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Abstract

From the preceding, it may be deduced that coupled dystonia syndromes are different, as are
the disease phenotypes caused by the same gene. There are different starting ages, different
symptom presentations, different disease manifestations, and atypical presentations. Accepting
clinical exome sequencing and gene panels in the diagnosis of genetic diseases has also
widened genotypes and phenotypes. It's critical to stay on top of the latest advances in genetic
technology and to comprehend the full scope of these fascinating diseases. Online resources
are updated on a regular basis and incorporate genetic and phenotypic data. Neurophysiology
and imaging methods are important for better phenotyping and complementing clinical
outcomes. Recent research suggests that the MYC/DYT-SGCE, XDP, and RDP basal ganglia-
cerebellar and brainstem-cerebellar circuits may interact abnormally. Linking network
interruptions to cellular failure will help us better grasp the underlying pathophysiology and
teach us new treatment strategies.
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Introduction

Monogenic mixed dystonias are a varied category of illnesses, when dystonia accompanies
another movement disease. In dopa-responsive dystonia (DYT/PARK-GCHL1), rapid-onset
dystonia-parkinsonism (DYT/PARK-ATP1A3), X-linked dystonia-parkinsonism (XDP,
DYT/PARK-TAF1) and young-onset dystonia-parkinsonism (DYT/PARK-PRKRA),
parkinsonic characteristics accompany dystonia. Apart from sharing a phenotypic feature,
dystonia and parkinsonism have nothing in common in terms of genetics or molecular
processes.Dystonia occurs in association with myoclonus in MYC/DYT-SGCE and
MYC/DYT-KCTD17 and psychiatric comorbidity in the former. Besides the variability across
distinct monogenic combined dystonia groupings, these genetic illnesses are characterized by
considerable inter-and intra-family and inter-individual phenotypic variances. Early age,
familial penetration, and illness manifestation differ, yet certain general traits might be
identified by comprehensive phenotyping. Interestingly, recent neurophysiological and
imaging studies suggest that common mechanisms exist for some of the combined dystonias,
making them valuable model diseases for genotype—phenotype—neurophysiological
correlations that may be useful for other genetically undefined syndromes of dystonia or
general movement disorders. In the combined dystonia syndromes, we present updates on
clinical characteristics, neurophysiological data, and genotype-phenotype relationships.

Parkinsonism Dystonia
Dystonia Dopa-responsive

DYT/PARK-GCH1 (Dopa-responsive dystonia, DYT5, OMIM # 128230) commonly begins
in infancy (median age 8 years), commonly as a foot dystonia, which subsequently expands
slowly and reaches a plateau as a widespread adolescent dystonia. While this is the
conventional depiction, the literature shows a broad range of ages at the beginning (068 years)
(mdsgene.org). Besides dystonia, most patients have minor parkinsonian symptoms such as
bradykinesia, tremor, and stiffness. Many individuals demonstrate diurnal changes in their
symptoms, likely due to fluctuating dopamine amounts (Segawa 2011). Monoalellic genetic
variations in guanosine triphosphate cyclohydrolase 1 (GCH1) are the most prevalent cause of
autosomal dopa-responsive dystonia (DRD). Penetration is lowered by roughly 50% (Ichinose
et al. 1994). Women have higher penetration than males, and are up to four times as likely to
have illness symptoms (Furukawa et al. 1998; Steinberger et al. 1998). All ethnicities reported
DYT/PARK-GCHL1.

GCHJ1 gene genes for guanosine triphosphate cyclohydrolase 1, an enzyme catalyzing the rate-
limiting step in tetrahydrobiopterine biosynthesis (BH4) (Ichinose et al. 1995). BH4 is an
important cofactor of tyrosine and tryptophan hydroxylase, catalyzing dopamine and serotonin
production accordingly. The ensuing neurotransmitter abnormalities create motor and non-
motor characteristics that are often part of the DRD phenotype and include anxiety disorders,
depression and sleep difficulties (Tadic et al. 2012; Bruggemann et al. 2014).
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If left untreated, motor symptoms lead to severe symptom progression and major impairment.
This is particularly sad when individuals demonstrate remarkable responsiveness to L-dopa
due to the metabolism of the illness. It is thus highly advised that each dystonia beginning in
infancy be evaluated with an L-dopa test (if required up to a maximum daily dose of 3/200 mg
daily for up to 8 weeks, recommendation of the German Neurology Guidelines for Dystonia,
Volkmann Jens) (Malek et al. 2015). Even low dosages of L-dopa (< 300 mg daily) are
adequate to keep patients in a markedly better condition (Jankovic 2006). Importantly,
treatment response should be routinely checked since many individuals have persistent
indications with insufficient L-dopa dosages (Tadic et al. 2012). Dyskinesias are primarily
observed after therapy commencement and can be decreased by dose decrease. However, some
individuals may report modest dyskinetic movements upon careful evaluation (Lopez-Laso et
al. 2012; Bendi et al. 2018).

DYT/PARK-GCHL1 genetic variation covers the length of the GCH1 gene, with no obvious
location-based genotype-phenotype link or damaged protein domain. There are 134 distinct
genetic coding variations documented in DRD patients according to MDSGene compilation,
an online reference compiling research on genetic variations of dystonia and parkinsonism
(mdsgene.org). Up to three-fourths of variation is reported once while others are recurring; one
nonsense protein truncating variant (PTV) has been observed in exon 1, ¢.181G > T (RefSeq
NM 000161.3) (p.Glu6l *) in at least eight families/individuals. Variant categories include
single-nucleotide variation (SNVSs) leading to abuse and absurd protein modifications, as well
as significant structural variations involving exon deletion or the whole gene (Furukawa et al.
1996, 2000; Steinberger et al. 2007).

GCHL1 variation in dopa-responsive dystonia. Genetic variants were collected from records in
MDSGene (mdsgene.org) and are depicted by gene location (exon), variant type (e.g.,
missense, indel, frameshift, nonsense, splicing) and literature case report frequency, with more
commonly occurring variations indicated by bigger symbols. Variants are also compared using
their CADD-Phred scores (cadd.gs.washington.edu), a pathogenicity metric based on
numerous bioinformatic annotations. With a CADD Phred score of 22.5, the most common
variation of DYT/PARK-GCHL1 is a single-nucleotide mutation resulting in a premature stop
codon in exon 1, ¢.181G > T (p.Glu61 *).A CADD-Phred score of > 20 shows that SNV is
among the most harmful variations in the human genome.

There is clear phenotypic diversity in several DRD families (Grimes et al. 2002). Additionally,
GCHA1 variant carriers may have parkinsonism comparable to idiopathic Parkinson's disease
(PD), which develops later in life (Mencacci et al. 2014; Yoshino et al. 2018). These people
frequently display a benign type of PD with low Hoehn and Yahr and UPDRS 111 scores across
extended periods of illness, and require lower doses of L-dopa to regulate symptoms (Yoshino
et al. 2018; Shin et al. 2020).
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There are also people with neurodegenerative PD-like symptoms, such as severe treatment
fluctuations, L-dopa-induced dyskinesias, clinical evidence of neurodegeneration, and
pathological dopamine transporter scans (Mencacci et al. 2014; Weissbach and Klein 2014). It
is uncertain if they belong to the DYT/PARK-GCHL1 phenotypic spectrum or whether genetic
diversity in GCH1 acts as a risk factor for neurodegenerative parkinsonism (Rudakou et al.
2019; Blauwendraat et al. 2019).

However, in most people with classical DYT/PARK-GCHL1, the capacity to store and release
dopamine seems unimpaired, with typical structural and metabolic imaging results (Nygaard
et al. 1992; O'Sullivan et al. 2001; Shin et al. 2020). Clinical neurophysiological research has
demonstrated that an acute 24-hour dopamine deficit does not significantly affect clinical
symptoms or diminish the connection between premotor and motor brain areas when evaluated
using transcranial magnetic stimulation (TMS) (Weissbach et al. 2015a). Previous TMS
investigations showed normal and diminished intracortical inhibition of the primary motor
cortex, partially reversible via dopaminergic medication (Huang et al. 2006; Hanajima et al.
2007).

Neuropathological examinations in three individuals (death/autopsy time: 18, 39, and 90 years)
showed no evidence of neurodegeneration but rather lower levels of dopamine, neuromelanine,
tyrosine hydroxylase protein and striatum and/or substantia nigra activity (Rajput et al. 1994;
Furukawa et al. 1999; Segawa et al. 2013). Histochemical analyses in DYT/PARK-GCH1
patients indicate typical decreases in neopterin and biopterin comparable to other monogenic
DRD syndromes (Opladen et al. 2012).

Unfortunately, although the origin of the disease has been recognized for about 25 years,
numerous individuals have a diagnostic and therapeutic delay, sometimes spanning decades
(Trender-Gerhard et al. 2009), frequently causing lifelong impairment owing to iatrogenic
treatment errors (Tadic et al. 2012). Clinical diagnosis is hampered by phenotypic variations
(as described above), with unusual clinical presentations accompanied by spasticity
(Wassenberg et al. 2020) or amyotrophy (Habibi et al. 2019).

In addition to dystonia, there is a rare autosomal-recessive variant of DRD caused by a biallelic
GCHL1 variant that has a more severe phenotype with hypotonia, oculogyric crises, and mental
and motor developmental problems (Briiggemann 2012).Hyperphenylalaninemia was
documented in these cases, but is unusual in autosomal-dominant DRD (Opladen et al. 2012).
Pathogenic genetic variants in genes encoding other dopamine synthesis enzymes such as
tyrosine hydroxylase (TH, OMIM # 605407), sepiapterin reductase (SR, OMIM # 612716) and
6-pyruvoyl tetrahydrobiopterine synthase (PTPS) are also associated with DRD as a complex
dystonia syndrome with mental and motor development deficits and seizures (Chen 2020,
Wijemanne 2015).
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Dystonia-parkinsonism and other ATP1A3-related diseases

Rapid-onset dystonia-parkinsonism (RDP, DYT12, DYT/PARK-ATP1A3, OMIM # 128235)
exhibits dystonic spasms advancing quickly within hours after inciting events (e.g., fever, birth,
alcohol binge, falling, intense exercise, heat exposure, and psychological stress) (Brashear et
al. 2007, 2018; Barbano et al. 2012). Mild dystonia affecting distal limbs may precede the first
onset (Brashear et al. 2018). A rostrocaudal gradient of involvement is generally a trademark;
bulbar symptoms of orofacial dystonia, dysarthria, pituitary gland and dysphagia are more
severe than upper limb dystonia, and the latter are worse than leg symptoms (Brashear et al.
2007). In certain cases, hemidystonia without bulb involvement, paroxysmal dystonia, seizures
and non-motor characteristics including cognitive impairment, mood problems, social anxiety
and psychosis were documented (Pittock et al. 2000; Brashear et al. 2007, 2012, 2018; Barbano
etal. 2012; Cook et al. 2014; Torres and Rosales 2017). Parkinsonism, especially bradykinesia
and postural instability, occurs with dystonia. RDP generally occurs in youth and early
adulthood, ranging from 4 to 58 years (Brashear et al. 2007, 2018; Rosewich et al. 2017).

Monoalellic genetic variation in the ATPase Na +/K + transmitting subunit alpha 3 (ATP1A3)
gene is associated with RDP (de Carvalho Aguiar et al. 2004) and most cases of alternating
childhood hemiplegia (AHC2, OMIM # 614820) (Heinzen et al. 2012; Rosewich et al. 2012;
Ishii et al. 2013) and rare cerebellar ataxia syndrome, areflexia, pes cavus, optic atrophy, and
s. (Demos et al. 2014). AHC has paroxysmal bouts of hemiplegia and dystonia with a
rostrocaudal gradient and alternating laterality (usually before the age of 18 months), lasting
minutes to weeks, and remission during sleep (Rosewich et al. 2017). Oculomotor
abnormalities (e.g., monocular nystagmus and deviation), dystonic spasms, bulbar symptoms,
dysautonomy, seizures, and respiratory abnormalities are other known paroxysmal events
(Rosewich et al. 2014b), while non-paroxysmal features include developmental delay,
dysarthria, ataxia, hypotonia, choreoathetosis, behavioral impairment, and less frequently
pyramidal tract signs (Rosewich et al. 2014b, 2017). Meanwhile, CAPQOS syndrome is defined
by periods of ataxia, weakness, and encephalopathy following a febrile disease in infancy and
youth, followed by symptom recovery, but then recurring (Demos et al. 2014; Brashear et al.
2018). The entire condition is infrequently encountered, with ataxia, isflexia, optic atrophy and
sensorineural hearing loss being universal and pes cavus present only to a modest extent
(Rosewich et al. 2017).

Previously, the three phenotypes associated with variation in ATP1A3 were thought to be
distinct ally disorders, but with the identification of cases with combined features, the overlap
of major signs and symptoms, and reports of SNVs causing both RDP and AHC, it is now
increasingly recognized that RDP, AHC and CAPOS syndrome belong to a spectrum of
ATP1A3-related disorders with RDP bein (Rosewich et al. 2017). Variation in ATP1A3 has
recently been linked to three other rarer phenotypes: early childhood encephalopathic epilepsy
(EIEE) (Paciorkowski et al. 2015; Marzin et al. 2018), recurrent encephalopathy with cerebellar
ataxia (RECA) (Dard et al. 2015; Sabouraud et al. 2019), and rapid ataxia (ROA) (Sweadner
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In all phenotypes, mutation in ATP1AS3 is either inherited autosomally dominantly with partial
penetration, or in most AHC instances as variations de novo (Rosewich et al. 2017).
Asymptomatic carriers reported (de Carvalho Aguiar et al. 2004; Brashear et al. 2007, 2018).

To far, at least 137 pathogenic variants have been reported, consisting largely of missense
SNVs and infrequently splice-altering variants, minor deletions, indels and major structural
variations (HGMD database). Interestingly, polymorphisms linked with the RDP cluster in
exons 8-17 and those linked with AHC in exons 17-18 (Rosewich et al. 2014b). C.1838C > T
(RefSeq NM 152296.5) (p.Thr613Met) and ¢.2401G > A (p.Asp801Asn) replacements are
recurrent variations producing RDP and AHC, while ¢.2452G > A (p.Glu818Lys) and ¢.974G
> A (p.Gly325Asp) are only related to CAPOS syndrome (Demos et al. 2014; Lee et al. 2014).
Some SNVs involve both RDP and AHC phenotypes (e.g. ¢.2600G > A, p.Gly867Asp;
€.1109C > A, p.Thr370Asn; c.2767G > A, p.Asp923Asn; €.2267G > A, p.Arg756His; ¢.2401G
>T, p.Asp801Gly) (Rosewich et al. 2014a; Viollet et al. 2015; Panagiotakaki et al. 2015; Holm
et al. 2016). Recurrent ¢.2443G > A (p.Glu815Lys) SNV is linked with the most severe AHC
phenotype with substantial intellectual impairment, motor impairment, seizures and epileptic
state (Sasaki et al. 2014; Viollet et al. 2015; Panagiotakaki et al. 2015). Other unusual
phenotypes include: ¢.2224G > T (p.Asp742Tyr) and ¢.2227 2229delGAC (p.Asp743del) in
EIEE (Paciorkowski et al. 2015; Marzin et al. 2018), ¢.946G > A (p.Gly316Ser) in ROA
(Sweadner et al. 2016), and ¢.2266C > T/c.2267G > A (p.Arg756Cys/p.Arg756His) in RECA
(Dard et al. 2015; Sabouraud et al. 2019).

Variation in neurological-related ATP1A3. Variants were compiled from the HGMD database
(hgmd.cf.ac.uk) and illustrated with regard to their position on the gene (exon), variant type
(e.g., missense, nonsense, splicing, indel) and database frequency, with more commonly
occurring variation depicted with bigger symbols. Variants were further categorised depending
on the accompanying main phenotype (i.e. Rapid-onset Dystonia-Parkinsonism (RDP),
Cerebellar Ataxia, Areflexia, Pes cavus, Optic atrophy, and CAPOS, Rapid-Onset Ataxia
(ROA)/ataxia, Alternating Childhood Hemiplegia (AHC), or Epilepsy/Intellectual Disability).
Exon-8 and exon-17 have the most variations, but the most common RDP-associated genetic
mutation in exon-14 is ¢.1838C > T (p.Thr613Met).In AHC individuals, exon-17 and exon-18
variations cluster. Exon-18 is also the most prevalent variation linked with CAPOS syndrome
(c.2452G > A, p.Glu818Lys).
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The ATP1A3 gene codes for the [3] Na +/K +-ATPase subunit, a protein responsible for
maintaining electrochemical gradient across neuronal cell membranes (de Carvalho Aguiar et
al. 2004). AHC-associated substitutions are located in the protein's transmembrane and
functional domains, leading to altered enzyme activity (Rosewich et al. 2014b; Holm et al.
2016). RDP-associated alteration causes lower protein expression or enzyme activity
(Rosewich et al. 2014b). However, neither the location of the protein alteration nor the degree
of pump expression and failure could explain differences in the clinical phenotype; genetic,
epigenetic and environmental variables are therefore likely to have a role in etiology (Rosewich
et al. 2014b; Lazarov et al. 2020). Neuropathological investigations in RDP revealed neuronal
degeneration in globus pallidus, subthalamic nucleus, red nucleus and lower olive nuclei,
cerebellum (Purkinje cell and granule cell layer) and subcortical white matter pathways; (Oblak
et al. 2014). Interruption of the cerebellum and basal ganglia connections results in decreased
motor control, as shown in an RDP pharmacological mice model where a sodium pump blocker
was stereotaxically injected into the basal ganglia and cerebellum (Calderon et al. 2011).

Clinical characteristics of the RDP plateau about 30—60 days of illness initiation and afterwards
continue without or modest improvement (Brashear et al. 2007; Rosewich et al. 2017). Rare
reports of relief in lower limb symptoms, but not with the more severe bulb and upper limb
symptoms (Brashear et al. 2018). A second bout of rapid exacerbation 1-9 years after patients
started (Brashear et al. 2007). An unmet need remains the lack of a disease-modifying therapy
and poor symptom management with L-dopa and other dopaminergic drugs. Flunarizine is used
against acute episodes in AHC (Brashear et al. 2018). Pallidal stimulation was tested in four
patients, with no three improvements and limited one improvement (Brucke et al. 2015).
Regular surveillance, symptomatic dystonia and seizures, physiotherapy, speech therapy,
psychotherapy (Brashear et al. 2018).

X-linked parkinsonism

XDP (DYT/PARK-TAF1, DYT3, OMIM # 314250) is an adult-onset, X-linked,
neurodegenerative dystonia-parkinsonism. Most affected males undergo a phenotype transition
from focal or segmental to generalized dystonia and eventually predominant parkinsonism as
the disease progresses. However, Parkinsonian signs and symptoms have been described as co-
occurring even at the onset with dystonia and may even be present in some cases (Evidente et
al. 2002; Stephen et al. 2020). Dystonia, bulb involvement, and striatal toe are typically found
(Song et al. 2020). Dystonic symptoms often occur in the craniocervical area and limbs, while
parkinsonic symptoms are defined by axial stiffness, bradykinesia and postural instability
(Pauly et al. 2020). Trembling in the limbs is an unusual parkinsonian symptom.

The illness occurs in people of Filipino heritage and is most prominent in Panay Island,
Philippines, where the genetic founder is believed to have originated or established progeny
(Fernandez and Rosales 2011; Domingo et al. 2015). This X-linked illness seldom occurs in
females in whom the symptoms emerge later and on the parkinsonian side of the spectrum
(Westenberger et al. 2013; Domingo et al. 2014). Most of the people affected suffer from severe
symptoms through their working years and medical treatments remains restricted and
symptomatic (De Roxas and Jamora 2019).
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Pallidal stimulation results in a surprising rapid (and long-lasting) relief of dystonic symptoms,
but may not be as efficient in treating parkinsonism (Briiggemann et al. 2019; Abejero et al.
2019).

As a neurodegenerative condition, XDP is characterized by basal ganglia neuropathological
abnormalities. Studies in a small number of postmortem brains demonstrate neuronal loss in
the striatum, with significant caudate head atrophy as a hallmark; (Goto et al. 2005, 2013).
Caudate atrophy and sequential striatal degeneration are also the hallmarks of neuroimaging
(Pasco et al. 2011; Hanssen et al. 2019); recent studies, however, reveal changes extending
beyond basal ganglia and involving cortical structures (Briiggemann et al. 2016; Blood et al.
2018) as well as interference between basal ganglia and cerebellum (Hanssen et al. 2018).
Nevertheless, the strong involvement of deeper motor nuclei is believed to be responsible for
XDP movement disorder, neurophysiological alterations, and cognitive (i.e., executive control)
abnormalities (Beste et al. 2017, 2018).

Using TMS, just one neurophysiological investigation has involved XDP patients. Unlike
idiopathic, genetically undetermined individuals with dystonia or parkinsonism, XDP raised
intracortical inhibition measurements (Weissbach et al. 2015b). These TMS paradigms are
mediated mostly through the intracortical GABA-A dependent circuit of inhibitory
interneurons in the motor cortex or premotor connections (Ziemann et al. 1996; llic et al. 2002).
Therefore, it is logical to suppose that the increase in intracortical inhibition in XDP is not
driven largely by the demise of an intracortical neuronal population, but rather by an imbalance
in intracortical interneuronal populations due to uneven basal ganglia output.

In all XDP patients, the genetic etiology is linked to common genetic variations on X-
chromosome in the TAF1 gene area (TATA box-binding protein-associated factor 1) (Nolte et
al. 2003; Makino et al. 2007). Initial analyses discovered a single and homogenous haplotype
constituted of non-coding mutations, considered refractory to recombination (Nolte et al. 2003;
Domingo et al. 2015). Recent findings reveal that subhaplotypes have formed by recombining
the original founder haplotype and that one of the disease-specific genetic alterations, a 2.6-kB
SINE-VNTR-Alu-type (SVA) insertion, carries a polymorphic hexameric (CCCTCT)
sequence that repeats within it (Bragg et al. 2017). The repeat size in this section ranges from
30 to 55 repetitions and is an important predictor of age at the beginning, probably explaining
a fraction of variation in disease severity and phenotypic variability (Bragg et al. 2017,
Westenberger et al. 2019). While the role of SVA insertion remains to be known, functional
genomics investigations in cellular models suggest altered splicing and intron retention around
insertion (Aneichyk et al. 2018).
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Furthermore, removing insertion utilizing gene editing techniques resolves transcript changes
and restores TAF1 expression (Aneichyk et al. 2018; Rakovic et al. 2018). All these lines of
evidence include TAF1, and the insertion of SVA as the causal genetic factor in this illness.
Notably, the changes in TAF1 expression in XDP are small, whether in stem cells or neural
models, peripheral tissue or the few brain specimens studied, and are likely attributable to the
tight control of the transcription factor (Makino et al. 2007; Ito et al. 2016; Domingo et al.
2016a; Rakovic et al. 2018). TAF1 is among the most restricted genes in the genome and the
rare cases of loss of function coding variation described in humans result in an X-linked
neurodevelopmental disorder with syndromic characteristics (OMIM: # 300966); some
children have been described as having dystonia or other movement abnormalities (O'Rawe et
al. 2015; Cheng et al. 2020).

Autosomal recessive dystonia-parkinsonism

Similar to XDP, DYT/PARK-PRKRA (DYT16; OMIM # 612067) was reported in geographic
isolation (Camargos et al. 2008, 2012). Follow-up investigations in other groups discovered
variation in the PRKRA (protein kinase, interferon-inducible double-stranded RNA-dependent
activator) gene in other non-Brazilians with the typical phenotype of young-onset generalized
dystonia combined with parkinsonism (Zech et al. 2014; Quadri et al. 2016). Yet
internationally, DYT16 remains uncommon. DYT/PARK-PRKRA dystonia is often severe;
symptoms may include sardonic grin, laryngeal involvement, and opisthotonus. Parkinsonian
symptoms are modest, L-dopa-free, and may be absent.

PRKRA's initial illness-associated mutation is a homozygous c¢.665C > T (RefSeq NM
003690.5) (p.Pro222Leu) SNV co-segregated with illness in many families in southeastern
central Brazil (Camargos et al. 2012). Non-Brazilian families (Polish, Italian) with young-onset
dystonia-parkinsonism discovered the same variance and similar neighboring polymorphic
genetic markers, indicating a shared founder. This SNV is lacking in gnomAD database
homozygous state. Further screening on individuals with idiopathic dystonia demonstrated
separate mutational events of the same locus (mutational hotspot vs. founder) and also enlarged
the phenotypic to encompass dystonia without parkinsonian symptoms (dos Santos et al. 2018).
Typically, DYT/PARK-PRKRA is inherited autosomally recessively; homozygous and
compound heterozygous genetic variations were identified in patients and families with the
disorder (de Carvalho Aguiar et al. 2015). The importance of the PRKRA variant in
phenotypically compatible instances is still uncertain. Patient cells with p.Pro222Leu protein
substitution had an altered reticulum stress response defined by delayed elF2-alpha
phosphorylation, a biochemical pathway similarly identified in DYT-TOR1A (Vaughn et al.
2015; Rittiner et al. 2016).
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Other dystonia-parkinsonism causes

Other genetic conditions that may occur with dystonia-parkinsonism include Wilson's disease
(OMIM # 277900, ATP7B) and other metal metabolism disorders, including
neurodegeneration with brain iron accumulation syndromes (OMIM # 234200, PANKZ2;
OMIM # 610217, PLA2G6; OMIM # 606693, Kufor-Rakeb disease, ATP13A2; and others)
and manganese transport disorders (OMIM # 613280, PLA2G6; OMIM # 6066693,
ATP13A2). The dystonic and parkinsonic symptoms in these conditions are exceedingly
diverse and often coincide with additional signs of metal buildup in the brain or other organs.
Huntington's disease, especially the juvenile form, and different spinocerebellar ataxias with
dystonia and parkinsonism (Fusilli et al. 2018; Klockgether et al. 2019). Parkinsonism may
also be characteristics present in paroxysmal/nonpersistent illnesses, i.e. kinesigenic (OMIM #
128200, PRRT2; OMIM # 601042, SLC2A1) and non-kinesigenic dystonias (OMIM # 118800,
PNKD). Dystonia-parkinsonism can also be present in H-ABC (hypomyelination with basal
ganglia and cerebellar atrophy) syndrome (OMIM # 128101, TUBB4A), a complex dystonia
with pyramidal indications and symptoms and specific white matter MRI abnormalities.

Myoclonal dystonia

SGCE-associated myoclonus-dystonia MYC/DYT-SGCE (DYT11, OMIM # 159900)
commonly begins with widespread myoclonic jerks that occur mostly in the neck and proximal
upper limbs in the first and uncommon decades of life. Dystonia is less apparent in most
individuals than myoclonus and remains isolated to the upper half of the body, with cervical
dystonia and writing cramp being the most prevalent dystonic signs (Nardocci et al. 2008;
Nardocci 2011). Isolated myoclonus without dystonia, previously known as essential
myoclonus, also occurs. Many individuals suffer from mental comorbidities, including anxiety,
depression, dependence on alcohol and obsessive-compulsive disorders (Peall et al. 2011;
Weissbach et al. 2013; Timmers et al. 2019). Interestingly, patients report an increase in
somatic symptoms under psychological stress and a considerable decrease in alcoholic
myoclonic jerks (Hess et al. 2007), which might be objectivated in a clinical and
neurophysiological investigation (Weissbach et al. 2017).

To far, more than 70 pathogenic mutations of the epsilon sarcoglycan (SGCE) gene have been
found with myoclonus dystonia (Asmus et al. 2007; Grinewald et al. 2008). Epsilon-
sarcoglycan is a transmembrane protein that forms part of the dystrophin-glycoprotein
complex, therefore having crucial implications for cytoskeletal maintenance and cell transport
processes (Esapa et al. 2007). SGCE occurs in several brain areas, including the cerebellum,
and appears to have a function in synaptic signal transduction (Nishiyama et al. 2004; Ritz et
al. 2011; Xiao et al. 2017).
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Neurophysiologically, individuals with MYC/DYT-SGCE have reduced motor learning,
greatly improving alcohol intake (Weissbach et al. 2017). Recently, a shift in the visual sensory
processing of the temporal discrimination threshold, linked with myoclonal severity and
anatomical abnormalities in the primary visual cortex, was observed (Tarrano et al. 2020).
Structural (van der Meer et al. 2012), functional (Beukers et al. 2011) and metabolic imaging
investigations (Carbon et al. 2013) also reveal subcortic motor symptoms.

Currently, pharmacological treatment does not satisfy all symptoms of myoclonal dystonia.
Anticholinergics (Raymond et al. 2020), benzodiazepines (Raymond et al. 2020), zonisamide
(Haingue et al. 2016), high doses of L-dopa (Luciano et al. 2009), sodium oxybate (Frucht et
al. 2005), and antiepileptic drugs (Raymond et al. 2020) show variable results and several side
effects that limit treatment. With deep brain stimulation of globus pallidus internus or thalamus,
movement problems might be significantly improved (Rughani and Lozano 2013; Wang and
Yu 2020; Besa Lehmann et al. 2020).

MYC/DYT-SGCE is transmitted in an autosomal dominant form with limited penetration and
maternal imprinting (Grunewald et al. 2008), an epigenetic DNA alteration in which maternal
allele methylation inhibits SGCE gene expression. Thus, in most myoclonus dystonia families,
the condition only develops if the father inherits the pathogenic allele. Preferential paternal
allele expression was maintained in cortical neurons produced from pluripotent stem cells
(Griitz et al. 2017) produced from SGCE genetic variant carriers, demonstrating consistency in
human gene regulation mechanism and this disease-in-a-dish paradigm.

Other genes of myoclonus-dystonia

Variations were also related to myoclonus dystonia in four other genes, namely KCDT17
(Mencacci et al. 2015b), CACNA1B (Groen et al. 2015a), KCNN2 (Balint et al. 2020) and
RELN (Groen et al. 2015b), with KCTD17 being the only gene replicated in additional research
(Graziola et al. 2019; Marce-Grau et al. 2019). In example, the potential genetic mutation in
CACNAI1B was detected at unusually high frequency in controls and population databases,
disputing the link of this gene with illness (Mencacci et al. 2015a; Domingo et al. 2016b).
MY C/DYT-specific KCDT17's phenotype comprises modest myoclonic symptoms in addition
to progressive, widespread dystonia involving oromandibular and laryngeal muscles (Mencacci
et al. 2015b; Graziola et al. 2019; Marce-Grau et al. 2019). Variation in anoctamine 3 (ANO3),
related to solitary dystonia with craniocervical and upper limb-predominant symptoms, was
also reported in instances of myoclonus dystonia in infancy (< 5 years) (Yoo et al. 2018; Tunc
et al. 2019; Delamarre et al. 2019).
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Conclusion

From the foregoing, one may infer that the combined dystonia syndromes are diverse and that
even the illness phenotypes induced by the same gene are widely varied. There are beginning
age ranges, symptom presentation variances, varying disease manifestations, and unusual
presentations. In addition, accepting clinical exome sequencing and gene panels in genetic
disease diagnosis has broadened genotypes and phenotypes. It is crucial to keep abreast of the
breakthroughs in genetic technology and to understand the whole spectrum of these interesting
ilinesses. Online resources are regularly updated, integrating genetic and phenotypic
information. Neurophysiology and imaging approaches complement clinical results and are
vital for improved phenotyping. Recent investigations hint at possible abnormal interaction
between MYC/DYT-SGCE, XDP, and RDP basal ganglia-cerebellar and brainstem-cerebellar
circuits. Identifying links between network disruptions and cellular malfunction will enhance
our understanding of the underlying pathophysiology and teach new therapeutic techniques.
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Linking Network Disruptions to Cell Failure Will Enable Understanding Pathophysiology and Designing Gene Therapy
Methods. https://doi.org/10.31219/0sf.io/8w35s.

Moataz Dowaidar. Blood Products Are Used to Treat a Multitude of Diseases, so the Blood Transfusion System Needs to Be
Enhanced. CRISPR/Cas9 Has Made It Viable to Make HLA Class I-Deleted Blood Products to Avoid Rejection.
https://doi.org/10.31219/osf.io/egr3n.

Moataz Dowaidar. Calixarenes (CAs) Are Promising in Biomedicine, Biosensing, Bioimaging and Gene Delivery Systems.
https://doi.org/10.31219/osf.io/n9vjy.

Moataz Dowaidar. CAR T Cell Research Has Quickly Advanced from the Bench to the Clinic and Back. The Results of the
Trials Have Revealed New Mechanisms. https://doi.org/10.31219/osf.io/fowm?7.

Moataz Dowaidar. CAR T-Cell Treatment Remains Clinically Challenging. Therapeutic Strategies May Be Designed to Cut
off Immunotherapy Utilizing Safety Switches. https://doi.org/10.31219/0sf.io/s7x4y.
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Moataz Dowaidar. Central Nervous System Gene Therapy Has Entered a New Development Paradigm. New Techniques Are
Being Employed for a Wide Range of IlIness Indications and Pathways. https://doi.org/10.31219/0sf.io/j49wz.

Moataz Dowaidar. Chronic Obstructive Pulmonary Condition (COPD) Is a Prevalent, Preventable, and Curable Iliness with
Persistent Respiratory Symptoms and Airflow Limitation. https://doi.org/10.31219/osf.io/vkdut.

Moataz Dowaidar. CircRNAs Have the Potential to Aid in the Diagnosis and Treatment of Lipid Diseases.
https://doi.org/10.31219/osf.io/y3hp4.

Moataz Dowaidar. Clinical Symptoms, Underlying Pathogenesis, and the Prospect of Tailored Therapies Have All Benefited
from Genetic Discoveries in Parkinson’s Disease. https://doi.org/10.31219/osf.io/pdzqgb.

Moataz Dowaidar. Code Distribution of siRNA for Cancer Genes such as p53 and Bcl2 Family Genes Has Demonstrated
Efficacy in Killing Cancer Cells. Nanoparticles Can Produce a Surface Where Numerous Drugs May Be Coupled, Allowing
Combinatory Treatment. https://doi.org/10.31219/osf.io/hvcse.

Moataz Dowaidar. Cognitive Deficiencies Pathophysiology Are Mainly an Unknown Area. Curing the Neurological
Conditions Could Be an Objective for Gene Therapy. https://doi.org/10.31219/0sf.io/23xf8.

Moataz Dowaidar. CRISPR-Based Gene Editing Is Presently Being Tried in Many Clinical Trials.
https://doi.org/10.31219/osf.io/qbngx.

Moataz Dowaidar. CRISPR—Cas9 Gene Editing as a Tool for Developing Immunotherapy for Cancer.
https://doi.org/10.31219/osf.io/dvr4t.

Moataz Dowaidar. CRISPR/Cas System Research Has Advanced Significantly in Biological sciences.There Are Still Many
Challenges to Effective Delivery before Efficient Gene Editing May Be Achieved. https://doi.org/10.31219/osf.io/mc26v.

Moataz Dowaidar. CRISPR/Cas9 Genome Editing Technology Applications in Biological and Biomedical Fields.
https://doi.org/10.31219/osf.io/ctgbe.

Moataz Dowaidar. Critical Limb Ischemia Potential Gene Therapy Strategies. https://doi.org/10.31219/0sf.io/aqcpt.

Moataz Dowaidar. Deep Learning Algorithms for sScRNAseq Analysis Have Yielded Positive Results, but There Are Still
More Promising Ways That Need to Be Developed for Regenerative Medicine. https://doi.org/10.31219/osf.io/dh2pt.

Moataz Dowaidar. Depression May Be Epigenetically Controlled by miRNAs Making It a Diagnostic or Gene Therapy
Target. https://doi.org/10.31219/osf.io/fw65m.

Moataz Dowaidar. Dermatophytes: Role of Host Genetics in the Development of IlIness.
https://doi.org/10.31219/osf.io/mf3bu.

Moataz Dowaidar. Developments in Biomedical Technology Will Increase the Importance of mMRNA in Treating Brain
Tumors, as Well as Other Malignancies. https://doi.org/10.31219/0sf.io/tvj5x.

Moataz Dowaidar. Downstream Processing of Virus, Virus-like Particles and Nanoparticulate Inclusion Bodies to Be Used
as Gene Delivery Vehicles for Human Gene Therapy Applications. https://doi.org/10.31219/osf.io/exa3q.

Moataz Dowaidar. Dravet Syndrome Is a Severe Developmental and Epileptic Encephalopathy. Fenfluramine and Gene
Therapy Are Promising. https://doi.org/10.31219/0sf.io/zvg8y.

Moataz Dowaidar. Exosomes’ Function in Cardiovascular Protection and Neovascularization Implies That They Might Be
Used to Treat Ischemia and Atherosclerotic Cardiovascular Diseases. https://doi.org/10.31219/0sf.io/2h8c7.

Moataz Dowaidar. Ferropsis Cell Death Can Cause Complications That May Be Difficult to Detect and Quantify:
Autophagy Role and Possible Therapeutics. https://doi.org/10.31219/0sf.io/zd2jg.

Moataz Dowaidar. Following the Discovery of Anti-MDAS Ab, the Clinical Understanding of Dermatomyositis Has Been
Improved. https://doi.org/10.31219/osf.io/j2t5f.

Moataz Dowaidar. For the Treatment of Cystic Fibrosis, RNA Medicines, Gene Transfer Therapies, and Gene Editing
Treatments Have Potential. https://doi.org/10.31219/osf.io/6afzm.

Moataz Dowaidar. Frontotemporal Dementia Is a Complex Disorder with a Wide Spectrum of Clinical Symptoms.
Personalized Medicine and Gene Therapy Are Promising Strategies for Treatment. https://doi.org/10.31219/0sf.io/gh4x7.

Moataz Dowaidar. G6PD Deficiency Is a Common Genetic Trait That Can Protect Heterozygotes from Dying from Malaria.
https://doi.org/10.31219/osf.io/g2kza.

Moataz Dowaidar. Gastric Cancer Is the World’s Second-Largest Death Cause. Peptides Can Be Used to Deliver Radiation
or Other Fatal Chemicals to Tumors. https://doi.org/10.31219/osf.io/eusm;.
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Moataz Dowaidar. Gene Doping May Be Possible for Lifestyle Enhancement. https://doi.org/10.31219/0sf.io/8xkmb5.

Moataz Dowaidar. Gene Expression Assays Gather Evidence That They Can Provide Useful Therapeutic Information in
Young Women. https://doi.org/10.31219/osf.io/d372s.

Moataz Dowaidar. Gene Therapy and Genome-Editing Treatments That Can Protect Patients from Coronary Artery Disease
Are under Investigation. https://doi.org/10.31219/0sf.io/xqgf8.

Moataz Dowaidar. Gene Therapy Approaches for Hemophilia A and B. https://doi.org/10.31219/0sf.io/ufc4g.

Moataz Dowaidar. Gene Therapy for the Central Nervous System Has Been Initiated. This Expansion Will Require Some
Degree of Simplicity in Delivery Processes. https://doi.org/10.31219/osf.io/hdy5q.

Moataz Dowaidar. Gene Therapy for the Treatment of Spinal Muscular Atrophy. https://doi.org/10.31219/osf.io/kpz5f.

Moataz Dowaidar. Gene Therapy May Benefit Inherited Ichthyoses with Concurrent Fungal Infections and Severe Ich
Thyroidoses. https://doi.org/10.31219/osf.io/zxmun.

Moataz Dowaidar. Gene Therapy May Target APOE for Alzheimer’s Disease. https://doi.org/10.31219/0sf.io/3y52k.

Moataz Dowaidar. Gene Therapy Promises Accurate, Targeted Administration and Overcoming Drug Resistance in Diverse
Cancer Cells. https://doi.org/10.31219/0sf.i0/j34n6.

Moataz Dowaidar. Gene Therapy Targeting FVIII, FIX for Haemophilia Treatment. https://doi.org/10.31219/osf.io/qchwp.

Moataz Dowaidar. Gene Therapy Targeting PRMT5 May Be Useful in Immunotherapy.
https://doi.org/10.31219/0sf.io/gkwaj.

Moataz Dowaidar. Gene Therapy Using Extracellular Vesicles Loaded with miRNA Derived from Bone Marrow
Mesenchymal Stem Cells Is a Cell-Free Medication Delivery Method Used in a Variety of Diseases.
https://doi.org/10.31219/0sf.io/3znvw.

Moataz Dowaidar. Genetic Engineered MSCs Are Attractive Possibilities for Regenerative Stem-Cell Therapy to Treat
Several Liver Diseases. https://doi.org/10.31219/osf.io/4cfrd.

Moataz Dowaidar. Genetic Variants Shared between Alzheimer’s Disease and Parkinson's Disease Have Been Discovered in
Blood and Brain Samples. Somatic Mosaicism Might Function as an Accelerator. https://doi.org/10.31219/0sf.io/tr58n.

Moataz Dowaidar. Genome-Wide Association Studies Promise to Discover Novel Indicators of Hypertension. Endothelin-
Related SNPs Are Currently in Clinical Trials. https://doi.org/10.31219/0sf.io/2n4wa.

Moataz Dowaidar. Gingival and Intraventricular Haemorrhages Are Severe Newborn Diseases Causing Damage to White
Matter and Neurological Dysfunction in Surviving Newborns Who Can Benefit from Gene Therapy.
https://doi.org/10.31219/0sf.io/qb84p.

Moataz Dowaidar. Glioblastoma Therapeutic Approaches Were Established Utilizing Contemporary Discoveries in
Delivering Medicines to the Brain as Smart Nanoparticles for Focused Therapy. https://doi.org/10.31219/osf.io/db4f6.

Moataz Dowaidar. Haemophilia Gene Therapy Is in Clinical Studies, Making Continuous Safety and Efficacy Testing a Key
Emphasis. https://doi.org/10.31219/0sf.io/sa8ny.

Moataz Dowaidar. Hematopoietic Stem Cell Transplantation and Gene Therapy Are the Sole Treatments for Sickle Cell
Disease and Other Hemoglobinopathies. https://doi.org/10.31219/0sf.io/v8xqc.

Moataz Dowaidar. Huntington’s Disease Gene Therapy and Nanomedicines May Be Available Shortly.
https://doi.org/10.31219/osf.io/rxvgd.

Moataz Dowaidar. Hybrid Gene Therapy Designed to Fully Understand the Underlying Molecular Cancer Process May Be a
Feasible Option. https://doi.org/10.31219/osf.io/ajyfd.

Moataz Dowaidar. Hydrogels Are Promising Considering Their Incredible Capacity to Modify, Encapsulate and Co-Deliver
Medicinal Compounds, Cells, Biomolecules, and Nanomaterials. https://doi.org/10.31219/0sf.io/px3qy.

Moataz Dowaidar. Immune Evasion Is Linked to Histone Variation Malfunction. Gene Therapy Could Provide Tools for
Targeting Histone Variant Deposition as a Critical Part of Its Pharmacology. https://doi.org/10.31219/osf.io/kjm76.

Moataz Dowaidar. Implementing the Human Artificial Chromosome Gene Therapy Platform Remains Challenging, but
Continuous Animal Model Research Will Advance the Platform Closer to Clinical Trials.
https://doi.org/10.31219/osf.i0/a53f7.

Moataz Dowaidar. Inflammatory Breast Cancer Remains the Most Aggressive Form of Breast Cancer. A Multimodality
Therapeutic Plan Has Shown Improved Survival Results. https://doi.org/10.31219/0sf.io/cr935.
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Moataz Dowaidar. Inherited Immunohematological and Metabolic Diseases Have the Potential to Improve Significantly, or
Be Cured, Using Haematopoietic Stem Cell Transplantation Gene Therapy. https://doi.org/10.31219/osf.io/ukbnm.

Moataz Dowaidar. Insulin and IGF-1 Receptors Mutations Can Lead to Targets for Gene Therapy in Diabetes, Obesity, and
Metabolic Syndrome. https://doi.org/10.31219/0sf.i0/s86X5.

Moataz Dowaidar. Integrating High-Throughput Genetics and Neuroimaging Technologies Promises Greater Information on
Neurobiological Anomalies in Neurodegenerative Diseases. https://doi.org/10.31219/osf.io/hpgyz.

Moataz Dowaidar. Intravitreal and Subretinal Injections Currently Deliver Most Gene Therapy, Including siRNA for Eye
IlInesses. Non-Viral Vectors May Provide Targeting. https://doi.org/10.31219/osf.io/rjkhy.

Moataz Dowaidar. LncRNA Regulating Reprogramming Glucose Metabolism Has Become One of the Most Tempting
Antineoplastic Targets for Gene Therapy. https://doi.org/10.31219/0sf.io/hgma5.

Moataz Dowaidar. IncRNAs Are Upregulated and Downregulated in OS Cells. Angiogenesis, Metastasis, Cell Signaling,
Autophagy, and Death Are among Biological Processes That RNAs Play a Role in. https://doi.org/10.31219/osf.io/48n7q.

Moataz Dowaidar. Magnetic Nanoparticles Are Widely Used in Drug Delivery, Imaging, Diagnosis, and Targeting. It Has
Promises for the Treatment of Inflammatory Disorders such as Rheumatoid Arthritis. https://doi.org/10.31219/osf.io/p2gme.

Moataz Dowaidar. Many miRNAs Participate in Inflammatory Regulation and Bone Metabolism. Overexpression of miR21
and miR155 Releases Proinflammatory Cytokines. https://doi.org/10.31219/osf.io/2wuvp.

Moataz Dowaidar. MiR490’s Diagnostic Capacity Was Demonstrated in Various Cancer Kinds and Diseases, Adding to Its
Clinical Value. https://doi.org/10.31219/osf.io/wysre.

Moataz Dowaidar. miRNAs Have an Impact on Xeno-Infectious Diseases by Influencing Host And/or Infection Factors.
https://doi.org/10.31219/osf.io/7qewx.

Moataz Dowaidar. Mutations in MED12 Lead to Mental Retardation, Including Opitz—Kaveggia Syndrome, Ohdo
Syndrome, Lujan—Fryns Syndrome, and Psychosis. It’s a Target for Gene Therapy. https://doi.org/10.31219/osf.io/cyns8.

Moataz Dowaidar. Nanocarriers Can Be Used to Control the Activity of Genome Editing in a Spatiotemporal Way by Using
Stimulusresponsive Nanocarriers. https://doi.org/10.31219/osf.io/nua89.

Moataz Dowaidar. Nanomaterials Were Formed into Various Shapes, with Functionalization Aimed at Various
Internalization Processes. Their Nanoscale Size Allows Drugs to Reach Cells or Extracellular Environments.
https://doi.org/10.31219/osf.io/p2ajv.

Moataz Dowaidar. Nanomedicine Is Offering Promising Strategies for Tumor Blockade Treatment.
https://doi.org/10.31219/osf.io/yzxug.

Moataz Dowaidar. Network Medicine Might Lead to New Treatments for Dyslipidemia. It Will Be a Challenging Method to
Implement in a Clinical Context. https://doi.org/10.31219/osf.io/nksbw.

Moataz Dowaidar. Neuroinflammation Caused by Activated Microglia and Astrocytes Can Contribute to the Progression of
Pathogenic Damage to Substantia Nigra Neurons, Playing a Role in Parkinson’s Disease Progression.
https://doi.org/10.31219/0sf.io/ac896.

Moataz Dowaidar. Neurologists Rarely Perform Genetic Testing for Parkinson’s Disease. Evidence Suggests That Many
Patients with Major Genetic Variants Go Undiagnosed. https://doi.org/10.31219/osf.io/ykpb2.

Moataz Dowaidar. Neuronal Intranuclear Hyaline Inclusion Disease Is a Neurodegenerative Condition Which Can Be a
Target for Gene Therapy. https://doi.org/10.31219/osf.io/upgqd.

Moataz Dowaidar. New Therapies Aim at Restoring the Molecular, Morphological, and Functional Integrity of Parkinson’s
Specific Brain Circuits. https://doi.org/10.31219/osf.io/dvyxc.

Moataz Dowaidar. Not All IncMIRHGs Are ‘Junk Transcripts,”. LncM IRHG Loci May Make Both Functional miRNAs and
IncRNAs, Which Can Work Together or Separately. https://doi.org/10.31219/0sf.io/a567w.

Moataz Dowaidar. Nrf2 Signaling Pathways Are Part of a Wider Network of Signaling Pathways Regulating Thymoquinone
Therapeutic Actions Which Need Innovative Formulations and Delivery Methods. https://doi.org/10.31219/osf.io/u2fa7.

Moataz Dowaidar. Omics Should Be Integrated with Genomics to Uncover Molecular Networks and Tissue and Single-Cell
Epigenetic Changes. With These Findings, Targeted Pseudoexfoliation Syndrome and Glaucoma Gene Therapy Procedures
May Be Viable. https://doi.org/10.31219/osf.i0/48fj5.

Moataz Dowaidar. Ophthalmic Gene and Cell Therapies. https://doi.org/10.31219/0sf.io/n84m9.

https:/ /lagranja.tel/ Volume 7-issue 9 Page 54.



Granja Journal ISSN: 1390-8596

Moataz Dowaidar. P21 Is a Flexible, Multi-Functional Protein. It Governs Various Tumor Cell Activities, Including
Autophagy. p21 Is a Possible Radiotherapy Target. https://doi.org/10.31219/osf.io/ydkca.

Moataz Dowaidar. Parkinson’s Disease Simulating Complexity via Improving the Identification of Significant Genetic
Alterations and Environmental Contaminants Should Be a Priority. https://doi.org/10.31219/osf.io/pmcu9.

Moataz Dowaidar. Patient-Specific Microphysiology Systems Are Likely to Become a Crucial Aspect of Translational
Research and Precision Medicine. https://doi.org/10.31219/osf.io/bc8fr.

Moataz Dowaidar. Patients with PMD Who Are Thoroughly Screened by Genomic Medicine Have a Considerable Chance
of Benefiting Greatly from Whole-Genome Sequencing. https://doi.org/10.31219/osf.io/dajft.

Moataz Dowaidar. Polydopamine Nanoparticles’ Activity and Long-Term Stability Should Be Fully Studied for Gene
Therapy Applications. https://doi.org/10.31219/0sf.io/x4nej.

Moataz Dowaidar. Potential Therapeutics for Primary Mitochondrial Disorders. https://doi.org/10.31219/osf.io/6pz5k.

Moataz Dowaidar. Potentials of Medicinal Nanostructured Diamond Particles and Coatings.
https://doi.org/10.31219/osf.io/h68xz.

Moataz Dowaidar. Preclinical Investigations Revealed Possibilities for Salmonella Tumor Treatment. Bacteria Can Also Be
Coupled to Nanomaterials Enabling Drug-Loading, Photocatalytic And/or Magnetic Properties, Using the Bacteria’s Net
Negative Charge. https://doi.org/10.31219/osf.io/embgk.

Moataz Dowaidar. Research into P2X Purinergic Receptor Function in Tumor Growth Has Made Substantial Progress with
Potential Gene Therapy Targeting. https://doi.org/10.31219/osf.io/r34fs.

Moataz Dowaidar. RNA Therapies Hold Great Promise for Treating Cancer. High-Throughput Screening Techniques Have
Facilitated the Development of RNA Treatments. https://doi.org/10.31219/osf.io/9vxrb.

Moataz Dowaidar. RNAIi Treatment Has Been Shown to Successfully Modify Human-Related Target Gene Expression,
Including Cancer. It Has the Capacity to Control Non-Standard Oncogenes, such as Oncogenic IncRNAs.
https://doi.org/10.31219/osf.io/bwgep.

Moataz Dowaidar. RNAs Hold a Lot of Potential When It Comes to Druggable Molecular Targets.
https://doi.org/10.31219/osf.io/2dtxg.

Moataz Dowaidar. Shadow Enhancers’ Objective Seems to Be to Establish Robust Growth Patterns Independent of Genetic
or Environmental Stress. https://doi.org/10.31219/osf.io/gfnkp.

Moataz Dowaidar. Sickle Cell Disease Hematopoietic Stem Cell Gene Therapy with Globin Gene Addition Is Promising.
https://doi.org/10.31219/osf.io/j5fkb.

Moataz Dowaidar. Single-Gene Mutations in mtDNA-Associated Proteins Are Unlikely to Be the Main Cause of Sporadic
Parkinson’s Disease. Cumulative Genetic Variation in Numerous Genes May Be Important in Neurodegeneration and PD
Risk. https://doi.org/10.31219/0sf.io/89qte.

Moataz Dowaidar. Small Nuclear Ribonucleoproteins (SnRNPs) Based Gene Therapy. https://doi.org/10.31219/osf.io/c43r9.

Moataz Dowaidar. Studying the Pathologic Mechanisms of Osteoporosis and the Bone Microenvironment May Help
Researchers Better Know the Etiology of Rheumatoid Arthritis, Periodontitis, and Multiple Myeloma, as Well as Other
Inflammatory and Autoimmune Disorders. https://doi.org/10.31219/0sf.io/t3z6y.

Moataz Dowaidar. Suicide Gene Therapy May Be Effective in the Treatment of Malignant Glioma.
https://doi.org/10.31219/osf.io/vdkst.

Moataz Dowaidar. Synuclein Is a Protein That Is Expressed in Brain Tissue. The Specific Missense Mutation (SNCA) Found
in a Family with Parkinson’s Disease Is the Cause. Other Diseases Include Alzheimer's Disease and REM Sleep Behavior
Disorder. https://doi.org/10.31219/0sf.io/bs8rc.

Moataz Dowaidar. Systems Biology Is a Method for Analyzing Massive Amounts of Multidimensional Data Generated by
Omics Technologies. Cross-Validation of the Various Technological Platforms Is Critical.
https://doi.org/10.31219/osf.io/p8vkd.

Moataz Dowaidar. Targeting Mitochondria and Especially Taz Gene Mutation Induces CL May Give Novel Therapeutic
Alternatives for Treating Barth Syndrome. https://doi.org/10.31219/osf.io/unfpy.

Moataz Dowaidar. The Ability to Combine Multiple mRNA Antigens Targeting Multiple Pathogens Simultaneously, and the
Robust Immune Responses Are Confirmed in Several Clinical Studies. https://doi.org/10.31219/0sf.io/6qksx.
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Moataz Dowaidar. The Cubic Polyhedral Oligomeric Silsesquioxanes Based Hybrid Materials Have a Wide Variety of
Applications, Including Drug Administration, Gene Therapy, Biological Imaging, and Bone Regeneration.
https://doi.org/10.31219/0sf.io/9peq8.

Moataz Dowaidar. The Development of Tissue Replacement Therapies and Drug Discovery Was a Critical Milestone in
Advancing Regenerative Medicine. https://doi.org/10.31219/osf.io/w9bsm.

Moataz Dowaidar. The Epidemic of COVID-19 Prompted Widespread Use of mMRNA Vaccinations.
https://doi.org/10.31219/osf.io/jgws5.

Moataz Dowaidar. The Most Useful and Commonly Available Acute Rejection Surveillance Strategies Are Routine
Monitoring of Myocardial Function and Donor-Specific Anti-HLA Abs Monitoring. https://doi.org/10.31219/osf.io/ebw68.

Moataz Dowaidar. The Protease MBTPS2 Is an Important Regulator of Several Cellular Processes, Especially in Health and
Sickness. https://doi.org/10.31219/0sf.io/qyn6h.

Moataz Dowaidar. The Sigma 1 Receptor (S1R) Is a Potential Therapeutic Target for the Treatment of Huntington’s Disease.
https://doi.org/10.31219/osf.io/mcefx.

Moataz Dowaidar. The Use of a Network Medicine Approach Might Result in Innovative Strategies for Lowering Coronary
Heart Disease and CV Risks. https://doi.org/10.31219/osf.io/eakg8.

Moataz Dowaidar. The Vasoconstrictor Endothelin System Involvement in Chronic Kidney Diseases Pathogenesis Is Now
the Most Often Employed Treatment Method. https://doi.org/10.31219/0sf.io/cnkqy.

Moataz Dowaidar. The VPS35-D620N Mutation Is Associated with Parkinson’s Disease and Can Be a Target for Gene
Therapy. https://doi.org/10.31219/0sf.io/83sxr.

Moataz Dowaidar. Therapeutics Including Gene Therapy for Osteoarthritis as a Concept.
https://doi.org/10.31219/0sf.io/7zsqy.

Moataz Dowaidar. Tissue Hypoxia Has Been Established as a Master Regulator for Alternative Splicing, with Substantial
Clinical Consequences and Possibilities for Gene Therapy Targeting. https://doi.org/10.31219/o0sf.io/5pbw4.

Moataz Dowaidar. To Rectify Alzheimer’s Disease Etiology, Excessive Mitochondrial Division Might Be Stopped or
Mitophagy Might Be Promoted. https://doi.org/10.31219/osf.io/6kdxw.

Moataz Dowaidar. Transcriptomics Is a Rapidly Growing Field That Generates New Data That May Be Used on Its Own or
in Combination with Existing Clinical Data for Development of New Therapeutics, Including Gene Therapy.
https://doi.org/10.31219/osf.io/kfr6a.

Moataz Dowaidar. Tumor Microenvironment Has Clinical Significance in Terms of Prognosis and Therapy Prediction.
https://doi.org/10.31219/osf.i0/4dz8q.

Moataz Dowaidar. Using AAV as a Gene Delivery Vector in the Neural System Is Effective in Several Animals, such as
Nonhuman Primates. https://doi.org/10.31219/osf.io/ut4fa.

Moataz Dowaidar. Using Pre-Existing Datasets to Combine Published Information with New Metrics Would Help
Researchers Construct a Broader Picture of Chromatin in Disease. https://doi.org/10.31219/osf.io/gsqv5.

Moataz Dowaidar. Virus-like Particles Are Good Nanocarriers for Liquid Biopsy Probes, Imaging Contrast Agents, and
Anticancer Medications. https://doi.org/10.31219/osf.io/xbtka.

Moataz Dowaidar. ZEB1 Controls the Expression of ICAM1, Promoting Monocyte-Macrophage Adhesion and Hence the
Formation of Atherosclerotic Lesions. https://doi.org/10.31219/osf.io/kzjqg.

Moataz Dowaidar. Gene Therapy Development and Legislation. https://doi.org/10.31219/osf.io/mwb2n.

Moataz Dowaidar. Next-Generation Sequencing Is Now Utilized to Identify Genetic Abnormalities and Develop Gene
Therapy. https://doi.org/10.31219/osf.io/lem7xp.

Moataz Dowaidar. Nucleic Acid Designs, Artificial Intelligence for Screening Nanomaterials, and Enhanced
Characterization Methods Are Needed to Make Nanomedicine More Successful. https://doi.org/10.31219/osf.io/2w5aq.

Moataz Dowaidar. Potential Strategies for Cancer Gene Therapy. https://doi.org/10.31219/osf.io/atcqz.

Moataz Dowaidar. Quantitative Groups Will Be Critical to the Success of Future Gene Therapy Programs.
https://doi.org/10.31219/osf.io/v97ht.

Moataz Dowaidar. The Treatment of Major Human Illnesses with Recombinant Adeno-Associated Virus (rAAV) Has
Shown Tremendous Promises. https://doi.org/10.31219/osf.io/uwade.
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Moataz Dowaidar. Carbon Nanotubes Have Enormous Potential in Gene Therapy. https://doi.org/10.31219/0sf.io/9bcxk.

Moataz Dowaidar. Charge-Alteration-Based Approaches Can Address the Evolving Needs of Nucleic Acid-Based Gene
Therapy, Charge Reversal Techniques Are Also Promising. https://doi.org/10.31219/osf.io/zwg5h.

Moataz Dowaidar. Chromosome X, the Most Explored Genome-Editing Chromosome, Presents Possibilities for Hemophilia
A Treatments. https://doi.org/10.31219/osf.io/6vsdz.

Moataz Dowaidar. Clinical Investigations Show That siRNA May Be Used to Treat a Variety of Disorders, Including
Cancer. https://doi.org/10.31219/osf.io/fcsgq.

Moataz Dowaidar. Cyclodextrins as Potential Gene Therapy Vectors. https://doi.org/10.31219/0sf.io/zhtsc.

Moataz Dowaidar. Development of Specialized Carriers Capable of Delivering Effective RNAI and siRNA Gene Therapy.
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