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The Therapeutic Potential of Stem Cells and Progenitor
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Parkinson’s disease (PD) is the second most common neurodegenerative disorder. It is usually seen in those above 50 years old. Current
medical treatments only provide symptomatic relief but cannot cure the disease. There are claims that PD can be cured by stem cell
transplant. The present study is aimed to assess the clinical potency and safety of stem cell in treating PD. A total of eleven articles were
included for analysis, with four randomised control trials (RCTs), five non-RCTs and 2 follow up studies. All the four non-RCTs showed im-
provement of Unified Parkinson’s Disease Rating Scale with no adverse events. However, results from RCTs showed no significant differ-
ences in the rating score among the transplant group and the Sham surgery group. The secondary analysis of one study showed a sig-
nificant improvement of the rating score in those patients aged 60 and younger. Transplant group also associated with an overall higher
incidence of adverse events. In conclusion, the RCTs and non-RCTs produced opposite results. When the studies were performed as non-
RCTs in small number of patients, they showed promising result in the patients. It could say that currently the use of stem cell/progenitor
cells in treating PD need much research despite having the implanted stem cell to be able to survive and integrated. The survival of im-
planted dopamine neurons in the striatum, however, does not indicate a success in correcting PD symptoms. Further investigations will

shed light on the application and mechanism of action of stem cells in treating PD.
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INTRODUCTION

Parkinson’s disease (PD) is due to the loss or damage of do-
paminergic neuronal cells in the substantia niagra. This leads
to reduced production of neurotransmitter dopamine, which
is responsible for motor symptoms in PD [1]. Pathologically,
PD is characterized by the appearance of Lewy Bodies (eosin-
ophilic inclusion bodies) in the remaining dopaminergic neu-
rons in substantia nigra [2] and also presence of its motor symp-
toms which are due to the loss of dopamine. The symptoms
include tremors, bradykinesia, rigidity and postural instability. It
also has accompanied neuropsychiatric symptoms unrelated to
dopamine loss, such as cognitive disorder, speech disorder,
mood disorder, insomnia, reduced eye blink, dysphagia and
sexual dysfunction [3].

Currently, there is no data available on the prevalence of PD
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in Malaysia. However a study published by neighboring coun-
try-Singapore in 2007 showed that the incidence rate was 32
per 100000 person for individuals aged 50 years and above [4].
Another study done in University Hospital, Kuala Lumpur by
Chew et al. [5] in 1998 compared the incidence of PD among
the three major races in Kuala Lumpur and Selangor. The study
showed that the incidence of PD was highest among the Chi-
nese (70.6%), followed by Indian (18.3%). The Malays had the
least incidence which was only 9.9%. According to 2012 treat-
ment guideline published by Malaysia Society of Neuroscienc-
es [6], medications used to treat PD are either by oral medica-
tion, for examples, levodopa, dopamine agonist, and amantadine,
or by ablative surgery, or by deep brain stimulation.

The exact etiology of PD is unknown. However it is believed
that it could be due to ageing, genetic predisposition, environ-
mental toxin, oxidative stress or a combination of these [7].
About 15-25% of PD patients have family history of PD [8].
Up to year 2009, more than nine genes have been identified to
be associated with an increased risk for PD [8]. Leucine-rich
repeat kinase 2 gene mutation is the most gene associated with
autosomal dominant PD [9]. The other genes that have been
identified to be involved are duplication or triplication of alpha-
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synuclein gene, mutation of PARKIN gene, PINK-1 gene, and
DJ-1 gene [8]. The mutation in these genes can lead to abnor-
mal folding of protein and dysfunction of mitochondrial [3].
The possible environmental factors are like pesticides, herbi-
cides and drinking well water [10]. Any combination of these
factors could contribute to the development of PD by causing
or accelerating nitrostriatal cell death.

Current options for the treatment of PD are either medical
or surgical. approach. Different drug therapies are available for
PD treatment. These drugs are used in combination as there is
still no single effective treatment for PD. Examples of drugs
available are levodopa, dopamine agonist, and selegiline. The
aim of using the levodopa is to resupply the dopamine in the
substantia nigra. Even though Levodopa is an effective drug in
PD treatment, it is usually used in older patients, always advised
to start at a lower dose, and used in patients with moderate to
severe motor disability. There is no “Gold Standard” treatment
for PD as yet and the choice of treatment usually is based on
the patient’s symptoms.

The limitation with the medication is that the patients will
eventually face more fluctuation in motor symptoms and start
to experience dyskinesia [11]. The motor fluctuation is de-
scribed as “on” and “off” state. “ON” refers to improvement in
the ‘wearing off” symptoms after taking the treatment espe-
cially seen with Levodopa, and “OFF” refers to worsening of
the PD symptoms before time for taking next dose of medica-
tion [12]. Dyskinesia refers to involuntary “wriggling” move-
ment which usually occurs when a patient is in “ON” state.
Once medical treatments are no longer effective, patients might
have to consider surgical options like pallidotomy and deep
brain stimulation [11].

Currently, stem cell therapy for PD is still under experimen-
tal stage, most of the studies were done in animals. The first
clinical trial on PD patient was reported in 1989 by using abort-
ed human fetal ventral midbrain tissue [13]. Since then, differ-
ent clinical trials were conducted at different centers, using dif-
ferent sources of stem cells. However, the results produced were
inconsistent, even for those patients treated in the same center
and in the same study. Some of the results were promising and
some didn’t show any improvement. This review is conducted
in order to assess the potential use and safety profile of stem
cell therapy in PD. If the clinical efficacy could be established,
it could serve as an initial step for more future clinical trials.

THE CLINICAL POTENCY AND SAFETY
OF STEM CELL IN TREATING
PARKINSON’S DISEASE

To determine the clinical potency and safety of stem cell in
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treating PD, a comprehensive analysis of reported clinical tri-
als was conducted. A comprehensive search using the PubMed,
Cochrane’s Library, and Google Scholar was conducted in the
English language from year 2000 to 2015. The keywords used
were stem cell, embryonic stem cell, pluripotent stem cell, cell,
Parkinson’s disease, transplant and implant. The methodology
employed in selecting clinical trials reported in journal articles
and the quality assessment using JADAD score is described in
details in Supplementary Material (in the online-only Data
Supplement).

A total of 11 articles were included for analysis, with four ran-
domised control trial (RCT), five non-RCT and 2 follow up
studies. Periodic report summary from one ongoing multi-
center open label clinical grafting trial sponsored by the Euro-
pean Union (TRANSEURO) was reviewed but has not been
included in this study since details of patients and treatment
protocol are not included in the report. The comparison of the
results and side effects of the studies are presented in Table
1-7.

A total of 243 participants were included in these 11 selected
studies with breakdown of 183 participants in RCT and 60 in
non-RCT (Table 1). Different type of cells was either unilateral
or bilateral were transplanted in PD patients via surgery (Table
2). In RCT studies, except study by Olanow et al. [14], which
used placebo in control group, sham surgery was done in con-
trol group (Table 1). In both RCT and non-RCT studies the du-
ration of follow up after transplant was between 12 to 36 months.
Nine patients in follow up studies were monitored for the im-
provement as well as for any potential side effects between 5 to
18 years after transplant.

Four non-RCT showed improvement of Unified Parkinson's
Disease Rating Scale (UPDRS) with no adverse events. Study
by Xue et al. [15] shown the contralateral symptom improve-
ment in 7 days, 1 month, and 3 months after transplantation.
The ipsilateral symptom improvement was evaluated at 1 month
and 3 months after transplantation.

Except studies by Trott et al. [16] in the other studies the
primary end point was change between baseline and final vis-
its in motor component of the Unified UPDRS in the practi-
cally defined off state (Table 3, 4, and 5). Trrot et al. [16] used
neuropsychological tests to assess orientation, attention, lan-
guage, verbal and visual memory, abstract reasoning, executive
function, and visuospatial and construction abilities before and
1 year after surgery (Table 6).

In three RCT studies details of side effects were reported.
The reported side effects were included death, dyskinesia, sub-
dural hematoma, depression, hallucinations and falls (Table 7).
There was no report of any serious adverse events in rest of
studies.
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DISCUSSION bryonic stem cell (ESC), fetal niagral tissue, bone marrow de-
rived mesenchymal stem cell (BM-MSC) and human retinal

Among the eleven articles listed in the Table 1, there are four ~ pigment epithelium (RPE) cells, as shown in Table 2. The cells
RCTs, five non RCTs and 2 follow up studies. These studies ~ were transplanted either bilaterally or unilaterally into the puta-
used different source of stem cells for implantation such as em- ~ men. The articles published by Freed et al. [17] and Trott et al.

Table 2. Stem cell source, unilateral vs. bilateral transplantation in each study

Surgery-unilateral

No. Author Type of cell used Method of transplantation/injection or Bilateral
transplantation
1 Grossetal. [22] Human RPE Human RPE cells were isolated from the eye tissue of donors post Bilateral
with microcarrier mortem and expanded in culture media. During stereotactic

transplantation around 325000 cells per side were injected into
the post-commissural putamen
2 Stoveretal [18] Human RPE Human RPE cells were isolated from post-mortem human eyes Unilateral
with microcarrier obtained by accredited tissue banks after appropriate consent.
The isolated cells were expanded. Stereotactic intrastriatal
implantation of approximately 325000 RPE cells on
microcarriers
3 Yinetal [21] Human RPE hRPE cells in primary culture were isolated from human aborted Unilateral
fetal eyes. RPE-derived neural progenitor cells were obtained
from culture. A total of 1X10° hRPE cells in 210 pL were
deposited in the posterior putamen in one trace.
4 Trottetal. [16] Embryonic Human embryonic mesencephalic tissue containing Bilateral
dopamine neuron dopamineneurons was recovered from fragments of embryos
aborted seven to eight weeks after conception. Tissue was
transplanted up to four weeks after it had been obtained

5 Freedetal [17]  Embryonic Cultured mesencephalic tissue from four embryos was implanted Bilateral
dopamine neuron into the putamen
6 Olanow etal. [14] Fetal nigral tissue Fetal tissue was obtained from women undergoing elective Bilateral

abortions. Solid mesencephalic grafts derived from donor
embryos were used for transplantation. Either one or four
donors per side grafted stereotactically into the postcommissural
putamen in two staged procedures separated by approximately

1 week.
7 Venkataramana  Bone-marrow-derived 60 mL of bone marrow was aseptically aspirated from the iliac Unilateral
etal. [19] mesenchymal stem cell  crest. BM-MSCs were isolated and expanded before
transplantation
8 Venkataramana  Bone-marrow-derived 60 mL of bone marrow was aspirated iliac crest from healthy Bilateral
et al. [20] mesenchymal stem cell ~ donors. BM-MSCs were isolated.
9 Kefalopoulou Fetal cell Dissociated ventral mesencephalic tissue from 7 to 9 aborted Bilateral
etal. [27] human embryo (5 to 7 weeks) was implanted in each patient
10 Halletetal. [28]  Fetal cell Fetal ventral midbrain tissue (6 to 9 weeks) was collected from Bilateral

women undergoing elective abortion. A final cell concentration
of approximately 80000/uL was used for each transplantation
11 Xueetal. [15] hRPE hRPE cells in primary culture were isolated from human aborted Unilateral
fetal eyes. RPE-derived neural progenitor cells were obtained
from culture 4x10° hRPE cells into the putamina and lateral
ventricles of PD cases by stereotactic surgery

RPE: retinal pigment epithelium, BM-MSCs: bone marrow derived mesenchymal stem cells
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Table 5. Changes in UPDSRS score seen in study by Olanow et al. [22]

Placebo One donor Four donor p values
Number UPDRS UPDRS UPDRS 1d 4d 1d
No. Author Title of UPDRS UPDRS UPDRS onor onors 1 donor
. . . . 24 Overall  vs. vs. vs.
patients baseline baseline baseline
onths onths months placebo placebo 4 donors
1 Olanow A double-blind 34 51.5 59.9 479 52 48.6 444 0244 0334 0.096 0479

etal. [14] controlled
trial of bilateral
fetal niagral
transplantation
in Parkinson’s

disease

UPDRS: Unified Parkinsons Disease Rating Scale

Table 6. Neuropsychological test (means and SD) for all patients in each treatment group at baseline and at one year follow up [14]

Baseline 1 year follow-up
Test Measure
Real Sham Real Sham

Mini-Mental State Examination (Orientation) Total correct 9.4(0.7) 9.6 (0.7) 9.2(1.4) 9.4(0.9)
Animal naming Percentile 43 (33) 54 (26) 35(31) 43 (30)
Boston Naming Test Total correct 14.2 (1.4) 14.9 (0.3) 14.1 (1.7) 14.9 (0.4)
BVRT (matching) Total correct 9.5(1.2) 9.8 (0.6) 9.1(1.9) 9.5(0.4)
Rosen Drawing test (five items) Total correct 3.2(0.9) 3.5(0.9) 2.6 (1.3) 3.2(0.2)
Values are mean (SD). BVRT: Benton Visual Retention Test

Table 7. Summary of side effects observed in the studies

Adverse events
Author Death Dyskinesia Subdural Depression Hallucinations Falls Any adverse . Any serious
hematoma event adverse events

T C T C T C

C T C T C T C T C

Gross et al. [22] 20% 5.6% 29% NA NA NA
Freed et al. [17]

Olanowetal. [14] NA NA 56.5% 18.2%

14.3%
NA NA 17% 149% 1 0 5.7%
NA NA 54.0% 26.0% 18.2% 30.4%

55% 228% 28% NA NA 100% 100% 39.0% 46.0%
6.0% 5.0% 42% 21% 6.7% 48.7% 51.0% 40.0% 5.0%
9.0% 13.0% 61.2% 39.0% - -

NA: no available data/or not mentioned in study, T: transplant group, C: control group

[16] were actually done on the same patients, but different
outcomes were measured in the studies. The major improve-
ment in PD patients was measured by Unified UPDRS, in
both “on” and “off” state.

The main difference between the RCTs and non-RCTs is that
they produced opposite results. When the studies were per-
formed as non-RCTs in small number of patients, they showed
promising result in the patients. Stover et al. [18] did a clinical
study on 6 PD patients. The mean duration of PD in these pa-
tients was 10.2 years. In his study, human RPE attached to mi-
crocarrier was used. At 12th month follow up, he showed a
42% improvement in UPDRS score in “oft” state. But this is a
not significant result as the p value was 0.3. Venkataramana et
al. [19] had conducted two different clinical studies. They first
conducted a study on seven patients using the method of uni-

lateral implantation of BM-MSC, at 12th month follow up, the
improvement in UPDRS score during “off” state was 33% and
during “on” state was 28%. They then conducted another clini-
cal trial in 12 patients by doing bilateral transplantation of
BM-MSC. This study also showed improvement in UPDRS
score at 12 months in both “off” and “on” state [20].

Another clinical study was conducted by Yin et al. [21] using
human RPE. This study was carried out in eleven patients,
which managed to showed a significant increase of 34% (p val-
ue=0.006) in UPDRS score during “on” state at 12th month fol-
low up. The positive finding in these non-RCTs could be due
to the small number of patients involved in the study, as well as
bias by the investigator and patient.

Gross et al. [22] conducted a double blinded RCT on 71 pa-
tients using human RPE bound to microcarrier. The mean age

www.term.or.kr 461
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Figure 1. Flow of therapeitic stategy using allogeneic and autologous transplantation approach for treating Parkinson’s patients.

of patients in his study was 55.9 years old. The follow up at 12
months post implantation showed slight improvement in UP-
DRS score during “off” state. When compared to the control
group, which was Sham surgery, both procedures showed no
significant difference in the scores of UPDRS.

Freed et al. [17] used embryonic dopamine neurons in the
RCT. In this study, patients were randomly divided into two
groups, one with bilateral implantation of embryonic dopa-
mine neurons, and another group with Sham surgery. At 12th
month follow up, the study failed to show any improvement in
implant group, and there is no difference with the clinical out-
come in those patients who had Sham surgery. However, sec-
ondary analysis of the study showed younger patients (60 years
old and younger) had a significant improvement in UPDRS
score (p=0.01), and the improvement in striatal 18F-fluorodo-
pa uptake was confirmed by PET scan [17]. This showed that
may be the brain plasticity of a younger patient is better. The
neurological assessment carried out by Trott et al. [16] showed
that there was no neurologic and cognitive improvement in the
treatment group when assessed at 12th month.

In the RCT conducted by Olanow et al. [14], they divided 34
patients into three groups. One was Sham surgery as control,
and the other two groups were given two different doses of fetal
tissue (with one donor and four donors). The patients in this
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study were followed up and assessed. The assessment at 24
months failed to show any improvement in the motor symptoms
by UPDRS score, regardless of the dosage of tissue used.

All the non-RCTs reported no significant side effects associ-
ated with the treatment. However, in the RCTs, it showed that
the total percentage of side effects was higher in the transplant
group when compared to Sham surgery group. The incidence
of serious side effects was also seen with the transplant group,
as showed in Table 7. One of the common complications of PD
is dyskinesia; it had a higher incidence with the transplant group
as shown in Table 7. This could be due to the extensive fiber
outgrowth from the transplant, which leads to an excessive do-
pamine level [17,23].

In all the RCTS, even though patients had reported some mild
improvement in the initial stage of treatment [19,20,22], none
of these patients showed continuous improvement. In fact, de-
terioration of the symptoms was seen in some patients. Studies
have shown that implanted stem cells are able to survive and re-
innervate the striatum [23], however it has been proven that the
grafted cells can developed PD-like pathology [24]. The great
difference in the findings of non-RCTs and RCTs showed the
importance of a proper double blinded RCT. So far there is
still no proven RCT to support the use of stem cell in PD even
though non RCTs support the use.



FUTURE PERSPECTIVES

In order to develop effective and efficient therapeutic strate-
gies to cure neurodegenerative diseases like PD, having sourc-
ing the therapeutic cellular resources and transplantation strate-
gies are two major scopes of the cell therapy which are needed
more attention (Fig. 1). Autologous and allogenic cellular re-
sources such as mesenchymal stem cells, embryo/fetus derived
progenitors/stem cells possess both advantages and challenges
in their utilization for cell replacement therapy. Current research
interest is focused on deriving these cellular resources and ex-
pand them in vitro culture in order to generate required cell
mass for transplantation. Studies also address the strategies to
characterize and differentiate these cells, if it required, to pro-
duce functional cells to restore the function and activity of the
organ [25,26]. In general, the cell therapy is speculated to
achieve the goal via 3 modes of therapeutic mechanisms: 1) Re-
placement of functional tissue/cells, 2) paracrine effect by pro-
ducing neuro-protective and neuro-regenerative inducing fac-
tors, 3) anti-inflammatory effect of MSCs to protect the damage
area from further undergoing neurodegeneration (Fig. 1). Emer-
gence of cell-based therapies is needed to be coupled with ther-
apeutic strategies in order to establish a defined and effective
cell therapeutic procedure.

CONCLUSION

Based on the results and discussion, the use of stem cell in
treating PD is requires a better insight in terms of their thera-
peutic contribution either through tissue replacement or para-
crine effect. Even though implantation of stem cell is proven to
be able to survive, the survival of implanted dopamine neu-
rons in the striatum does not indicate a success in correcting PD
symptoms. The role of dopamine neurons and the neurologic in-
nervation in PD appear to be complex. Therefore, future stud-
ies are required to make the application of stem cell in this dis-
ease practical. Meanwhile, public education, strict rules and
regulation should be available to protect the patients from be-
ing harmed.
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