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Abstract
Parkinson’s disease (PD) is considered to be the second common neurodegenerative illness after Alzheimer’s disease worldwide. It affects 1-2% of the world 
population. PD is associated with motor symptoms such as bardykinesia, resting tremor, muscle rigidity. Additionally, non-motor symptoms of PD include sleep 
disturbance, depression and postural instability. These all PD symptoms are attributed to the selective and progressive degeneration of dopaminergic neurons in the 
substantia nigra pars compacta. A number of pharmacological agents are today available for the treatment of PD. These medications are associated with adverse drug 
events or lack of efficacy in some patients. Therefore it is required to explore novel methods for the treatment of PD i.e., cell based therapy. A number of cell based 
therapeutics is tried for the treatment of PD such as embryonic stem cells, induced pluripotent stem cells and somatic stem cells. Although this novel method proved 
to be effective in PD treatment in animal and clinical studies. But on the other hand it leads to the worsening of the non-motor symptoms. Thus, these studies are not 
enough, more long term clinical trials are required to proof the efficacy of all aspects of PD through cell based therapy including non-motor symptoms.
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Introduction
Until the second half of the 20th century, it was believed that the 

human nervous system can never be repaired, even in the future. 
Ultimately, later through research, it was reported that by grafting 
dopamine containing mesencephalic tissue into the rat brain, signs of 
Parkinson’s disease (PD) can be improved [1,2].

PD is considered to be the second common neurodegenerative 
disorder after Alzheimer’s disease (AD) globally. PD affects about 
1-2% of the world [3,4]. Clinically PD is presented with bardykinesia, 
resting tremor, muscle rigidity and postural instability. These all 
PD manifestations are attributed to the selective and progressive 
degeneration of dopaminergic neurons in the substantia nigra pars 
compacta [5]. The genetic and environmental factors are believed 
to be involved in the etiology of PD [6,7]. Factors involved in the 
pathogenesis of PD include neuroinflammation, mitochondrial 
dysfunction, protein degradation failure, endoplasmic reticulum 
stress, and over production of the reactive oxygen species [8-14]. 
Regrettably, there are still challenges with the clear understanding of 
PD and its mechanisms. Moreover, available treatments are curing 
only the symptoms i.e. they cannot modify or prevent the progression 
of disease. PD is clinically diagnosed with motor symptoms as 
mentioned earlier. But non-motor symptoms can also be seen in 
most of the patients. These non-motor symptoms include depression, 
sleeplessness, fatigue, dementia, and pain. The therapy of PD is focusing 
mainly on the replacement or supplement of dopamine (DA). Today, 
a number of dopaminergic drugs and new therapeutic candidates have 
been developed and subjected to clinical trials [15]. Despite these all 
efforts made for the therapy of PD, still there are some challenges with 
currently available treatments. For example, levodopa, although it is 
an effective medication in most PD patients, it can lead to dyskinesia 
a motor complication, also it causes motor fluctuation. The emergence 
of dyskinesias and other motor complications, indicate that the patient 
has gone into an advanced stage of PD. Thus it is required to change the 

levodopa dosage, as well as combine it with other anti-PD medications. 
The motor symptoms of PD (tremors, dyskinesias) can be treated with 
currently available medications, but on the contrary features such 
as postural imbalance and neuropsychiatric problems of PD are not 
appropriately responding to currently available medications, thus they 
need other approaches [16,17]. All of the above problems, state that 
there is a big need to search alternative way i.e. cell based therapies 
for the PD patients. Here, we briefly discuss the effectiveness and 
challenges of cell based therapies for PD patients (Figure 1). 

Cell based therapies for PD
Now PD patients can take the advantage of cell based therapy. A 

number of animal and clinical studies proved the efficacy of different 
stem cell based transplantation therapy. This technique reduced the 
dosage requirement of anti-PD drugs. Additionally, they improve 
the motor signs of PD [18-21]. Some of the early studies found that 
the formation of tumor after embryonic stem cell transplantation is 
a major drawback of this technique [22,23]. Therefore, it is required 
to reduce the possibility of tumor formation. For this purpose, a 
number of strategies have been developed which include persistent 
pre-differentiation of embryonic stem cells, choosing differentiated 
stem cells, and taking the advantage of genetic engineering to block 
the pathways responsible for tumor production [24]. In a research the 
undifferentiated embryonic stem cells were treated with mitomycin. 
Then, they were injected into the striatum of the mice, after one year and 
three months follow up studies. It was found that, the motor symptoms 
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of the mice were improved remarkably without any tumor production 
[25]. In addition, preclinical studies also found the safety and efficacy 
of the human unfertilized cell or induced pluripotent stem cells. These 
later cells have been found to improve the motor symptoms of PD in 
the animals [21,26]. Similarly, in a 14 year study it was observed that 
most of the transplanted dopaminergic neurons remained functional 
and [27]. This was known by the persistent expression of dopamine 
transporters, mitochondrial shapes. In the following, different cell 
types with their potential for implanting into the brain of PD patients 
have been explained:

Mesencephalic tissue of the human fetus
A number of studies showed that dopamine containing tissue 

from the human fetus can survive and grow after implantation in 
the human brain striatum. As this was found through the positron 
emission tomography and histological studies [28-37]. It has been 
found that transplantation of the abovementioned tissue can improve 
movement related problems in PD patients [38]. In a relevant study, it 
was found that the motor symptoms can improve even for eighteen years 
after transplantation [39,40]. In addition, some studies exist which 
showed contradictory results which oppose the above findings [41,42]. 
Additionally, it is found that immune system invasion after six months 
of discontinuing immunosuppressant drugs can also destroy the graft 
of human mesencephalic tissue. This can lead to failure of the efficacy 
of transplanting mesencephalic tissue [43].

Human embryonic stem cells
This type of transplantation was found to be effective in a rat 

model of PD [44]. After grafting this type of cells, they were able to 
generate large numbers of dopaminergic neurons in the substantia 
nigra. But the drawback was production of tumor. On the other hand 
some other researchers used new protocols to convert embryonic stem 
cells into the dopaminergic neurons and inhibit tumor generation as 
well. These protocols have various merits like production of a large 
number of dopaminergic neurons in the area required i.e. substantia 
nigra, survival and re-innervation of the degenerated parts in the 
striatum [45]. Additionally, in a rat model of PD, it was also found 
that human embryonic stem cells are comparably potent to that of the 
mesencephalic tissue of the human fetus (in terms of growth, survival, 
as well as efficacy), but the major drawback is the safety concern [46].

Human somatic cells
The human dopaminergic neurons can be produced using a 

technology called pluripotent. In this technology, the human fibroblasts 
can be reprogrammed through a pluripotent stage [47-51]. Additionally, 
dopaminergic neurons specific to the patients can be generated, thus 
it avoids the activity of immune system as well as the ethical issue of 
the embryonic stem cells. The major drawbacks associated with this 
technology is the tumor production, unpredictability in the process of 
reprogramming, and making prone to the pathogenesis of PD [52]. 

Points to be considered before choosing cell based 
therapy for PD patients

Although different types of stem cells including induced 
pluripotent stem cells, embryonic stem cells are tried for the therapy 
of PD at preclinical level. But few of them proved to be clinically 
effective. Before clinical use of stem cell-derived therapies for PD 
patients, it is required to consider the tumorigenic potential, sources 
of cell, optimal transplantation protocols, reliable delivery system, 
transplantation locations and timing [53]. Additionally, it is required 
to know the challenges associated with cell transplantation. These 
challenges include potency, safety and proper patient selection for cell 
transplantation [54].

Conclusion 
There has been a stable development in the field of cell based 

therapy for PD since the introduction of this technique 30 years ago. 
Embryonic stem cells, induced pluripotent stem cells and somatic stem 
cells are among the cell based techniques used for the PD treatment. 
For developing cell based therapies as a more effective treatment to the 
PD patients, it is required to test these cell based therapies in the proper 
patient population, according to the standard protocols, using proper 
cell preparation, implantation techniques. 
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