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        Abstract

												
												Parkinson's disease (PD) is a chronic, progressive, neurodegenerative disease with a multifactorial etiology, the predominant pathology of PD is the loss of dopaminergic cells in the substantia nigra. It is characterized by hallmark signs of bradykinesia, rigidity, tremor, and postural instability. Medical and pharmacological treatments for Parkinson's disease are limited to the symptomatic relief of patients, and has failed to prevent or slow down the process of neurodegeneration. Cell transplantation is a strategy with great potential for the treatment of Parkinson's disease, Mesenchymal stem cells are a great therapeutic cell source because they are easy accessible. They have trophic effects for protecting damaged tissues as well as differentiation ability to generate a broad spectrum of cells, including dopamine neurons, which contribute to the replenishment of lost cells in Parkinson's disease.
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										Introduction

										Parkinson's disease

										
										Definition: Parkinson's disease (PD) is a chronic, progressive, neurodegenerative disease with a multifactorial etiology. It is characterized by hallmark signs of bradykinesia, rigidity, tremor, and postural instability, it is superseded only by Alzheimer's disease as the most common neurodegenerative disorder [1]. PD exerts substantial burden on patients, families of patients, and caregivers [2] and is associated with a significant increase in morbidity and disability [3,4]. 
										

										Etiology and risk factors

										
										Parkinsonian symptoms can arise from either the neuropathologic condition of PD (idiopathic PD [iPD]) or other forms of parkinsonism. For neuropathologic PD, about 90% of cases are sporadic, with no clear etiology; an additional 10% have a genetic origin, and at least 11 different linkages with 6 gene mutations have been identified [5] Genetic forms of PD are seen more frequently in young-onset PD. A combination of environmental factors or toxins, genetic susceptibility, and the aging process may account for many sporadic cases [6] Secondary forms of parkinsonism can be caused by medications, the sequelae of central nervous system infection, toxins, or vascular/metabolic disorders (Figure 1). The only proven risk factor for PD is advancing age [7]. Other environmental or lifestyle risk factors associated with development of PD are rural living, exposure to pesticides and herbicides, well-water drinking, and working with solvents [6]. However, none of these factors unequivocally has been demonstrated to cause iPD [8].
										

										
											
												
												Figure 1: Etiology of Parkinson's Disease (PD). 
													View Figure 1
												
											

										

										
										Pathophysiology of the disease

										
										Basal ganglia motor circuitry: Parkinson's disease is predominantly a disorder of the basal ganglia, which are a group of nuclei situated at the base of the forebrain (Figure 2). The striatum, composed of the caudate and putamen, is the largest nuclear complex of the basal ganglia. The striatum receives excitatory input from several areas of the cerebral cortex, as well as inhibitory and excitatory input from the dopaminergic cells of the substantia nigra pars compacta (SNc). These cortical and nigral inputs are received by the spiny projection neurons, which are of 2 types: those that project directly to the internal segment of the globus pallidus (GPi), the major output site of the basal ganglia; and those that project to the external segment of the globus pallidus (GPe), establishing an indirect pathway to the GPi via the subthalamic nucleus (STN). The actions of the direct and indirect pathways regulate the neuronal output from the GPi, which provides tonic inhibitory input to the thalamic nuclei that project to the primary and supplementary motor areas [9].
										

										
										
											
												
												Figure 2: Anatomy of basal ganglia. 
													View Figure 2
												
											

										

										
										
										The basal ganglia motor circuit modulates the cortical output necessary for normal movement Signals from the cerebral cortex are processed through the basal ganglia-thalamocortical motor circuit and return to the same area via a feedback pathway. Output from the motor circuit is directed through the internal segment of the globuspallidus (GPi) and the substantia nigra pars reticulata (SNr). This inhibitory output is directed to the thalamocortical pathway and suppresses movement [10].
										

										
										Two pathways exist within the basal ganglia circuit, the direct and indirect pathways (Figure 3), as follows:
										

										
										
											
												
												Figure 3: Basal ganglia circuitry in Parkinson's disease. 
													View Figure 3
												
											

										

										
										
										•	In the direct pathway, outflow from the striatum directly inhibits the GPi and SNr; striatal neurons containing D1 receptors constitute the direct pathway and project to the GPi/SNr
										

										
										•	The indirect pathway contains inhibitory connections between the striatum and the external segment of the globuspallidus (GPe) and between the GPe and the subthalamic nucleus (STN); striatal neurons with D2 receptors are part of the indirect pathway and project to the GPe [9].
										

										
										The STN exerts an excitatory influence on the GPi and SNr. The GPi/SNr sends inhibitory output to the ventral lateral nucleus (VL) of the thalamus. Dopamine is released from nigrostriatal (substantia nigra pars compacta [SNpc]) neurons to activate the direct pathway and inhibit the indirect pathway. In Parkinson disease, decreased striatal dopamine causes increased inhibitory output from the GPi/SNr via both the direct and indirect pathways. The increased inhibition of the thalamocortical pathway suppresses movement. The loss of dopaminergic neurons in the substantia nigra pars compacta, which results in a reduction in the level of dopamine in the striatum, leads to alterations in the activity of striatal output nuclei. This results in changes in the other nuclei basal ganglia, which can be summarized as following: (a) Degeneration of the nigrostriatal pathway, (b) The under activity of the GABA/dynorphinstriato-medial pallidal/SNr nigral pathway, (c) The overactivity of the GABA/enkephalinstriato-lateral-pallidal pathway, (d) the overactivity of the subthalamic nucleus, (e) The overactivity of the GABA medial pallidal/SNr (output regions of the basal ganglia) -thalamic projection [9]. The overactivity of basal ganglia output results in increased inhibition of excitatory glutamatergic projections from the thalamus to the cortex. Cortical motoroutputs are, thus, underactive leading to the movement paucity in Parkinson's disease [10]. 
										

										
										Although the predominant pathology of PD is the loss of dopaminergic cells in the substantia nigra, however, there is also degeneration of other neurotransmission systems, such as cholinergic, noradrenergic, serotoninergic and peptidergic brainstem nuclei. Some of these alterations in neurotransmitters occur before the appearance of Parkinsonian symptoms. Noradrenaline (NA) is particularly implicated in certain symptoms of Parkinson's disease. Biochemical analysis revealed that 40-80% of the brain's content of NA is depleted in PD [9].
										

										
										Neuropathological manifestation: Neuronal changes in parkinson's disease are widespread, however the principle neurological abnormalities that occur are: I) The loss of dopaminergic neurons in the substantia nigra pars compacta, led to reduced dopaminergic input to the striatum and accompanied by adaptive responses in the internal and external globuspallidus, subthalamus, thalamus and substantia nigra pars reticularis. II) Round, hyaline neuronal cytoplasmic inclusions called Lewy bodies (LBs) and enlarged aberrant neurites and threads are found in the Parkinsonian substantia nigra [10,11]. In addition to the substantia nigra, other nuclei are involved such as the locus ceruleus, reticular nuclei of the brain stem, and dorsal motor nucleus of the vagus, as well as the amygdala and the CA2 area of the hippocampus. LBs and neuritis (Figure 4) -pathological hallmarks of PD-are composed of aggregates of normal, misfolded and truncated proteins, and ubiquitin, all of which are stored in the cytoplasm as nondegraded by-products of the degenerative process [12-16]. The main component of LBs and aberrant neurites is α-synuclein (a protein suggested to have a role in DA synthesis, synaptic plasticity and vesicle dynamics) which is abnormally phosphorylated, nitrated and oxidized, has an abnormal crystallographic structure and abnormal solubility, and is prone to the formation of aggregates and insoluble fibrils [16-20]. III) The degeneration of melanin pigmented brainstem nuclei because melanin production depends on the auto-oxidation of dopamine. Low melanin content could be due to reduced dopamine synthesis or more efficient transport to the nerve terminal. Consequently neuromelanin has been considered of potential importance in PD pathogenesis as it is capable of binding toxic compounds. Additionally, demelanisation of the substantia nigra (SN) in PD is believed to result from selective death of the more heavily pigmented neurons [21]. The nigral toxin MPTP (1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine), which causes a Parkinsonian syndrome in primates, destroys those nigral neurons containing the most melanin pigment [22] thus providing a possible analogy with PD (Figure 5).
										

										
										
											
												
												Figure 4: Photomicrographs of regions of substantia nigra in this Parkinson's patient show Lewy bodies and Lewy neurites in various magnifications. 
													View Figure 4
												
											

										

										

										
										
											
												
												Figure 5: Left: Midbrain section showing loss of pigmented cells of the substantia nigra in Parkinson's disease. Right: Midbrain section showing normal substantia nigra.  From: CNS Pathology. 
													View Figure 5
												
											

										

										
										
										Top panels show a 60-times magnification of the alpha-synuclein intraneuronal inclusions aggregated to form Lewy bodies. The bottom panels are 20x magnification images that show strand-like Lewy neurites and rounded Lewy bodies of various sizes. Neuromelanin-laden cells of the substantia nigra are visible in the background. Stains used: Mouse monoclonal alpha-synuclein antibody; counterstained with Mayer's haematoxylin.
										

										
										Cardinal manifestations: The onset of Parkinson's disease is often subtle and very gradual. There are however many hallmark signs of Parkinson's disease. These signs and symptoms are illustrated below in (Figure 6) and subsequently listed for more detail.
										

										
										
											
												
												Figure 6: Classic presentation of Parkinson's disease. 
													View Figure 6
												
											

										

										
										
										Common symptoms:
										

										
										1.	Tremor
										

										
										a.	Present when extremity/limb is at rest
										

										
										b.	Terminates with movement
										

										
										c.	Resting hand tremor is most characteristic (pill-rolling)
										

										
										2.	Bradykinesia
										

										
										3.	Rigidity of the extremities or trunk
										

										
										4.	Impaired posture and balance
										

										
										5.	Hypokinesia
										

										
										a.	May present itself in facial expression, decreased arm swing with gait
										

										
										b.	Leads to an increase in fall risk secondary to inability to generate adequate muscle force quickly and decreased ability to make postural adjustments/corrections in a timely fashion to avoid a fall
										

										
										6.	Visuoperceptive impairments
										

										
										Secondary symptoms:
										

										
										1.	Micrographia
										

										
										2.	Decreased arm swing with gait
										

										
										3.	Foot drag resulting in shuffled gait
										

										
										4.	Freezing
										

										
										5.	Decrease in/loss of automatic movements (i.e. blinking, swallowing)
										

										
										6.	Cognitive impairment (present to some extent in up to 30% of individuals) 
										

										
										a.	Memory loss
										

										
										b.	Impaired judgment
										

										
										c.	Poor planning
										

										
										d.	May preceed PD dementia
										

										
										7.	(Parkinson's) Dementia 
										

										
										a.	Interferes with the following: 
										

										
										i.	ability to plan
										

										
										ii.	ability to maintain goal orientation
										

										
										iii.	ability to make decisions
										

										
										Other symptoms: 
										

										
										1.	Depression
										

										
										2.	Pain
										

										
										3.	Anxiety
										

										
										4.	Psychosis (typically visual hallucinations)
										

										
										5.	Sleep disturbances
										

										
										6.	Autonomic dysfunction [23]
										

										
										Disease progression:
										

										
										Stage I
										

										
										1.	Signs and symptoms are unilateral
										

										
										2.	Mild tremor of a single limb
										

										
										Stage II
										

										
										1.	Signs and symptoms are bilateral
										

										
										2.	Changes in posture and gait
										

										
										3.	Minimal disability noted overall
										

										
										Stage III
										

										
										1.	Significant hypokinesia
										

										
										2.	Generalized dysfunction (moderately severe)
										

										
										3.	Deficits of equilibrium/balance affecting gait and standing
										

										
										Stage IV
										

										
										1.	Ambulation limited
										

										
										2.	Rigidity
										

										
										3.	Bradykinesia
										

										
										4.	Unable to live alone
										

										
										Stage V
										

										
										1.	Extreme weight loss
										

										
										2.	Unable to live without assistance/requires constant supervision
										

										
										3.	Cognitive deficits may be present and/or prominent (i.e. hallucinations and delusions) [24]
										

										Intervention

										
										Medical and pharmacological treatments for Parkinson's disease are limited to the symptomatic relief of patients, and has failed to prevent or slow down the process of neurodegeneration. Due to the fact that dopamine deficiency is the main cause of PD, pharmacological treatments have been aimed at restoring the neurotransmitter levels of dopamine [25].
										

										Levodopa

										
										The underlying pathology in PD is a deficiency in dopamine in the basal ganglia so it was originally hypothesized that a substitution of dopamine would be an effective treatment [25]. However, dopamine does not cross the blood-brain barrier and as a result is ineffective as the majority of the drug is converted in the periphery. The immediate precursor to dopamine, dihydroxphenylalanine (levodopa) is able to cross the blood brain barrier through active transport. Once levodopa enters the brain it is transformed into dopamine by decarboxylation from the enzyme dopadecarboxylase. Levodopa is usually taken orally and is given a peripheral decarboxylase inhibitor such as carbidopa [26]. The inhibitor prevents levodopa from prematurely being converted to dopamine in the periphery before it reaches the brain. Any amount of levodopa that is converted to dopamine in the periphery will not be able to cross the blood brain barrier. Although levodopa therapy is considered the gold standard for PD treatment there are many side effects and difficulties with levodopa treatment.
										

										
										Levodopa side effects: Levodopa has been associated with gastrointestinal problems, cardiovascular issues, dyskinesias, and diminished responses. One of the most serious problems in levodopa treatment is that the drug seems to lose its effectiveness if given for prolonged periods (continuously for 3-4 years) [27].
										

										Dopamine agonists

										
										Dopamine agonists are also used in the treatment of PD. These drugs have a similar function to dopamine and are often used in conjunction with levadopa [25]. Bromocriptine (Parlodel), pergolide (Permax), and ropinirole (Requip) are a few dopamine agonists that are used to treat PD and do not have excessive adverse effects [26].
										

										
										Dopamine agonist side effects: Dopamine agonists may produce nausea and vomiting and in some patients postural hypotension is also a problem. With prolonged use, these drugs can cause CNS-related side effects such as confusion and hallucinations [25].
										

										Anticholinergics

										
										Another form of pharmacological treatment for PD comes in the form of anticholinergic drugs. The deficiency of striatal dopamine causes excessive activity in certain cholinergic pathways in the basal ganglia so drugs that limit acetylcholine transmission have been found to alleviate PD symptoms including tremors and rigidity [25].
										

										
										Anticholinergic side effects: Anticholinergics are associated with side effects including mood change, confusion, hallucinations, drowsiness, and cardiac irregularity. Other side effects are blurred vision, dry mouth, constipation, and urinary retention [26].
										

										Other pharmacological agents

										
										Amantadine: Amantadine is thought to work by blocking the N-methyl-D-aspartate (NMDA) receptor in the brain, thereby inhibiting the effects of excitatory amino acids such as glutamate. This is an evidence that excitatory neurotransmitters play a role in motor complications associated with advanced PD [25].
										

										
										Amantadine side effects: The primary adverse side effects of Amantadine are orthostatic hypotension, CNS disturbance, and patches of skin discoloration on the lower extremities [25].
										

										
										Selegiline: Selegiline (Deprenyl, Eldepryl) is a drug that strongly and selectively inhibits the monoamine oxidase type B (MAOB) enzyme. This enzyme is responsible for breaking down dopamine [25].
										

										
										Selegiline side effects: Some side effects are dizziness, sedation, gastrointestinal distress, and headache [25].
										

										
										Catechol-O-Methyltransferase inhibitors (COMT): COMT inhibitors work to prevent levodopa conversion in peripheral tissues, allowing more levodopa to reach the brain [25].
										

										
										COMT side effects: The primary problem associated with COMT inhibitors is an initial increase in dyskinesias. Other side effects include nausea, diarrhea, dizziness, and muscle pain/cramps [25].
										

										
										Neurotrophic factors (NTF): NTF are secreted proteins that play a critical role in the maturation and survival of neurons. Specific NTF act in the adult brain to support and protect mature neuronal populations. One NTF that has selective effects on dopaminergic neurons is glial cell line-derived neurotrophic factor (GDNF). GDNF has been shown to induce the dopamine synthetic enzyme, tyrosine hydoxylase, in fetal human rat cortical cultures. It has also been shown to promote the survival and differentiaton of dopaminergic neurons in vitro and protect these cells from the dopaminergic toxins [28].
										

										
										Deep Brain Stimulation (DBS): One other approach to PD treatment being used today involves surgically implanting electrodes into deep brain structures such as the globus pallidus, thalamus, and subthalamic nucleus. High frequency stimulation of these structures may help normalize neuronal circuitry within the basal ganglia, and help resolve motor symptoms of PD [29]. 
										

										
										At present, drug treatments and surgery can not fundamentally solve the problem. With the development of cell replacement therapy, medical professionals are exploring treatment by restoration of dopamine neurotransmitters in the neural circuits of patients with PD by getting dopaminergic neurons and cell transplantation.
										

										Stem Cell

										
										Stem cells by definition have two essential properties, i.e. the capacity of self renewal, and the capacity to differentiate into different cell lineages. Under the right conditions, or given the right signals, stem cells can give rise (differentiate) to the many different cell types that make up the organism (Figure 7). Stem cell lineage determination is explained by several ideas, one among is focused on the stem cells microenvironment or 'niche'. A niche consists of signaling molecules, intercellular communication and the interaction between stem cells and their neighboring extracellular matrix.
										

										
										
											
												
												Figure 7: General hierarchy for the stem cell niche. 
													View Figure 7
												
											

										

										
										
										Stem cells are capable of performing three important functions with unique abilities: plasticity, homing and engraftment [30].
										

										Types of stem cells

										
										According potentiality of their differentiation: Potency is the potential of stem cells to develop into other cell types. 
										

										
										•	Totipotent-the ability to differentiate into all possible cell types. Examples are the zygote formed at egg fertilization and the first few cells that result from the division of the zygote.
										

										
										•	Pluripotent-the ability to differentiate into almost all cell types. Examples include embryonic stem cells and cells that are derived from the mesoderm, endoderm, and ectoderm germ layers that are formed in the beginning stages of embryonic stem cell differentiation.
										

										
										•	Multipotent-the ability to differentiate into a closely related family of cells. Examples include hematopoietic (adult) stem cells that can become red and white blood cells or platelets.
										

										
										•	Oligopotent-the ability to differentiate into a few cells. Examples include (adult) lymphoid or myeloid stem cells.
										

										
										•	Unipotent-the ability to only produce cells of their own type, but have the property of self-renewal required to be labeled a stem cell. Examples include (adult) muscle stem cells [31].
										

										
										According to the source of stem cells: Stem cells can be classiﬁed into four broad types based on their origin (Figure 8).
										

										
										
											
												
												Figure 8: Classification of human stem cells. 
													View Figure 8
												
											

										

										
										
										A) Stem cells from embryos, B) Stem cells from the fetus, C) Stem cells from the umbilical cord, D) Stem cells from the adult [30-32].
										

										
										Stem cells have recently aroused a great deal of interest because of their potential to differentiate into dopamine neurons either by spontaneous differentiation or through certain induction protocols [33].
										

										Stem cell therapy in Parkinson's disease

										
										Embryonic stem cells (ES Cells): ES cells have attracted great attention as an alternative source for the generation of dopamine neurons because they can be continually expanded with high potential for differentiation. As they are pluripotent stem cells, they are able to form all three embryonic germ layer lineages following induced differentiation. Many studies have focused on optimizing the differentiation of ES cells into dopamine neurons. Among them, systematic and efficient induction systems for dopamine neurons have been reported by several groups [34-36], The prospect that ES cells can produce a sufficient number of dopamine neurons for transplantation therapy is particularly appealing, both for clinical and industrial use. At the same time; however, their clinical application is limited because of their ability to form tumors and the ethical problems surrounding the use of using fertilized human eggs to establish the ES cell lines [37].
										

										
										Neural stem cell (NSCs): NSCs are an attractive source for cell replacement therapy for PD because they have the ability to differentiate into neurons, astrocytes, and oligo dendrocytes as well as into dopamine neurons [38]. NSCs can be isolated from different regions of the fetal brain as well as from the ventricular wall and the hippocampal dentate gyrus in the adult brain so that they can be harvested both from fetal and adult central nervous system tissues. As NSCs are able to self-renew, they can be maintained and expanded either as monolayers or as floating aggregates called neurospheres. Repeated expansion of NSCs is, however, reported to decrease their potential to differentiate into a variety of neuron subtypes, including dopamine neurons. In particular, adult NSCs have lower ability for differentiation than fetal NSCs [33]. Limitations in the use of NSCs include ethical and histocompatibility concerns for fetal NSCs and a limited supply of adult NSCs [39].
										

										
										Induced pluripotent stem cells (IPS): Adult cells that have been genetically reprogrammed to an embryonic stem cell-like state by being forced to express genes and factors important for maintaining the defining properties of embryonic stem cells. Induced pluripotent stem (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 [40]. They have thus attracted increasing attention as a new type of pluripotent stem cell without major ethical concerns. As is the case with ES cells, iPS cells can generate cells of all three germ layers and have unlimited proliferative activity, but their clinical application is limited by their tumorigenicity. IPS cells can be induced to form dopamine neurons, but the induction efficiency is generally lower than that of ES cells and the quality of the cells is not homogenous [40,41].
										

										
										Mesenchymal stem cells (MSCs):
										

										
										MSCs properties: MSCs are adult stem cells that belong to the mesodermal lineage and are traditionally found in the bone marrow together with haematopoietic stem cells which represents less than 0.05% of the total bone marrow but they have the potential to reconstitute all blood forming lineage [42]. MSCs can also be isolated from other mesenchymal tissues, such as umbilical cord, dermis, adipose tissue, and peripheral blood [43]. Morphologically, MSCs have long thin cell bodies with a large nucleus similar to fibroblasts Plastic adherence is a well-described property of MSC. As with some other tissue stem cells, MSCs have a high capacity for self-renewal while maintaining multipotency. In vitro derived MSCs express a panel of characteristics surface markers such as CD90, CD105, CD73, CD 29, and CD44 and are negative for hematopoietic markers as CD34, CD14 and CD45. The biologic property that most uniquely identifies MSC is their capacity for trilineage mesenchymal differentiation. In vitro MSCs differentiate into the cells of mesenchymal lineage such as bone, cartilage and adipose tissue [44]. Homing mechanism is an extraordinary ability of implanted MSCs cells to seek out the site of tissue damage [43]. MSCs secrete factors, including interleukin-6(IL-6), macrophage colony stimulating factor (M-CSF), interleukin-10(IL-10), hepatocyte growth factor (HGF), and prostaglandin-2 (PGE2), that promote tissue repair, stimulate proliferation and differentiation of endogenous tissue progenitors, and decrease inflammatory and immune reactions [44] (Figure 9).
										

										
										
											
												
												Figure 9: Strategy for MSC transplantation in PD patients. 
													View Figure 9
												
											

										

										
										
										MSCs can be obtained from fat tissue or bone marrow aspirates of Parkinson's disease (PD) patients and are applicable for autocell transplantation. They can also be obtained from fat tissue, bone marrow aspirates, and umbilical cord of healthy donors for allocell 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 [44].
										

										
										Among the many kinds of MSCs, bone marrow mesenchymal stem cell (BMSCs) are the most well studied. BMSCs can be cultivated from bone marrow aspirates as plastic adherent cells in vitro [45]. The great benefit of BMSCs is that they are easily accessible through aspiration of the patient's bone marrow, so that the use of BMSCs avoids ethical issues, facilitating their application both for auto- and allo-transplantation. BMSCs are also easily expanded on a large scale, which is very convenient for clinical use (e.g., 20 to 100 mL of bone marrow aspirate provides 107 BMSCs within several weeks) [46].
										

										
										For cell-based therapy, MSCs have two major effects: a trophic effect that is mediated by the various types of trophic factors and cytokines produced by MSCs [47] and differentiation to generate a broad spectrum of cells for the replenishment of lost cells [48]. MSCs normally provide trophic factors to support hematopoietic stem cells in the bone marrow, thus their trophic effect is part of their normal function. MSCs are multipotent stem cells that are known to differentiate into osteocytes, chondrocytes, and adipocytes [45]. These differentiations are within the same mesodermal lineage, but recent reports demonstrated that MSCs show unorthodox differentiation into ectodermal and endodermal cells [49-53]. 
										

										
										These findings stimulated the advancement of regenerative medicine aimed at the generation of desired cells from MSCs. To date, various cell types, such as mesodermal lineage cells (e.g., bone, cartilage, adipocytes, skeletal muscles, and cardiomyocytes), as well as endodermal lineage cells (e.g., airway epithelial cells, hepatocytes, and insulin-producing cells) and ectodermal lineage cells (e.g., neuronal cells and epidermal cells) have been induced from MSCs in vitro by the use of cytokines, trophic factors or gene introduction [53-58].
										

										
										Naive Bone marrow mesenchymal stem cells (BMSCs): There have been many attempts to infuse BMSCs into a PD model aimed at ameliorating PD symptoms. BMSCs have trophic effects that are mediated by the various types of trophic factors and cytokines they produce. Therefore, naive adult BMSCs engrafted to the striatum induce partial but not drastic recovery of the dopamine pathway in a rat model of PD [59-63].
										

										
										Findings from a human pilot study of autologous naive BMSC transplantation performed in PD patients and followed for up to 36 months indicated a certain degree of amelioration of symptoms with no tumor formation [64]. While BMSCs have advantages over some other stem cells regarding their safety, easy accessibility, and trophic effects. Naive BMSC transplantation has limitations for definitive care because most of the transplanted cells do not survive in vivo for a long time, and thus the trophic effects gradually decrease. In addition to naive BMSC transplantation, genetically modified BMSCs have been applied to the PD model. Cells genetically modified to produce L-DOPA or neurotrophic factors such as neurotrophins and glial cell line-derived neurotrophic factor (GDNF) are reported to be somewhat effective for the amelioration of PD symptoms [65-68].
										

										
										For practical use, it would be more desirable to establish a specific system for inducing BMSCs to produce dopamine neurons prior to transplantation. There are several reports of the induction of dopamine neurons from BMSCs [66-68], but in these reports the effectiveness of the induced cells in vivo was not evaluated by transplanting them into a PD model. Another study reported that MSCs induced into immature neurons using basic fibroblast growth factor (bFGF), epidermal growth factor, platelet-derived growth factor, FGF-8, GDNF, or the reagents butylated hydroxyanisole and dibutyryl cAMP were transplanted into a PD model, but these immature neurons did not effectively ameliorate the PD symptoms [69,70]. In this manner, growth factor based methods allow MSC differentiation toward immature neuronal-like cells, but are not efficient in PD models.
										

										
										Induction of functional dopamine neurons from BMSCs: A system to specifically induce dopamine neurons fro BMSCs was reported (Figure 10) [51]. This system first generates post mitotic functional neuronal cells with a very high efficiency without contamination by glial cells. The resulting neuronal cells are then further induced into dopamine neurons. The induction is achieved by lipofection of a plasmid containing a Notch1 intracellular domain (NICD) followed by the administration of a specific combination of trophic factors and cytokines [52,71]. BMSCs initially show little expression of markers for neuronal progenitor cells (NPCs). These findings suggest that the introduction of NICD into the cells induces BMSCs to acquire the characteristics of NPCs [51,72]. When NICD-introduced BMSCs are expanded and then stimulated with trophic factors (basic fibroblast growth factor (bFGF), for skolin, and ciliary neurotrophic factor (CNTF)) for several days, approximately 96% of the cells extend neurites and differentiate into post mitotic neuronal cells. These cells are positive for the neuronal markers MAP-2ab, neurofilament, suggesting that these induced cells are functional neuronal cells.
										

										
										
											
												
												Figure 10: Production release of dopamine. 
													View Figure 10
												
											

										

										
										
										At this stage, cells positive for tyrosine hydroxylase (TH), a marker for dopamine neurons, accounted for ratios of only approximately 4%. After GDNF stimulation, the cells positive for TH substantially increased up to  ̴ 60% Furthermore, other dopamine markers, were elevated in these TH-positive cells, Nurr-1 and Ptx3. The dopamine release upon depolarization in vitro measured by high-performance liquid chromatography indicated that the induced cells released dopamine into the culture media in response to high K+-depolarizing stimuli. These findings indicate that functional dopamine neurons can be efficiently induced from BMSCs [51].
										

										
										(Figure10) Induction of dopamine neurons from MSCs. After NICD introduction, MSCs become similar to NPCs, expressing the NPC markers after cytokine stimulation (bFGF, CNTF and for skolin (FSK), cells become post mitotic neurons expressing neuronal marker. The administration of GDNF induces neurons to become dopamine neurons (TH), which are useful in the Parkinson's disease model. 
										

										
										Transplantation of BMSC-derived dopamine neurons into PD models: Induced dopamine neurons (1 × 105 cells) from either rodent or human (under the control of immunosuppressant) BMSCs were transplanted into the striatum of a PD model rat, after intracerebral stem cell application Grafted dopamine neurons migrated and extended beyond the injected site, and approximately 30% of the cells remained in the striatum 10 weeks after transplantation. The grafted striatum showed the migration of transplanted cells that expressed neurofilament and TH. Brain slice culture experiments demonstrated the production of dopamine in the transplanted brains. MSCs induced increased neuronal plasticity (neurorescue) with increased modulation of cell survival (and an increased striatal dopamine level), enhanced neurogenesis (progenitor cells), and a decreased modulation of inflammation, gliosis and death signaling [73,74]. No tumor formation was observed in the brain, demonstrating that dopamine neurons induced from BMSCs do not have the ability to form tumors [51].
										

										
										It could be concluded that Cell transplantation is a strategy with great potential for the treatment of Parkinson's disease, and many types of stem cells, including neural stem cells and embryonic stem cells, are considered candidates for transplantation therapy [75-79]. Mesenchymal stem cells are a great therapeutic cell source because they are easy accessible and can be expanded from patients or donor mesenchymal tissues without posing serious ethical and technical problems. They have trophic effects for protecting damaged tissues as well as differentiation ability to generate a broad spectrum of cells, including dopamine neurons, which contribute to the replenishment of lost cells in Parkinson's disease. 
										

										Conclusions

										
										MSCs provide strong possibilities for clinical application, because they are easily accessible cells with few ethical problems and can be efficiently expanded in vitro to achieve therapeutic scale. Importantly, MSCs are already widely used clinically to treat osteoarthritis and myocardial infarction, so they have an established record in clinical applications. Furthermore, they are easily obtained from patients or marrow banks, autologous transplantation, or transplantation with the same HLA subtype from a healthy donor, which may minimize the risks of rejection.
										


										

										References


										
											
												
											Dowding CH, Shenton CL, Salek SS (2006) A review of the health-related quality of life and economic impact of Parkinson's disease. Drugs Aging 23: 693-721.
											




												
											McNaught KS, Olanow CW (2006) Protein aggregation in the pathogenesis of familial and sporadic Parkinson's disease. Neurobiol Aging 27: 530-545.
											




												
											Rao SS, Hofmann LA, Shakil A (2006) Parkinson's disease: Diagnosis and treatment. Am Fam Physician 74: 2046-2054.
											




												
											Khedr EM, Al Attar GS, Kandil MR, Kamel NF, Abo Elfetoh N, et al. (2012) Epidemiological study and clinical profile of Parkinson's disease in the Assiut Governorate, Egypt: a community-based study Neuroepidemiology 38: 154-163.
											




												
											Pallone J (2007) Introduction to Parkinson's disease. Dis Mon 53: 195-199.
											




												
											Müller T, Voss B, Hellwig K, Josef Stein F, Schulte T, et al. (2004) Treatment benefit and daily drug costsassociated with treating Parkinson's disease in a Parkinson's disease clinic. CNS Drugs 18: 105-111.
											




												
											Frank C, Pari G, Rossiter JP (2006) Approach to diagnosis of Parkinson disease. Can Fam Physician 52: 862-868.
											




												
											Olanow CW, McNaught KS (2006) Ubiquitin-proteasomesystem and Parkinson's disease. Mov Disord 21: 1806-1823.
											




												
											Lanciego JL, Luquin N, Obeso JA (2012) Functional Neuroanatomy of the Basal Ganglia. Cold Spring Harb Perspect Med 2: 1-20.
											




												
											Gerfen CR, Engber TM, Mahan LC, Susel Z, Chase TN, et al. (1990) D1 and D2 dopamine receptor-regulated gene expression of striatonigral and striatopallidal neurons. Science 250: 1429-1432.
											




												
											Forno L (1996) Neuropathology of Parkinson's disease. J Neuropathol Exp Neurol 55: 259-272.
											




												
											Jellinger K, Mizuno Y (2003) Parkinson's disease. In: Dickson D. Neurodegeneration: The Molecular Pathology of Dementia and Movement Disorders. Basel, Switzerland: ISN Neuropathol Press 159-187.
											




												
											Wakabayashi K, Tanji K, Mori F, Takahashi H (2007) The Lewy body in Parkinson's disease: molecules implicated in the formation and degradation of α-synuclein aggregates. Neuropathology 27: 494-506.
											




												
											Leverenz JB, Umar I, Wang Q, Montine TJ, McMillan PJ, et al. (2007) Proteomic identification of novel proteins in cortical Lewy bodies. Brain Pathol 17: 139-145. 
											




												
											Xia Q, Liao L, Cheng D, Duong D, Gearing M, et al. (2008) Proteomic identification of novel proteins associated with Lewy bodies. Front Biosci 13: 3850-3856. 
											




												
											Spillantini M, Schmidt M, Lee V, Trojanowski J, Jakes R, et al. (1997) α-synuclein in Lewy bodies. Nature 388: 839-840.
											




												
											Baba M, Nakajo S, Tu P, Tomita T, Nakaya K, et al. (1998) Aggregation of α-synuclein in Lewy bodies of sporadic Parkinson's disease and dementia with Lewy bodies. Am J Pathol 152: 879-884. 
											




												
											HashimotoM, Masliah E (1999) Alpha-synuclein in Lewy body disease and Alzheimer's disease. Brain Pathol 9: 707-720. 
											




												
											Duda J, Giasson B, Chen Q, Gur T, Hurtig H, et al. (2000) Widespread nitration of pathological inclusions in neurodegenerative synucleinopathies. Am J Pathol 157: 1439-1445.
											




												
											Giasson B, Duda J, Murray I, Chen Q, Souza J, et al. (2000) Oxidative damage linked to neurodegeneration by selective α-synuclein nitration in synucleinopathy lesions. Science 290: 985-989. 
											




												
											Gibb W, Lees A (1991) Anatomy, pigmentation, ventral and dorsal subpopulations of the substantia nigra, and differential cell death in Parkinson's disease. J Neurol Neurosurg Psychiatry 54: 388-396.
											




												
											D'Amato RJ, Alexander GM, Schwartzman RJ, Kitt CA, Price DL, et al. (1987) Evidence for neuromelanin involvement in MPTP induced neurotoxicity. Nature 327: 324-326.
											




												
											Lundy-Ekman L, Falk K (2007) Neuroscience fundamentals for rehabilitation. (3rd edn), St. Louis: Saunders Elsevier 45: 246-252.
											




												
											Schulz-Shaeffer W (2010) The synaptic pathology of a-synuclein aggregation in dementia with lewy bodies, parkinson's disease and parkinson's disease dementia. Acta Neuropathol 120: 131-143.
											




												
											Schapira A, Emre M, Jenner P, Poewe W (2009) Levodopa in the treatment of parkinson's disease. Eur J Neurol 16: 982-989.
											




												
											Bogaerts V, Theuns J, van Broeckhoven C (2008) Genetic findings in Parkinson's disease and translation into treatment: A leading role for mitochondria? Genes Brain Behav 7: 129-151.
											




												
											Nagahara A, Tuszynski M (2011) Potential therapeutic uses of BDNF in neurological and psychiatric disorders. Nat Rev Drug Discov 10: 209-219.
											




												
											Olanow C, Jankvic J (2005) Neuroprotective therapy in parkinson's disease and motor complications: A search for a pathogenesis-targeted, disease-modifying strategy. Mov Disord 20: 3-9.
											




												
											Sulivan A, Toulouse A (2011) Neurotrophic factors for the treatment of parkinson's disease. Cytokine Growth Factors Rev 22: 157-165.
											




												
											Lensch M (2009) Cellular reprogramming and pluripotency induction cellular. Br Med Bull 90: 19-35.
											




												
											Ramakrishna V, Janardhan P, Sudarsanareddy L (2011) Stem Cells and Regenerative Medicine- A Review. Ann Rev Res Biol 1: 79-110.
											




												
											Guillott P, Cui W, Fisk N, Polak (2007) Stem cell differentiation and expansion for clinical applications of tissue engineering. J Cell Mol Med 11: 935-944.
											




												
											Deierborg T, Soulet D, Roybon L, Hall V, Brundin P (2008) Emerging restorative treatments for Parkinson's disease. Prog Neurobiol 85: 407-432.
											




												
											Kawasaki H, Mizuseki K, Nishikawa S, Kaneko S, Kuwana Y, et al. (2000) Induction of midbrain dopaminergic neurons from ES cells by stromal cell-derived inducing activity. Neuron 28: 31-40.
											




												
											Lee S, Lumelsky N, Studer L, Auerbach J, McKay R (2000) Efficient generation of midbrain and hindbrain neurons from mouse embryonic stem cells. Nat Biotechnol 18: 675-679.
											




												
											Kriks S, Shim JW, Piao J, Ganat YM, Wakeman Ds, et al. (2011) Dopamine neurons derived from human ES cells efficiently engraft in animal models of Parkinson's disease. Nature 480: 547-551.
											




												
											Fukuda H, Takahashi J, Watanabe K, Hayashi H, Morizane A, et al. (2006) Fluorescence activated cell sorting-based purification of embryonic stem cell-derived neural precursors averts tumor formation after transplantation. Stem Cells 24: 763-771.
											




												
											Gage F (2000) Mammalian neural stem cells. Science 287: 1433-1438.
											




												
											Kitada M, Dezawa M (2012) Parkinson's disease and mesenchymal stem cells: potential for cell- based therapy. Parkinson's Disease 9.
											




												
											Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, et al. (2007) Induction of pluripotent stem cells from adult human fibroblasts by defined factors. Cell 131: 861-872.
											




												
											Hu B, Weick J, Yu J, Ma L, Zhang X, et al. (2010) Neural differentiation of human induced pluripotent stem cells follows developmental principles but with variable potency. Proc Natl Acad Sci U S A 107: 4335-4340.
											




												
											Prockop D (1997) Marrow stromal cells as stem cells for nonhematopoietic tissues. Science 276: 71-74.
											




												
											Kuroda Y, Kitada M, Wakao S, Dezawa M (2011) Bone marrow mesenchymal cells: how do they contribute to tissue repair and are they really stem cells? Arch Immunol Ther Exp 59: 369-378.
											




												
											Li M, Ikehara S (2013) Bone-marrow-derived mesenchymal stem cells for organ repair. Stem Cells Int 2013: 132642.
											




												
											Pittenger M, Mackay A, Beck S, Jaiswal R, Douglas R, et al. (1999) Multilineage potential of adult human mesenchymal stem cells. Science 284: 143-147.
											




												
											Dezawa M (2006) Insights into autotransplantation: the unexpected discovery of specific induction systems in bone marrow stromal cells. Cell Mol Life Sci 63: 2764-2772.
											




												
											Tolar J, Le Blanc K, Keating A, Blazar B (2010) Concise review: hitting the right spot with mesenchymal stromal cells. Stem Cells 28: 1446-1455.
											




												
											Kørbling M, Estrov Z (2003) Adult stem cells for tissue repair- a new therapeutic concept? N Eng J Med 349: 570-582.
											




												
											Makino S, Fukuda K, Miyoshi S, Konishi F, Kodama H, et al. (1999) Cardiomyocytes can be generated from marrow stromal cells in vitro. J Clin Invest 103: 697-705.
											




												
											Dezawa M, Takahashi I, Esaki M, Takano M, Sawada H (2001) Sciatic nerve regeneration in rats induced by transplantation of in vitro differentiated bone-marrow stromal cells. Eur J Neurosci 14: 1771-1776.
											




												
											Dezawa M, Kanno H, Hoshino M, Cho H, Matsumoto N, et al. (2004) Specific induction of neuronal cells from bone marrow stromal cells and application for autologous transplantation. J Clin Invest 113: 1701-1710.
											




												
											Dezawa M, Ishikawa H, Itokazu Y, Yoshihara T, Hoshino M, et al. (2005) Developmental biology: bone marrow stromal cells generate muscle cells and repair muscle degeneration. Science 309: 314-317.
											




												
											Oyagi S, Hirose M, Kojima M, Okuyama M, Kawase M, et al. (2006) Therapeutic effect of transplanting HGF-treated bone marrow mesenchymal cells into CCl4-injured rats. J Hepatol 44: 742-748.
											




												
											Grove D, Xu J, Joodi R (2010) Attenuation of early airway obstruction by mesenchymal stem cells in a murine model of heterotopic tracheal transplantation. J Heart Lung Transplant 30: 341-350.
											




												
											PhinneyD, Prockop D (2007) Concise review: mesenchymalstem/multipotent stromal cells: the state of transdifferentiation and modes of tissue repair-current views. Stem Cells 25: 2896-2902.
											




												
											Spees J, Olson S, Ylostalo J, Lynch P, Smith J, et al. (2003) Differentiation, cell fusion, and nuclear fusion during ex vivo repair of epithelium by human adult stem cells from bone marrow stroma. Proc Natl Acad Sci U S A 100: 2397-2402.
											




												
											Weissman I, Shizuru J (2008) The origins of the identification and isolation of hematopoietic stem cells, and their capability to induce donor-specific transplantation tolerance and treat autoimmune diseases. Blood 112: 3543-3553.
											




												
											Kuroda Y, Kitada M, Wakao S, Nishikawa K, Tanimura Y, et al. (2010) Unique multipotent cells in adult human mesenchymal cell populations. Proc Natl Acad Sci USA 107: 8639-8643.
											




												
											Schwarz E, Alexander G, Prockop D, Azizi S (1999) Multipotential marrow stromal cells transduced to produce L-DOPA: engraftment in a rat model of Parkinson disease. Hum Gene Ther 10: 2539-2549.
											




												
											Schwarz E, Reger R, Alexander G, Class R, Azizi S, et al. (2001) Rat marrow stromal cells rapidly transduced with a self-inactivating retrovirus synthesize LDOPA in vitro. Gene Ther 8: 1214-1223.
											




												
											Lu L, Zhao C, Liu Y, Sun X, Duan C, et al. (2005) Therapeutic benefit of TH engineered mesenchymal stem cells for Parkinson's disease. Brain Res Protoc 15: 46-51.
											




												
											Zhang S, Zou Z, Jiang X, Xu R, Zhang W, et al. (2008) The therapeutic effects of tyrosine hydroxylase gene transfected hematopoetic stem cells in a rat model of Parkinson's disease. Cell Mol Neurobiol 28: 529-543.
											




												
											Bouchez G, Senseb L, Vourc’h P, Garreau L, Bodard S, et al. (2008) Partial recovery of dopaminergic pathway after graft of adult mesenchymal stem cells in a rat model of Parkinson's disease. Neurochem Int 52: 1332-1342.
											




												
											Venkataramana N, Kumar S, Balaraju S, Radhakrishnan R, Bansal A, et al. (2010) Open labeled study of unilateral autologous bone-marrow-derived mesenchymal stem cell transplantation in Parkinson's disease. Transl Res 155: 62-70.
											




												
											Moloney T, Rooney G, Barry F, Howard L, Dowd E (2010) Potential of rat bone marrow-derived mesenchymal stem cells as vehicles for delivery of neurotrophins to the Parkinsonian rat brain. Brain Res 1359: 33-43.
											




												
											Trzaska K, Kuzhikandathil E, Rameshwar P (2007) Specification of a dopaminergic phenotype from adult human mesenchymal stem cells. Stem Cells 25: 2797-2808.
											




												
											Barzilay R, Ben-Zur T, Bulvik S, Melamed E, Offen D (2009) Lentiviral delivery of LMX1a enhances dopaminergic phenotype in differentiated human bone marrow mesenchymal stem cell. Stem Cells Dev 18: 591-601.
											




												
											Shetty P, Ravindran G, Sarang S, Thakur A, Rao H, et al. (2009) Clinical grade mesenchymal stem cells transdifferentiated under xenofree conditions alleviates motor deficiencies in a rat model of Parkinson's disease. Cell Biol Int 33: 830-838.
											




												
											Levy Y, Bahat-Stroomza M, Barzilay R, Burshtein A, Bulvik S, et al. (2008) Regenerative effect of neural-induced human mesenchymal stromal cells in rat models of Parkinson's disease. Cytotherapy 10: 340-352.
											




												
											Khoo M, Tao H, Meedeniya A, Mackay-Sim A, Ma D (2011) Transplantation of neuronal-primed human bone marrow mesenchymal stem cells in Hemiparkinsonian rodents. PLoS One 6: e19025.
											




												
											Yasuhara T, Matsukawa N, Hara K, Maki M, Ali M, et al. (2009) Notch-induced rat and human bone marrow stromal cell grafts reduce ischemic cell loss and ameliorate behavioral deficits in chronic stroke animals. Stem Cells Dev 18: 1501-1514.
											




												
											Hayase M, Kitada M, Wakao S, Itokazu Y, Nozaki K, et al. (2009) Committed neural progenitor cells derived from genetically modified bone marrow stromal cells ameliorate deficits in a rat model of stroke. J Cereb Blood Flow Metabol 29: 1409-1420.
											






												
											Bouchez G, Sensebé L, Vourc'h P, Garreau L, Bodard S, et al. (2008) Partial recovery of dopaminergic pathway after graft of adult mesenchymal stem cells in a rat model of Parkinson's disease. Neurochem Int 52: 1332-1342.
											




												
											Park H, Lee P, Bang O, Lee G, Ahn Y (2008) Mesenchymal stem cells therapy exerts neuroprotection in a progressive animal model of Parkinson's disease. J Neurochem 107: 141-151.
											




												
											Kishk N, Abokrysha N (2011) Stem cell in neurological disorders. Stem Cells Clin Res.
											




												
											Abd E, Samad A (2011) Stem cells: new different sources and applications in regenerative medicine. The Egyptian J Histol 34: 1-4.
											




												
											Salama M, EIDAkroory S, EITantawy D, Ghanem A, ELghaffar H, et al. (2012) Regenerative effects of umbilical cord matrix cells (UCMCs) in a rodent model of rotenone neurotoxicity. Environ Toxicol Pharmacol 34: 338-344.
											




												
											EIHak S, Ghanem A, AbdElghaffar H, ElDakroory S, ElTantawy D, et al. (2012) Role of stem cells and pramipexole in counteracting rotenone neurotoxicity. Mansoura J Forensic Med Clin Toxicol 11: 57-72. 
											




												
											EI Miniawy H (2009) Stem cells and its therapeutic applications. Egypt J Clinic 2: 1-6.
											




 
        

        

      

