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Abstract: BackgroundBackground: Genetic prion diseases, including Gerstmann-Sträussler-Scheinker disease (GSS), are
extremely rare, fatal neurodegenerative disorders, often associated with progressive ataxia and cognitive/
neuropsychiatric symptoms. GSS typically presents as a rapidly progressive cerebellar ataxia, associated with
cognitive decline. Late-onset cases are rare.
ObjectiveObjective: To compare a novel GSS phenotype with six other cases and present pathological findings from a
single case.
MethodsMethods: Case series of seven GSS patients, one proceeding to autopsy.
ResultsResults: Case 1 developed slowly progressive gait difficulties at age 71, mimicking a spinocerebellar ataxia, with
a family history of balance problems in old age. Genome sequencing revealed a heterozygous c.392G > A
(p.G131E) pathogenic variant and a c.395A > G resulting in p.129 M/V polymorphism in the PRNP gene. Probability
analyses considering family history, phenotype, and a similar previously reported point mutation (p.G131V)
suggest p.G131E as a new pathogenic variant. Clinical features and imaging of this case are compared with
those six additional cases harboring p.P102L mutations. Autopsy findings of a case are described and were
consistent with the prion pathology of GSS.
ConclusionsConclusions: We describe a patient with GSS with a novel p.G131E mutation in the PRNP gene, presenting with a
late-onset, slowly progressive phenotype, mimicking a spinocerebellar ataxia, and six additional cases with the
typical P102L mutation.

Gerstmann-Sträussler-Scheinker disease (GSS) is a rare, autoso-
mal dominant adult-onset hereditary movement disorder caused
by pathogenic variants in the PRNP gene. Affected individuals

typically have a positive family history, with symptom onset in
the 5th decade, manifesting with ataxia and slowly progressive
dementia. However, significant phenotypic variability exists, and
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up to 16.5% of cases may not have a family history.1–3 Preva-
lence is 1–100/100,000,000.4 Pathophysiology reveals multifocal
prion protein plaques in the cerebellum and cerebral cortex. The
PRNP p.P102L variant is commonly encountered, however, sev-
eral other variants (including point mutations and repeat inser-
tions) have been reported.1 Neuroimaging can be normal, or
demonstrate cerebellar, brainstem, or cerebral hemispheric atro-
phy, white matter lesions, and T2/diffusion-weighted hyper-
intensities in the cortex or caudate/putamen.1,2,4,5 The presence
of basal ganglia hyperintensities are associated with more rapid
progression and shorter disease duration.4 Cerebrospinal fluid
(CSF) may reveal elevated 14-3-3, total tau, or β-amyloid
levels,6 and while real-time quaking-induced conversion
(RT-QuIC) test has a high sensitivity for sporadic Creutzfeld-
Jacob disease (CJD), only two-thirds of GSS patients have a posi-
tive result.7 Electroencephalography (EEG) can be normal, reveal
triphasic waves, or frank epileptiform discharges.2,4

Tesar et al proposed four distinct phenotypes4: (1) typical
GSS, involving early-onset ataxia, lower extremity sensory
involvement, and late cognitive decline; (2) GSS with areflexia
and paresthesia, with prominent early neuromuscular features,
including weakness and peripheral neuropathy and later develop-
ment of ataxia and dementia; (3) CJD-like GSS, with early-onset
dementia and ataxia and very rapid progression; and (4) Pure
dementia GSS, with early-onset, predominant dementia, late-
onset ataxia and slower disease progression. Rare cases include
presentation with lower extremity spasticity, parkinsonism, pro-
gressive supranuclear palsy (PSP) mimics, and optic atrophy.4 We
present a case series of seven GSS patients, encompassing the
range of different phenotypes, and expand on these with a
patient harboring a novel PRNP variant, presenting as a novel
late-onset, slowly progressive pure cerebellar ataxia phenotype.
We provide illustrative autopsy findings in a single case of the
neuromuscular phenotype.

Case Series
Approval was obtained from the MassGeneral Brigham and Uni-
versity of São Paulo, Brazil research ethics committees. Records
from the Massachusetts General Hospital Ataxia Center/Brigham
and Women’s Hospital, Boston from 1990 to 2022 were
reviewed, yielding five cases, and two additional cases were iden-
tified from São Paulo, Brazil. Patients were assessed with the
Brief Ataxia Rating Scale (BARS).8 Consent was obtained for
living patients.

Table 1 shows a summary of the clinical characteristics, inves-
tigations and PRNP genetic sequencing results of Cases 1–7.
Videos 1–3 illustrate the clinical examination findings of cases
1, 6, and 7, respectively.

Case 1
This woman developed slowly progressive gait and balance prob-
lems at age 71, associated with difficulties in visual tracking. She
was of Ukrainian/Romanian (maternal) and Scottish/Irish

(paternal) descent. Family history (Fig. 1A) revealed several
maternal family members with late-onset balance problems.
Examination at age 75 (Video 1) revealed intact mentation, and
mild cerebellar signs, including oculomotor abnormalities, dysar-
thria, lower greater than upper extremity appendicular dysmetria,
mild gait ataxia (BARS 9/30), and sensory neuropathy. Montreal
Cognitive Assessment (MoCA) was 30/30. Laboratory testing
was normal; electromyography (EMG) showed length-
dependent sensory axonal neuropathy. Vestibular testing revealed
impaired fixation suppression and optokinetic nystagmus (OKN).
Neuroimaging showed moderate T2 subcortical white matter
lesions, without cerebellar/brainstem atrophy or diffusion-
weighted abnormalities (Fig. 2A–C). Initial testing with an
extended ataxia panel was negative. Whole genome sequencing
revealed a novel heterozygous likely pathogenic variant
c.392G > A (p.G131E) in the PRNP gene, subsequently con-
firmed by the National Prion Disease Pathology Surveillance
Center (NPDPSC). This variant occurs at a highly conserved res-
idue, is absent in GnomAD and in silico tools predict it to be
deleterious. A previous substitution in the same codon
(p.G131V) has been shown to alter residue flexibility contribut-
ing to prion propagation.9 Further analysis identified the hetero-
zygous variant c.385A > G (p.M129V), a polymorphism known
to be a risk factor for prion disease.10 Allele-specific sequencing
demonstrated that both variants p.[G131E; p.M129V] occur in
cis (ie, on the same chromosome).

Case 2
This man reported memory difficulties at age 42, although onset
may have been as early as age 34, with discomfort in his lower
extremities. He was of Italian descent. Family history revealed
several maternal family members with ataxia and cognitive symp-
toms in their 30s/40s (Fig. 1B). Examination at age 44 revealed
oculomotor dysmetria, dysarthria, lower extremity-predominant
appendicular dysmetria and gait ataxia (BARS 11/30). Lower
extremity reflexes were absent; plantar responses were mute.
Over the next few years, symptoms progressed, requiring admis-
sion to a nursing home. Cognition and memory deteriorated, he
developed dysphagia and sensory symptoms/paresthesias, requir-
ing a walker. He died at age 48, bedbound and disoriented.
Exome sequencing demonstrated the c.305C > T (p.P102L) var-
iant in PRNP.

Case 3
This woman first noted gait difficulties at age 45. There was dif-
ficulty with handwriting and diplopia, associated with episodes
of vertigo and nausea, urinary urgency, and feet numbness. She
was of Chinese descent. Family history revealed ataxia and
dementia in her father and brother (Fig. 1C). Examination at age
47 revealed oculomotor abnormalities, appendicular and axial
ataxia, requiring a cane (BARS 13/30). There was mild sensory
peripheral neuropathy and extensor plantar reflexes. By age
48, neuropathy worsened, with dysesthesias, leg weakness, and
pseudobulbar affect. EMG at age 49 revealed reduced activation
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in lower extremity muscles, absent tibial H-reflexes, and normal
F-waves. MRI brain revealed progressive cerebellar atrophy
(Fig. 2D–G). At her last assessment at age 51 (BARS 27/30), she

had absent vertical gaze, slow saccades, dysarthria, severe
dysmetria and flaccid paraplegia. Exome sequencing revealed the
p.P102L variant in PRNP. She died shortly after; an autopsy was
performed.

Case 4
This woman noted imbalance at age 54, with progression
resulting in multiple falls. She was of French Canadian/Italian
descent. Family history (Fig. 1D) revealed a father with early-
onset dementia and balance difficulties, and a brother with
ataxia, dementia and parkinsonism. Examination at age
56, revealed oculomotor abnormalities, dysarthria, appendic-
ular dysmetria and gait ataxia (BARS 9/30). Lower extremity
reflexes were hypoactive. Extensive laboratory workup,
including CSF, EEG and EMG were normal. Vestibular test-
ing revealed decreased OKN, abnormal smooth pursuit, and
gaze-evoked nystagmus. Neuroimaging revealed progressive
cerebellar and brainstem atrophy (Fig. 2H–K). An ataxia
panel identified a variant of unknown significance in the
ITPR1 gene (p.R1532Q); targeted PRNP gene sequencing
revealed the p.P102L variant. She died at age 59, following
hospice care.

Case 5
This man (brother of Case 4) noted imbalance at age 49,
impairing exercise. He developed difficulties in handwriting, uri-
nary urgency and neuropsychiatric changes, including cognitive
decline and loss of empathy. He is the brother of Case
4 (Fig. 1D). Examination at age 52, revealed cognitive

Video 1. Examination of Case 1 at age 75. The video illustrates
several features of the cerebellar motor syndrome, including
cerebellar dysarthria, oculomotor features (saccadic pursuits,
horizontal end-gaze nystagmus, hypermetric saccades),
reasonably symmetric upper and lower extremity appendicular
ataxia but a very subtle, almost normal gait disorder with intact
ability to perform tandem gait (although her gait progressed
over time).
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13976

Video 2. Examination of Case 6 at age 40. The video illustrates
features of the cerebellar motor syndrome, including saccadic
pursuits, slight horizontal end-gaze nystagmus, upper and
lower extremity appendicular ataxia and a considerable gait
disorder, requiring assistance, which was both ataxic and
spastic.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13976

Video 3. Examination of Case 7 at age 31. The video illustrates
features of the cerebellar motor syndrome, including saccadic
pursuits, slight horizontal end-gaze nystagmus and moderate
bilateral upper extremity dysmetria and overshoot on finger
chase.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13976
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dysfunction (MoCA 24/30), subtle cerebellar oculomotor find-
ings, gait ataxia (BARS 1.5/30), and hypoactive/absent reflexes.
Extensive laboratory workup included normal EEG, EMG and
CSF, including autoimmune/paraneoplastic panel, 14-3-3 and

tau levels. Brain MRI was unremarkable. CT positron emission
tomography (PET) showed hypometabolism in the bilateral cere-
bral hemispheres and relative striatal hypometabolism
(Fig. 2L–O). At age 54, symptoms had progressed, with

Figure 1. Pedigrees of Cases. (A) Pedigree for Case 1. There are several maternal family members with late-onset balance problems. The
patient’s mother had slowly worsening balance and dizziness in her 70s, and 7 maternal aunts had unexplained falls late in life (60s–70s),
all with slow symptomatic progression. The patient’s sister had balance problems, but her situation was complicated by a large stroke,
without clear progression and hence may not be affected. (B) Pedigree for Case 2. There are several maternal family members with ataxia
and cognitive symptoms in their 30s/40s, including the mother, maternal uncle, and maternal grandfather. His mother had progressive
ataxia and dementia, dying at age 45 in a psychiatric ward, and a maternal aunt died of similar symptoms at age 67, although only his
brother had positive genetic confirmation for GSS and had autopsy confirmation. Another brother had symptoms of GSS by history,
including insomnia, poor memory, and some shaking of the extremities and unsteadiness of gait. (C) Pedigree for Case 3. The patient’s
father developed balance problems in his 40s and gradually developed paralysis in his 50s and died shortly thereafter (<10 years disease
duration). The patient’s brother had symptoms suggestive of GSS at age 32, with cognitive impairment, developing gait difficulties at age
35, becoming wheelchair-bound at age 40, anarthric by age 42/43, with dystonic posturing, and incontinent of both urine and feces. He
died at age 46. (D) Pedigree for Cases 4 and 5. The patient’s father had symptoms suggestive of GSS, with early-onset dementia
(diagnosed as Alzheimer’s disease) and unclear reports of balance difficulties who died at age 51; mother with late-onset Alzheimer’s
disease (alive in her 90s). Case 4 was genetically diagnosed with GSS and Case 5 (her brother), had classical symptoms of GSS but was
not genetically diagnosed. (E) Pedigree for Case 7. The patient’s father died at age 40, which may have concealed illness and his paternal
aunt was wheelchair bound pf unclear cause. His paternal grandmother had symptoms highly suggestive of GSS, with dysarthria and
lower limb spasticity. Pedigree for Case 6 is not shown as the patient was adopted and therefore family history is unknown.
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(Figure legend continues on next page.)
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dysphagia, paucity of speech, right hemi-spasticity, a left parie-
tal drift, appendicular and gait ataxia, requiring a walker
(BARS 15.5/30). He died at age 55, following hospice care.
Genetic testing was not possible. He was clinically diagnosed
with GSS, given presentation and family history (Case 4).

Case 6
This woman developed imbalance at age 37. Family history is
unknown, as she was adopted. She reported painful stiffness in
her legs, forgetfulness and labile mood. Examination at age
40 (Video 2), revealed fluent speech and cognitive impairment
(Mini Mental State Examination [MMSE] 20/30), dysarthria,
oculomotor, appendicular and gait ataxia, with gait scissoring,
requiring a walker (BARS 21/30). There was lower extremity
spasticity and diffuse hyperreflexia, with mute plantar responses.
Neuroimaging demonstrated cortical and cerebellar atrophy with
discrete pallidal/dentate T2 hypointensities (Fig. 2P–R). Exten-
sive laboratory work-up, including CSF studies was unrevealing.
Genetic testing identified the p.P102L PRNP variant.

Case 7
This man first noticed gait difficulties at age 26, while playing
soccer. He was of Brazilian descent. Family history (Fig. 1E) rev-
ealed dysarthria and leg spasticity in his paternal grandmother
and gait difficulties in his aunt; his father died young at age
40, after a stroke. Symptoms progressed, becoming wheelchair-
bound at age 29. Initial investigations suggested HTLV-1 tropical
spastic paraparesis based on positive serum antibodies (CSF
negative). Examination at age 31 (Video 3), revealed dysarthria,
end-gaze nystagmus and upper extremity dysmetria. Lower
extremities were spastic, hyperreflexic and paraparetic (MRC
3/5 bilaterally). BARS was 24.5/30 and MMSE 22/30. Neuro-
imaging demonstrated slight global cerebellar atrophy and thin-
ning of the thoracic spinal cord (Fig. 2S–U). Exome sequencing
identified the p.P102L PRNP variant.

Pathological Findings (Case 3)
Autopsy of Case 3 (Fig. 3) on gross assessment revealed moderate
cerebellar atrophy, with unremarkable white matter and deep

nuclei. Cerebral hemispheres were symmetrical, brainstem and
basal ganglia were unremarkable. Cerebellar microscopic assess-
ment demonstrated patchy loss of Purkinje cells with focal torpe-
does and very mild patchy spongiform change in the molecular
layer, with marked myelin loss in the white matter. The sub-
stantia nigra was well-pigmented, without Lewy bodies or inclu-
sions. There was mild neuronal loss and gliosis in the basis pontis
and inferior olivary nucleus. There were abundant prion plaques
in the cerebellum, hippocampus, amygdala and neocortex, with
severe spongiform change in the parietal lobules. Tissue was
provided to the NPDPSC and immunoblot revealed abnormal
protease resistant prion protein (PrPSc 7-8kD). Immunohisto-
chemistry (Fig. 3D) with 3F4 antibody staining revealed
unicentric and multi-core PrP plaques that are typically seen in
GSS. Western blot (Fig. S1) using 3F4 antibody demonstrated
protease-resistant low weight molecular bands (�7–8 kDa) typi-
cally observed in GSS.

Discussion
GSS is a rare inherited neurodegenerative disease. General clinical
clues pointing to GSS are an autosomal dominant pattern of inher-
itance of ataxia, rapid progression and early development
of dementia, although there is wide phenotypic overlap with other
genetic prion diseases.11 In addition to the classical presentation of
ataxia and dementia, there are rare cases which can mimic a hered-
itary spasticity paraplegia (HSP) in the earlier stages,12 while pro-
gressive weakness or neuropathic features (Tesar Type 2 can also
be seen in genetic CJD13) may result in a misdiagnosis of motor
neuron disease or a genetic amyotrophic lateral sclerosis/dementia
syndrome.14 Additional movement disorders include myoclonus,
and rapidly progressive dystonia parkinsonism has been reported.15

In contrast, dominantly-inherited spinocerebellar ataxias (SCAs)
have slow disease progression.16 A subacute/rapid progression can
also be seen in paraneoplastic/autoimmune neurological disorders,
neoplasia, central nervous system infection, and rarely toxic/
metabolic causes, which should be excluded.11 Sporadic CJD pre-
sents similarly but has a more rapid disease progression and is the
main non-genetic differential. Multiple system atrophy of the cere-
bellar type, has a later onset, and is more slowly progressive, with
characteristic pontocerebellar atrophy.17

(Figure legend continued from previous page.)

Figure 2. MRI imaging for Cases 1, 3, 4, 5, 6 and 7. Case 1: MRI Brain at age 74. (A) Mid-sagittal T1, (B) Axial T2 fluid-attenuated inversion
recovery (FLAIR), (C) Axial T2. No cerebellar or brainstem atrophy, minimal cerebral atrophy, white matter hyperintensities, dilated
perivascular spaces in basal ganglia and diffusion-weighted imaging is normal (not shown). Case 3: MRI Brain at age 44 (D/E) and age
49 (F/G). (D and F) Mid-sagittal T1, (E and G) Coronal Magnetization Prepared Rapid Gradient Echo (MPRAGE). There is progressive
cerebellar atrophy and diffusion weighted imaging is normal (not shown). Case 4: MRI Brain at age 55 with sagittal T1 (H), coronal T1 (I)
and axial T2 (J) revealing mild midline-predominant cerebellar atrophy; at age 56 with axial T2 (K), showing progressive cerebellar and
middle cerebellar peduncle atrophy (note decreasing middle cerebellar peduncle diameters). Case 5: MRI Brain at age 51 with sagittal T1
(L) and coronal T2 (M) sequences, revealing subtle cerebellar hemispheric trophy; at age 52 revealing slight progression of midline
cerebellar atrophy on sagittal T1 BRAVO post-contrast imaging (N); and positron emission tomography (PET) demonstrating cerebellar
hypometabolism (O). Case 6: MRI Brain at age 40 with axial FLAIR (P), sagittal T1 with contrast (Q) and axial T2 (R) sequences. There is
slight cortical and cerebellar atrophy, and pallidal hypointensity. Case 7: MRI Brain at age 31 with sagittal T1 (S), coronal T2 (T); and
thoracic spine MRI T2 (U) sequences. In the brain, there is slight cerebellar atrophy and spinal cord imaging reveals thinning of the
thoracic cord.
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This case series illustrates the clinical heterogeneity in this
devastating disorder. Case 1 represents a highly atypical presenta-
tion of GSS, with a much milder course and a much slower rate
of progression, mimicking a dominantly-inherited, late-onset
pure SCA. Case 2 had a typical GSS presentation (Tesar4 Type
1), with some overlap with Tesar Type 2 (pain, paresthesias and
lower extremity areflexia). Case 3 had severe, progressive leg
weakness, consistent with GSS with areflexia and paresthesia
(Tesar Type 2). The appendicular dysmetria principally affects
the lower extremities in these cases. Case 4 was also typical
(Tesar Type 1), but her brother (Case 5) had rapid progression,
compatible with a CJD-like presentation (Tesar Type 3). Cases
6 and 7 had a presentation compatible with Tesar Type 1, but
had additional pyramidal signs, with spastic paraparesis, mimick-
ing a complex HSP, a rare presentation of GSS12. There were
typical autopsy features of GSS in Case 3.2

Although GSS has a typical onset in the 30s–50s, rare late-
onset cases exist. This late-onset presentation (Case 1) had a
novel p.G131E PRNP variant, classified as likely pathogenic by
American College of Medical Genetics and Genomics criteria,
considering the previously reported pathogenic variant in the

same codon (p.G131V), allele frequency and clinical phenotype.
Previously published cases with the p.G131V variant presented at
age 42 (death age 51),18 36 (death age 52),19 and 43 (death age
45),20 all with early dementia and later onset of ataxia. Case
1 had initial gait deterioration largely after exertion, progressed
very slowly and does not have current signs of cognitive impair-
ment. This suggests a new, much milder phenotype, expanding
Tesar’s phenotypic classification.4 We postulate that the change
to glutamic acid instead of valine in this codon may confer a
milder disease phenotype. Whether the p.M129V polymorphism
has any specific effect on the p.G131V mutation is unclear,
although it is a known risk factor for prion disease.10 This again
illustrates different phenotypes arising from different variants
within the same gene.21 Factors influencing clinical heterogene-
ity include incomplete penetrance, variable gene expression and
pleiotropy, involving both genetic and epigenetic factors,21

which are particularly relevant in ultra-rare disorders such as
genetic prion diseases.11

All GSS cases developed cerebellar ataxia during their disease
course. Intriguingly, even siblings (Cases 4/5) had distinct pre-
sentations, suggesting phenotypic modifiers, as described in other

Figure 3. Case 3 neuropathology revealing classic signs of prion disease. Case 3 histological slides. (A) Cerebellar cortex (10� original
magnification; Luxol H&E staining) demonstrating extensive loss of Purkinje cells with prominent Bergmann gliosis. There is minimal
spongiform change evident in the molecular layer, although it is moderately attenuated, consistent with the depletion of Purkinje cells.
The folial white matter is also depleted, suggesting loss of both input and output fibers associated with the cerebellar cortex. (B)
Cerebellar cortex (40� original magnification; Luxol H&E staining) demonstrating prion plaques in the granule cell layer, as well as the
extensive loss of Purkinje cells with prominent Bergmann gliosis. The attenuation of the molecular layer is well seen, with individual
dendrites visible, in an abnormal manner. (C) Cerebral cortex (40� original magnification; Luxol H&E staining) demonstrating multiple
prion plaques. There is minimal spongiform change present. (D) Cerebellar cortex immunohistochemistry (3F4 staining) demonstrating
unicentric and multi-core prion plaques.
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genetic prion diseases.22 Case 3 developed vertical gaze palsy,
which is a rare presentation in CJD-like GSS23 but can also be
seen in sporadic24 and familial CJD25 but evokes a differential
diagnosis including Niemann-Pick disease type C or other PSP-
mimics.24 We also describe novel imaging findings, with Case
6 demonstrating pallidal hypointensity on T2 brain imaging. The
nature of these pallidal changes is unclear, however there is data
that the P102L variant may increase ferrireductase activity and
therefore could result in accumulation of brain iron.26,27

Conclusions
Hereditary prion diseases are likely under-appreciated, particu-
larly in late-onset, slowly progressive cases. This presentation,
albeit uncommon, suggests that GSS should also be considered in
the differential of late-onset SCAs. Our findings expand the
genetic and phenotypic spectrum of GSS, highlighting the
importance of genetic testing in ataxia.
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Supporting Information
Supporting information may be found in the online version of
this article.
Figure S1. Western blot from Case 3 using 3F4 antibody.

The Western blot reveals protease-resistant low weight molecu-
lar bands (�7–8 kDa) typically observed in GSS.
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