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Abstract

INTRODUCTION—Transplant of fetal ventral mesencephalic tissue into the striatum of 

Parkinson’s disease (PD) patients has been performed to increase dopamine production and 

stimulate neuronal regeneration. Analysis of fetal graft tissue at autopsy has demonstrated 6 cases 

of α-synuclein pathology in PD patients, one case with both α-synuclein and tau pathology in a 

PD patient, and two cases of tau pathology within a Huntington’s Disease patient.

METHODS—A 49 year old man with PD underwent bilateral fetal ventral mesencephalic cell 

transplants into the striatum. Autopsy at age 70 included immunohistochemical staining of host 

and graft tissue with antibodies to phosphorylated α-synuclein and phosphorylated tau protein.

RESULTS—Autopsy confirmed the diagnosis of PD. Immunohistochemical staining of graft 

tissue demonstrated frequent neuronal perikaryal inclusions of phosphorylated α -synuclein and 

tau in the left graft only.
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CONCLUSION—Speculations on the formation of pathology include: 1) α-synuclein and tau 

pathology spread from host to the graft in a neuron-neuron manner. 2) The nature of the fetal cells 

themselves, or transplantation process, may render fetal tissue more susceptible to the spontaneous 

generation of pathology. 3) Factors within host environment caused native tau and α-synuclein in 

fetal tissue graft to become phosphorylated.
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Introduction

The intracerebral transplant of fetal ventral mesencephalic tissue in patients with 

Parkinson’s disease (PD) was intended to increase neuronal growth and dopamine 

production. Clinical outcomes were mixed. While some showed symptomatic benefits, 

others progressed to uncontrolled dyskinesias [1–7]. Autopsy data from six transplanted PD 

patients revealed α-synuclein pathology within fetal graft tissue [1–6]. Additionally, one 

recent paper showed both α-synuclein and tau pathology within the fetal graft of one patient 

with PD and tau pathology alone in two patients with Huntington’s disease (HD) [7]. The 

purpose of this study is to report a second case of both α-synuclein and tau pathology in a 

fetal graft tissue at time of autopsy in a patient with PD.

Materials and Methods

A male with PD and REM sleep behavior disorder was followed in the Arizona Study of 

Aging and Neurodegenerative Disorders (AZSAND) until death and autopsy. He had signed 

written informed consent approved by the Banner Sun Health Institutional Review Board 

allowing both clinical assessments during life and several options for brain and/or bodily 

organ donation after death. PD symptoms began at age 45, predominantly left arm 

bradykinesia and eventually rest tremor, rigidity, and postural instability. Dopaminergic 

treatment was beneficial, but he quickly developed severe motor fluctuations and 

dyskinesias. At age 49 he underwent bilateral fetal ventral mesencephalic cell transplants 

into the striatum. He had no clinical benefit or side effects. He continued to progress, 

developed dementia at age 67, and passed away at age 70.

Fetal tissue was obtained using recommendations by the National Institute of Health and 

included informed consent by mother following elective abortion between 6 to 8 weeks 

gestation [8]. A 2 × 4 × 2 mm pieces of the rostral half of the ventral mesencephalon was 

removed, further dissected, and treated with antibiotics prior to transplantation. After 

transplant, all patients received immunosuppression with cyclosporin-A [8].

Complete pathological examination was performed using standard AZSAND [9, 10]. 

Lentiform nuclei collected at autopsy was fixed in neutral-buffered formalin and embedded 

in paraffin. All sections were stained with hematoxylin and eosin and primary antibodies 

against α-synuclein phosphorylated at serine 12 (p-α-synuclein; noncommercial antibody), 

Tyrosine hydroxylase (TH; Sigma catalog # T2928); phosphorylated tau protein (clone AT8; 
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Thermo Scientist catalog # MN1020), TDP-43 phosphorylatedat residues 409 and 410 

(pTDP-43; noncommercial antibody), MAP2 (EPR1969, abcam catalog #83830) and GFAP 

(Chemicon; catalog #AB5804). Primary antibody concentrations were 1:10,000 for p-

synuclein and pTDP-43; 1: 3,000 for TH, GFAP and MAP3 and 1:1,000 for AT8. 

Immunohistochemical procedures were identical for all three methods, except for differing 

epitope exposure: 20 minutes proteinase K pretreatment for p-synuclein; 20 minutes in 

boiling citrate buffer for TH and TDP43, boiling in EDTA for MAP2, formic acid for AT8 

and GFAP.

Results

At autopsy, the diagnosis of PD was confirmed at Stage IV (neocortical stage) by the 

Unified Staging System for Lewy Body Disorders [11]. The brain weight was 1345 grams. 

Gross external examination showed mild cerebral gyral atrophy. Cerebral slices showed mild 

enlargement of the lateral ventricles. The lentiform nuclei were firm, whitish-tan nodules, 

1.2 × 0.7 × 0.7 cm on the left and 0.3 × 0.3 × 0.3 cm on the right. The left nodule was 

centered on the globus pallidus external and extended slightly into the putamen. The right-

sided nodule was centered within the ventral one-third of the putamen. The amygdala, the 

head and body of the hippocampus, and the parahippocampal gyrus showed no atrophy. The 

substantia nigra showed moderate depigmentation bilaterally. The brainstem and cerebellum 

were otherwise unremarkable.

Examination of the abnormal tissues with H & E stain showed the nodules as sharply 

demarcated from adjacent normal neuropil by circumferential zones of hypocellular 

fibrillary astrocytosis. The nodules contained disorganized neural tissue composed primarily 

of astrocytes and medium-sized multipolar neurons. The right nodule had fewer neurons and 

larger zones of fibrillary astrocytic tissue. Both nodules had scattered and focally frequent 

microcalcifications. There were no mitotic figures, endothelial proliferation, or areas of 

necrosis. The astrocytic nuclei were not hyperchromatic, enlarged or irregularly shaped.

Within the left nodule, multiple neurons contained eosinophilic perikaryal inclusions 

consistent with Lewy bodies, while others contained neurofibrillary tangles. 

Immunohistochemical staining of the abnormal striatal nodules for neurons with an antibody 

to MAP2 (EPR1969, abcam; catalog number ab 183830) showed abundant neuronal 

perikarya and fibers only within the left nodule (figure 1; A, B). These were absent on the 

right (figure 1; C, D). The left nodule had abundant GFAP-immunoreactive (Chemicon; 

catalog #AB5804) astrocytic cell bodies and fibers (figure 1; E, F). The right nodule showed 

positive fibers, consistent with a chronic astrocytic scar (figure 1; G, H).

Staining for phosphorylated α-synuclein (antibody courtesy of Dr. H. Akiyama) and 

phosphorylated tau protein (AT8, Biolegend) showed, with both stains but only in the left-

sided nodule, dense neuropil immunoreactivity in the form of puncta and fibers, and frequent 

neuronal perikaryal inclusions (figure 2). Some fibers were tortuous and focally enlarged. 

Tyrosine hydroxylase (TH) positive neuronal cell bodies and fibers were present in the left 

graft tissue, but not the right graft. TH positive fibers were also present in the host tissue 

surrounding the left graft nodule. Additionally in the left nodule there were rare pigmented 

Ornelas et al. Page 3

Parkinsonism Relat Disord. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



neurons, approximately 1% or less of all neurons seen. A few pigmented neruons were 

positively stained for TH. Although colocalization of neuromelanin with phosphorylated tau 

and phosphorylated α-synuclein was not observed, due to very dark neuronal perikaryal 

staining for these, it is not possible to rule out colocalization.

The Gallyas and thioflavin S stains showed sparse neurons with neurofibrillary tangles 

within the left nodule only. Staining for phosphorylated TDP-43 protein (antibody courtesy 

of Dr. H. Akiyama: Hasegawa M 2008) was negative in both nodules. Sparse fibers 

immunoreactive for phosphorylated α-synuclein and phosphorylated tau were seen in the 

host tissue surrounding the graft nodules, but at much lower densities than the left-sided 

graft. Around the right graft there were virtually no neurons (staining negative for MAP2 

and GFAP). Host innervation of the right graft tissue was not apparent.

The remainder of the microscopic brain examination showed, in sections stained with 

Gallyas, Campbell-Switzer, and thioflavin S methods, focal concentrations of neocortical 

senile plaques, reaching moderate and frequent densities only in the inferomedial temporal 

lobe. The plaques were mostly of the diffuse type with only the temporal lobe containing 

focally sparse numbers of neuritic plaques. There were no plaques in the putamen, substantia 

nigra and cerebellar cortex.

Neurofibrillary tangles were rare or absent from all neocortical regions except the 

inferomesial temporal lobe, where they attained moderate densities in the fusiform and 

inferior temporal gyri. Tangle density ranged from moderate in the amygdala, frequent in the 

entorhinal area and hippocampal CA1 region, and rare in the putamen. The NIA-AA AD 

Neuropathological Change level was A1B2C1 “Low”[12]. Within the substantia nigra were 

focally moderate densities of neurofibrillary tangles and scattered oligodendroglial coiled 

bodies and frequent Lewy bodies and neurites. Phosphorylated alpha-synuclein staining was 

found in the olfactory bulb, brainstem, amygdala, and cingulate gyrus, with sparse to 

moderate densities in the cerebral neocortex, reaching frequent numbers only in the temporal 

lobe.

Discussion

Previously, six PD patients 12–24 years post-transplant were found to have phosphorylated 

α -synuclein within the fetal graft tissue at autopsy [1–6]. There is one case of a PD patient 

16 years post-transplant with both phosphorylated tau and α-synuclein pathology and two 

HD patients 9–14 years post-transplant with phosphorylated tau pathology within the fetal 

graft tissues at autopsy [7]. We present a case of a fetal graft that has both phosphorylated α-

synuclein and phosphorylated tau pathology at autopsy 21 years post-transplant. There are 

multiple theories on the development of the pathology.

In our case, both pathologies were much denser within the graft when compared to adjacent 

host tissue despite an equal density of neurons. One case report of a patient who received 

bilateral transplants four years apart revealed that the older graft had denser α-synuclein 

pathology with more “mature” Lewy bodies [2]. The transplanted fetal tissue, or the process 

of transplantation which is associated with trauma and inflammation, may make grafts more 
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vulnerable to the spontaneous generation of pathology, or to more vigorous intracellular 

progression after initial seeding by host tissue [7].

The source of the pathology remains unclear. In prion disease, an abnormal protein causes 

normal proteins within a host to misfold, aggregate, and spread. One theory is that α-

synuclein and tau pathology spread from host to graft in a neuron-neuron manner, similar to 

the spread of prions [7]. There are some limited models that may support this idea. In in vivo 
studies, human derived α-synuclein was injected into a distal location of rats with a 

dopamine depleted striatum that had received rat fetal ventral mesencephalic grafts [13]. 

Grafted cells demonstrated the human α-synuclein at autopsy [13]. In in vivo studies, when 

tissue from mouse brains that over produced human derived tau was injected into a wild type 

mouse, the human tau pathology propagated to the host mouse tissue [14]. In in vitro 
studies, exogenous fluorescently labeled extracellular tau aggregates were internalized and 

induced misfolding, and this pathologic tau was able to propagate between different cell 

lines [15].

Tau pathology is seen with a group of neurodegenerative diseases associated with cognitive 

decline. In our case, there was a nonspecific glial tauopathy in the host substantia nigra 

while the graft tau pathology appeared to be solely neuronal. It is important to emphasize 

that the fetal graft pathology in all of the cases was also in the host brain. One theory is that 

factors within host environment caused native tau and α-synuclein in the graft to become 

phosphorylated.

The independent finding of α-synuclein and tau pathology within the fetal graft tissue in our 

case does not support or refute any particular theory, but it does contribute to the growing 

body of knowledge surrounding the search for the pathogenesis of neurodegenerative 

disorders.
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Highlights

• Both a-synuclein and tau pathology in fetal transplanted tissue in a 

Parkinson’s disease patient

• One theory is that α-synuclein and tau pathology spread from host to graft in 

a neuron-neuron manner

• Alternatively host environment could cause native graft proteins to become 

phosphorylated
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Figure 1. 
Stains for neurons (MAP2) and astrocytes (GFAP). Immunohistochemical staining of the 

abnormal striatal nodules for neurons with an antibody to MAP2 showed abundant neuronal 

perikarya and fibers only within the left nodule (A, B). These were absent on the right 

nodule(C, D). The left nodule had abundant GFAP-immunoreactive astrocytic cell bodies 

and fibers. The right nodule showed positive fibers, consistent with a chronic astrocytic scar 

(G, H).

(A) MAP2 (2x) of left nodule (B) MAP2 (20x) on left nodule (C) MAP2 (2x) of right nodule 

(D) MAP2 (20x) on right nodule (E) GFAP (2x) of left nodule (F) GFAP (20x) on left 

nodule (G) GFAP (2x) of right nodule (H) GFAP (20x) on right nodule
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Figure 2: 
Stains for phosphorylated α-synuclein (α-syn) and phosphorylated tau (AT8).

(A) AT8 (20x) on left nodule (B) α-syn(20x) on left nodule (C) AT8 and α-syn double label 

on left (40x) (D) AT8 and α-syn double label on left
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