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Parkinson’s Disease (PD) is one of the most complex diseases known to humans. PD affects about two percent of the population
and is often diagnosed in people above the age of sixty-five. Due to the progressive loss of dopamine cells in the substantia nigra
(SN), patients experience involuntary tremors, slowed movement, impaired posture and balance, and rigid muscles. Because there
is no known cure for PD, many patients turn to stem cell therapy to slow the disease’s progression and severity. This paper reviews
recent studies applying stem cell therapy in the treatment of PD and then summarizes the benefits and challenges associated
with this approach while considering potential future treatments. While current stem cell treatments cannot cure PD, stem cell
placement in the brain may delay the development of the disease’s most debilitating symptoms by increasing dopamine levels.
Stem cell therapy can also be complemented with various medications simultaneously. While scientists have made significant
progress in alleviating the most severe symptoms in earlier stages of PD, there is a long road ahead to develop effective treatments
to not only slow the disease’s progression but, hopefully, halt the continual deterioration and potentially restore individuals affected

by PD to their prior physical health.
Introduction

Parkinson’s Disease (PD) currently affects over 1 million people
in the United States alone and it is anticipated that it will affect
over 1.2 million individuals by 2030, with about 90,000 newly
diagnosed patients each yearl. As more research is conducted
on PD, scientists have observed the significant impacts the dis-
ease has on families and society overall. Results from previous
studies indicate that the annual incremental cost of PD ranges
from $8,000 to $10,000 per patient=.

The most prominent PD symptoms appear as neurons die
in the basal ganglia, a group of structures in the central brain
controlling movement. When these neurons die, the brain pro-
duces less dopamine, ultimately resulting in motor dysfunctions.
These motor dysfunctions can lead to various issues such as
stuttering, affecting the individual’s ability to speak=. In addi-
tion, other non-motor dysfunctions can occur as well. These
include fatigue, depression, anxiety, sleep disturbances, con-
stipation, and sensory issues. Sensory symptoms include pain,
numbness, tingling, and burning in the affected limbs. Patients
can experience changes in mood, decreased motivation, apathy,
bradyphrenia or slowness in thinking, and declining cognition.
These non-motor dysfunctions occur in about 40% of patients.*

To diagnose PD, a doctor would review a table like the one
shown in Table 1. Because PD is traditionally considered a
type of movement disorder, Table 1 depicts the assessments
associated with movement discrepancies. To make a conclu-
sive diagnosis, the doctor would expect to observe a patient

exhibiting bradykinesia with either tremor or rigidity symptoms
combined with none of the exclusion criteria exhibited and at
least two supportive criteria observed-.

Many individuals are only diagnosed with PD after motor
functions begin to degrade. Other common symptoms include
tremors throughout the body, muscle stiffness, movement slow-
ness, and impaired balance. There are many risk factors for
PD including age, gender, genetics, and environmental causes,
which become increasingly prominent in people over 60 years
of age. Men are about one and a half times more likely to de-
velop this disease than women'!. Genetic factors also impact PD
susceptibility, as people with relatives who have had this disease
are two times more likely to develop PD than others®. Approxi-
mately 10 to 15% percent of patients with PD exhibit a genetic
link. Ashkenazi Jews and North African Arab Imazighens most
commonly exhibit at least one of the seven genes linked to
PD. According to the Parkinson’s Foundation, the seven genes
include GBA, LRRK2, PRKN, SNCA, PINK1, PARK7 and
VPS35, with GBA being the most common PD-related gene,
but it is also one of the most difficult to test. GBA mutations
are found in approximately five to ten percent of PD patients.
The GBA gene produces a protein responsible for removing the
protein alpha-synuclein and mutations in GBA cause an accu-
mulation of this protein in the brain of people with PD®. Much
research has been done, but the cause of PD remains ambiguous,
making it difficult to identify a potential cure®.

A variety of tests can be used to diagnose PD while at the
same time eliminating other potential sources of symptoms, such
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Table 1 Clinical Diagnostic Criteria for PD, Based on Movement Disorder Society Guidelines: These criteria are based on patients who exhibit
motor dysfunctions primarily and PD is diagnosed with two criteria exhibited in the first category, with no exclusion criteria displayed and at

least two supportive criteria observed2.

1. Diagnosis of parkinsonism
a. Bradykinesia

Plus, one of

b. Tremor

c. Rigidity

2. Exclusion criteria
a. Cerebellar abnormalities
b. Supranuclear gaze palsy

disease onset

ism

c. Diagnosis of behavioral variant of frontotemporal dementia or primary progressive aphasia within 5 years of

d. Parkinsonian features restricted to the lower limbs for more than 3 years.
e. Treatment with a dopamine receptor blocker or dopamine depleting agent consistent with drug-induced parkinson-

f. Absence of a response to high-dose levodopa despite at least moderate disease severity

g. Cortical sensory loss, clear limb ideomotor apraxia, or progressive aphasia

h. Normal functional imaging of the dopaminergic system (“DAT scan”)

i. Diagnosis of alternative condition causing parkinsonism which could be causing the symptoms.

3. Supportive criteria

a. Clear beneficial response to dopaminergic therapy
b. Presence of levodopa-induced dyskinesia

c. Rest tremor of a limb

is rarely done in current practice)

d. The presence of either olfactory loss or cardiac sympathetic denervation on MIBG scintigraphy (although the latter

4. Red flags

c. Early bulbar dysfunction
d. Inspiratory respiratory dysfunction

i. Unexplained pyramidal signs
j- Bilateral symmetrical parkinsonism

a. Rapid progression of gait impairment leading to wheelchair use within 5 years.
b. Absence of progression of motor symptoms over 5 years, unless related to treatment.

e. Severe autonomic failure within the first 5 years of disease

f. Recurrent falls because of impaired balance within 3 years of onset

g. Disproportionate anterocollis or contractures within 10 years of disease onset
h. Absence of any of the common non-motor features despite 5 years of disease

For the diagnosis of clinically established PD

For the diagnosis of clinically probable PD

1. Parkinsonism
2. Absence of exclusion criteria
3. At least 2 supportive criteria

1. Parkinsonism
2. Absence of exclusion criteria
3. Balanced numbers of supportive criteria and red flags

as brain tumors. The most common tests to verify PD are neu-
rological exams and brain scans. Neurological exams test how
one’s nervous system works, revealing the source of different
symptoms?. One of the most common brain scans done for PD
patients is magnetic resonance imaging (MRI) which examines
the structure of the brain using a tunnel-shaped piece of equip-
ment that contains magnets and radio waves, generating two or

three-dimensional pictures of the brain tissue. Importantly for
PD, MRIs can identify dopamine function in the brain and lead
to a PD diagnosis if the dopamine levels are extremely low'!".

Different treatments can be prescribed to slow the biological
progression of PD with the same desired outcome at a molecular
level. These treatments target the dopamine-producing cells,
to ensure that they continue to synthesize neurotransmitters,
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passing an electrical signal chemically between one neuron
and the next, passing signals to and from the central nervous
system'l’, Figure 1 Image A depicts the dopaminergic neurons
with enzymes that biosynthesize dopamine and release it into
the mid-brain. Specifically, tyrosine is converted to L-dopa
which is then converted to dopamine. Image B of Figure 1
demonstrates the central nervous system pathways of dopamine
flow, including VTA or the ventral tegmental area, the frontal

cortex, the striatum and the substania nigra'l.
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L-dopa

Striatum
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:

Fig. 1 Conversion of Tyrosine to Dopamine and Flow within the
Brain: Image A show the dopaminergic neurons that biosynthesize
dopamine and release it into the mid-brain. Image B depicts the

dopamine pathways within the central nervous system'2.

According to the American Parkinson Disease Association,
deep brain stimulation (DBS) is a further treatment option avail-
able to patients suffering from PD which involves implanting
electrodes within certain areas of the brain. Specifically, the
targeted brain regions are the subthalamic nucleus (STN) or the
globus pallidus interna (GPI). Leads are attached to a battery in
the chest, like a pacemaker battery. The electrical stimulation
provided by the device treats the movement disorders associated
with PD'L2.

Lifestyle changes can drastically reduce the negative impact
of PD, particularly aerobic exercise. As Daalen et al. report,
higher intensity of exercise (80%—85% of maximum heart rate)
is associated with better motor outcomes than a slower pace
(60%—-65% of maximum heart rate). Exercise may also have
various beneficial effects on non-motor functions such as im-
proved cognitive function, sleep, fatigue reduction, and reducing
depression. Regular exercise is associated with a reduced risk
of developing PD, suggesting that it might even prevent the
disease rather than only slowing its progression’®. Additionally,
physical, occupational, and speech therapy are commonly used
to mitigate the effects of PD'.

PD has both rapidly and slowly progressive forms1?. Al-
borghetti and Nicoletti point out that the treatment of either
form often involves pharmaceutical options including levodopa
preparations and monoamine oxidase-B (MAO-B) inhibitors.
Levodopa is used as a direct replacement for the lost dopamine
in the brain and MAO-B inhibitors block enzymes that degrade

dopamine, thus prolonging the effects of levodopa. A significant
downside of PD pharmaceutical treatments is that individuals
eventually lose both the long- and short-term response to these
types of medications due to ongoing disease-related changes in
the brain'®,

Due to the limited effectiveness of pharmaceutical and surgi-
cal treatments used for PD to date and because a cure remains
elusive, researchers have started to consider the potential use of
stem cells as a promising treatment option. This paper reviews
the current understanding of PD and considers recent studies
that have applied developments in stem cell therapy to delay the
progression of PD symptoms. Based on the current state of this
research, the paper considers what next steps could be taken to
further progress the treatment options.

Methodology

This research investigates the current understanding of PD
and the use of stem cell therapy through a systemic review
of over thirty articles. This qualitative approach using respected
databases, such as Google Scholar and the National Institute
of Health (NIH) clinical trial database, is intended to provide a
general understanding of PD combined with the basics of stem
cell therapy. The search words chosen include “Stem Cell Ther-
apy” and “Parkinson’s Disease.” The cited references in each
collected study are also gathered and reviewed for deeper under-
standing. There are limited stem cell human studies conducted
to date associated with PD treatments, but all searches were
conducted in medical databases to minimize the likelihood of
bias or referencing unscientific data. Additionally, due to the
limited number of identified stem cell therapy studies associated
with PD, all work that was collected is discussed, including one
currently underway.

Stem Cell Research Basics

Stem cell therapies have received interest due to their broad
potential to treat many conditions. Amongst the many exper-
iments underway for various diseases, some researchers are
determining whether stem cells might also mitigate the effects
of PD1Z,

Stem cells are unique from all other human cell types, as
they have the potential to turn into specialized tissue types, like
bones!®. Under the right conditions in a lab or human body,
stem cells can divide to form daughter cells. These daughter
cells can differentiate into new cell types with specific func-
tions such as blood cells, brain cells, or heart muscle!®. Stem
cell differentiation involves the changing of a cell to a more
specialized cell type, involving a switch from proliferation (in-
crease in cell numbers due to cell division) to specialization.
This occurs through the activation of some genes and the re-
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pression of others, changing the cell’s function, size, shape, and
metabolic activity??. Scientists can utilize stem cells to observe
how diseases progress, which may ultimately result in a PD
cure.

The three main types of stem cells used in scientific research
are multipotent, pluripotent, and totipotent (or omnipotent) stem
cells. Multipotent stem cells can only grow and specialize into
a few specific cell types and are used to create different tissues
like fat, bone, and muscle“!. Unlike multipotent stem cells,
pluripotent cells can grow into all adult cell types. Third, the
totipotent stem cell is the most diverse and can differentiate
into all types of embryonic and adult cells. With this diversity,
totipotent stem cells are applied to many biological research
efforts, including regenerative medicine, breeding, and conser-
vation??, There are two other types of stem cells: oligopotent
and unipotent. However, they are not used for PD stem cell
therapy as they can only differentiate into a closely related cell
type (oligopotent) or single cell type (unipotent)=?. The five
stem cell types are summarized in Figure 2.

L4 eTal®le

Totipotent Stem Cell Pluripotent Stem Cell Multipotent Stem Cell

w
<o
ST

Oligopotent Stem Cell Unipotent Stem Cell

Fig. 2 Summary of 5 Stem Cell Classifications: Totipotent,
Pluripotent, Multipotent, Oligopotent, and Unipotent Stem Cells>>.

Specific to PD research, Omole and Fakoya explain that the
two main stem cells used are pluripotent (embryonic) stem cells
and induced pluripotent stem cells (IPSCs). These cells are used
to replace or repair damaged cells in the brain that can affect
motor function. Embryonic stem cells can differentiate into any
cell type, which is why they are commonly used in studies to
treat diseases like PD4.

However, ethical concerns have arisen regarding embryonic
stem cell use. Lo and Parham summarize these issues in Table
2. The public and potential embryonic donors to research hold
strong and varied opinions regarding stem cells. For many peo-
ple, the ethical debate around stem cell research centers on the
fact that these cells could have produced a viable human baby.
Some people believe that an embryo is a person and therefore
has interests and rights that must be respected. From this per-
spective, some believe all embryonic research is unacceptable,
while others only support limited research. Obtaining informed

consent for potential future uses of the donated embryo attempts
to respect this diversity of personal views>.

IPSCs are like embryonic stem cells but without any eth-
ical concerns and were first discovered by Professor Shinya
Yamanaka in 2006. IPSCs are produced by ectopic expression
of a combination of embryonic transcription factors. This new
technology is a breakthrough as it allowed for the creation of
patient-specific stem cells>%.,

With the use of IPSCs rather than embryonic cells, many of
the ethical debates are eliminated. However, scientists continue
to face technical challenges. The main difficulty with using
pluripotent or IPSCs is that there is a risk of genetic abnormali-
ties and tumor formations. These stem cells can grow irregularly
or specialize in different cell types spontaneously. They may
also trigger an immune response in which the recipient’s body
attacks the stem cells as foreign invaders, or the stem cells might
simply fail to function as expected, with unknown consequences.
Researchers continue to study how to avoid these possible com-

plications'.

Potential Use of Mesencephalic fetal cell transplan-
tation

Mesencephalic fetal cell transplantation is a surgical procedure
that removes mesencephalic tissue within the midbrain to place
it in the patient’s putamen, a brain region correlated to a variety
of movement disorders, the most well-known of which is PD¢,
The procedure’s goal is to implant dopamine-producing cells
from the mesencephalic region into the PD-affected putamen
areas of the brain to alleviate the severe physical symptoms
of this condition. Another common way to treat PD is using
human embryonic stem cells derived from dopamine cells for
allogenic grafting. Allogenic grafting is a technique where tissue
is transferred between two genetically nonidentical members of
the same species. This PD transplant process uses stem cells
from human embryos to create nerve cells that are then used to
treat different conditions including PDZ.

As demonstrated by Lui and Cheung, the success of these
new techniques is still being evaluated, but there have been early
indications they could provide effective long-term treatments.
Clinical trials have revealed that the transplantation of fetal
midbrain tissues relieved neurological symptoms and restored
motor functions in patients with PD. However, several important
challenges remain regarding the use of stem cells. Difficult
ethical issues exist surrounding the use of human embryonic
stem cells, added to the fact this approach produces intense
immune responses within the subject’s body. The use of stem
cells derived from skin or blood cells does not have the same
ethical hurdle, but the risks of tumor development are greater
than other stem cell sources. In short, stem cell therapy remains
at the early stages of development'%. Ultimately, PD is a life-
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Table 2 Summary of Potential Ethical Concerns During Different Research Phases2>.

5

Research Phase

Potential Ethical Concern

Donation of biological materials

Informed and voluntary consent

Research with hESCs

Destruction of embryos

Creation of embryos specifically for research purposes
Payment to oocyte donors

Medical risks of oocyte retrieval

Protecting reproductive interests of women in infertility treat-
ment

Use of stem cell lines derived at another institution

Conflicting legal and ethical standards

Stem cell clinical trials

Risks and benefits of experimental intervention

Informed consent

threatening disease affecting millions of people and the risks
and benefits of conducting research using stem cell therapy must
be weighed against the life-changing and costly social impacts
of PD4%,

Potential Use of Human Induced Pluripotent Stem
Cells (gPSC) Derived Dopamine Cells for Graft-
ing

As previously mentioned, individuals with PD face numerous
physical difficulties resulting from reduced levels of dopamine
cells in the brain. Within the brain, the substantia nigra (SN)
plays a critical role associated with motor movement and reward
functions. Located in the midbrain, the SN can be categorized
by regions: the pars compacta (SNpc) containing dopaminergic
neurons and the pars reticulata (SNpr) with inhibitor gamma-
aminobutyric acid-containing (or GABAergic) neurons<.

Projections that extend from the SN to the putamen have been
shown to cause the observed motor deficits in PD. These pro-
jections leave the SN via the medial forebrain bundle and form
synapses, particularly within the putamen. The SN is believed
to provide the primary input into the basal ganglia, which are
interconnected subcortical nuclei that are critical in functions
including emotions, reward functions, voluntary movement, and
cognitive planning and learning. When these subcortical nuclei
are damaged, a multitude of neurological conditions can result,
including PD%?.

Creating specific dopamine-producing brain cells from

pluripotent cells is important in treating PD. One specific neuron
type strongly linked to PD is called the rA9 SNpc dopamine
neuron found in the midbrain. This neuron subtype controls
motor function and is one current research focus in stem cell
research. Finding ways to generate these neurons in the brains

of PD patients might lead to better treatment options=.

A study done by Ni and Ernst demonstrated that SNpc cells
have higher metabolic activity than other cells. As a result, SNpc
cells go through many more biochemical reactions and energy
exposure, leading to genetic or metabolic challenges. This study
concluded that many factors contribute to the vulnerability of
the changing stem cells. The SNpc cell may require more energy
to sustain its functions, resulting in this vulnerability. While
the SNpc cell is in a heightened energy state, specific factors
like metabolic regulation and insulin maintenance are affected.
The metabolic function programming may be the cause for the
heightened state=.

Scientists are investigating whether the use of (grPSC) might
address these challenges. (i PSC) have been used to treat a
variety of diseases. This cell type is commonly used to treat
PD as it provides accurate modeling, unlike other types of stem
cells. In a study published by Stoddard-Bennett and Pera, the
loss of dopamine cells due to PD resulted in patient weakness as
current therapies cannot reverse the significant cell loss. How-
ever, (grPSC) offer a solution, as patient-specific (gPSC) can
be transplanted into everyone. This is a promising answer to the
quest to find a PD cure and mitigate PD’s detrimental effects>L.

A study by Schweitzer et al. was conducted using stem cell
therapy on a 69-year-old PD patient. This patient suffered from
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a loss of dopamine cells in the brain which led the researchers
to create stem cells that were implanted into the PD-affected SN
area of the brain. A few months after this surgery, the patient’s
dopamine levels were higher, and dopamine was being gener-
ated by these stem cells. This research showed the significant
positive impact stem cell therapy can have on PD and the overall

importance of understanding this disease>2.

Further evidence is emerging that suggests (gyPSC) for clin-
ical use are increasingly viable. Sundberg et al conducted an
animal study to demonstrate that the use of improved surface
protein-based cell sorting techniques to differentiate and iden-
tify specialized dopamine-producing neurons from pluripotent
stem cells improves the outcomes of cell transplantation. Their
results from a non-human primate (macaque monkey) induced
pluripotent stem cells (iPSC)-derived neural cell graft 1 year
after the procedure did not detect any abnormal overgrowth of
the graft in the monkey’s striatum3. Similarly, a study by Tao
et al. also reported that transplanting iPSCs into the brains of
rhesus monkeys exhibiting PD improved neuron growth and mo-
tor function over two years. Behavioral improvement in mood
was also noted=%.

In a study conducted by Thanaskody et al., the importance of
(zrPSC) was demonstrated by exhibiting the positive and nega-
tive consequences of this stem cell. The primary advantage of
using (grPSC) is associated with fewer ethical issues prohibiting
researchers from acquiring and using stem cells">. A continuing
technical issue faced by researchers is the concern with immune
rejection from a patient’s body. This can be countered by using
mesenchymal stem cells to suppress the likelihood of immune
rejection. Mesenchymal stem cells control HIPSC rejection by
mediating immune tolerance through activated lymphocytes=°.
A further challenge with using this type of stem cell is that there
is a chance of initiating tumorigenesis. Prior studies, such as the
one described by Tao et al., have shown that pluripotent stem
cell-derived neural cells entail risks of tumor formation upon
transplantation if the cell population contains undifferentiated
cells or non-neural cells®%,

This promising preliminary clinical research appears to have
encouraged further efforts to assess iPSC transplantation results
in human PD subjects. As recently reported by the NIH; a study
has been initiated in China to use laboratory-grade (gPSC) for
Parkinson’s disease treatment. The study plans to recruit three
eligible PD subjects and prepare dopaminergic neural precursor
cells from autologous iPSCs in advance. After surgery, the
patients will be observed for six months, during which the safety
of this treatment will be assessed. If the test results within the
first six months post-surgery indicate both safety and some level
of efficacy, the trial will continue for an additional six months.
The study is expected to conclude sometime in 2025°Z. As of
the writing this paper, no similar studies have been reported on
the NIH clinical trial tracking website nor in other literature
search reviews. What remains clear is that the use of (gPSC) as

a PD treatment option has benefits and disadvantages.

Although promising, the limited number of human clinical
trials creates unanswered questions and highlights some chal-
lenges. Harary et al. state that the long-term efficacy and side
effects of this type of stem cell therapy are not yet fully un-
derstood and it is unclear which surgical delivery technique
is optimal. Finally, the approach’s scalability to iPSC-derived
cell production at a commercial level might be challenging=®.
Although clinical research has shown that stem cell therapy is
beneficial in mitigating the effects of PD by using (z1PSC) in
a few studies>>, more systematic studies are needed to make
reliable inferences.

Conclusion

PD is a deadly disease affecting millions of people in the United
States alone. Although significant time and money have been
dedicated to researching this disease, a cure has not been identi-
fied. Stem cell therapy does have some ethical considerations
and potential disadvantages, particularly when stem cells are
gathered from embryonic sources that otherwise may have re-
sulted in a human life. Fortunately, the use of HIPSCs might
bypass many of these concerns if it can be demonstrated that
these cells can consistently and predictably be grown into de-
sired cell types, such as dopamine-producing neurons without
the risk of patient rejection or uncontrolled cell growth. This
therapy should continue to be explored with ethical considera-
tions in mind and used in combination with other pharmaceuti-
cal and physical therapy options. Current research and clinical
methodologies suggest significant treatment benefits are possi-
ble and with time may offer the promise of a long-term cure
for this deadly disease. The first human stem cell clinical trials
are just underway to evaluate the potential treatment for PD,
with results expected in 2025. This will provide scientists with
additional data to assess true potential and viability of stem cells
as a long-term treatment.
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