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The first case of protease-sensitive prionopathy
(PSPr) in The Netherlands: a patient with an unusual
GSS-like clinical phenotype

C Jansen,1 M W Head,2 W A van Gool,3 F Baas,4 H Yull,2 J W Ironside,2

A J M Rozemuller1,5

ABSTRACT
An atypical case of prion disease is described in a 54-
year-old Dutch man, homozygous for valine at codon 129
of the prion protein gene (PRNP). The clinical phenotype
was characterised by progressive dementia, spastic
paraplegia and sensorimotor polyneuropathy. The
disease duration was 20 months. Genetic analysis of
PRNP did not reveal any abnormalities.
Neuropathologically, only mild spongiform change and
a coarse granular immunohistochemical staining for the
abnormal prion protein, PrPSc, was observed, with poorly
formed plaques in the molecular layer of the cerebellar
cortex. However, Western blotting showed low but
detectable levels of proteinase K(PK)-resistant PrPSc

occurring in an unusual ladder-like profile. These features
define a phenotype that corresponds to the recently
described protease-sensitive prionopathy (PSPr). Our
report on the first Dutch patient with PSPr further
expands the spectrum of prionopathies and exemplifies
the need to re-evaluate cases of atypical prion disease.

Prion diseases are unique neurodegenerative disor-
ders that occur in sporadic, genetic and acquired
forms.1 According to the prion hypothesis, the
causative agent consists of an abnormally folded
isoform of a host-encoded prion protein (PrPC)
termed PrPSc.2 In contrast to PrPC, the pathological
isoform PrPSc has a higher content of b-sheet and is
partially resistant to degradation by proteinase K
(PK).3 Based on the size of the protease-resistant
core fragment, several isoforms of PrPSc can be
recognised by immunoblotting,4 most commonly
a type 1 (21 kDa) or a type 2 isoform (19 kDa). The
currently accepted classification for sporadic
Creutzfeldt-Jakob disease (sCJD) combines the
PrPSc isotype with the presence of either methio-
nine or valine at codon 129 of the prion protein to
define six molecular subtypes that correspond to
distinct clinical and neuropathological pheno-
types.5 A smaller fragment of protease-resistant
PrPSc (7e8 kDa) is found in patients with Gerst-
mann-Sträussler-Scheinker disease (GSS), a genetic
form of prion disease.6

Recently, Gambetti et al reported 11 patients
with a prionopathy characterised by the presence of
an abnormal PrP species that was largely sensitive
to protease digestion.7

The PrPSc present in these patients occurred in an
unusual immunohistochemical staining pattern
and generated a ladder-like profile that was hard to
detect by conventional Western blotting. Since the
relative PK sensitivity of the PrPSc present was

considered to be a defining feature, the authors
referred to this condition as protease-sensitive
prionopathy (PSPr).
We report the first Dutch patient with a neuro-

pathological and biochemical phenotype consistent
with PSPr.

CLINICAL HISTORY
The patient presented with walking difficulties at
the age of 54 years. He had stiffness and slowness
of voluntary movements. His medical history was
otherwise unremarkable. There was no known
history of prion exposure. He had a family history
of neurodegenerative disease: his mother was
reported to have a neurodegenerative disorder with
amyotrophic lateral sclerosis (ALS)-like phenotype,
although no medical records from that time period
could be retrieved.
On examination, 1 year after the first symptoms,

he was slightly dysarthric and showed reduced
facial expression. He had word-finding difficulties.
Atrophy and fasciculations were noted in the
extremities. He had increased tone of the leg
musculature and demonstrated dysdiadochokinesia.
The plantar responses were extensor.
MRI of the brain showed cerebral cortical atrophy

with normal basal ganglia. Western blot assay for
the 14-3-3 protein in cerebrospinal fluid was weakly
positive. An EEG did not show characteristic
abnormalities suggestive of CJD. Genetic analysis
showed no abnormalities of theHuntingtin gene or of
the genes causing spinocerebellar ataxia and heredi-
tary spastic paraplegia. An electromyogram revealed
sensorimotor polyneuropathy of the axonal type.
On the basis of dementia, spastic paraplegia and
sensorimotor polyneuropathy, a clinical diagnosis of
atypical Alzheimer ’s disease or GSS was considered.
The patient died at the age of 57 years, 20 months
after the onset of symptoms.

MATERIALS AND METHODS
PRNP analysis
DNA was extracted from frozen brain tissue, and
the codon 129 (methionine/valine) polymorphism
of the prion protein gene (PRNP) was determined
by restriction fragment length polymorphism
analysis, with full sequence analysis of PRNP using
established methods.8

Histopathology and immunohistochemistry
Neuropathological examination was performed on
5-micrometer-thick sections of formalin-fixed and
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paraffin-embedded brain tissue blocks. Sections were stained
with H&E and a combined Luxoleperiodic acid-Schiff stain.
Monoclonal antibody (mAb) 3F4 (1:400; Signet Laboratories,
Dedham, Massachusetts, USA) was used for immunohisto-
chemical detection of PrPSc following pretreatment with PK
according to standard procedures. Other immunohistochemical
stains included mAb Ubiquitin (1/1000; Dako, Glostrup,
Denmark) and mAb 2E2-D3 against TARD-BP (1/1600; Abnova,
Walnut, California, USA).

Western blotting
Frozen CJD brain tissue was stored at �808C and investigated for
the presence of PrPSc by immunoblotting. Frozen tissues from the
occipital and temporal cortices were homogenised, and Western
blot analysis of PrPSc was performed using an established method
with minor modifications.9 Homogenates, both with and without
PK digestion, were analysed. The homogenates were immuno-
blottedwithmAb3F4 (1:1000;Dako) andwithmAb1E4 (1.022 mg/
ml) to human PrP residues 109e112 and 97e102, respectively.

Figure 1 Microscopic findings (A, C, E
and F) and immunohistochemistry for
prion protein (B, D, G and H) in this
patient with protease-sensitive
prionopathy. Sections are stained with
H&E (A, C and E), combined
Luxoleperiodic acid-Schiff stain (H) and
the 3F4 anti-PrP antibody, original
magnification 320 (AeE and GeH) and
340 (F). (A) Mild spongiform change in
the frontal cortex. (B and D) Multiple
rounded clusters of granules with larger
granules at the centre and smaller
granules at the periphery in a target-like
pattern in the frontal cortex and
putamen. (C) Moderate spongiform
change in the putamen. (E) Mild
spongiform change in the molecular
layer of the cerebellum. (F) Focal
periodic acid-Schiff-positive plaques in
the molecular layer (arrow). (GeH)
Intense staining of granules in the
molecular layer.
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RESULTS
PRNP analysis
Thepatientwashomozygous for valine (VV) at codon129ofPRNP.
No mutations, insertions or silent polymorphisms were found.

Histology and immunohistochemistry
Gross examination of the brain (weight 1520 g) was unre-
markable. The substantia nigra and locus coeruleus were
normally pigmented. Histological evaluation showed only mild
spongiform change in the cerebral and cerebellar cortices
(figure 1A,E), with a mixture of small and intermediate-size
vacuoles (mean diameter 7.2 (2.5) mm). Spongiform changes
were more pronounced in the putamen and caudate nucleus
(figure 1C; mean diameter 8.1 (2.7) mm). The hippocampal
pyramidal layer was relatively spared. In the molecular layer of
the cerebellum, several small plaque-like structures were noted
in the Luxoleperiodic acid-Schiff-stained sections (figure 1F).
These were occasionally clustered, giving the appearance of
multicentric plaques. Histological examination of the other
brain regions was unremarkable.

Immunohistochemical staining for PrPSc with mAb 3F4 in the
cerebral cortex, basal ganglia and thalamus showed aggregates of
coarse granules with relatively large granules located in the
centre of these formations and smaller ones in the periphery,
resembling a target-like pattern (figure 1B,D). Immunoreactivity
in the cerebellum was limited to rounded structures in the
molecular layer (figure 1G,H). This pattern of PrPSc immunos-
taining could be pathognomonic for PSPr, as described in the
original cases by Gambetti et al.7 Immunohistochemical staining
with TDP-43 and Ubiquitin did not show neuronal inclusions or
neuropil threads.

Western blotting
On immunoblotting using the mAb 3F4, PK-resistant PrPSc

bands were less readily detectable when compared to sCJD type
1 and variant CJD type 2B control subjects. Furthermore, this
PK-resistant material constituted a relatively small fraction of
the immunopositive material present in PK-undigested brain
tissue of the same regions, and it formed a ladder of differently
sized fragments, ranging from the most abundant low molecular
weight band to those with a similar electrophoretic mobility to
the 20e30 kDa bands commonly seen in cases of CJD (figure 2).
The ladder-like electrophoretic mobility of these PrPSc fragments
did not match those associated with the recognised subtypes of
sCJD (20e30 kDa) or with those found in variant CJD. Immu-
noblotting using the 1E4 mAb resulted in qualitatively similar
results, with only minor differences in the sensitivity of detec-
tion of individual bands within the PrPSc ladder-like profile
(figure 2).

DISCUSSION
Gambetti et al recently described a new prion disease phenotype
in 11 patients, based on clinical, pathological and biochemical
findings7: First, a typical clinical disease course, characterised by
slow cognitive decline, gait impairment and incontinence.
Second, valine homozygosity at codon 129 of PRNP with no
pathogenetic mutations or insertions but with neuropatholog-
ical features distinct from VV1 and VV2 sCJD. Third, the
presence of PrPSc that was more sensitive to PK than that
usually found in prion diseases and which exhibited a charac-
teristic ladder-like electrophoretic profile after PK digestion.
Fourth, an atypical immunohistochemical profile with poorly
formed plaques in the molecular layer of the cerebellum.

We describe the first Dutch patient with a similar phenotype.
The disease course was characterised by dementia, spastic
paraplegia and sensorimotor polyneuropathy, raising a clinical
suspicion of an atypical form of Alzheimer ’s disease or GSS.
Immunohistochemical staining for PrPSc revealed several

poorly formed, sometimes multicentric plaques in the cerebellar
cortex, but genetic analysis did not show any abnormalities of
PRNP, ruling out GSS.
On re-evaluation 3 years later, histological examination was

largely comparable to the cases described by Gambetti et al,7 and
a sensitive and optimised immunoblotting technique did indeed
reveal the presence of fragments of PK-resistant PrPSc in a ladder-
like profile.
Although, in general, PrPSc can be distinguished fromPrPC by its

resistance to treatment with PK, a protease-sensitive but disease-
associated form has been described before.10 Furthermore, accu-
mulation of PrPSc that is relatively protease sensitive has been
described in patients affected by GSS.11 12 Interestingly, immu-
noblots of these cases also show multiple smaller fragments of
PK-resistant PrPSc,6 sometimes in combinationwith conventional

Figure 2 Western blot analysis of the PSPr type. Standard samples of
type 1 PrPSc from sporadic CJD MM1 (1) and type 2B PrPSc from variant
CJD (2B) were included for reference, and the molecular weights of the
marker protein (M) are shown in kDa. The tissues available for analysis
were taken from the temporal cortex (TC; lanes 2 and 4) and the
occipital cortex (OC; lanes 6 and 8). When probed with the monoclonal
antibody 3F4, proteinase K (PK)-resistant PrPSc is prominent in both the
sporadic CJD and variant CJD control subjects. Smaller amounts of PK-
resistant PrPSc are present in the index case, forming a ladder-like profile
of small fragments (lanes 4 and 8). Undigested brain homogenates from
the temporal and occipital cortices of the index case are included (lanes
2 and 6), showing that the protease-resistant PrP is only a small fraction
of the total amount of the PrP present. A qualitatively similar result is
obtained when the 3F4 mAb is replaced with mAb 1E4.
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PrPSc but differing from the profile seen in patients with PSPr.
Gambetti et al7 considered the preferential staining of these frag-
ments with mAb 1E4 and not with 3F4, an additional argument
against GSS. In our hands, however, these fragments were
detectable by both antibodies, and the mechanism by which two
antibodies with such closely adjacent epitopes might produce
different results remains speculative.

PSPr is probably not an extremely rare disease entity, occur-
ring in approximately 3% of sCJD patients in the North Amer-
ican cohort reported by Gambetti et al,7 although we were only
able to find one patient in our database of 135 sCJD patients.
This, however, corresponds to 9% of all VV homozygotes in our
patient population, which is comparable with the number
mentioned by Gambetti et al7.

In the past, PSPr patients probably escaped postmortem
examination because clinical diagnoses other than prion disease
were made. Clinical recognition of the possibility of atypical
prion disease in these patients seems to be the key to a diagnosis
of PSPr, and this will, in part, depend on familiarity with these
admittedly rare diseases.

Our patient’s case indicates that PSPr is not associated with
exclusively North American risk factors and exemplifies the
benefits of re-evaluating cases of “atypical dementia”. It also
underlines the importance of considering PSPr in patients with
a GSS-like phenotype but no mutations in PRNP.

Acknowledgements We are indebted to the neuropathologists and clinicians
across The Netherlands for their continuing support of the national CJD surveillance
project. The CJD surveillance in the The Netherlands is supported financially by the
Rijksinstituut voor Volksgezondheid en Milieu (RIVM). The 1E4 mAb used in this
study was a generous gift from Dr J.P.M. Langeveld, Central Veterinary Institute of

Wageningen UR, Lelystad, The Netherlands, and is commercially available from
Sanquin, Amsterdam, The Netherlands.

Funding Other Funders: Rijksinstituut voor Volksgezondheid en Milieu (RIVM), The
Netherlands.

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Masters CL, Harris JO, Gajdusek DC, et al. Creutzfeldt-Jakob disease: patterns of

worldwide occurrence and the significance of familial and sporadic clustering. Ann
Neurol 1979;5:177e88.

2. Prusiner SB. Prions. Proc Natl Acad Sci U S A 1998;95:13363e83.
3. Pan KM, Baldwin M, Nguyen J, et al. Conversion of alpha-helices into beta-sheets

features in the formation of the scrapie prion proteins. Proc Natl Acad Sci U S A
1993;90:10962e6.

4. Parchi P, Castellani R, Capellari S, et al. Molecular basis of phenotypic variability in
sporadic Creutzfeldt-Jakob disease. Ann Neurol 1996;39:767e78.

5. Parchi P, Giese A, Capellari S, et al. Classification of sporadic Creutzfeldt-Jakob
disease based on molecular and phenotypic analysis of 300 subjects. Ann Neurol
1999;46:224e33.

6. Piccardo P, Dlouhy SR, Lievens PM, et al. Phenotypic variability of Gerstmann-
Straussler-Scheinker disease is associated with prion protein heterogeneity.
J Neuropathol Exp Neurol 1998;57:979e88.

7. Gambetti P, Dong Z, Yuan J, et al. A novel human disease with abnormal prion
protein sensitive to protease. Ann Neurol 2008;63:697e708.

8. Kovacs GG, Puopolo M, Ladogana A, et al. Genetic prion disease: the EUROCJD
experience. Hum Genet 2005;118:166e74.

9. Ironside JW, Head MW, Bell JE, et al. Laboratory diagnosis of variant Creutzfeldt-
Jakob disease. Histopathology 2000;37:1e9.

10. Safar J,Wille H, Itri V, et al. Eight prion strains have PrP(Sc) molecules with different
conformations. Nat Med 1998;4:1157e65.

11. Hsiao K, Baker HF, Crow TJ, et al. Linkage of a prion protein missense variant to
Gerstmann-Straussler syndrome. Nature 1989;338:342e5.

12. Hegde RS, Mastrianni JA, Scott MR, et al. A transmembrane form of the prion
protein in neurodegenerative disease. Science 1998;279:827e34.

J Neurol Neurosurg Psychiatry 2010;81:1052e1055. doi:10.1136/jnnp.2009.175646 1055

Short report


