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Abstract: Parkinson's disease involves a progressive loss of midbrain dopaminergic neurons in the substantia
nigra, which causes motor symptoms such as dysfunctional bradykinesia, rigidity and tremor. Genetic mutations
in Parkinson disease are infrequent and important because they represent potential therapeutic targets.
Unfortunately, there is currently no treatment to stop the progression of the disease but only few improvements
in symptoms are accessible by current treatments based on levodopa and dopaminergic therapy. Embryonic
stem cells, Neural stem cells, Mesenchymal stem cell and induce pluripotent stem cell are a good source for
dopaminergic neurons and can be used for cellular therapeutic approaches. Mesenchymal stem cells are
thought to be among the easiest to harvest stem cells from individual sources. Embryonic stem cells and induced
pluripotent stem cells have more advantages than other two. Embryonic stem cells remain highly proliferative
after in vivo expansion. They can generate dopaminergic neurons and survive after transplantation. Along with
it, induced pluripotent stem cells generate unlimited Parkinson’s disease patient specific cells. They show some
degree of functional recovery after transplantation. Hence, these two have potential to enhance the success rate
of clinical trial in Parkinson disease and to tolerate adverse effects of transplantation. This review will provide
an insight into therapeutic approaches of Parkinson disease by the help of different types of stem cells.
Keywords: Bone marrow mesenchymal stem cells, Human embryonic stem cell Induced pluripotent stem cell,
Myocyte-specific enhancer factor 2C, Neural stem cells..

I Introduction

Parkinson's disease (PD) is the second most common neurodegenerative disorder affecting 1-2% of the
population aged over 65 years and reaching a prevalence of nearly 4% in people over 85 years. The main
clinical symptoms of the disease are resting tremor, rigidity, bradykinesia, and postural instability [1, 2]. The
pathological features of the disease are loss of dopaminergic cells in the substantia nigra pars compacta and the
presence of Lewy bodies (LB) and Lewy neuritis (collectively known as Lewy-related pathology) among
vulnerable populations of neurons [3]. Symptoms appear when 50-70% of nigrostriatal dopaminergic neurons
have been lost. Thus, the population of undiagnosed asymptomatic patients is probably considerable [4].
Unfortunately, there is currently no treatment to stop the progression of the disease but only few improvements
in symptoms are accessible by current treatments based on levodopa and dopaminergic therapy [1]. In most
cases, PD is multifactorial, probably resulting from a combination of polygenic inheritance, environmental
exposures and gene-environment interactions. Approximately 20% of PD patients report a family history of the
disease and monogenic forms of PD are relatively rare [5]. Genetic mutations in PD are sporadic and only about
10% of all cases of Parkinson's disease [6]. There are at least eighteen loci [7], and eleven genes associated with
PD as shown in Table 1 [8]. Mutations in the genes of these six loci (SNCA, LRRK2, DJ1, PINK1, ATP13A2
and PRKN) have been definitively shown to cause familial parkinsonism [19]. In addition, common
polymorphisms within 2 of these same genes (SNCA and LRRK?2) and variation in 2 other genes not assigned to
a PARK locus, (GBA and MAPT) are now well-validated risk factors for PD [20].

II. Autosomal Dominant PD
2.1. PARK4 and PARKI1: a-Synuclein (SNCA)

SNCA is located on chromosome 4q22.1, has 6 exons, and encodes a 140-amino acid protein [21]. It is
expressed in the mammalian brain and enriched in presynaptic nerve terminals [3]. The role of the SNCA gene
is important in PD because the alpha-synuclein protein is the main component of Lewy bodies [19]. Mutations
in the o-Syn gene are rare include entire locus multiplications and point mutations [22]. Familial autosomal
dominant forms of PD have been documented in families with SNCA mutations or gene duplication/
triplications as well as in families with mutations in proteins regulating the ubiquitin-proteasome pathway [9].
The Ala53Thr mutation has been found in a several families of Greek descent previously, Ala30Pro and
Glu46Lys have been demonstrated in single families of German and Spanish origin, respectively [23, 24].
Patients with SNCA duplications often have a classical PD phenotype, while cases involving triplications
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display more severe phenotypes, according to a direct correlation between the dose of SNCA gene and disease

severity [23].
Table I: Loci and genes associated with PD.
Locus Gene Inheritance References
PARKI1/PARK4 SNCA AD [9]
PARKS LRRK2 AD [10]
PARKS UCH-L1 AD [11]
PARKI11 GIGYF2 AD [12]
PARKI13 OMI/ HTRA2 AD [13]
PARK2 PARKIN AR [14]
PARK6 PINK 1 AR [15]
PARK7 DJ-1 AR [16]
PARK9 ATP13A2 AR [17]
PARK14 PLA2G6 AR [18]
PARKI1S FBXO7 AR [18]

*AD (Autosomal dominant) AR (Autosomal recessive)

2.2. PARKS: LRRK2

LRRK2 is a large gene that consists of 51 exons. It is located on chromosome 12p12 and encompasses
144 kb [25], encodes the 2527-amino acid cytoplasmic protein leucine-rich repeat kinase 2 (LRRK?2) that
consists of a leucine-rich repeat [26]. Alterations in Leucine-rich repeat kinase 2 (LRRK2) are commonly
associated with Parkinson's disease, most of these patients do not exhibit a phenotype of Lewy and it is thought
that aggregation protein may be a disease modifier [10]. Mutations in the LRRK2 gene are the most common
known cause of late-onset autosomal dominant with a mutation frequency ranging from 2% to 40% in different
populations [27]. There are more than 50 different missense and nonsense mutations reported in LRRK2 [26].
These six mutations (R1441C, R1441G, R1441H, Y1699C, G2019S, and 12020T) are disease-causing
mutations. The most frequent and best-studied mutation is ¢.6055G. A (p.G2019S) that accounts for as many as
40% of cases of Arab origin [27], 1%—7% of PD patients of European origin [28, 29], and about 20% of
Ashkenazi Jewish patients [30].

III. Autosomal Recessive PD

3.1. PARK2: Parkin

Parkin is a 65-amino acid protein that belongs to the ‘‘ring between ring fingers’’ (RBR) family of E3
ubiquitin ligases [31]. It is located on chromosome 6q26 and contains 12 exons and encompasses approximately
1.38 Mb [14, 32]. PARK2 Parkinsonism is autosomal recessive and usually of early onset [33]. Pathologically,
symptoms are severe neuronal loss in the substantia nigra and gliosis, whereas the locus coeruleus is much less
severely involved and usually no LBs are seen [34, 35]. Reported mutations in PARK2 are more than 100
including missense and nonsense mutations, as well as rearrangements, exonic deletions and duplications [36,
37]. The most frequent mutations are deletions of exon 4 (n Y4 28), deletions of exon 3 (n % 27), deletions of
exons 3 to 4 (n % 23), a point mutation in exon7 (924C>T; n'38) and a single base pair deletion in exon
2(255/256delA; n Ya 17) [38].

3.2. PARK7: DJ1

DJ-1 is a mitochondrial protein consisting of 189 amino acids [39], involved in the protection against
oxidative stress and forms a complex with PINK1 and parkin to prop up ubiquitination and degradation of
parkin substrates, including parkin itself [40]. It is located on chromosome 1p36.23 and has a transcript length
of 949 bps with 7 exons [41]. In DJl-related Parkinsonism, mutations are found in the homozygous or
compound heterozygous state, putatively resulting in a loss of protein function [42]. The structural perturbations
of DJ1 protein may be caused by mutation of L166P, E64D, M26I, A104T, and D149A that lead to global
destabilization, heterodimer formation, unfolding of the protein structure, or reduced antioxidant activity [43].

3.3. PARKG6: PINK1

PINK1 is a kinase with an N-terminal mitochondrial targeting sequence and has a serine/threonine
protein kinase domain [44], provides protection against mitochondrial dysfunction, and regulates mitochondrial
morphology via fission/fusion machinery [45]. It is located on chromosome 1p36.12, has 8 exons, and encodes a
protein with 581 amino acids [44]. PARK6 was first mapped in a large consanguineous Italian family with
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autosomal recessive, early onset PD [46]. The first mutations discovered were the G309D missense and a
W437X truncating mutation found in the families of Italian and Spanish origin [44, 15].The majority of reported
PINK1 mutations are either nonsense or missense mutation [47]. Most of the reported PINK1 point mutations
are in a highly conserved amino acid position in the protein kinase domain [48]. The pathogenic mutation
(A217D) is located in the highly conserved adenosine triphosphate orientation site of the PINK1 kinase domain
[49].

3.4. PARK9: ATP13A2

ATP13A2 encodes a large lysosomal P-type ATPase with 1180 amino-acids [50], likely involved in the
regulation of intracellular manganese homeostasis [51].It is mainly expressed in brain tissue with the highest
levels in ventral midbrain (which includes the substantia nigra). It is located on chromosome 1p36 and has 29
exons [50]. Homozygous and compound heterozygous mutations in the ATP13A2 have been demonstrated in a
Jordanian family [52]. A homozygous missense mutation (G504R) has been identified in one sporadic case from
Brazil with juvenile parkinsonism. A single novel missense mutation (T12M or G533R) in two Italian patients
with early onset PD without atypical features, raising the question of whether heterozygous ATP13A2 mutation
carriers are at increased risk of PD [53].

IV. Genetic Risk Factors for PD

GIGYF2, also called TNRC15 (Trinucleotide Repeat Containing 15) corresponds to the PARKI11
locus, previously identified by a whole genome linkage analysis in a population of familial PD [54]. GIGYF2
contains the GYF motif that binds to a proline-rich Grb10 adaptor protein [55], and potentially regulates cellular
responses to insulin and insulin-like growth factor. Mostly in sporadic PD cases no disease-causing mutations
were found in other European populations [56]. Omi/Htra2, a mitochondrial-targeted serine protease released
into the cytosol during apoptosis. Biological and genetic evidence showed that it has been implicated in PD
pathogenesis. Subsequently, a G399S mutation and an A141S risk factor were identified in a German case—
control study [13], but no relations between A141S or G399S and PD were found in other studies [57]. A
homozygous R378G variation in FBXO7 on chromosome 22 was found in an Iranian pedigree with a rare
autosomal recessive parkinsonian-pyramidal syndrome. FBXO7 is a member of the F-box family of proteins
active in the ubiquitin-proteasome protein degradation pathway [58, 59]. Homozygous missense mutations were
found in a phospholipase A2 gene (PLA2G6) on chromosome 22 in two unrelated Pakistani families with
recessive adult-onset levodopa-responsive dystonia-parkinsonism, encoding a calcium-independent group VI
phospholipase A2 [60]. Heterozygous mutations in the glucocerebrosidase (GBA) gene (encodes the enzyme
glucocerebrosidase), however, have been validated as genetic susceptibility factors. Gaucher disease (GD), an
autosomal recessive glycolipid storage disorder with multisystemic manifestations, including involvement of the
liver, spleen, bone marrow, lungs, and nervous system, is caused by loss of function mutations in the GBA gene
[61]. The causal genes at several loci have not yet been identified (PARK12, chromosome Xq) [62], or the role
of the candidate genes at these loci is still controversial (PARK3 and PARK10) [63, 64]. Recent Genome-wide
association studies have nominated 3 new susceptibility loci (PARK16, 17, 18) [25].

V. Use of stem cells in Parkinson disease
Pharmacological agents do not restore DA neurons in PD patients but used to treat symptoms [65].
Stem cell-based methods could be used therapeutically to restore function in neurodegenerative disease
[66].Such cell-based therapies require protocols for the differentiation of stem cells into neural progenitor cells
and more directly towards a specialized regional identity of neurotransmitters, such as dopaminergic midbrain
neurons [67]. Different types of stem cells can be used in PD as shown in Table II.

Table II: Different sources and types of stem cells are used in PD patients.

Source Reference
Mesenchymal stem cell (MSCs) [68]
Neural stem cells (NSCs) [69]
embryonic stem cell (ESCs) [70]
Induced pluripotent stem cells (iPSCs) [71]

5.1. Mesenchymal stem cell

MSCs are adult stem cells that belong to the mesodermal lineage and are usually found in the bone
marrow as bone marrow mesenchymal stem cells (BMSCs) [72]. It can also be isolated from other mesenchymal
tissues, such as umbilical cord, dermis, adipose tissue, and peripheral blood [73]. The great advantage of
BMSC:s is that they are easily available through aspiration of the patient’s bone marrow, so that the use of
BMSCs evades ethical issues, facilitating their application both for auto- and allo-transplantation. BMSCs are
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also easily expanded on a large scale, which is very convenient for clinical use (e.g., 20 to 100mL of bone
marrow aspirate provides 107 BMSCs within several weeks) [74]. MSCs can be obtained from patients for
autocell transplantations well as from healthy donors for allo-transplantation by using mesenchymal tissues such
as fat, bone marrow, and umbilicalcord (Fig.1). Therefore, MSCs are a realistic source of cell for regenerative
medicine [75].
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Figure.1. Strategy for MSC transplantation in PD patients. MSCs can be obtained from fat tissue or bone
marrow aspirates of Parkinson’s disease (PD) patients and are applicable for autocell transplantation, whereas
healthy donors for allo cell transplantation. Naive MSCs can be directly transplanted into the striatum of PD
patients, but this treatment exerts temporary trophic effects. Gene-introduced MSCs also have trophic effects
for the replenishment of lost cells. MSCs are able to be induced into dopamine neurons that will contribute to
the functional recovery of PD [75].

BMSCs have trophic effects that are mediated by the various types of trophic factors and cytokines they
produce. Therefore, naive adult BMSCs implanted in the striatum induce partial but not strong recovery of the
dopamine pathway [76].Mesenchymal stem cells derived from bone marrow have been proposed as potential
source for transplantation in PD. When mice model was used to test the effect of MSCs, it was observed that
non-differentiated murine MSCs are able to differentiate into tyrosine hydroxylase-positive neurons and they
showed improved motor performance. It has been proved that human and rat MSCs can be a source for the
production of cells with dopaminergic properties and motor function can be improved in animal model by the
transplantation of these cells. In a recent study, no hostile effect has been found during a clinical trial in PD
patients in which unilateral transplantation of autologous bone marrow-derived MSCs was done into the
sublateral ventricular zone [77]. Adipose tissue, which is easily achieved by liposuction, also contains large
quantities of MSCs called adipose stem cells (ADSCs).Because of the ability of ADSCs and umbilical cord
mesenchymal stem cells (UC-MSCs) to differentiate into other cell types and to proliferate; these cells are

considered to be a practical source for cell-based therapies [78].

In a study human umbilical MSCs showed the potential for the treatment of Parkinson’s disease. The
success rate was found 12.7% when human MSCs isolated from Wharton’s jelly of the umbilical cord were
induced to transform into dopaminergic neurons in vitro through step wise culturing in neuron-conditioned
medium. This success rate was characterized by positive staining for tyrosine hydroxylase (TH), the rate
limiting catecholaminergic synthesizing enzyme, and dopamine being released into the culture medium. When
such cells were transplanted into the striatum of rats previously made Parkinsonian by unilateral striatal
lesioning with dopaminergic neurotoxin 6-hydroxydopamine, the transplantation partially corrected the lesion
induced amphetamine-evoked rotation. Those transplanted cells showed viability for at least 4 months
[79].Protective effect on progressive dopaminergic neural loss was observed in vitro and in vivo by human
MSCs. This treatment decreased MG-132 induced dopaminergic neuronal loss with a significant reduction of
caspase-3 activity. Afterwards, when a rat model was tested, hMSCs treatment in MG-132 treated rats
dramatically reduced the decline in the number of tyrosine hydroxylase immune reactive cells, showed almost
50% upsurge in the survival of TH immunoreactive cells in the substantianigra. Also, hMSCs treatment
significantly decreased OX-6 immunoreactivity and caspase-3 activity [80].

5.2. Embryonic stem cell

Embryonic stem (ES) cells have attracted great attention as an alternative source for the generation of
dopamine neurons because they can be constantly expanded with high potential for differentiation. They are
pluripotent stem cells, following induced differentiation they are able to form all three embryonic germ layer
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[81]. Dopaminergic neurons can be produced from various stem cell types as shown in Fig.2. ES cells can
produce a sufficient number of dopamine neurons for transplantation therapy. Their clinical application is
limited because of their ability to form tumors. Even if ES cells seem fully differentiated into dopamine neurons
in vitro before transplantation, they still associated with the risk of tumorigenesis [82]. Myocyte enhancer factor
2 (MEF2C) directs the differentiation of mouse ESC-derived neural precursors into neurons. MEF2C confines
hESC:s to the neuronal lineage and that this attribute can be used to generate neurons and avoid tumor formation
when used for cell-based therapies [83]. ESCs can give rise to any type of cell in the body including
dopaminergic neurons due to their pluripotency and highly proliferative property. Human and rodent ESC-
derived dopaminergic neurons have been shown to survive transplantation into the striatum of PD rats and
generate some degree of functional recovery. Nevertheless, studies have shown that the survival of ESC-derived
dopaminergic neurons post transplantation is relatively low [76]. In a study it was demonstrated that hESCs
differentiated into dopaminergic neurons when co-cultured with PA6 cells. Almost 87% of hES colonies
contained tyrosine hydroxylase (TH) positive cells, and a high percentage of the cells in most of the colonies
expressed TH after three weeks of differentiation [84].

Rodriguez-Gomez showed the survival of neurons derived from mouse ES cells for over 32 weeks
when transplanted into an animal model. Moreover, maintained midbrain markers and sustained behavioral
effects were also observed for 32 weeks. When microdialysis was performed in grafted animals it was observed
that dopamine (DA) release was induced by depolarization and pharmacological stimulants. Positron emission
tomography measured the expression of presynaptic dopamine transporters in the graft and also showed that the
number of postsynaptic DA D2 receptors was normalized in the host striatum. Therefore the data suggested that
ES-cell derived neurons showed Dopamine release and reuptake and stimulate appropriate postsynaptic
responses for long periods after implantation [85]. The hESC-based therapies face several obstacles, including
death of engrafted cells, failure of incorporation into host brain, lack of differentiation into appropriate neuronal
cell types, and formation of tumors after transplantation [86].
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Figure.2. Production of neuroblasts from stem cells for transplantation in PD using different protocols. (a)
growth of embryonic stem cells as embryoid bodies and differentiation with several factors. (b) progenitors of
embryonic VM and expansion with trophic factors. (c) subventricular-zone derived cells from adult brain after
expansion as neoruspheres with growth factors. (d) bone marrow stem cells after Notch overexpansion. (e)
Fibroblast-derived iPS cells after culturing as embryonic stem cells [82].
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5.3. Neural stem cells

Neural stem cells (NSCs) are an attractive source for cell replacement therapy for PD because they
have the ability to differentiate into dopamine neurons [87]. Neural stem cells are a source of autologous
dopamine neurons and can be used for patient and disease-specific pathogenic studies [69]. They can be
harvested both from fetal and adult central nervous system tissues. Adult NSCs have lower capacity for
differentiation than fetal NSCs [88]. Chromatin-modifying agents can increase differentiation of adult Sub
ventricular zone (SVZ) NSCs without altering their capacity to differentiate into region-specific neuronal
phenotypes. NSCs epigenetic modifications indicate an important role in regulating the differentiation of adult
NSC [89].Chromatin-modifying agents TSA (trichostatin A) and TSA in combination with (5Aza-2-
deoxycytidine), reactivate specific pluripotency-associated genes such as Oct4 and Klf-4 in adult SVZ NSCs.
These agents induced partial demethylation of Oct4 promoter, thus promoting a dedifferentiation toward a
nascent neural stage. Oct4 overexpression in association with the chromatin-modifying agent valproic acid
(VPA) induced adult SVZ NSC reprogramming into iPSCs. Such Oct4-reprogrammed NSCs can then
successfully differentiate into midbrain DA neurons. NSC self-renewal and long-term proliferation can be
increased by Oct-4 overexpression without reprogramming to an ESC state in the presence of epidermal growth
factor (EGF) and FGF-2 [90].

Fetal brain neural SC derived dopaminergic neurons are associated with lower risk of tumor formation
and immune rejection than ESCs. In a recent study, it has been showed that, non-differentiated NSCs implanted
into PD primates survived, migrated and has a functional impact. A small number of NSC progeny
differentiated into Dopamine phenotypes. Dopaminergic yield in fetal NSC differentiation in vitro has been
enhanced by the use of development signals such as sonic hedgehog, Wnt5a [76]. Therapeutic potential of
neural stem cells in transplantation treatment against PD the midbrain-derived neural stem cells (mNSCs) were
studied by in vitro culture. Their proliferative, differentiation and neurotrphic properties in comparison with
hippocampus-derived NSCs (hNSCs) were studied. It was observed that mNSCs have lower proliferative rate
than that of hNSCs but had higher cell survival capacity in serum free culture. Secondly, in differentiation
culture, mNSCs demonstrated similar Tuj-1+immatureneuronal differentiation but higher Nurrl+ and tyrosine
hydroxylase (TH)+ cell fate in comparison with hNSCs. Moreover, mNSCs expressed various neurotrophic
factors like brain derived neurotrophic factor (BDNF), glial-derived neurotrophic factor (GDNF), cerebral
dopamine neurotrophic factor (CDNF) and DJ-1, that actively function in dopaminergic neuronal maintainence
or neuroprotection with their slightly same or different levels comparatively with hNSCs. Conclusively, mNSCs
have unique cell proliferation, cell survival, dopaminergic neuronal differentiation and neurotrophic properties,
which suggests that midbrain-derived NSCs may be an ideal cell source for therapeutic cell transplantation in
human beings [91].

5.4. Induced pluripotent stem

Another favourable source of SCs is adult fibroblasts that are reprogrammed to so called induced
plutipotent SCs (iPSCs) and then differentiated to dopaminergic neurons. With this iPSC technology the
possibility of generating an unlimited source of PD patient specific dopaminergic neurons has been raised [76].
The iPS cells, whose properties are similar to those of ES cells, can be generated from adult human cells, such
as dermal fibroblasts, by introducing genes such as Sox2, Oct3/4, Klf-4, and c-Myc. The iPS cells can generate
cells of all three germ layers and have unlimited proliferative activity, but their clinical application is limited by
their tumorigenicity. The iPS cells can be induced to form dopamine neurons, but the efficiency of induction is
generally lower than that of ES cells and the quality of the cells is not homogenous [92].The majority of human
IPSC lines can be generated using lentiviral and retroviral methods, which are known to generate multiple
chromosomal integrations and possible genetic dysfunction [93]. A major concern about the clinical application
of hiPSCs is the potential residual expression and reactivation of exogenous reprogramming genes, some of
which may be asscociated in oncogenesis pathways [94].Terminal differentiation of hiPSCs into some cell
lineages may also alter or block by residual reprogramming gene expression. The hiPSCs generated by the
lentiviral method exhibit neural differentiation capacity with significantly reduced efficiency and increased
variability compared with hESCs [71]. High levels of a high activity form of human Sonic hedgehog (SHH) and
exposure to FGF8a and WNT1 may be sufficient to direct the fate of human ES/iPS cells towards VM DA
neurons [95]. The iPS cells do not cause the same immune rejection risks when used therapeutically, since they
are autologous cells that are unique to each patient [80].

Dopmaninergic neurons were first generated from mouse iPSCs transplanted into the striatum of a rat
PD model and shown to improve functional deficits. In recent studies, dopaminergic neurons have been
produced from iPSCs derived from fibroblasts in adult humans and PD patients. Those neurons survived
transplantation into the striatum of PD rodents and produced some degree of functional recovery. Major gains
with the use of iPSCs are that PD patient-specific dopaminergic neuroblasts could minimize the immune
reactions and eliminate the ethical issues associated with the use of human ESCs. Still, as with ESCs, the risk of
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tumor formation needs to be minimized before iPSC-derived dopaminergic neurons can be considered as an
option for transplantation in a clinical setting in PD [76].

VI. Conclusion

Parkinson's disease is a degenerative disorder of the central nervous system in which the death of
dopamine-generating cells in the substantia nigra, occur. Mutations occur in different genes and these mutations
are important because they represent potential therapeutic targets. Different types of stem cells including
embryonic stem cell, neural stem cells, Mesenchymal stem cell and iPSC can be used for cellular therapeutic
approaches. Multiple factors can differentiate these cells into dopamine neurons which are used for damage
neurons of PD patients. Factors which are used for differentiation depend upon the type of stem cell. There are
chances of tumor formation after transferring dopamine neurons into Parkinson Disease patient. Embryonic
stem cells and induced pluripotent stem cells have more advantages than other two. Embryonic stem cells
remain highly proliferative after in vivo expansion. They can generate dopaminergic neurons and survive after
transplantation. Along with it, induced pluripotent stem cells are the good source for generation of unlimited
Parkinson’s disease patient specific cells and show some degree of functional recovery after transplantation.
They also minimize immune reactions. Major research efforts will be needed for the development of a clinically
competitive SC-based therapy, which for the first time opens up the possibility for an effective restorative
treatment for PD patients.
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