
 

 

Introduction 
 
Although the pathology of Parkinson disease 
(PD) is not limited to the substantia nigra (SN), 
the motor symptoms of PD are largely caused by 
the dopaminergic (DA) cell loss of the SN with 
the resultant dopaminergic denervation of the 
striatum.  Fetal transplantation for PD patients 
had been considered as one of the promising 
strategies for dopamine replacement in spite of 
the ethical issues until two large controlled clini-
cal trials showed its lack of efficacy with  some 
patients suffering from severe “off-medication” 
dyskinesia as a serious side-effect [1, 2]. 
 
Apart from the lack of clinical efficacy and “off-
medication” dyskinesia, recent studies on the 
long-term fate of the grafts raised more serious 
questions about transplantation therapy in PD.  

Recent pathologic reports on fetal grafts 11-16 
years after transplantation showed that abnor-
mal α-synuclein inclusions were present in the 
grafts [3-7].  An initial contradictory report was 
reversed in the later studies [8, 9].  In one of 
these patients, the clinical course eventually 
deteriorated in spite of initial improvement by 
the transplant.  Although functional significance 
of α-synuclein pathology in the graft can be de-
bated, the presence of α-synuclein inclusions in 
the grafts suggests the disease has “spread” 
from of the host to the graft [7, 10, 11]. 
 
In this study, we examined a patient with PD 
who had received a fetal mesencephalic trans-
plant 14 years before autopsy in which α-
synuclein pathology was detected.  Autopsy was 
performed at The Parkinson Institute with writ-
ten consent of the legal next-of-kin and neuro-
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Abstract: Background: Fetal transplantation for Parkinson disease (PD) had been considered a promising therapeutic 
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were located in the putamen, whereas the glia-rich portion was more ventral near the amygdala.  LBs and LNs were 
detected in the ventral portion of the graft, especially that part of the graft within the amygdala.  Areas with LBs and 
LNs also had astrogliosis and microgliosis.  TH positive neurons were rare and their distribution did not overlap with 
LBs or LNs. Comments: LBs and LNs were detected in the transplanted tissue with α-synuclein immunohistochemis-
try.  Unexpected outgrowth of the graft into the amygdala was accompanied by skewed distribution of LBs and gliosis, 
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pathologic evaluation was performed at Mayo 
Clinic Jacksonville using procedures approved 
by the institutional review board as part of re-
search on the neuropathology of neurodegen-
erative disorders. 
 
Materials and methods 
 
Case history 
 
A right-handed man first noted a loss of sense 
of smell and taste in 1973 at age 38.  Sixteen 
years later, at age 54, he developed rest tremor 
in the right hand.  Over the next two years, the 
tremor worsened, and he experienced a decline 
in volume of speech, smaller handwriting, and 
difficulty using utensils and buttoning clothes.  
Neurologic evaluation at the age 56 revealed a 
mild loss of facial expression, a low-amplitude 
resting tremor and loss of fine coordination in 
the right hand.  Tone was moderately increased 
on the right.  MRI of the head was reportedly 
normal.  There was a history of parkinsonism 
and dementia in his mother and “balance prob-
lems” in his maternal grandmother. 
 
The patient was treated with selegiline and low 
doses of levodopa/carbidopa a few months 
later.  Over the next several years, with increas-
ing doses of levodopa, he developed motor fluc-
tuations, generalized dyskinesias, intermittent 
limb dystonia and gait impairment that limited 
his functional capacity.  In December 1994, the 
patient decided to undergo ventral mesen-
cephalic fetal tissue transplantation at a hospi-
tal in southern California.  Mesencephalic tissue 
from 6-8-week-old aborted fetuses was surgi-
cally placed in the posterior putamen bilaterally.  
Post-operatively he was placed on immunosup-
pressive therapy (cyclosporine and prednisone).  
Owing to auditory and visual hallucinations, gen-
eralized weakness and night terrors that 
evolved over the next 6 months, he decided to 
stop all of his medications in mid-1995. 
 
An MRI at that time showed bilateral foci of in-
creased signal intensity in the region of trans-
plants, surrounding the extreme capsule and 
posterior limb of the internal capsule.  A mini-
mal mass effect was noted in the area of the 
right cerebellopontine angle above the 7th and 
8th cranial nerves.  Three subsequent scans 
showed essentially no significant changes. 
 
Over the next several years, the patient experi-
enced increasing problems with drooling and 

speech.  Because of episodes of freezing and 
falling, in March of 2002 he underwent bilateral 
deep brain stimulation (DBS) surgery.  His wife 
reported that the tremors and freezing episodes 
disappeared after DBS, but over the next six 
years, he began experiencing cognitive decline, 
as well as increasing difficulties with swallowing 
and frequent choking spells.  He died of aspira-
tion while eating in January of 2008 at the age 
of 72. 
 
Brain tissues 
 
The fixed right hemibrain was received for 
evaluation.  It was sliced in a coronal plane and 
sections taken for histology, after embedding in 
paraffin.  The following regions were examined: 
6 regions of the cortex (middle frontal, superior 
temporal, inferior parietal, pre-and post-central 
gyri, anterior cingulate gyrus, occipital pole in-
cluding visual cortex), anterior and posterior 
hippocampus, amygdala with basal forebrain 
and hypothalamus, basal ganglia, thalamus, 
midbrain, pons, medulla, and cerebellum.  Addi-
tional sections were taken to show the entire 
dorsoventral extent of the graft in the basal gan-
glia, temporal stem and dorsal amygdala. 
 
Histochemical and immunohistochemical 
analysis 
 
Sections were cut at 5-µm thickness, mounted 
on glass slides and stained with hematoxylin 
and eosin as well as thioflavin-S.  Sections of 
cortex, amygdala, hippocampus, basal ganglia, 
as well as midbrain, pons and medulla were 
immunostained with a polyclonal antibody to α-
synuclein [12] using a DAKO Autostainer and 
Envision reagents with diaminobenzidine as the 
chromogen.  Sections were counterstained with 
hematoxylin.  Other antibodies used for immu-
nohistochemistry are summarized in Table 1.  A 
Luxol fast blue/periodic acid Schiff stain (LFB) 
was used for the evaluation of myelination. 
 
Results 
 
Macroscopic findings 
 
The calculated whole brain weight based upon 
doubling the weight of the fixed right hemibrain 
was within normal limits, 1240 grams.  There 
was mild cortical atrophy over the frontal con-
vexity.  There was a small softening in the pre-
motor cortex in the parasagittal region that cor-
responded to the DBS tract, which could be 
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traced to small cavitary lesions in the periven-
tricular white matter, internal capsule and lat-
eral thalamus.  Horizontal sections of the mid-
brain, pons and medulla at right angles to the 
neuraxis were unremarkable, except for de-
creased pigmentation in the substantia nigra 
(SN) and the locus ceruleus (LC).  The cerebellar 
sections showed no unusual features. 
 
The graft was a firm white lesion, which meas-
ured 2.0 x 0.7 x 2.5-cm, centered in the puta-
men.  The margins were ill defined and lobu-
lated.  Within the firm area, there were several 
small cysts.  The lesion was present at multiple 
levels of the putamen, beginning at the level of 
the nucleus accumbens and extending as far 
back as level of the subthalamic nucleus.  It 
was centered in the lateral putamen, but also 
extended into the temporal stem and the dorso-
lateral amygdala.  The anterior hippocampus 
was displaced by the lesion.   
 
Microscopic findings of the host brain 
 
A cystic lesion in the frontal white matter consis-
tent with a surgical tract related to the past his-
tory of DBS had gliosis and myelin rarefaction.  
At the end of the trajectory was a focus of glio-
sis in the ventrolateral thalamus, dorsal to the 
subthalamic nucleus. 
 
A few cortical Lewy bodies (LBs) were detected 
in the lower cortical layers, most numerous in 
limbic and paralimbic cortices, including ante-
rior cingulate gyrus and the parahippocampal 

gyrus.  LBs and Lewy neurites (LNs) were also 
numerous in the basal forebrain, hypothalamus 
and amygdala.  Sparse neurites and a few glial 
inclusions were noted in the putamen and a few 
axonal spheroids were detected in the globus 
pallidus with α-synuclein immunohistochemis-
try.  There was moderate-to-marked neuronal 
loss with LBs and LNs in the SN, the LC and the 
dorsal motor nucleus of the vagus.  The distribu-
tion of α-synuclein pathology was consistent 
with transitional (limbic) Lewy body disease. 
 
Alzheimer pathology was minimal, with neurofi-
brillary tangles limited to the medial temporal 
lobe (Braak neurofibrillary tangle stage II) and 
no cortical senile plaques in any cortical or sub-
cortical section.  
 
Microscopic findings of the fetal neural 
transplant 
 
The transplanted tissue was present in the lat-
eral putamen, but also extended into the amyg-
dala.  It had a multinodular and focally cystic 
appearance and was demarcated from the host 
tissue (Figure 1).  Microscopically, the cysts had 
a smooth lining that resembled a glia limitans 
and were superficially similar to arachnoid 
cysts.  The graft was clearly differentiated from 
the host tissue by GFAP immunohistochemistry 
(Figure 2A).  The graft was characterized by pau-
city of lipofuscin pigment within neurons and 
lack of myelinated fibers that were present in 
the adjacent putamen (Figure 3A, B).  There was 
also a paucity of age-related ubiquitin immuno-

Table 1.  List of antibodies 

Antigen Antibody Type Dilution Source 

Glial fibrillary acidic protein GFAP mouse 1:10000 Biogenex 

Glial fibrillary acidic protein GFAP rabbit 1:2500 Biogenex 

Glutamic acid decarboxy-
lase GAD rabbit 1:250 Chemicon 

IBA-1 IBA-1 rabbit 1:2000 Wako Chemicals 

Neurofilament SMI 31 mouse 1:20000 Sternberger 

SNAP-25 SP 12 mouse 1:1000 
Peter Davies, Albert Einstein College 
of Medicine, Bronx, NY 

Tyrosine hydroxylase TH rabbit 1:600 Affinity Bioreagents 

α-Synuclein LB509 mouse 1:100 Zymed 

α-Synuclein NACP rabbit 1:3000 Mayo Clinic Jacksonville 
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reactive pathology, such as granular degenera-
tion of myelin [13], in the graft.  Corpora amy-
lacea were sparse in the graft, but relatively 
abundant in the interface of the graft and host 
tissue, especially in the graft that was adjacent 

to the amygdala (Figure 3C). 
 
The graft was morphologically heterogeneous.  
In some areas, especially the dorsal part in the 
putamen, it had well differentiated neural tissue 

Figure 1.  Macroscopic appearance of graft and surrounding host tissue. 

Figure 2.  A) GFAP immunohistochemistry.  Scale bar = 3 mm; B-1) ‘Neuronal  heterotopia’ in the putaminal portion of 
the graft; Neuronal cluster (*) is  surrounded by glia dominant tissue (arrowheads).  Scale bar = 50 μm; B-2) Neu-
roma-like tissue in the amygdala portion of the graft; Only a few scattered neurons are visible among the glial cells.  
Scale bar = 50 μm;   C-1) Rare GFAP (+) processes in the putaminal portion of the graft (‘neuronal heterotopia’) Scale 
bar = 50 μm; C-2) Abundant GFAP (+) processes in the amygdala portion of the graft (‘neuroma’).  Scale bar = 50 μm. 
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that resembled a nodular heterotropia (Figure 
2B-1).  In other areas, especially the ventral 
parts in the amygdala and at the base of the 
brain, the tissue was composed of neuroglial 
tissue resembling a neuroglioma (Figure 2B-2).  
The latter tissue extended around penetrating 
lenticulostriate arteries and grew in the su-
barachnoid space at the base of the brain.  
There were focal ependymal cell nests in these 
foci.  The graft within the amygdala had focal 
dystrophic calcification. 
 
Immunohistochemistry for GFAP showed vari-
able staining in the graft.  The neuroglial tissue 
had dense bundles of glial processes, while the 
areas that resembled nodular heterotopia had 
sparse astrocytes and glial processes (Figure 2C
-1, C-2).  The interface between the host and 
the graft had reactive astrocytes.  Microglia 
were variable; they were most numerous in the 
neuroglial areas of the graft and less in the bet-
ter differentiated nodular areas (Figure 4). 
 
The density of neurofilament positive cell proc-
ess was variable.  A few neurons were stained 

with a marker for phosphorylated neurofilament 
(SMI 31) in the graft, whereas the soma of many 
neurons in the amygdala was stained with SMI 
31 (Figure 5).  Although immunohistochemistry 
for synaptic proteins left some areas lightly 
stained, the distribution of synaptic proteins 
partly followed the pattern of immunostain for α
-synuclein (Figure 6). 
 
TH immunohistochemistry showed only a few 
and widely dispersed medium-to-large immuno-
reactive neurons, some of which contained neu-
romelanin pigment (Figure 7).  A few had diffuse 
α-synuclein cytoplasmic immunoreactivity, but 
there were no LBs.  In contrast, a number of the 
medium-to-small neurons had cortical type LBs; 
there were also α-synuclein immunoreactive 
LNs (Figure 8A).  Some LBs showed co-
localization with glutamic acid decarboxylase, a 
marker for GABAergic interneurons (Figure 8B).  
Only a few glial cells contained α-synuclein im-
munoreactive inclusions (Figure 8A, C).  The 
density of α-synuclein pathology in the graft was 
variable, but greatest in the part of the graft 
that extended into the amygdala (Figure 6B).  It 

Figure 3. A) LFB staining.  Some thick bundle of myelinated fibers (arrows) seen around neuron-rich portions of graft 
(*). Scale bar= 300 μm; B-1) PAS (+) lipofuscin found in almost all neurons (host, amygdala); B-2) Rare small 
amounts of PAS (+) lipofuscin (arrows) in a neuronal heterotopia Scale bar=50 μm; C) Corpora amylacea, yellow dots. 
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Figure 4. IBA-1: A) IBA-1 (activated forms, red 
dots); B) Activated microglia in the graft.  Scale 
bar = 50 μm. 

Figure 5. SMI-31 (phosphorylated neurofilament). A) low power view of graft and surrounding tissue; B-1) area of graft 
with few neurons (*) Scale bar = 50 μm; B-2) area of graft with many neurons (arrowhead) Scale bar = 50 μm; B-3) 
host tissue (amygdala; black box).  Scale bar = 50 μm. 
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Figure 6. Synaptic markers. A) SNAP25; B) α-synuclein.  LBs (host and graft), blue dots. 

Figure 7. TH. A) TH positive neurons, red dots. B) 
TH positive neurons (* in A) Scale bar = 50 μm; 
C) TH positive fibers (# in A) Scale bar = 50 μm. 
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was least in the well-differentiated neural tissue 
that resembled nodular heterotopia.  It was in-
termediate in the neuroglial tissue, where it was 
mostly in the form of neuritic pathology.  There 
were some discrepancies between immunohis-
tochemistry with a synaptic marker, SNAP25, 
and α-synuclein (Figure 9).   
 
Discussion 
 
The pathologic findings in the brain, in particular 
neuronal loss and LBs in the SN, are consistent 
with the clinical diagnosis of PD [14].  In addi-
tion to PD, there were iatrogenic processes, 
including glial scar tissue in the ventrolateral 
thalamus that is likely the result of DBS and a 
neuroglial lesion in the basal ganglia and amyg-
dala that is the result of a fetal tissue trans-
plant. 
 
As fetal mesencephalic tissue developed α-
synuclein pathology at least 10 years after 
transplantation, premature aging of the graft 

might be a contributing factor [6].  Although no 
surrogate marker for aging was found in a study 
reporting 9-14 year old grafts without α-
synuclein pathology, other studies showed the 
presence of neuromelanin and age-related ubiq-
uitin in the grafts [3, 5].  In our patient, there 
were a few neurons with neuromelanin, lipofus-
cin and ubiquitin pathologies (Figure 3B-1, B-2).  
Corpora amylacea were sparse in the body of 
the graft, but more numerous at the periphery, 
especially near the amygdala (Figure 3C).  Al-
though the graft in our case was only 14 years 
old, these findings suggest that the graft had 
little evidence in support of accelerated aging; 
myelination was poor, age-related ubiquitin pa-
thology and lipofuscin (autofluorescent) pigment 
was minimal and corpora amylacea were 
sparse.  In addition, phosphorylation of neuro-
filament, a characteristic feature of neurofila-
ments in mature axons was lacking in the neu-
ron-rich portions of the graft (Figure 3B-1, B-2, 
5).  The distribution of corpora amylacea, a sur-
rogate marker for gliosis since they are found in 
cytoplasmic processes of astrocytes, was dis-
similar to that of α-synuclein pathology (Figure 
3C, 6C). 
 
As α-synuclein is a synaptic protein, it was not 
unexpected that the distribution of SNAP-25 
was partly similar to that of α-synuclein (Figure 
6).  In addition to some discrepancies between 
the distribution of SNAP25 and α-synuclein, 
there was no significant difference in α-
synuclein pathologies between SNAP25-rich and 
SNAP-25-poor regions in the amygdala portion 
of the graft, while α-synuclein pathology was 
infrequent in the SNAP25-poor region in the 
putaminal portion of the graft (Figure 9).  There-
fore, synaptic maturation was not enough to 
explain the distribution of α-synuclein pathology. 
 
In our patient, the density of activated microglia 
also showed a gradient, with less in the nodular 
portion of the graft in the putamen and denser 
in the neuroglial portion of the graft in the amyg-
dala.  This pattern was similar to the distribution 
of LBs (Figure 4, 6C).  Thus, in view of the close 
relationship between activated microglia and α-
synuclein pathology in the literature, microglial 
activation could play a role in the generation of 
α-synuclein pathologies [15].  However, the 
widespread distribution of LNs or α-synuclein 
immunoreactive dots in the graft could not be 
readily explained by the limited distribution of 
activated microglia. 

Figure 8. A) α-synuclein: cortical type LBs (arrows) 
and glial inclusions (arrowheads).  Scale bar = 20 
μm; B) Double immunohistochemistry for GAD and α-
synuclein: GAD: BCIP – blue; α-synuclein: DAB – 
brown.  Scale bar = 20 μm; C) Double immunohisto-
chemistry for GFAP and α-synuclein: GFAP: BCIP – 
blue; α-synuclein: DAB – brown.  Scale bar = 20 μm. 
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It should be noted that our patient exhibited α-
synuclein inclusions in glia as well as neurons.  
This is of interest, as there is an ongoing debate 
about the possibility of α‑synuclein production 
by astrocytes [16-18].  An alternative hypothesis 
to explain glial α-synuclein inclusion is that as-
trocytes might take up abnormal α-synuclein 
secreted from the neurons [17].  However, α-
synuclein pathologies were prominent even 
where neurons were sparse in the graft (Figure 
6C).  Although only a few glial inclusions were 
found in the graft, more active involvement of 
astrocytes in the production of α-synuclein 
could not be excluded (Figure 8). 
 
Recent studies suggested a direct neuron-to-
neuron propagation of α-synuclein in experimen-
tal models [7, 19-23].  Neurons containing ab-
normal α-synuclein can secrete α-synuclein pos-
sibly through exocytosis, which could then be 
engulfed by nearby neurons [7, 19-22].  The 
hypothetical prion-like behavior of α-synuclein 
might place α-synuclein pathology primarily in 
the periphery of the graft.  However, the distri-
bution pattern of α-synuclein pathology contra-
dicted the expectation in our case.  Moreover, α-

synuclein pathology was more prominent in the 
neuroglial portion of the graft in the vicinity of 
the amygdala.  The differential sensitivity of the 
graft to α-synuclein pathology might argue 
against the direct propagation model in our 
case.    
 
Interestingly, in many neurodegenerative dis-
eases, the putamen and the amygdala showed 
different susceptibility to pathologic processes.  
That is, the amygdala can be more significantly 
affected than the putamen by various abnormal 
protein aggregations, such as LBs, neurofibril-
lary tangles, TDP-43 neuronal cytoplasmic inclu-
sions and argyrophilic grains.  In contrast, the 
amygdala is unusually sensitive to abnormal 
aggregates, where lesions are found in early 
disease stages and disproportionate to other 
brain regions, including PD.  Thus, the amygdala 
appears to be particularly vulnerable to neu-
ronal protein aggregation abnormalities.  In our 
study, there was a predominance of activated 
microglia and α-synuclein pathology in the ven-
tral portion of the graft near the amygdala com-
pared to the dorsal portion of the graft embed-
ded in the putamen. 

Figure 9. Amygdala portion of graft. A-1) SNAP25-poor area Scale bar = 50 μm; A-2) NACP in SNAP25-poor area Scale 
bar = 50 μm; B-1) SNAP25-rich area Scale bar = 50 μm; B-2) α-synuclein in SNAP25-rich area.  Scale bar = 50 μm. 
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The mechanism of the preponderance of pathol-
ogy in the vicinity of the amygdala remains 
speculative.  Inflammatory signals from abun-
dant reactive glia in the adjacent amygdala 
might play an important role [24].  Alternatively, 
unknown tissue factors contributing to the se-
lective vulnerability of the amygdala to neurode-
generative disease could be transferred to the 
nearby graft.  Interestingly, tissue-specific sus-
ceptibility has also been demonstrated in fetal 
transplantation for the patients with Huntington 
disease (HD), in which the grafts in the caudate 
nucleus could not survive, while grafts in the 
putamen were viable [25].  Although pathologic 
inclusions were not found in the fetal graft, as 
the caudate nucleus usually displayed most 
severe pathology in HD, the different pathologic 
outcome could be related to host tissue factors.  
The nature of putative transmissible tissue fac-
tors is currently unknown, it is still plausible that 
the fate and pathology of graft is under critical 
influences from neighboring tissues. 
 
Although there was no long-term pathologic 
study on α-synuclein pathologies in other types 
of transplantation therapy, such as retinal pig-
ment epithelial cells in PD, the “spreading” of 
the disease from the host could be a potential 
limitation of restorative therapy [10, 11, 26].  
Further studies are needed to investigate possi-
ble tissue factors responsible for apparent 
spreading of pathologic processes from host to 
graft, apart from the emerging concept of neu-
ron-to-neuron propagation of α-synuclein. 
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