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COMMENTARY

Fetal grafts for Parkinson’s disease: Decades in
the making
Jeffrey H. Kordowera,b,1 and C. Warren Olanowc,d

In PNAS, Li et al. (1) report the pathological findings in
a single patient with Parkinson’s disease (PD) who re-
ceived transplantation of embryonic dopamine grafts

derived from four donors placed into the right puta-
men 24 y before death. The patient was 59 y of age at
the time of surgery and was reported to have experi-
enced marked clinical improvement after a latency of
∼12 mo (originally reported in ref. 2). Bilateral benefits
(predominantly on the left side) were noted with re-
spect to rigidity, bradykinesia, rest tremor, and motor
fluctuations, and were of sufficient magnitude that
levodopa was withdrawn 32 mo following surgery.
Levodopa was reinstated at 64 mo at a dose one-third
of that used preoperatively and remained unchanged
for the life of the patient. Still motor benefits were main-
tained for ∼10 y. Thereafter, the patient experienced
progressive deterioration in motor function and devel-
oped a progressive dementia at year 14. At postmortem
examination, the investigators reported the survival of
∼42,000 grafted dopaminergic neurons with extensive
putamenal dopaminergic innervation. Approximately
11–12% of residual grafted neurons contained α-synu-
clein aggregates. This case suggests that the original
goals of cell replacement therapy for PD, namely, sur-
vival of implanted dopamine neurons, striatal reinnerva-
tion, and clinical benefit, were met.

This is the longest postgrafting interval reported
for any PD patient who has undergone a postmortem
examination. It is a fascinating case that indicates that
grafted fetal dopaminergic cells can survive for almost
a quarter of a century and provide extensive striatal in-
nervation. Previous reports have demonstrated similar
findings at postmortem performed 18 mo (3) and 4–16 y
after grafting (4–7); the present study suggests that these
findings can endure for the life of the patient. Importantly,
the authors report that fetal nigral grafting in this patient
was associated with long-term motor benefit sufficient to
withdraw levodopa, albeit this was based on an open-
label assessment. Although short-termbenefits have been
previously reported in several open-label studies (7), they
have not been confirmed in double-blind trials, even with
evidence of improvement on fluorodopa–PET and graft

Fig. 1. TH-immunostained section from a PD patient
receiving a fetal graft 4 y before death. This patient had a
similar number of TH-ir grafted neurons and innervation as
the patient in the report by Li et al. but failed to
demonstrate clinical recovery in a blinded assessment.
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survival with striatal innervation equal to or greater than described in
the present case (8, 9).

It is remarkable that such robust motor improvement, sufficient
to stop medical therapy for several years, was achieved, particu-
larly when only one hemisphere was treated with dopaminergic
grafts. Although PD may present unilaterally, it is virtually always a
bilateral disorder that is inexorably progressive. Unilateral surgical
treatments for PD such as lesions or deep-brain stimulation (DBS) can
be associatedwith ipsilateral benefits (10), but it is very unusual to see
such dramatic improvement and slowing of progression bilaterally as
reported in the present case. This begs the question as to whether
this patient had straightforward sporadic PD, as there is no mention
in the paper as to whether the diagnosis was confirmed pathologi-
cally. Indeed, this patient displayed extensive white-matter atro-
phy, as shown in their figure 4A, which is a pathology not
typically found in PD.

An important question, critical to the success of cell trans-
plantation in PD, is how many surviving grafted cells are needed
to achieve motor benefit. Clinical improvement has been de-
scribed with bilateral transplantation and survival in each putamen
of 72,000 and 120,000 grafted dopamine neurons in one patient
at 18 mo (3) and 90,000 and 200,000 neurons at 4 y in another
report (7, 11). In the present report, motor benefits were observed
with survival of ∼40,000 grafted dopaminergic cells at 24 y. The
authors suggest that 40,000 neurons may be sufficient to provide
motor benefit and propose that the decline in function was the
result of degeneration of nonnigrostriatal brain regions. However,
which brain regions are responsible for the loss of function is not
presently elucidated. This number may, however, be an underesti-
mate of the number of cells that provided benefit at earlier time
points, as many cells may have degenerated over the years, possi-
bly accounting for the loss of motor benefit. Alternatively, loss of
benefit may have resulted from grafted cells becoming dysfunc-
tional over time secondary to the accumulation of pathological
serine-129–phosphorylated α-synuclein aggregates, as evidenced
by a reduction in tyrosine hydroxylase (TH) staining. Indeed, we and
others have previously reported the presence of Lewy pathology in
grafted neurons when patients survive formore than 10 y, but not at
earlier time points (e.g., refs. 5 and 6), and have suggested the possi-
bility that these cells have become affected in a prion-likemanner (12).
It should also be noted that, in each of these, cases were evaluated in
an open-label manner. In double-blind studies, some cases in which
we did not see clinical benefit, similar or greater numbers of surviving
grafted neurons and striatal innervation were observed (4) (Fig. 1).

Although scientists tend to focus on the number of surviving
grafted neurons, the more essential parameter is striatal dopa-
mine reinnervation, as it is the binding of dopamine to host
postsynaptic receptors, and not just the preservation of nigral
perikarya, that mediates functional recovery (13). The authors
state that the putamen, 24 y after grafting, was “completely rein-
nervated.” However, one has to be judicious in this interpretation.
Although the density and intensity of TH-immunoreactive (TH-ir)
fiber staining in regions of the dorsal putamen proximal to the
graft appear to approach what is typically seen in a normal person
of similar age, figures 2 and 3 of their paper clearly illustrate that
dopaminergic reinnervation of the ventral half of the putamen is of

a density and intensity that more closely resembles an ungrafted
putamen in a PD patient. It is possible that complete normaliza-
tion of striatal innervation is not required for functional benefit,
but the paucity of dopaminergic reinnervation in the ventral half of
the putamen is noteworthy andmay be responsible for the decline in
motor benefit ultimately seen in this patient. As with the number of
grafted neurons, it is not possible to determine with certainty
whether there was a loss of fiber innervation over time.

It is important to note that this patient eventually developed
dementia, a common finding in advanced PD patients, and a

Li et al. teach us what cellular replacement ap-
proaches can do in PD and highlight the critical
importance of encouraging patients to partici-
pate in research and brain donation programs to
evaluate and develop new therapies.

major source of disability and nursing home placement. This study
demonstrates that dopamine cell grafting does not protect against
the development of this disabling feature. The hypothesis that
restoration of striatal dopamine innervation might have been of
value in preventing or treating dementia is not supported in this
study, and implies that nondopaminergic pathology is responsible
for these nonmotor and nonlevodopa responsive symptoms.

Cellular replacement strategies, and particularly stem cells,
continue to remain of great interest as a possible therapy for PD
and should continue to be vigorously and rigorously pursued. This
important manuscript indicates that long-term graft survival with
innervation is possible and suggests the potential for long-term clinical
benefits, possibly even without the need for levodopa. However, the
clinical observations are open label and the long-standing bilateral
effects are somewhat difficult to understand. Pathological changes in
grafted neurons may interfere with function and may limit the benefits
that can be achieved with this technology. Importantly, the patient
developed dementia, illustrating that, even in cases that are thought to
represent the best that can be obtained with cell therapy, grafted DA
neurons cannot prevent the development of nondopaminergic features
such as dementia, which in the present era represent the major source
of disability and nursing home placement for PD patients. It is also
unclearwhere cell transplantation strategies, even if successful, will
fit in the PD treatment paradigm. There are already procedures
such as DBS and continuous intraintestinal levodopa infusion that
provide rapid and sustained benefits for advanced PD patients
comparable to what is sought with transplant procedures (13–15).
Further, less invasive methods of delivering levodopa are cur-
rently being investigated and may provide an opportunity to ob-
tain all of the benefits of the drug without motor complications or
complications related to a surgical procedure.

Still, this excellent report remains of great value. Li at al. teach us
what cellular replacement approaches can do in PD and highlight the
critical importance of encouraging patients to participate in research
and brain donation programs to evaluate and develop new therapies.
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