive dysfunction has been noted in three case
reports [17–19]. Using a flanker task, a set of response inhibition tests used to assess the ability to
inhibit inappropriate responses in a particular context, Beste et al. [20] have reported that error-related
behavioral adaptation is markedly impaired in patients with XDP in the early disease stages. Abnormal
error processing is correlated with dystonia severity, but not with parkinsonism [20]. Interestingly,
response inhibition in a go/no-go task and corresponding electroencephalograms are normal in
patients with XDP [20]. This indicates a lack of impulsivity. The authors concluded that dysfunction
in behavioral adaptation might reflect striosomal dysfunction [20]. The same group reported faster
and more accurate perceptual decision-making performance in predictive coding processes using
distracting pitches of tones in patients with XDP when compared to healthy controls [21]. Predictive
coding is the ability to predict upcoming events on the basis of extracted regularities of previous
inputs, and is known to depend on fronto-striatal circuits [22]. There was less response slowing and a
smaller reduction of accuracy when XDP patients, in their early dystonic stages, were confronted with
the distracting pitches of the tones compared to controls [21]. These results suggested that striosomal
dysfunction was associated with this paradoxical benefit for perceptual decision-making processes [21].
The authors hypothesized that striosomal dysfunction in XDP patients reduced its interferences to the
matrix, which might result in better perceptual decision-making processes [21].
The mean age of death in patients with XDP is 55.59 (range, 31–81) years. Death usually occurs
due to malnutrition or aspiration pneumonia [3,11]. Causes of death include a non-ignorable number
of suicides (9%) [3]. Notably, 14.3% of patients with XDP have major depression, according to the
Diagnostic and Statistical Manual-IV (DSM-IV) criteria [23]. In addition, 35.7% of patients with XDP
have anxiety disorders, including social phobia (28.6%), agoraphobia (21.4%), and panic disorder

Brain Sci. 2017, 7, 72

3 of 13

(7.1%), as determined using the DSM-IV [23]. Depressive symptoms are highly prevalent in up to
92.9% of patients, as determined using the Zung Self-Rating Depression Scale, and in 54.8% of patients
when they are assessed using the Hamilton Depression Rating Scale (HAM-D) [16,23]. A worsening of
both Burke–Fahn–Marsden Dystonia Rating Scale (BFM-DRS) and Schwab and England Activities
of Daily Living scores are significantly correlated with positive HAM-D scores [16]. The functional
impairment caused by severe dystonia or end-stage parkinsonism usually induces severe disability in
activities of daily living (ADL) [3]. Thus, both the neuropathological changes in the central nervous
system and disability in ADL may affect mood in patients with XDP, which might explain the high
rate of suicide.
3. Neuroimaging
A review of magnetic resonance imaging films from 46 patients with XDP by Pasco et al. indicated
six of the patients had normal findings, while 40 had abnormal findings [24]. All six films without
abnormal findings were imaged during the early dystonic phase. All of the 40 films with abnormal
findings contained hyperintense putaminal rims and 72% displayed atrophy of the caudate head.
Putaminal atrophy was found in 30% of the films, which were imaged mostly during the later
parkinsonism stage.
Severe bilateral putaminal metabolic deficits assessed using [18 F] fluorodeoxyglucose positron
emission tomography (PET) have been reported from the early to late stages of XDP [7,25,26]. Using
[18 F] fluorodopa, normal and reduced dopamine re-uptake by presynaptic terminals have been
observed in patients with the early dystonic stage and the moderately severe parkinsonism stage,
respectively [7,25,26].
Dopamine transporter imaging using [123 I] β-carbomethoxy-iodophenyl-nortropane and [123 I]
fluoropropyl-2-beta-carbomethoxy-3-beta(4-iodophenyl) nortropane single-photon emission computed
tomography (SPECT) studies show moderately reduced uptake in the bilateral putamen in patients
with XDP in the early to middle stages of the disease [14,27,28]. There is an inconsistency between
PET and SPECT studies related to presynaptic dopaminergic function in XDP patients in the early
dystonia phase. While [18 F] fluorodopa PET studies showed normal presynaptic dopaminergic
terminal innervation, dopamine transporter imaging SPECT studies demonstrated reduced presynaptic
dopaminergic afferents [7,25–28]. Dopamine D2 receptor (D2 R) imaging using [123 I] iodobenzamide
(IBZM)-SPECT indicates a slight to moderate decrease in D2 R expression in the bilateral striatum
in patients with XDP in the early to middle stages of disease [27,28]. Longer disease duration
is correlated with lower IBZM-binding ratios in the right striatum [28]. However, IBZM-SPECT
cannot distinguish pre-synaptic D2 R from post-synaptic D2 R, thus it cannot be judged whether
IBZM-SPECT reduction reflects striatal neuron loss or the loss of D2 R-positive afferents [29]. It is
difficult to derive any definitive conclusion from these studies due to small sample size. Walter et
al. enrolled 90 Filipino participants in a brain sonography study [30]. They reported presynaptic
alteration in XDP patients with prominent parkinsonism by showing a positive correlation between
hyperechogenicity in substantia nigra and the severity of parkinsonism. On the other hand, there was
a negative correlation between hyperechogenicity in substantia nigra and the severity of dystonia.
A majority of XDP patients present pure dystonia or a dystonia-predominant phenotype from the
early stages, suggestive of a predominant involvement of postsynaptic dysfunction [14]. Few XDP
patients represent pure parkinsonism, with a subsequent manifestation of dystonia in later stages or a
parkinsonism-predominant phenotype from the early stages suggestive of a predominant involvement
of presynaptic defect [14]. XDP-related genetic changes may underlie the genesis of these different
phenotypes [14,30].
4. Treatments
A variety of pharmacological and surgical therapies have been proposed for the treatment
of dystonia and parkinsonism in patients with XDP. Oral medications such as benzodiazepines,
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anticholinergic agents, antipsychotic agents, and anti-parkinsonian medications have failed to show
convincing benefit [11]. Zolpidem and tetrabenazine might be effective for some individuals
with advanced dystonia [14,31,32]. Levodopa and dopamine agonists might have some beneficial
effects, particularly in individuals with pure parkinsonism [14]. Long-term treatment with
L-3-(3,4-Dihydroxyphenyl)alanine (L-DOPA) does not induce L-DOPA-induced dyskinesia [14].
Chemodenervation using muscle afferent block and botulinum toxin type A (BoNT-A) have
been used in patients with XDP, especially during the focal, multifocal, and segmental stages of
dystonia [11,15]. It was also noted that in 109 patients with XDP, BoNT-A injections produced
significant improvements in oromandibular, lingual, and truncal-axial dystonias, with a marked
reduction in associated pain [15].
Deep brain stimulation of the globus pallidus internus (GPi-DBS) has been used in several patients
with XDP and severe generalized dystonia [18,33–39]. The effects of bilateral GPi-DBS are always
immediate and striking [38] and lead to a 34–95% improvement in dystonia symptoms, as determined
using BFM-DRS [18,33–39]. In general, GPi-DBS may have beneficial effects on dystonia symptoms
in patients with XDP, but not on parkinsonian symptoms [35]. Notably, a study using intraoperative
pallidal microdialysis suggested that GPi-DBS might suppress dystonia symptoms by enhancing local
gamma-aminobutyric acid (GABA) release in the GPi [39]. Another study of intraoperative local field
potentials also provides evidence suggesting that GPi-DBS might improve dystonia symptoms by
suppressing beta hypersynchrony in the GPi [37].
5. Genetics
Previous conventional linkage and association studies based on linkage disequilibrium have
demonstrated that the XDP locus is within a 427 kb genetic interval on chromosome Xq13.1 [40]
(Figure 1A). This region was recently further refined to 294 kb using whole genome sequencing [5].
The refined XDP haplotype includes four known genes: TAF1, OGT, ACRC, and CXCR3 (Figure 1B).
Seven nucleotide variants have been identified within the XDP haplotype: five disease-specific
single-nucleotide changes (designated as Disease-specific Sequence Changes [DSC] 1, 2, 3, 10, and 12),
one 48 bp deletion, and one 2627 bp SVA (SINE-VNTR-Alu element) retrotransposon insertion
(Figure 1C). These variants are in complete linkage disequilibrium and no recombination events
have been detected between the variants in 21 patients with XDP [5]. The variants are located
either within the intronic region of TAF1 or in a nonconventional exon, and the intronic region at
the multiple transcript system mapped downstream of TAF1. Bioinformatics analysis indicated no
supportive evidence that these variants are located within or near potential regulatory sequences.
Copy number variants (CNVs) were investigated using whole-genome microarray analysis, but no
disease-associated CNVs were detected in the candidate region for XDP [5]. Clinical and geographical
analyses suggest that the disease-causing genetic defect is derived from a founder born in Panay
Island in the Philippines, in whom a single de novo genetic defect occurred [41]. Because it is unlikely
that two or more disease-associated variants will occur simultaneously in a single individual, one of
the seven variants is most likely the cause of XDP pathology, whereas the other variants are simply
linked changes that occurred on the same funder chromosome. Amplification of the inserted SVA
variant using a long-range polymerase chain reaction has been used for genetic testing for XDP and
has contributed to nationwide surveillance on XDP in the Philippines [42,43].
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Although the exact disease-causing genetic variant remains to be elucidated, decreased expression
levels of specific TAF1 transcripts have been demonstrated in postmortem brain, blood, and fibroblasts
obtained from patients with XDP [45,46]. This phenomenon was verified in induced pluripotent stem
cell (iPSC)-derived neural stem cells (NSCs), suggesting that an aberrant transcription of TAF1 occurs in
neuronal cells at the early stages of development [47]. Moreover, TAF1 dysfunction at the transcriptome
level was also shown in peripheral biomaterials where 307 genes were dysregulated. A reduction of
TAF1 transcription would impair its biological role as an RNA polymerase II-dependent transcription
factor, probably leading to the dysfunction of canonical genes, including synaptotagmin-like 2
(SYTL2) and solute carrier family 5 (inositol transporter), member 3 (SLC5A3) [46]. The gene SYTL2
plays a biological role in membrane trafficking in peripheral secretory cells through interaction
with RAS-associated protein 27A (RAB27A). The possible involvement of vesicle trafficking and
synaptogenesis in XDP pathology was previously demonstrated in cultured cells expressing specific
TAF1 isoforms containing multiple transcript system (MTS) exons d3 and d4 [48]. SLC5A3 regulates
brain osmoregulation including inositol metabolism, which is impaired in the striatum in Huntington’s
disease as well as cellular and animal models of the disease [49]. TAF1 dysfunction and neurological
disorder has also been demonstrated in another distinctive disease. Hemizygous missense and
splice-site TAF1 variants, and duplication involving TAF1, are associated with X-linked syndromic
mental retardation 33 (OMIM 300966), which is a severe neurodevelopmental disorder and has dystonic
features [50].
Considering the possible pathomechanisms caused by the reduced expression of specific TAF1
transcripts, the SVA variant is in a position to lead to genetic predisposition to XDP. The SVA variant is
inserted at intron 32 of TAF1, and might affect the expression of TAF1 transcripts. Intriguingly, an SVA
insertion has been reported to be active in the human genome and may cause disease in humans [51].
To date, two other diseases have been described wherein an SVA insertion is associated with a loss
of mRNA expression: autosomal recessive hypercholesterolemia [52] and Fukuyama-type muscular
dystrophy [53]. Genome editing technology [54] might provide more direct clues to help us determine
the exact variant affecting TAF1 transcription and function in iPSC-derived NSCs.
6. Functional Pathology
Progressive neuronal loss with replacing astrogliosis in the neostriatum (i.e., putamen and caudate
nucleus) has so far been identified as the primary neuropathology of XDP [8,9]. Postmortem studies
on patients with XDP have shown a clear correlation between clinical manifestation and striatal
pathology [8,9]. As a clinical sign, dystonia is the leading symptom in the early disease stage
(“dystonia” stage), but is associated with or replaced by parkinsonism in the later years of life
(“parkinsonism” stage) [3]. As shown in Figure 2, at the “dystonia” stage (Figure 2B,D), striatal
pathology is characterized by a compartmental loss of medium spiny neurons (MSNs) in the dorsal
striatum, where the striosome compartment is severely depleted but the matrix compartment is
relatively spared [8,9]. This compartment-specific loss of MSNs results in a striatal mosaic composed
of multiple patches of remaining matrix MSNs. These findings raise the possibility that dystonia is a
feature indicative of striosomal dysfunction. In addition, eventual loss of the direct pathway neurons
also may cause hyperkinetic symptoms in XDP. In contrast, in the parkinsonian phase (Figure 2C),
there is a greater loss of MSNs in both the striosome and matrix compartments, which leads to a
marked reduction in the interactions of their fibers with the globus pallidus and other extrastriatal
brain regions [8,55]. There is a sparing of cholinergic striatal interneurons and a significant loss of cells
positive for neuropeptide Y (NPY) in patients with XDP [8,9].
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transcript system, even though other sequence changes are intronic. Using neuroblastoma cells,
the authors showed an effect of DSC3 on broad gene expression accompanied by an enrichment of
genes related to vesicle and synaptic function, dopamine metabolism, Ca2+ metabolism, and protection
against oxidative stress. We have suggested that the neostriatal pathology in XDP might be associated
with the impaired expression of NPY [9], which is a novel bioactive substance with a role in the
modulation of neurogenesis and neurotransmitter release, and thereby exerts a protective influence
against neurodegeneration [64]. We performed a postmortem analysis to determine the striatal
localization profile of NPY in normal individuals and in patients with XDP [9]. In normal controls,
we found a scattered distribution of NPY-positive neurons and numerous nerve fibers labeled for NPY
in the striatum, where there was a differential localization of NPY immunoreactivity in the striatal
compartments, and a heightened density of NPY labeling in the matrix compartment relative to the
striosomes [9]. In patients with XDP, there was a significant decrease in the number of NPY-positive
cells accompanied by a marked loss of their nerve fibers in the neostriatum, and a lack of NPY labeling
in the subventricular zone with a marked loss of progenitor cells [9]. These findings suggest the
presence of a neostriatal defect in the NPY system in patients with XDP. Therefore, the NPY system
may be implicated in the mechanism by which a compartmental loss of striatal neurons progressively
occurs in XDP.
8. Conclusions
XDP typically affects adult male Filipinos whose ancestries originate from the Philippine island
of Panay. XDP is unique among movement disorders, as it leads to progressive and severe dystonia in
the earlier disease stages, which are followed by overt parkinsonism in the later stages. In accordance
with this clinical course, postmortem neuropathological analyses have shown that striatal neurons
progressively degenerate in a cell-type and compartment-specific manner. Genetic analyses have
shown that XDP is a transcriptional dysregulation syndrome caused by impaired expression of the TAF1
gene. An XDP-specific haplotype has been identified and consists of seven sequence variants clustering
around the human TAF1 gene, although a direct link of these variants with disease pathogenesis has not
yet been established. In addition to striatal deregulation of dopamine transmission, multiple molecular
and cellular factors have been suggested to contribute to the development of striatal symptomatology
and pathology in XDP, similar to what has so far been described in HD [65]. A further study on the
specific link between the DYT3-specific impairment of the TAF1 gene and striatal cell vulnerability
would be required to determine the precise pathomechanism by which progressive neurodegeneration
occurs selectively in the neostriatum at maturity in XDP.
Acknowledgments: This work was supported in part by grants from the Ministry of Education, Culture, Sports,
Science, and Technology of Japan (grants-in-aid for Scientific Research no. 24390223, 26461272, 26430054, 16K10788,
17K07096, 17K10899) and Japan Agency for Medical Research and Development (no. 16ek0109182h0001),
Labor and Welfare of Japan (Grants-in-Aid from the Research Committee of CNS Degenerative Diseases),
and Labor and Welfare of Japan (Policy Research for Intractable Diseases (2016–2018).
Author Contributions: Conception or design of the work: T.K., R.M., and S.G. Acquisition, analysis,
or interpretation of data for the work: T.K., R.M., and S.G. Drafting the work: T.K., R.M., and S.G. Revising the
work critically for important intellectual content: SG. Final approval of the version to be published: T.K., R.M.,
R.K., and S.G. Agreement to be accountable for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved: T.K., R.M., R.K., and S.G.
Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References
1.
2.

Lee, L.V.; Pascasio, F.M.; Fuentes, F.D.; Viterbo, G.H. Torsion dystonia in Panay, Philippines. Adv. Neurol.
1976, 14, 137–151. [PubMed]
Müller, U. The monogenic primary dystonias. Brain 2009, 132, 2005–2025. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 72

3.

4.

5.

6.
7.

8.

9.

10.

11.
12.

13.

14.

15.

16.
17.

18.
19.

20.

21.

10 of 13

Lee, L.V.; Rivera, C.; Teleg, R.A.; Dantes, M.B.; Pasco, P.M.; Jamora, R.D.; Arancillo, J.; Villareal-Jordan, R.F.;
Rosales, R.L.; Demaisip, C.; et al. The unique phenomenology of sex-linked dystonia parkinsonism (XDP,
DYT3, “Lubag”). Int. J. Neurosci. 2011, 121 (Suppl. 1), 3–11. [CrossRef] [PubMed]
Nolte, D.; Niemann, S.; Müller, U. Specific sequence changes in multiple transcript system DYT3 are
associated with X-linked dystonia parkinsonism. Proc. Natl. Acad. Sci. USA 2003, 100, 10347–10352.
[CrossRef] [PubMed]
Domingo, A.; Westenberger, A.; Lee, L.V.; Brænne, I.; Liu, T.; Vater, I.; Rosales, R.; Jamora, R.D.; Pasco, P.M.;
Cutiongco-Dela Paz, E.M.; et al. New insights into the genetics of X-linked dystonia-parkinsonism (XDP,
DYT3). Eur. J. Hum. Genet. 2015, 23, 1334–1340. [CrossRef] [PubMed]
Wassarman, D.A.; Sauer, F. TAFII250: A transcription toolbox. J. Cell Sci. 2001, 114, 2895–2902. [PubMed]
Waters, C.H.; Faust, P.L.; Powers, J.; Vinters, H.; Moskowitz, C.; Nygaard, T.; Hunt, A.L.; Fahn, S.
Neuropathology of lubag (x-linked dystonia parkinsonism). Mov. Disord. 1993, 8, 387–390. [CrossRef]
[PubMed]
Goto, S.; Lee, L.V.; Munoz, E.L.; Tooyama, I.; Tamiya, G.; Makino, S.; Ando, S.; Dantes, M.B.; Yamada, K.;
Matsumoto, S.; et al. Functional anatomy of the basal ganglia in X-linked recessive dystonia-parkinsonism.
Ann. Neurol. 2005, 58, 7–17. [CrossRef] [PubMed]
Goto, S.; Kawarai, T.; Morigaki, R.; Okita, S.; Koizumi, H.; Nagahiro, S.; Munoz, E.L.; Lee, L.V.; Kaji, R.
Defects in the striatal neuropeptide Y system in X-linked dystonia-parkinsonism. Brain 2013, 136 Pt 5,
1555–1567. [CrossRef] [PubMed]
Lee, L.V.; Maranon, E.; Demaisip, C.; Peralta, O.; Borres-Icasiano, R.; Arancillo, J.; Rivera, C.; Munoz, E.;
Tan, K.; Reyes, M.T. The natural history of sex-linked recessive dystonia parkinsonism of Panay, Philippines
(XDP). Parkinsonism Relat. Disord. 2002, 9, 29–38. [CrossRef]
Rosales, R.L. X-linked dystonia parkinsonism: Clinical phenotype, genetics and therapeutics. J. Mov. Disord.
2010, 3, 32–38. [CrossRef] [PubMed]
Domingo, A.; Lee, L.V.; Bruggemann, N.; Freimann, K.; Kaiser, F.J.; Jamora, R.D.; Rosales, R.L.; Klein, C.;
Westenberger, A. Woman with X-linked recessive dystonia-parkinsonism: Clue to the epidemiology of
parkinsonism in filipino women? JAMA Neurol. 2014, 71, 1177–1180. [CrossRef] [PubMed]
Evidente, V.G.; Nolte, D.; Niemann, S.; Advincula, J.; Mayo, M.C.; Natividad, F.F.; Müller, U. Phenotypic
and molecular analyses of X-linked dystonia-parkinsonism (“Lubag”) in women. Arch. Neurol. 2004, 61,
1956–1959. [CrossRef] [PubMed]
Evidente, V.G.H. X-linked dystonia-parkinsonism.
In Genereviews(r); Pagon, R.A., Adam, M.P.,
Ardinger, H.H., Wallace, S.E., Amemiya, A., Bean, L.J.H., Bird, T.D., Ledbetter, N., Mefford, H.C.,
Smith, R.J.H., et al., Eds.; University of Washington: Seattle, WA, USA, 1993.
Rosales, R.L.; Santos, M.M.; Ng, A.R.; Teleg, R.; Dantes, M.; Lee, L.V.; Fernandez, H.H. The broadening
application of chemodenervation in X-linked dystonia-parkinsonism (part 1): Muscle afferent block versus
botulinum toxin-a in cervical and limb dystonias. Int. J. Neurosci. 2011, 121 (Suppl. 1), 35–43. [CrossRef]
[PubMed]
Jamora, R.D.; Ledesma, L.K.; Domingo, A.; Cenina, A.R.; Lee, L.V. Nonmotor features in sex-linked dystonia
parkinsonism. Neurodegener. Dis. Manag. 2014, 4, 283–289. [CrossRef] [PubMed]
Howe, L.L.; Kellison, I.L.; Fernandez, H.H.; Okun, M.S.; Bowers, D. Neuropsychological profile of a filipino
gentleman with X-linked dystonia-parkinsonism: A case report of Lubag disease. Clin. Neuropsychol. 2009,
23, 100–117. [CrossRef] [PubMed]
Wadia, P.M.; Lim, S.Y.; Lozano, A.M.; Adams, J.R.; Poon, Y.Y.; Torres Diaz, C.V.; Moro, E. Bilateral pallidal
stimulation for X-linked dystonia parkinsonism. Arch. Neurol. 2010, 67, 1012–1015. [CrossRef] [PubMed]
Kemmotsu, N.; Price, C.C.; Oyama, G.; Okun, M.S.; Foote, K.D.; Howe, L.L.; Bowers, D. Pre- and post- gpi
dbs neuropsychological profiles in a case of X-linked dystonia-parkinsonism. Clin. Neuropsychol. 2011, 25,
141–159. [CrossRef] [PubMed]
Beste, C.; Mückschel, M.; Rosales, R.; Domingo, A.; Lee, L.; Ng, A.; Klein, C.; Münchau, A.
Striosomal dysfunction affects behavioral adaptation but not impulsivity-evidence from X-linked
dystonia-parkinsonism. Mov. Disord. 2017, 32, 576–584. [CrossRef] [PubMed]
Beste, C.; Mückschel, M.; Rosales, R.; Domingo, A.; Lee, L.; Ng, A.; Klein, C.; Münchau, A. Dysfunctions
in striatal microstructure can enhance perceptual decision making through deficits in predictive coding.
Brain Struct. Funct. 2017, 24, 1–11. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 72

22.
23.

24.

25.

26.

27.

28.

29.
30.

31.
32.

33.

34.

35.

36.

37.

38.
39.

11 of 13

Friston, K. A theory of cortical responses. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2005, 360, 815–836. [CrossRef]
[PubMed]
Morigaki, R.; Nakataki, M.; Kawarai, T.; Lee, L.V.; Teleg, R.A.; Tabuena, M.D.; Mure, H.; Sako, W.; Pasco, P.M.;
Nagahiro, S.; et al. Depression in X-linked dystonia-parkinsonism: A case-control study. Parkinsonism Relat.
Disord. 2013, 19, 844–846. [CrossRef] [PubMed]
Pasco, P.M.; Ison, C.V.; Munoz, E.L.; Magpusao, N.S.; Cheng, A.E.; Tan, K.T.; Lo, R.W.; Teleg, R.A.;
Dantes, M.B.; Borres, R.; et al. Understanding XDP through imaging, pathology, and genetics. Int. J.
Neurosci. 2011, 121 (Suppl. 1), 12–17. [CrossRef] [PubMed]
Eidelberg, D.; Takikawa, S.; Dhawan, V.; Chaly, T.; Robeson, W.; Dahl, R.; Margouleff, D.; Moeller, J.R.;
Patlak, C.S.; Fahn, S. Striatal 18F-dopa uptake: Absence of an aging effect. J. Cereb. Blood Flow Metab. 1993,
13, 881–888. [CrossRef] [PubMed]
Evidente, V.G.H.; Santiago, J.; Fugoso, L.; Natividad, F.F. In Fluorine 18fluorodeoxyglucose positron emission
tomography (FDG-PET) brain imaging findings in symptomatic and asymptomatic carriers of X-linked
dystonia-parkinsonism (“Lubag”). Mov. Disord. 2002, 21 (Suppl. 15), S626.
Tackenberg, B.; Metz, A.; Unger, M.; Schimke, N.; Passow, S.; Hoeffken, H.; Hoffmann, G.F.; Müller, U.;
Nolte, D.; Oertel, W.H.; et al. Nigrostriatal dysfunction in X-linked dystonia-parkinsonism (DYT3).
Mov. Disord. 2007, 22, 900–902. [CrossRef] [PubMed]
Brüggemann, N.; Rosales, R.L.; Waugh, J.L.; Blood, A.J.; Domingo, A.; Heldmann, M.; Jamora, R.D.;
Münchau, A.; Münte, T.F.; Lee, L.V.; et al. Striatal dysfunction in X-linked dystonia-parkinsonism is
associated with disease progression. Eur. J. Neurol. 2017, 24, 680–686. [CrossRef] [PubMed]
Falardeau, P. Functional dinstinctions of dopamine D2Long and D2Short receptors. In Dopamine Receptors
and Transporters; Niznik, H.B., Ed.; Marcel Dekker: New York, NY, USA, 1994; pp. 323–342.
Walter, U.; Rosales, R.; Rocco, A.; Westenberger, A.; Domingo, A.; Go, C.L.; Brüggemann, N.; Klein, C.;
Lee, L.V.; Dressler, D. Sonographic alteration of substantia nigra is related to parkinsonism-predominant
course of X-linked dystonia-parkinsonism. Parkinsonism Relat. Disord. 2017, 37, 43–49. [CrossRef] [PubMed]
Evidente, V.G. Zolpidem improves dystonia in “Lubag” or X-linked dystonia-parkinsonism syndrome.
Neurology 2002, 58, 662–663. [CrossRef] [PubMed]
Evidente, V.G.; Advincula, J.; Esteban, R.; Pasco, P.; Alfon, J.A.; Natividad, F.F.; Cuanang, J.; Luis, A.S.;
Gwinn-Hardy, K.; Hardy, J.; et al. Phenomenology of “Lubag” or X-linked dystonia-parkinsonism.
Mov. Disord. 2002, 17, 1271–1277. [CrossRef] [PubMed]
Evidente, V.G.; Lyons, M.K.; Wheeler, M.; Hillman, R.; Helepolelei, L.; Beynen, F.; Nolte, D.; Müller, U.;
Starr, P.A. First case of X-linked dystonia-parkinsonism (“Lubag”) to demonstrate a response to bilateral
pallidal stimulation. Mov. Disord. 2007, 22, 1790–1793. [CrossRef] [PubMed]
Martinez-Torres, I.; Limousin, P.; Tisch, S.; Page, R.; Pinto, A.; Foltynie, T.; Bhatia, K.P.; Hariz, M.I.;
Zrinzo, L. Early and marked benefit with GPi DBS for Lubag syndrome presenting with rapidly progressive
life-threatening dystonia. Mov. Disord. 2009, 24, 1710–1712. [CrossRef] [PubMed]
Oyama, G.; Fernandez, H.H.; Foote, K.D.; Zeilman, P.; Hwynn, N.; Jacobson, C.E.; Malaty, I.A.;
Rodriguez, R.L.; Okun, M.S. Differential response of dystonia and parkinsonism following globus pallidus
internus deep brain stimulation in X-linked dystonia-parkinsonism (Lubag). Stereotact. Funct. Neurosurg.
2010, 88, 329–333. [CrossRef] [PubMed]
Aguilar, J.A.; Vesagas, T.S.; Jamora, R.D.; Teleg, R.A.; Ledesma, L.; Rosales, R.L.; Fernandez, H.H.; Lee, L.V.
The promise of deep brain stimulation in X-linked dystonia parkinsonism. Int. J. Neurosci. 2011, 121 (Suppl. 1),
57–63. [CrossRef] [PubMed]
Whitmer, D.; de Solages, C.; Hill, B.C.; Yu, H.; Bronte-Stewart, H. Resting beta hypersynchrony in
secondary dystonia and its suppression during pallidal deep brain stimulation in DYT3+ Lubag dystonia.
Neuromodulation 2013, 16, 200–205; discussion 205. [CrossRef] [PubMed]
Patel, A.J.; Sarwar, A.I.; Jankovic, J.; Viswanathan, A. Bilateral pallidal deep brain stimulation for X-linked
dystonia-parkinsonism. World Neurosurg. 2014, 82, 241.e1–241.e4. [CrossRef] [PubMed]
Tronnier, V.M.; Domingo, A.; Moll, C.K.; Rasche, D.; Mohr, C.; Rosales, R.; Capetian, P.; Jamora, R.D.;
Lee, L.V.; Münchau, A.; et al. Biochemical mechanisms of pallidal deep brain stimulation in X-linked
dystonia parkinsonism. Parkinsonism Relat. Disord. 2015, 21, 954–959. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 72

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.
57.

12 of 13

Németh, A.H.; Nolte, D.; Dunne, E.; Niemann, S.; Kostrzewa, M.; Peters, U.; Fraser, E.; Bochukova, E.;
Butler, R.; Brown, J.; et al. Refined linkage disequilibrium and physical mapping of the gene locus for
X-linked dystonia-parkinsonism (DYT3). Genomics 1999, 60, 320–329. [CrossRef] [PubMed]
Lee, L.V.; Munoz, E.L.; Tan, K.T.; Reyes, M.T. Sex linked recessive dystonia parkinsonism of Panay, Philippines
(XDP). Mol. Pathol. 2001, 54, 362–368. [PubMed]
Kawarai, T.; Pasco, P.M.; Teleg, R.A.; Kamada, M.; Sakai, W.; Shimozono, K.; Mizuguchi, M.; Tabuena, D.;
Orlacchio, A.; Izumi, Y.; et al. Application of long-range polymerase chain reaction in the diagnosis of
X-linked dystonia-parkinsonism. Neurogenetics 2013, 14, 167–169. [CrossRef] [PubMed]
Pasco, P.M.; Kawarai, T.; Silao, C.L.; Canson, D.M.; Lee, L.V.; Kaji, R. Validation of a PCR-based test for the
genetic diagnosis of Filipino patients with X-linked dystonia pakinsonism (XDP). Acta Medic. Philipp. 2015,
49, 1–5.
Jambaldorj, J.; Makino, S.; Munkhbat, B.; Tamiya, G. Sustained expression of a neuron-specific isoform of
the Taf1 gene in development stages and aging mice. Biochem. Biophys. Res. Commun. 2012, 425, 273–277.
[CrossRef] [PubMed]
Makino, S.; Kaji, R.; Ando, S.; Tomizawa, M.; Yasuno, K.; Goto, S.; Matsumoto, S.; Tabuena, M.D.; Maranon, E.;
Dantes, M.; et al. Reduced neuron-specific expression of the TAF1 gene is associated with X-linked
dystonia-parkinsonism. Am. J. Hum. Genet. 2007, 80, 393–406. [CrossRef] [PubMed]
Domingo, A.; Amar, D.; Grütz, K.; Lee, L.V.; Rosales, R.; Brüggemann, N.; Jamora, R.D.; Cutiongco-Dela
Paz, E.; Rolfs, A.; Dressler, D.; et al. Evidence of TAF1 dysfunction in peripheral models of X-linked
dystonia-parkinsonism. Cell. Mol. Life Sci. 2016, 73, 3205–3215. [CrossRef] [PubMed]
Ito, N.; Hendriks, W.T.; Dhakal, J.; Vaine, C.A.; Liu, C.; Shin, D.; Shin, K.; Wakabayashi-Ito, N.; Dy, M.;
Multhaupt-Buell, T.; et al. Decreased N-TAF1 expression in X-linked dystonia-parkinsonism patient-specific
neural stem cells. Dis. Model. Mech. 2016, 9, 451–462. [CrossRef] [PubMed]
Herzfeld, T.; Nolte, D.; Grznarova, M.; Hofmann, A.; Schultze, J.L.; Muller, U. X-linked dystonia parkinsonism
syndrome (xdp, lubag): Disease-specific sequence change dsc3 in taf1/dyt3 affects genes in vesicular
transport and dopamine metabolism. Hum. Mol. Genet. 2013, 22, 941–951. [CrossRef] [PubMed]
Ahmed, I.; Sbodio, J.I.; Harraz, M.M.; Tyagi, R.; Grima, J.C.; Albacarys, L.K.; Hubbi, M.E.; Xu, R.; Kim, S.;
Paul, B.D.; et al. Huntington’s disease: Neural dysfunction linked to inositol polyphosphate multikinase.
Proc. Natl. Acad. Sci. USA 2015, 112, 9751–9756. [CrossRef] [PubMed]
O’Rawe, J.A.; Wu, Y.; Dorfel, M.J.; Rope, A.F.; Au, P.Y.; Parboosingh, J.S.; Moon, S.; Kousi, M.; Kosma, K.;
Smith, C.S.; et al. TAF1 variants are associated with dysmorphic features, intellectual disability, and
neurological manifestations. Am. J. Hum. Genet. 2015, 97, 922–932. [CrossRef] [PubMed]
Ostertag, E.M.; Goodier, J.L.; Zhang, Y.; Kazazian, H.H., Jr. SVA elements are nonautonomous
retrotransposons that cause disease in humans. Am. J. Hum. Genet. 2003, 73, 1444–1451. [CrossRef]
[PubMed]
Wilund, K.R.; Yi, M.; Campagna, F.; Arca, M.; Zuliani, G.; Fellin, R.; Ho, Y.K.; Garcia, J.V.; Hobbs, H.H.;
Cohen, J.C. Molecular mechanisms of autosomal recessive hypercholesterolemia. Hum. Mol. Genet. 2002, 11,
3019–3030. [CrossRef] [PubMed]
Kobayashi, K.; Nakahori, Y.; Miyake, M.; Matsumura, K.; Kondo-Iida, E.; Nomura, Y.; Segawa, M.;
Yoshioka, M.; Saito, K.; Osawa, M.; et al. An ancient retrotransposal insertion causes Fukuyama-type
congenital muscular dystrophy. Nature 1998, 394, 388–392. [CrossRef] [PubMed]
Cong, L.; Ran, F.A.; Cox, D.; Lin, S.; Barretto, R.; Habib, N.; Hsu, P.D.; Wu, X.; Jiang, W.; Marraffini, L.A.; et al.
Multiplex genome engineering using CRISPR/Cas systems. Science 2013, 339, 819–823. [CrossRef] [PubMed]
Brüggemann, N.; Heldmann, M.; Klein, C.; Domingo, A.; Rasche, D.; Tronnier, V.; Rosales, R.L.; Jamora, R.D.;
Lee, L.V.; Münte, T.F. Neuroanatomical changes extend beyond striatal atrophy in X-linked dystonia
parkinsonism. Parkinsonism Relat. Disord. 2016, 31, 91–97. [CrossRef] [PubMed]
Crittenden, J.R.; Graybiel, A.M. Basal ganglia disorders associated with imbalances in the striosome and
matrix compartments. Front. Neuroanat. 2011, 5, 59. [CrossRef] [PubMed]
Crittenden, J.R.; Tillberg, P.W.; Riad, M.H.; Shima, Y.; Gerfen, C.R.; Curry, J.; Housman, D.E.; Nelson, S.B.;
Boyden, E.S.; Graybiel, A.M. Striosome-dendron bouquets highlight a unique striatonigral circuit targeting
dopamine-containing neurons. Proc. Natl. Acad. Sci. USA 2016, 113, 11318–11323. [CrossRef] [PubMed]

Brain Sci. 2017, 7, 72

58.

59.

60.
61.

62.

63.

64.

65.

13 of 13

Koizumi, H.; Morigaki, R.; Okita, S.; Nagahiro, S.; Kaji, R.; Nakagawa, M.; Goto, S. Response of striosomal
opioid signaling to dopamine depletion in 6-hydroxydopamine-lesioned rat model of Parkinson’s disease:
A potential compensatory role. Front. Cell. Neurosci. 2013, 7, 74. [CrossRef] [PubMed]
Eskow Jaunarajs, K.L.; Bonsi, P.; Chesselet, M.F.; Standaert, D.G.; Pisani, A. Striatal cholinergic dysfunction
as a unifying theme in the pathophysiology of dystonia. Prog. Neurobiol. 2015, 127–128, 91–107. [CrossRef]
[PubMed]
Amemori, K.; Gibb, L.G.; Graybiel, A.M. Shifting responsibly: The importance of striatal modularity to
reinforcement learning in uncertain environments. Front. Hum. Neurosci. 2011, 5, 47. [CrossRef] [PubMed]
Albin, R.L.; Reiner, A.; Anderson, K.D.; Penny, J.B.; Young, A.B. Striatal and nigral neuron subpopulations in
rigid Huntington’s disease: Implications for the functional anatomy of chorea and rigid-akinesia. Ann. Neurol.
1990, 27, 357–365. [CrossRef] [PubMed]
Rüb, U.; Vonsattel, J.P.; Heinsen, H.; Korf, H.W. The neuropathology of Huntington’s disease: Classical
findings, recent developments and correlation to functional neuroanatomy. Adv. Anat. Embryol. Cell. Biol.
2015, 217, 1–146. [PubMed]
Vaine, C.A.; Shin, D.; Liu, C.; Hendriks, W.T.; Dhakal, J.; Shin, K.; Sharma, N.; Bragg, D.C. X-linked
Dystonia-Parkinsonism patient cells exhibit altered signaling via nuclear factor-kappa B. Neurobiol. Dis. 2017,
100, 108–118. [CrossRef] [PubMed]
Decressac, M.; Prestoz, L.; Veran, J.; Cantereau, A.; Jaber, M.; Gaillard, A. Neuropeptide Y stimulates
proliferation, migration and differentiation of neural precursors from the subventricular zone in adult mice.
Neurobiol. Dis. 2009, 34, 441–449. [CrossRef] [PubMed]
Morigaki, R.; Goto, S. Striatal vulnerability in Huntington’s disease: Neuroprotection versus neurotoxicity.
Brain Sci. 2017, 7, 63. [CrossRef] [PubMed]
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

