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Introduction: Gerstmann-Sträussler-Scheinker (GSS) disease is an inherited 
prion disease characterized by dementia, cerebellar ataxia, and painful sensory 
disturbances. GSS is pathologically defined by the presence of amyloid plaques 
comprised of prion protein predominantly localized in the cerebral cortex, cerebellar 
cortex, and basal ganglia, resulting from mutations in the prion protein gene.

Methods: This study investigated five cases of GSS P102L (GSS caused by 
a leucine (L) substitution of proline (P) at position 102 of the prion protein 
gene) with L-dopa-resistant extrapyramidal symptoms and reduced dopamine 
transporter single-photon emission computed tomography (DAT-SPECT) 
uptake. Clinical findings of the five cases were investigated, and in one autopsy 
case, hematoxylin and eosin staining, dopamine transporter immunostaining, 
and 8G8 immunostaining in the putamen and substantia nigra were performed 
and compared with controls.

Results: Clinical findings revealed diverse manifestations, with all cases exhibiting 
parkinsonism, and four patients had a vertical gaze palsy. Notably, all patients 
showed reduced striatal DAT-SPECT uptake, indicating neurodegeneration of the 
nigrostriatal system. Autopsy findings in one case confirmed prion protein plaques 
and dopaminergic neuron loss in the substantia nigra of a patient with GSS P102L. 
In addition, DAT immunostaining in the putamen was reduced compared with 
controls, and prion protein plaques were confirmed by 8G8 immunostaining.

Conclusion: This study provides support for a correlation between abnormal 
prion protein deposition and nigrostriatal system degeneration in GSS P102L. 
Our results reveal the importance of considering GSS P102L in cases of atypical 
Parkinsonism and abnormal DAT-SPECT results, which would serve as a valuable 
indicator for subsequent prion genetic testing.
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Introduction

Gerstmann–Sträussler–Scheinker disease (GSS) with the P102L 
mutation is an autosomal dominant inherited prion disease 
characterized by cerebellar ataxia, muscle weakness, muscle atrophy, and 
painful sensory disturbances (1). In advanced stages, cognitive 
impairment usually complicates the clinical presentation, progressing to 
akinetic mutism and causing death, typically within an average period 
of 5–6 years. In Japan, a 10-year prion disease survey since 1999 reported 
44 cases of GSS with P102L and P105L mutations; notably, P102L was 
the predominant mutation, accounting for 89% of cases (2). Progressive 
supranuclear palsy (PSP)-like symptoms has been reported in GSS (3). 
Neuroimaging studies in patients with GSS have involved using various 
techniques, including structural magnetic resonance imaging (MRI), 
positron emission tomography (PET), single-photon emission 
computerized tomography (SPECT), and electroencephalography 
(EEG). While characteristic periodic synchronous discharges (PSD) in 
EEG are prevalent in approximately 97% of patients with sporadic 
Creutzfeldt-Jakob disease (CJD) based on surveillance of the Japanese 
population, individuals with GSS P102L exhibit them less commonly, 
with an incidence rate of 19% (2). Initial brain MRIs usually do not 
reveal distinct cerebral and cerebellar atrophy or high-signal lesions on 
diffusion-weighted imaging (DWI); however, advanced stages exhibit 
evident cerebral and cerebellar atrophy in most patients, recognized as 
progressive (4). Notably, a few cases display high-signal lesions in the 
occipital lobe cortex on DWI several years after onset (5). Laboratory 
findings in GSS P102L cases included elevated cerebrospinal fluid (CSF) 
levels of 14–3–3 protein in 27.3% of cases and elevated CSF tau levels in 
27.8%. Early diagnosis remains challenging owing to the low incidence 
of abnormal findings on EEG, brain MRI, and CSF testing.

DAT-SPECT aids in evaluating global functional dopaminergic 
synaptic changes in the striatum. It helps differentiate between 
non-degenerative parkinsonisms (e.g., essential tremor, drug-induced 
parkinsonism) and neurodegenerative parkinsonisms, especially if 
tremor is present. Degeneration of synaptic neurons and reduced 
striatal uptake are associated with clinical manifestations of 
bradykinesia and muscle rigidity in CJD and Parkinson’s disease, 
parkinsonian disorders (6–8).

Although case reports have linked parkinsonism with 
DAT-SPECT in sporadic CJD, fatal familial insomnia (FFI), GSS 
F198S [GSS caused by a serine (S) substitution of phenylalanine (F) at 
position 198 of the prion protein gene (PRNP)], and GSS D202N [GSS 
caused by a asparagine (N) substitution of aspartic acid (D) at position 
202 of the PRNP] (9–11), the assessment of dopaminergic function in 
GSS P102L remains unknown. This study presents five cases of GSS 
P102L characterized by L-dopa-resistant extrapyramidal symptoms 
accompanied by reduced uptake observed on DAT-SPECT, 
demonstrating dopaminergic denervation in GSS P102L through 
DAT-SPECT and neuropathological investigation. In contrast to 

reports suggesting that extrapyramidal signs are less prominent in GSS 
P102L compared to other prion diseases (12), our findings indicate 
that cases of GSS P102L present with extrapyramidal signs and 
PSP-like syndrome, albeit to varying degrees, and that these 
syndromes can be predicted by DAT-SPECT.

Materials and methods

Patients and clinical study

The study included five consecutive patients diagnosed with GSS, 
all of whom tested positive for the P102L genetic mutation in the 
prion protein gene between April 1, 2020, and March 31, 2023, at 
Kurume University, Kurume city and National Omuta hospitals, 
Omuta city in Japan. There was no consanguinity among the patients. 
Patient information was retrospectively examined through a thorough 
review of the medical records.

The studies involving human participants were reviewed and 
approved by Kurume University (research number: 23104) and NHO 
Omuta National hospital (research number: 5–44). Written informed 
consent to participate in this study was provided by the next of kin. 
The detailed clinical features of representative cases are provided below.

DAT-SPECT

Patients with GSS underwent imaging 3 h after the injection of 
167 MBq of 123I-ioflupane, specifically [123I]-2β-carbomethoxy-3β-(4-
iodophenyl)-N-(3-fluorophenyl) nortropane ([123I] FP-CIT; Nihon 
Medi-Physics, Tokyo, Japan). The 123I-FP-CIT SPECT images were 
obtained using a Symbia Evo Excel scanner (Siemens Healthcare). 
Neurologists performed the initial image evaluation using a visual 
evaluation method. Subsequently, specific binding ratios (SBRs) in the 
right and left striata were semi-quantitatively calculated using the 
DATView software (Nihon Medi-Physics, Tokyo, Japan) based on 
Bolt’s method, as described in detail elsewhere (13) for Cases 1 to 5.

Neuropathological study

Postmortem examination of patient 5 was performed 7 h after 
death. Brain and spinal cord specimens were fixed in buffered 10% 
formalin for 2 weeks. Following fixation, specimens were immersed in 
90% formic acid for 60 min to detoxify PrP, embedded in paraffin, and 
sectioned into 6-μm-thick slices. Sections were stained with 
hematoxylin and eosin (HE). For immunohistochemical 
investigations, the following primary antibodies and dilutions were 
used: anti-dopamine transporter (rabbit polyclonal antibody, 1:250; 
Abcam, Cambridge, UK) and anti-8G8 (mouse monoclonal antibody 
specific for PrP at amino acid residues 95–110, 1:400; Cayman, Ann 
Arbor, MI, USA) antibodies. Secondary antibodies included 
horseradish peroxidase-conjugated anti-rabbit (PI-1000) and anti-
mouse (PI-2000) (1,200, Vector Laboratories, Burlingame, CA, USA). 
Immunohistochemistry was performed using an indirect 
immunoperoxidase method, as previously described. The sections 
were deparaffinized in xylene, dehydrated in ethanol, and incubated 
with 0.3% hydrogen peroxide in absolute methanol for 30 min at room 

Abbreviations: GSS, Gerstmann–Sträussler–Scheinker disease; DAT-SPECT, 

dopamine transporter single-photon emission computed tomography; PSP, 

progressive supranuclear palsy; MRI, magnetic resonance imaging; PET, positron 

emission tomography; SPECT, single-photon emission computerized tomography; 

EEG, electroencephalography; PSD, periodic synchronous discharges; CJD, 

Creutzfeldt-Jakob disease; DWI, diffusion-weighted imaging; CSF, cerebrospinal 

fluid; FAB, frontal assessment battery; SBR, specific binding ratio.
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temperature to inhibit endogenous peroxidase activity. After rinsing 
in tap water, the sections were fully immersed in distilled water and 
heat-treated in 0.01 M citrate buffer (pH 6.0) for the anti-dopamine 
transporter antibody or in 1.5 × 0.001 mol/L hydrochloric acid for the 
anti-PrP antibody, using a microwave for 10 min for antigen retrieval. 
Following this pretreatment, the sections were incubated with a 
primary antibody diluted in 5% normal goat serum in 20 mM Tris–
HCl (pH 7.6) containing 0.5 M NaCl, 0.05% NaN3, and 0.05% Tween 
20 (TBST) at 4°C overnight, and subsequently with a 1:200 dilution of 
the appropriate secondary antibody for 1 h at room temperature. A 
colored reaction product was developed using 3, 3′-diaminobenzidine 
tetrahydrochloride (DAB, Dojindo, Kumamoto, Japan) solution 
(0.02% DAB, 0.003% H2O2, 50 mM Tris–HCl, pH 7.6). The color 
development time was set to 180 s. The sections were lightly 
counterstained with hematoxylin. Duchenne muscular dystrophy was 
used as a control for the GSS.

Case series

Case 1
Case 1 involved a 69-year-old male who, 2 years before his visit, 

experienced dizziness, slowness of movement, gait disturbance, and 
abnormal sensations in both lower extremities. He  had a family 
history of spinocerebellar degeneration, with his father and his first 
cousins (his aunt’s sun and daughter). Despite oral administration of 
L-dopa, his symptoms persisted, prompting him to seek medical 
attention. General medical examinations revealed no abnormalities. 
Cognitive function screening tests showed a mini-mental state 
examination (MMSE) score of 29/30 (normal range > 23) and a frontal 
assessment battery (FAB) score of 16/18 [with 12/18 being the 
threshold that reasonably distinguishes between frontotemporal 
dementia and Alzheimer’s disease (14)]. Neurological examination 
revealed no ptosis and severe downward vertical (supranuclear) gaze 
palsy. While facial sensation and muscles were normal, dysarthria was 
observed. The movements were slow and bradykinetic, with moderate 
and mild muscle rigidity observed from the neck to the trunk and in 
the limbs, respectively. Limb tremors were absent, and limb strength 
was normal. Impairments were noted in the finger-tapping test, 
diadochokinesis, and lower extremity agility. The finger-nose test 
showed mild dysmetria. Deep tendon reflexes were absent in all 
extremities, and no bilateral pathological reflexes were observed. 
Although the patient could walk, tandem gait was challenging, and 
retropulsion was not observed. No bladder or bowel disturbances were 
observed. Laboratory tests, including complete blood count, creatinine 
kinase levels, liver enzyme levels, and fasting blood sugar (120 mg/dL), 
were within normal limits, except for a slightly elevated HbA1c to 
6.8%. CSF examination revealed normal results (protein, 45 mg/dL; 
cell count, 1 cell/μL). T1-weighted MRI revealed moderate diffuse 
cerebral atrophy with no evidence of midbrain tegmentum atrophy or 
the hummingbird sign. DWI revealed no areas of hyperintensity in the 
cerebral cortex, striatum, or thalamus (Figure  1A). DAT-SPECT 
revealed reduced accumulation in the bilateral striatum, with a specific 
binding ratio (SBR) of 2.07 on the right side and 1.29 on the left side, 
with an average of 1.68 and an asymmetry index of 46.9% (Figure 2A). 
However, 99mTc-ECD SPECT did not reveal cerebellar hypoperfusion. 
Metaiodobenzylguanidine myocardial scintigraphy revealed a 
decreased cardiac-mediastinum ratio of 1.44 in the early phase and 

1.33 in the late phase. EEG did not show PSD, and peripheral nerve 
conduction studies revealed no abnormalities in the upper or lower 
extremities. CSF prion disease-related protein measurements 
indicated negative results for total tau protein (676 pg/mL, normative 
range, 1,300 pg/mL), 14–3–3 protein via a semi-quantitative method, 
and real-time quaking-induced conversion (RT-QUIC) method. 
Genetic analysis using genome sequencing, revealed a mutation from 
Pro to Leu in codon 102, Met/Met type at codon 129, confirming GSS 
diagnosis. According to the clinical phenotypes of GSS P102L 
described by Tesar et  al. he  exhibited GSS with areflexia and 
paresthesia (15). During hospitalization, the L-dopa dose was 
increased from 150 to 300 mg/day, causing a slight gait improvement. 
However, a year after his admission, his cognitive function and 
psychiatric symptoms deteriorated, leading to his transfer to a 
psychiatric hospital (Table 1).

Case 2
Case 2 involved a 63-year-old female who experienced abnormal 

sensations and pain in both lower extremities. She developed 

FIGURE 1

In axial diffusion-weighted images, no abnormal signals were 
observed in Cases 1 through 4 (A–D), whereas high signal 
intensity lesions were observed in the cortex of the frontal, 
temporal, and occipital lobes on both sides, and ADC low density 
(not shown) corresponding to the high signal intensity was 
observed in Case 5 (E).
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motivation and memory loss, prompting her to consult a doctor 1 year 
before. The patient exhibited moderate cognitive dysfunction, 
including recent memory impairment and attention deficit. She 
predominantly experienced slowness of movement and paresthesias 
in the lower extremities, prompting a referral to our hospital. 
Neurological examination revealed reduced visuospatial cognition 
and attention and memory deficits. The patient exhibited vertical 
supranuclear gaze palsy, saccadic eye movements, and dysarthria. 
Similarly, she experienced bradykinesia, cerebellar ataxia, and painful 
paresthesias in both lower extremities. Deep tendon reflexes were 
absent in the lower extremities. Blood count and biochemistry were 
normal, while CSF analysis showed a normal cell count of 1/μL and 

an increased protein level of 71 mg/dL. CSF prion disease-related 
protein measurements indicated negative results for 14–3–3 protein 
using both the semi-quantitative method and RT-QUIC method. 
Brain MRI showed no significant cerebral atrophy on T1-weighted 
images, and DWI showed no hyperintensity in the cerebral cortex, 
striatum, or thalamus (Figure 1B). DAT-SPECT revealed decreased 
uptake in the bilateral striatum, with SBRs of 4.08 and 3.85 on the 
right and left sides, respectively, averaging 3.96, and an asymmetry 
index of 5.6% (Figure 2B). EEG did not indicate PSD, and peripheral 
nerve conduction studies showed no abnormalities in the upper or 
lower extremities. Genetic analysis revealed a mutation from Pro to 
Leu in codon 102, Met/Met type at codon 129, confirming a GSS 
diagnosis. She had a family history of the same GSS P102L mutation 
in her younger brother. Her clinical phenotype of GSS P102L, as 
described by Tesar et al. was GSS with areflexia and paresthesia (15). 
One year after her admission, she was using a wheelchair, and 2 years 
later, she became bedridden (Table 1).

Case 3
Case 3 involved a 65-year-old male patient. A year before his 

hospital visit, he experienced dizziness while walking, prompting him 
to consult a doctor who found no abnormalities on the brain 
MRI. Subsequently, the patient was referred to our hospital. At 
presentation, he  exhibited normal cognitive function, vertical 
supranuclear gaze palsy, dysarthria, normal muscle strength, mild 
bradykinesia in the extremities, cerebellar ataxia in the extremities and 
trunk, and abnormal sensation in both lower extremities. Deep 
tendon reflexes were absent in both lower extremities. Blood count 
and biochemistry were normal, and the CSF test showed a cell count 
of 1/μL and protein levels of 40 mg/dL. CSF prion disease-related 
protein measurements indicated a negative result for 14–3–3 protein 
via a semi-quantitative method and the RT-QUIC method. DWI of 
the brain MRI did not reveal hyperintensity (Figure  1C), while 
T1-weighted imaging showed mild bilateral frontal lobe atrophy and 
no atrophy in the brainstem or cerebellum. DAT-SPECT indicated 
decreased uptake in the putamen region of the bilateral striatum, with 
SBRs of 3.49 and 3.84 on the right and the left sides, respectively, 
averaging 3.66, and an asymmetry value of 9.4% (Figure 2C). EEG did 
not reveal PSD. Genetic analysis revealed a mutation from Pro to Leu 
at codon 102, Met/Met type at codon 129, prompting a GSS diagnosis. 
His clinical phenotype of GSS P102L, as described by Tesar et al. was 
GSS with areflexia and paresthesia (15) (Table 1).

Case 4
Case 4 involved a 58-year-old woman who, 1 year before her visit, 

began experiencing abnormal sensations in both lower limbs, 
unsteadiness when walking, and frequent falls, prompting a referral 
by her local neurosurgeon. Her father had difficulty walking due to an 
unknown degenerative disease. During her visit, her cognitive 
function was normal, and muscle strength was within the normal 
range. However, she exhibited abnormal sensation in both lower 
extremities, limb and trunk ataxia, along with trunk-dominant 
rigidity. Deep tendon reflexes were absent in both lower extremities. 
Blood tests yielded normal results, and CSF analysis indicated a cell 
count of 1/μL and protein levels of 52 mg/dL. CSF analysis for prion 
disease-related protein indicated a negative result for 14–3–3 protein, 
as assessed by semi-quantitative method, and the RT-QUIC method. 
DWI of brain MRI did not reveal hyperintensities (Figure  1D), 

FIGURE 2

Dopamine transporter single-photon emission computed 
tomography (DAT-SPECT) (123I-FP-CIT) in GSS cases (A–E). DAT-
SPECT demonstrated decreased uptake in the bilateral putamen in all 
cases. (A, Case 1; B, Case 2; C, Case 3; D, Case 4; E, Case 5). 
(A) There was an overall decrease in uptake, accompanied by 
changes in the shape of the striatum on both sides. Specific binding 
ratios (SBRs) were 1.29 (left) and 2.07 (right). (B) There was a 
decreased uptake in the posterior part of both putamen, along with a 
dot-like accumulation. The SBRs were 3.85 (left) and 4.08 (right). 
(C) Decreased uptake was demonstrated in the posterior part of both 
putamen, accompanied by a dot-like accumulation. The SBRs were 
3.84 (left) and 3.66 (right). (D) There was an overall decrease in 
uptake, accompanied by changes in the shape of the striatum on 
both sides. The SBRs were 1.55 (left) and 1.86 (right). (E) There was an 
overall decrease in uptake, accompanied by changes in the shape of 
the striatum on both sides. The SBR are 1.12 (left) and 1.05 (right).
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whereas T1-weighted imaging showed mild bilateral frontal lobe 
atrophy, with no atrophy observed in the brainstem or cerebellum. 
IMP-SPECT demonstrated decreased blood flow in the bilateral 
thalamus; however, no such reduction in blood flow was observed in 
the cerebellum. DAT-SPECT revealed an overall decrease in uptake, 
accompanied by changes in the striatum shape on both sides, with 
SBRs of 1.86 and 1.55 on the right and left sides, respectively, averaging 
1.71, and an asymmetry value of 18.1% (Figure 2D). Genetic analysis 
revealed a mutation from Pro to Leu at codon 102, Met/Met type at 
codon 129, prompting a GSS diagnosis. Her clinical phenotype of GSS 
P102L, as described by Tesar et  al. was consistent with GSS with 
areflexia and parethesia (15). She was using a wheelchair 2 years after 
her admission (Table 1).

Case 5
Case 5 involved a 78-year-old woman who developed a gait 

disorder 9 years before her visit. Similarly, 5 years before her visit, she 
had experienced abnormal sensations in both lower limbs and 
dysarthria. Furthermore, 3 years before her visit, she experienced 
frequent falls and bradykinesia. At the time of her visit, she presented 
with a vertical eye movement disorder, truncal ataxia, trunk-dominant 
rigidity, and abnormal sensations in both lower limbs. Deep tendon 
reflexes were absent in both lower extremities. The blood tests yielded 
normal results. CSF prion disease-related protein measurements 
indicated a negative result for 14–3–3 protein via the semi-quantitative 
method. DWI of the brain revealed hyperintensity within the cortical 
ribbon of the frontal, temporal, and parietal lobes (Figure 1E), and 
atrophy in the cerebellum on FLAIR imaging. Her EEG showed PSD, 
raising the suspicion of prion disease. DAT-SPECT indicated 
Decreased uptake in the putamen region of the bilateral striatum with 
SBRs of 1.05 and 1.12 on the right and left sides, respectively, with an 
average of 1.09 and an asymmetry index of 6.5% (Figure 2E). Genetic 
analysis revealed a mutation from Pro to Leu at codon 102, Met/Met 
type at codon 129, prompting GSS diagnosis. She had a family history 
of the same GSS P102L mutation in her younger brother. Her clinical 
phenotype of GSS P102L, as described by Tesar et al. was GSS with 
areflexia and paresthesia (15). The patient died 4 years after 
hospitalization, and an autopsy was performed (Table 1).

Results

Neuropathological findings in Case 5

The brain weighed 1,020 g and manifested diffuse moderate 
atrophy. Cross-sectional examination revealed severe atrophy in the 
cortex and white matter of the cerebrum, with discoloration and 
degeneration observed in the basal ganglia (predominantly in the 
globus pallidus) and lateral thalamus. Similarly, marked atrophy 
was observed in the cortex and dentate nucleus of the cerebellum. 
Histologically, the cerebral cortex showed severe spongy changes in 
the neuropil, along with a severe loss of pyramidal cells with 
atrophy and the presence of numerous PrP plaques and 
reactive astrocytes.

In the control group, DAT immunostaining was evident in the 
putamen of the basal ganglia (enclosed within the dashed line); 
however, no DAT staining was observed in the globus pallidus 
(Figure 3A). In contrast, Case 5 exhibited no DAT staining in the T
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putamen or globus pallidus (Figure 3B). Furthermore, under high 
magnification, DAT staining in the neuropil within the putamen was 
observed in control cases (Figure 3C). Conversely, Case 5 lacked 
DAT staining in the neuropils (Figure  3D). HE  staining of the 
midbrain substantia nigra indicated neuronal loss (Figures 3E,G). 
Additionally, 8G8 immunostaining revealed prion protein deposits 
in the substantia nigra pars compacta (Figures  3F,H). 
Immunostaining using the 8G8 antibody in Case 5 demonstrated 
positive staining in the putamen and globus pallidus, with 
pronounced PrP plaques observed in the putamen at high 
magnification (Figures 3I,J).

Discussion

This cases study of five patients with GSS P102L demonstrates that 
all patients exhibit parkinsonism, with one showing prominent 
parkinsonism (Case 1) and the remainder presenting with mild 
parkinsonism (Cases 2–5). Four patients (Cases 1,2,3, and 5) exhibited 
supranuclear gaze palsy. Reduced uptake in both striata was observed 
in all cases involving DAT-SPECT. Additionally, in one autopsy case, 
the putamen exhibited Decreased immunostaining for DAT in 
addition to prion protein deposition. This is the first study to reveal 
dopaminergic denervation in the striata of patients with GSS P102L 
using DAT-SPECT and neuropathological examination.

GSS, a rare genetic prion disease, presents a diagnostic challenge 
because of its low incidence (1–100 per 100 million people per year) 
(16) and many symptoms, including cognitive decline, mental 
disorders, pyramidal signs, extrapyramidal signs, cerebellar ataxia, 
and lower limb sensory impairment, with onset ages ranging from 30 
to 60 years. Symptom variability and lack of family history further 
complicate early diagnosis (17–19). In addition, the following 
abnormal findings are specific to prion diseases, but their sensitivity 
is low in both MRI imaging abnormalities (9–29%) at early disease 
stages (4, 20), EEG abnormalities (0–13.5%) (4, 20, 21), and positive 
CSF14-3-3 protein (18%) (4). RT-QUIC assay has significantly 
improved diagnostic accuracy due to its high sensitivity and specificity 
(64–90%)(18, 22). Nevertheless, confirming mutations in the prion 
protein gene is crucial, particularly in cases without a family history 
or with unknown family history of the GSS P102L mutation (4), 
making early diagnosis more complex. The slowly progressive 
symptoms such as cerebellar ataxia, pyramidal and extrapyramidal 
signs, and mental disorders can lead to misdiagnosis of PSP, 
spinocerebellar degeneration, or multiple sclerosis owing to the 
absence of effective early-stage biomarkers and imaging tests (22–26).

Dopamine released into the nerve terminals of nigrostriatal 
neurons is taken up by dopamine transporters within nerve terminals, 
terminating nerve transmission. In addition, dopamine reuptake into 
synaptic vesicles is stored and recycled. DAT-SPECT was used for the 
visual evaluation of the dopamine transporter.

DAT-SPECT is used to assess dopamine transporter function 
and diagnose parkinsonism by visualizing dopamine reuptake in 
dopaminergic neuron terminals (27). While GSS P102L has not been 
previously reported in relation to DAT-SPECT, similar abnormalities 
have been noted in other prion diseases like FFI, CJD, and GSS with 
other mutations. Abnormal tracer uptake in the presynaptic 
dopaminergic system has also been observed in other rare diseases 
such as fragile X-associated tremor/ataxia syndrome, Huntington’s 
disease, spinocerebellar ataxia, hereditary spastic paraparesis, 
metabolic disorders, anti-IgLON5 disease, ring chromosome 20 
syndrome, chorea-acanthocytosis, and neuronal ceroid 
lipofuscinosis (28). Patients with FFI develop parkinsonism, 
dementia, and visual hallucinations, with normal DWI of MRI and 
DAT-SPECT showing Decreased bilateral striatum uptake (29). A 
report on parkinsonism caused by sporadic fatal insomnia, a CJD 
subtype, 2-[18F] Fluoro-2-deoxy-D-glucose PET ([18F] FDG-PET), 
revealed decreased putaminal accumulation (30). Several CJD cases 
exhibit parkinsonism, and PET/SPECT reports have indicated 
Decreased putamen uptake. In prion disease-associated 
parkinsonism, DAT-SPECT may offer higher sensitivity (7, 8, 31). 
Vital et al.’s studies on CJD with parkinsonism confirmed that prion 

FIGURE 3

DAT immunostaining of control (A,C) and Case 5 (B,D), 8G8 
immunostaining of Case 5 (F,H–J), HE staining of Case 5 (E,G). 
Panels (C,D,G,H,J) are high-magnification images of the red square 
area in Panels (A,B,E,F,I), respectively. Semi-macro images of DAT 
immunostaining in GSS cases (B) and controls (A) DAT 
immunoreactivity is evident in the putamen of the control case. 
(B) DAT immunoreactivity was absent in the putamen of Case 5. DAT 
immunoreactivity was present in the neuropil of the putamen in the 
control case (C), but there was no immunopositivity for DAT in the 
putamen in Case 5 (D). In the 8G8 immunohistochemistry of the 
putamen in Case 5, PrP immunoreactivity was observed in the 
midbrain (F) and putamen (I), and PrP plaques were markedly 
observed (H,J). HE staining reveals neuronal loss in the substantia 
nigra (E,G). Scale bars: 1  mm (A), 1  mm (B), 50  μm (C), 50  μm (D), 
1  mm (E), 1  mm (F), 100  μm (G), 100  μm (H), 1  mm (I), and 100  μm (J).
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protein deposition in the putamen, caudate nucleus, and substantia 
nigra is associated with presynaptic dopaminergic neuron damage 
(32). Nuclear medicine examinations with 18F FDG-PET in patients 
with concurrent CJD and parkinsonism by Xing et  al. showed 
decreased dopamine metabolism in the striatum and thalamus (33). 
Ufkes et al. reported a case of GSS P102L with PSP-like symptoms, 
such as parkinsonism, akinesia, ataxia, horizontal and vertical 
saccadic eye movements, and supranuclear vertical eye movement 
disorder. Although their case suggested nigrostriatal dysfunction in 
GSS, this was not confirmed through nuclear medicine or 
pathological findings (3). This case presented with symptoms similar 
to cerebellar ataxia predominant PSP (PSP-C) but progressed more 
rapidly, within one and a half years compared to the typical 
progression of 4–5 years for PSP-C (34). Costanzo et al. noted that 
polymorphism at codon 129 in CJD may lead to PSP-like syndrome 
(35). In our study, four cases with PSP-like syndrome were Met/Met 
at codon 129, while the case reported by Stephen et al. with Met/Val 
predominantly exhibited slowly progressive cerebellar ataxia. This 
suggests that the genotype at codon 129 might influence the 
presentation of PSP-like syndrome in GSS (4). Although these were 
consecutive cases, it is highly likely that the same genotype at codon 
129 was responsible for the rare PSP-like syndrome in GSS.

Normal prion protein functions as a neuronal membrane protein, 
regulating the intracellular transport and localization of its binding 
partners (36). It is highly expressed in the striatum, hippocampus, and 
prefrontal cortex as a cell-surface glycosylphosphatidylinositol-
anchored protein (37) and is distributed in cells within the presynaptic 
and postsynaptic regions (38). Studies in mice have indicated the 
presence of intracellular prion proteins in the striatum within 
synapses, including dopaminergic neurons and receptors, which is 
crucial in dopaminergic system homeostasis (39). Additional studies 
in mice have shown that the deposition of abnormal prion proteins in 
presynaptic dopaminergic neurons impairs the release of synaptic 
vesicles at nerve terminals and synaptic transmission (40).

We propose that the observed reduction in DAT-SPECT 
accumulation in our study and the decreased DAT staining in the 
putamen of an autopsy case result from abnormal prion protein 
deposition in the presynaptic region, causing nerve terminal damage. 
Pathologically, we observed the presence of prion protein deposition 
and loss of dopaminergic neurons in the substantia nigra of an 
individual with GSS P102L. One could hypothesize that the 
propagation of abnormal prion proteins through synapses via 
exocytosis (41) may have contributed to the deposition of abnormal 
prions in the postsynaptic region, potentially explaining the observed 
L-dopa refractoriness in Case 1.

Our cases, in which DAT-SPECT was performed 1–4 years after 
GSS onset, showed abnormal findings, suggesting its utility as an early 
diagnostic tool from as early as 1 year post-onset.

This study had some limitations. Firstly, it was confined to only 
two facilities, leading to a small number of registered patients, which 
limited the ability to fully characterize GSS P102L. Secondly, 
pathology confirmation was achieved in only one patient. It is essential 
to assess whether the imaging characteristics obtained through 
DAT-SPECT align with pathological findings across a larger number 
of cases. While the PrP plaque deposition in the basal ganglia is 
commonly reported in pathological studies of GSS, the density of 
these plaques may influence the clinical manifestation of 
extrapyramidal symptoms. However, as this study is based on a single 

case, further pathological investigations involving more GSS cases are 
necessary (42). In addition, imaging data of DAT-SPECT have been 
confirmed not only in Parkinson’s disease but also in degenerative 
diseases such as spinocerebellar degeneration (43). It indicates that 
many patients with various genetic disorders, especially those with 
parkinsonism, can exhibit abnormal DAT-SPECT findings. It is 
necessary to recognize that DAT-SPECT findings in this study are not 
specific but rather suggestive of neural degeneration that could result 
from prion protein deposition.

Conclusion

Our study indicates that PSP-like presentations can occur in GSS 
and should be considered in the differential diagnosis during the early 
stages of the disease. We  suggest that DAT-SPECT can show 
abnormalities in patients with GSS who present with extrapyramidal 
symptoms or vertical gaze palsy. Thus, although GSS is a rare 
condition, it should be  considered in the differential diagnosis of 
patients with an abnormal DAT-SPECT scan. This consideration 
should prompt inquiries about family history and the possibility of 
genetic testing for GSS.

Additionally, this study supports previous findings that PrP plaques 
are localized to the basal ganglia in GSS. In our case, we found PrP 
plaques were associated neuronal loss and reduced DAT staining in the 
putamen. These pathological findings correlate with the clinical features 
observed in this case series, such as extrapyramidal symptoms or vertical 
gaze palsy. The observation that four cases presented with vertical gaze 
palsy and five cases exhibited areflexia and paresthesia, according to the 
classification by Teser et al. and that the GSS cases occurred at a relatively 
late age, suggests these factors, in addition to the genotype at codon 129, 
might reflect characteristics that predict our findings.

Further investigation is necessary to elucidate the relationship 
between prion protein accumulation, degeneration of the nigrostriatal 
system, and genetic abnormalities in GSS.
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