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Embryonic stem cells go from bench to bedside
for Parkinson’s disease
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Stem-cell-derived transplants may soon be a promising treatment option for Parkinson’s disease. In prepa-
ration for clinical trial, Piao et al.1 report on generating a clinical-grade dopaminergic progenitor cell product
and its rigorous testing to ensure safety and efficacy.
Progressive degeneration of midbrain

dopamine neurons underpins many path-

ophysiological symptoms of Parkinson’s

disease (PD). While mainstay dopamine

pharmacotherapies provide good symp-

tomatic relief in early disease stages,

they present side effects and fail to

address neuronal loss. In contrast, tar-

geted cell grafts can replace dopamine

neurons. Supporting this approach, clin-

ical trials using human fetal tissue have

demonstrated graft survival, integration,

and sustained symptomatic relief in

many patients. However, lack of stan-

dardization, ethical concerns, and tissue

availability highlight the need for an alter-

native donor source. Here, human plurip-

otent stem cells (hPSCs), including

induced (IPSCs) and embryonic (ESCs),

present clear advantages—being highly

expandable and amenable to standard-

ized fate restriction under defined condi-

tions such that large-scale production of

a donor cell product can be achieved.

Progress in this area has led to a recent

clinical trial using IPSCs in Japan,2 and a

single patient in the United States

receiving an autologous IPSC-derived

neural graft generated from his own cells.3

Piao et al. recently reported on the gen-

eration of the first ESC-derived dopamine

neuron cell product for the treatment of

PD.1 This team (led by Tabar, Studer,

and Tomishima) has long been a leading

force in the development of procedures

to produce dopamine neurons from

hPSCs. Achieving initial success by

combining dual SMAD inhibition to con-

trol neural induction and ventralized floor

specification to generate ventral midbrain

dopamine neurons,4 subsequent efforts

to adapt the protocol to clinically compat-
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ible conditions resulted in near complete

loss of the dopamine neurons. To address

this, in a companion paper, the team

recently established a revised protocol

involving biphasic modulation of WNT

signaling to control the rostrocaudal

specification of the progenitors.5 This

has enabled the team to now embark on

the first clinical trial using human ESC-

derived dopamine progenitors.

Working with hESC line WA09 (origi-

nally generated at the University of

Wisconsin), Dr. Tabar and her team per-

formed four large-scale manufacturing

and cryopreservation rounds to generate

clinical-grade progenitors, named MSK-

DA01. The cell product was scrutinized

for quality control to verify ventral

midbrain specification, negligible pres-

ence of off-target, or immature neural

stem cell populations as well as absence

of undifferentiated ESCs.

Prior to clinical translation regulatory

approval by the Food and Drug Adminis-

tration (FDA) required rigorous testing of

the cell product to ensure safety, repro-

ducibility, and efficacy. Impressively, Piao

et al. performed grafts into more than

350 immune-compromised animals to

address these requirements. A series of

toxicity, biodistribution, and tumorigenicity

studies, conducted under good laboratory

manufacturing practice (GLP) guidelines,

confirmed that grafts of the MSK-DA01

cells showed no adverse effects. Assess-

ments showed no signs of cytotoxicity or

abnormal proliferation, while detection of

human DNA outside the brain (indicative

of cell trafficking) was rare and likely re-

flected a technical injection issue.

Acute grafting studies confirmed graft

survival and presence of dopamine neu-
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rons at 3 weeks. Subsequent long-term

efficacy studies demonstrated the capac-

ity of these MSK-DA01 cells to fully

reverse motor symptoms in an induced

hemiparkinson rat model. Histological

assessment at 8 months verified the pres-

ence of dopamine neurons (estimated at

10% of total cells within the graft), the

negligible presence of proliferative cells,

and the absence of serotonergic neu-

rons—the latter being an unwanted off-

target population that can contribute to

dyskinesias.

The team has now successfully

executed the full pipeline of work from

optimization of the protocol (including

GLP standardization and current good

manufacturing practice (cGMP) compli-

ance), establishment of cryopreservation

procedures, and necessary safety and ef-

ficacy testing (Figure 1). Harmonization of

technically demanding aspects of the

basic science involved in directed differ-

entiation and transplantation of DA pro-

genitors with challenges imposed by

scaling, regulatory compliance, and im-

plementation in a clinical environment is

an outstanding achievement. After this

rigorous journey, and having recently

received FDA approval for their IND

(investigational new drug) submission,

they are now poised to embark on the first

phase I clinical trial using ESC-derived

neural progenitors for PD. In this new

contribution, Piao et al. discuss trial

design, considerate of patient selection,

optimal surgical approach, cell dosage,

and immune suppression regime, as well

as primary and secondary endpoints that

will address both safety and efficacy.

While the preclinical testing at present

is onerous and varies depending on
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Figure 1. Workflow for moving ESCs into the clinic for PD
Pipeline for the development, pre-clinical testing and regulatory approval of an hESC-derived midbrain
dopamine progenitor product, MSK-DA01, suitable for grafting in PD patients.
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national regulatory agencies, this will

likely change as the field learns more

from on-going and proposed clinical tri-

als. It is plausible that some of the current

required steps may be disregarded, or

becomemore streamlined, while new ele-

ments may also be implemented. For

these reasons, it will be critically that

teams around the world work together to

share their trial findings. Having learnt

from human fetal tissue trials in PD pa-

tients in the 1990s (where outcomes

showed promise but were highly variable),

those embarking on new trials have elec-

ted to band together in a collegial manner

forming the consortium, ‘‘GForce-PD’’

(http://www.gforce-pd.com), in order to

achieve uniform success toward the com-

mon goal of advancing hPSC-derived

neural grafts into the clinic for PD.6

It remains early days in the use PSCs for

clinical application and the outcome of

these trials will be critical for moving

stem cell grafting more prominently into

clinical practice for the treatment of PD.

There are of course additional areas that

warrant ongoing attention as scientific

knowledge progresses that may prove to

refine the approach and further optimize

clinical outcomes. In particular, strategies

to improve graft purity and limit the

expansion of off-target/non-dopami-

nergic populations through the pre-selec-

tion of correctly specified progenitors

prior to grafting7 or elimination of un-
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wanted populations through suicide-

based approaches after implantation

(C.L.P., unpublished data). Added to this

is the consideration that additional trophic

cues may enhance graft survival, fate

acquisition, and plasticity as recently

demonstrated,8 or whether homotopic

transplants, into the site of cell loss, is

feasible in the human brain. Finally, while

the consensus surrounding current and

proposed trials is that a period of immu-

nosuppression is needed after grafting,

whether engineered universal donor cells

can circumvent this for neural grafting re-

mains to be seen.9

In summary, it will indeed be an exciting

few years ahead as we await the outcome

of the clinical trial of Dr. Tabar and her

team, as well as other groups associated

with GForce-PD, collectively aspiring to

develop alternative, cell-based therapies

for the treatment of PD.6
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