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Gerstmann-Sträussler-Scheinker disease (GSS) is a rare genetic
prionopathy caused by pathogenic variations in the prion-related
protein gene (PRNP). Its clinical manifestations typically
include progressive cerebellar ataxia, pyramidal signs, and
dementia. However, GSS displays significant phenotypic
variability.1,2 In this article, we describe three patients with
early-onset GSS, characterized by juvenile variation mimicking
an anticipation phenomenon.

We conducted whole exome sequencing (WES) in a large
series of undetermined ataxia cases. Among them, 32 patients
with GSS were clinically and genetically defined. We identified
a missense variant in Exon 2 at codon 102 of the PRNP gene

(c.305C > T(p.Pro102Leu)). This variant is absent in population
databases (gnomAD), but has been observed in individuals with
GSS syndrome, being one of the three most frequent variants—
which account for �85% of cases.3

The mean age of onset for GSS associated with the P102L
variant is 53.7 � 10.6.3 However, within our cohort of 32 GSS
patients, we encountered three cases of exceptionally early-onset
GSS at ages 15, 17, and 18 (Video 1 and Figs. S1 and S2). Such
cases demonstrate an anticipation-like effect reminiscent of dis-
eases caused by expansion-repeat mutations. In parallel with
other neurodegenerative conditions, such as juvenile-onset
Parkinson’s disease, where genetic susceptibility factors can influ-
ence an early age of onset (before 20 years), we postulate that
similar factors could contribute to the earlier presentation in
these patients. Hence, we suggest the term juvenile-onset GSS
for such instances.

Gait impairment was the first symptom noted in all patients,
followed by lower limb paresthesia and pyramidal signs
(Table 1). We did not find any predictor in our data for the early
presentation. It was not influenced by parents’ age of onset,
maternal or paternal inheritance, first symptom, or disease
progression.

Predicting the age of onset for genetic prion diseases remains a
challenge. In GSS, the increased lifetime risk is not associated with a
specific age of onset, but rather with a moderate risk accumulating
over an individual’s lifespan. Previous large-scale statistical analyses
failed to identify significant determinants of the age of onset for
P102L GSS.2,3 Similarly, the established associations between codon
129 polymorphisms and phenotypic presentation and disease duration
in Creutzfeldt-Jakob disease do not seem to correlate with disease
onset or duration in P102L GSS. This lack of correlation extends to
factors such as sex, parental age at onset, and parental age at the chi-
ld’s birth.3

Video 1. Case 1: At the age of 21 (onset at 17), the patient
exhibits appendicular ataxia, extensor plantar reflex, and an
ataxic-spastic gait. Case 3: At the age of 19 (onset at 18), the
patient presents with mild gait impairment and ataxia that is
more pronounced in the lower limbs than in the upper limbs.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13878
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The factors that potentially influence the age of onset for genetic
prion diseases, as well as early biomarkers, have gained increased atten-
tion, particularly because of preclinical studies demonstrating improved
survival rates in prion protein-infected mice with early treatment
compared to delayed treatment.4,5 Determining the optimal timing
for intervention in presymptomatic individuals poses a major challenge
in conducting therapeutic clinical trials for prion diseases.3

These cases contribute to our understanding of the phenotypic
variability in GSS. Further investigations are necessary to eluci-
date the underlying mechanisms influencing juvenile-onset GSS.
Advancing our understanding of juvenile-onset GSS will
enhance diagnostic accuracy, facilitate early approach, and ulti-
mately improve patient outcomes in GSS and related prion
diseases.

TABLE 1 Clinical data of juvenile-onset Gerstmann-Sträussler-Scheinker cases

Case 1 Case 2b Case 3

Gender F M F

Age at onset 17 15 18

Age at death N/A 20 N/A

Inheritance Paternal Paternal Maternal

Parent’s age at onset 31 36 26

Parent’s age at death 33 43 31

Mutation c.305C > T (p.Pro102Leu) c.305C > T (p.Pro102Leu) c.305C > T (p.Pro102Leu)

Codon 129 M/M Unknown Unknown

Presenting symptom Gait impairment Gait impairment Gait impairment

Hearing loss � + +

Lower limb paresthesia + + +

Pain + + �
Depression + + �
Anxiety + � +

Hallucinations � + �
Dementia (later) � + �
Weakness + + +

Spasticity + Unknown +

Appendicular ataxia + Unknown �
Axial ataxia + Unknown +

Slurred speech + + +

Age at cognitive assessment (years since onset) 23 (6) N/A 22 (4)

MMSE /30 24 N/A 26

ACE-R /100 67a N/A 81

Attention and orientation /18 15 N/A 14

Memory /26 14 N/A 19

Fluency /14 8 N/A 7

Language /26 22 N/A 25

Visuospatial /16 8a N/A 16

Note: Clinical features of three cases of juvenile-onset Gerstmann-Sträussler-Scheinker.
Abbreviations: F, female; M, male; N/A, not available; M/M, homozygosity for methionine; MMSE, Mini-Mental State Examination; ACE-R, Addenbrooke’s Cognitive
Examination-Revised.
aDue to ataxia, some cognitive tasks might not be properly evaluated, underestimating patient cognition in tasks that require fine motor skills such as writing and drawing.
bData collected retrospectively from medical charts. No information on neurological examination was available, and genetic variants were inferred post-mortem from the
analysis of DNA from relatives.
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FIG. S1. Genealogical tree of the patients reported with age of
onset: Case 1. The patient (III-A), her father (II-A), her
grandfather(I-B), and her grand-uncle(I-A) presented complex neu-
rological features, including cerebellar ataxia, parkinsonism, pyrami-
dal signs, and cognitive decline.The patient from case 2 (II-A), his
father (I-A), and his two sisters (II-B and II-C) presented complex
neurological features, including cerebellar ataxia, parkinsonism,
pyramidal signs, and cognitive decline. Her niece, the patient of case
3 (III-D), presented her first symptoms at 18 years old. Three other
nephews and nieces (III-A, III-B, III-C) were affected. We can see
a mimic of an anticipation phenomenon within these kindred.

FIG. S2. Case 1: Brain MRI at the age of 17. The image is typi-
cally normal early in the course of the disease, with cortical and/or
cerebellar atrophy often appearing with disease progression.
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