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ORIGINAL ARTICLE

A Novel Human Disease with Abnormal
Prion Protein Sensitive to Protease

Pterlmgl Gambetd, MD Zhlqlan Dong, PhD,! Jue Yuan, BA, angzhu Xmo, PhD,' Mengjie Zheng, PhD,'
Amer Alshekhlee, MD,! Ru.dy Castellani, MD,? Mark Cohen, MD,! Marcelo A. Barria, PhD?
D. Gonzalez- ROmero, PhD,> Etmias D. Belay, MD,* Lawrence B. Schonberger, MD, MPH, :
Karen Marder, MDD, Carrie Harris, BA," James R. Burke, MD, PhD.® Thomas Montine, MD,”

i

Thomas Wisniewski, MD Dennis W. Dickson, MD,? Claudio.Soto, PhD,* Christine M. Hulette, M

DlO

James A. Mastrianni, MD, PhD,“ Qingzhiong Kong, PhD,' and Wen-Quan Zou, MD, PhD!

Objective; To reporr a novel prion disedse charactetized by chstmct histopathological and i unmunosrammg fearures, and asso-
ciated with an abnormal isoform of.the pnon protcm {(PrP) thas, contrary to the common prion diseases, is predominantly

sensitive to proteasé digestion.

. Methods: Eleven subjects were investipated ar the Natmnzl Priod Disease Pathology Surveillance Cenrer for climical, thtopatho—
logical, immunohistochemical, genorypical, and PrP characreristics.

. Results: Patients presented with behavioral and psychiattic manifestations on averzge at 62 years, whereas mean d:sease '
-dyration was 20 months. The rype of spengiform _degeneranon, the PrP immunostaining pattem, and the presence of
mxcropjaques distinguished these cases from those with known prion diseases. Typical protease-resistant PrP was undetectable
in the cerebral neocortex with standard dxagnosm: procedures. After enrichment, abnormal PrP was detected at concentrations
16 times lower than common prion diseases; it included nearly 4 times less procease-resistant PrP, which formed a distiner .-
electrophoretic profile. The subjects examined comprised about 3% of sporadic cases evaluated by the Narional Prion Discase
Patholagy -Surveillance Center. Alchough several subjects had family hlstones of dementia, no. muracions were found in the

PrP gene open reading frame.

Interpretation: The distinc iustopathologxcal PrP immunohistochiemical, and physxcochemscal feamres, together 'thb. the

homogeneous genotype, indicate chat this is a previously unidentified typé: of disease mvolvmg the PrP, .which we demgnated
“protease-sensitive’ prionopathy” {or PSPr). Protease-sensitivé prionopathy is not rire among prion "diseases, and it may be even
more prevalent than our data indicate because protez.se—sensmvc prlonopathy cases ate hkely a]so to be class1ﬁed wntl'un the group -

of non- Alzheuncrs dementias, -

P l.'«.r.ui Nl 200831697708

Human prion -diseases or transmissible .spongiform

" encephalopathies may be -sporadic, - inherited, or ac-

quu'ed by infection.” Creutzfeldt-Jakob disease (CJD)

is the most common phenotype -and occurs in all

three_ forms. In the sporadic form, ‘CJD-is classified
into five subtypes, which can be readily distinguished
based on clinical features, type and distribution of
brain lesions, and partern of prion protein (PrP) im-
munostaining.>” Fatal insomaia, a much rarer pheno-
“type, includes sporadic and inherited forms; “and is

- characterized by loss of abxhty o sleep and preferen-
tial thalamic’ degeneration.*

Gerstmann—Straussler-—S—

cheinker dxsease (GSS), the r.hlrd phenotype, occurs.
exclusively as a heritable disease invariably associated

" with a muration in the PrP gene open reading frame

(ORF) and is charactenzed by the presence of prion
amyloid plaques.*

Desp:te their heterogeneity, all spomdlc human
prion- diseases- described to date have been associated

- with abnormal PrP (cormonly called PrP% but hence-

forth referred to as PrPr), which is resistant to treat-
ment with proteases and i is " considered the diagnostic
hallmark of these disedses.! PrPr is derived from nor- -
mal or cellular PiP (PrP%) via a posttranslatlona_l tran-
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sition from a-helical to -sheet—rich conformations.
P:P< and PrPr are quite different. Whercas PP is sol-
uble in nondenaturing detergents and is completely di-
gested when exposed to appropnate concentrations of
proteinase K (PK), PtPr is detergent msoiublc and its
C-terminal region resists PX treatment.’ Based on the
size of their PK-resistant fragments, at least three major
PrPr types are recognized, which codistribute with spe-
cific disease phenotypes: (1) PcPr type I, which on PK
treatment generates an approximately 21kDa fragment;
(2) PrPr type 2, generating an approximately 19kDa
,fragment; and-(3) PrP7-8, a PrP internal fragment of 7
to 8kDa.*"¢ Both PrPr types 1 and 2 have: been ob-
served " associated with distinct subtypes of CjD. To
date, PrP7-8 has been consistently observed omly in
GSS. Therefore, the conformational changes, which
render PrPr pathogenic and in many but not all cases
infectious, may engender different species or strains of

PePr chat can be recognized based on their distince .

protéase-resistant fragments and by their assoaatcd
clinicopathological phenotype,>7~'2
Studies mostly based on expenmencal models re-

cently hdave shown that PK-resistant PrP (PiPr) is asso- -

ciated with varying quantities of a PrP isoform that, as
PcPr, is detergent insoluble but sensitive 1o protease di-
gectlon (PPs).'""® The relation of PrPs with PrPr and

" the'icle rhat PiPs plays in thr: pathogenests of prion’

" diseasés remains uncertain.
" Here we report 11 patients ‘with a human distase
" characterized by the presence of dctcrgcm—msoluble PP
thar is predominandy sensitive to protease digestion and
forms unusual immunobistockémical pattérns. Flirther-
_more, the small amount of PrPr présent generates a.dis-
“tinct profile on immunoblot. Several affected patients
* have family histories of dementia but Jack mutations in
the PrP gene ‘ORF. We refer w this' condition as
protcase—scnsmve pnonopathy (PSPr). PSPr broadens
the spectrum of human prion diseases and raises several
important issues related to the nature of these diseases in
ight of their association wich different PsP isofotms.
Among prion_ diseases, PSPr is not rare. Becaus¢ the pre-
senting clinical signs often suggest the diagnosis of non-
- Alzheimer's dementia, PSPr may be even miore prcva.lent

chan our data indicate because many PSPr cases rrughc_

currendy be dassified within this group of de.mcnuas
‘Parts of his study have been presented previcusly.'”

Subjects and Methods

 Subjects - ' we

The 11 (10" autopsy and i bxopsy) patierits and the control
subjects were referred 1o the National Prion Disease Pathol-
ogy Surveillance Center between May 2002 and January

2006, Consent-was obtained to use tissues for rcsearch in-

cludmg genetic analyse_s
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(Cell Sciences, Canton,

. Molecular Gmetzc:

General Tissue Processing

Fixed and frozen brain tissues were obtamed from all subjects

and processed as described previgusly,*®

Histopathology and Immunobistochemistry

Samples obuined from up to 18 brain regions were pro-
cessed as described previously. ** Lesion profiles were con-
structed using semiquandrarive evaluaton of spongiform de-
generation (SD) and aswogliosis in 12 brain regions from 6
siibjects, and 4 or 5 regions fram 2 subjects, SD and asero-
gliosis were scored (Fig 1), and the scores from each of the
brain regions were summed for each subject scparately; values
were averaged, and standard deviations were determined and
plorted according to'che brain region.” Vacuoles with Jarger than
4pm diameter were- measured individually on random photomi-
crographs of frontal neacortex (10/subject, X180) using Spot-

software version 4.6 afier calibration. {Diagnostic: Instruments, -

Sterling Heights, MI). Seetions from the frontal and scdpital

. neocortices, hippocampus, basal ganglia, thalamus, cerebellar

hemisphere, and midbrain were processed for PrP immunohis-
tochemistry with the monoclonal andbody (Mab) 3F4 or 1E4

also immunostained with the Mabs 4G8 to amyloid: B.**

Electron Mi icroscopy

Formalin-fixed postmortem brain tissue was processed for'

conventional electron microscopy and for PP lmm\mohxsm—

- chemistry according to standard: techmques u.smg peroxzc[ase-
: -antlpcroxldasc Mab 3F4 o PP, -

The entire PrP ORF was amplified by polymera’sc ch:un

reaction using genomic DNA extracted. from, unfixed brain.
tissue or blood. and the primers PrPO-F [GTCATYATG- .

‘GCGAACCTTGG (Y = C + ‘T)] and PPOR [CT-
CATCCCACKATCAGGAAG (K = T + G)J; sequencing

“was done directly or after cloning into plasmid pST Bluc 1

(Novagen. Madison; WI) by automated sequcncmg

' Prion. Protein Cbaractenzatwn

CONVENTIONAL IMMUNOBLOT.

Five to 20pl 10% wr/vol brain homogenates wnth or wnhout :
- PK digestion (Sigma Chemical, St.- Louis, MO} were loaded
" onto 15% Tris-HCI Criterion precast gels {Bio-Rad Laborato-

ries, Hercules, CA) for sodium dodecyl sulfate polyacrylamide
gel elecrrophoresns, and immunoblotted with-3F4 and 1E4 to

human PP residsies 109 t0.112 and 97 to 108, respecrively.2:
PrP was deglycosylared with PNGase F (New England Bio-

labs, Beverly, MA) following manufacturcrs instructions.

ENRICHMENT OF THE ABNORMAL PRION PROTEIN.

"Two proceduces wete utilized: (1) caprure of the 2bnormal

PtP with the gene 5 protein (g5p), as described previgus-
Iy

. SEDIMENTATION OF PRION PROTEIN IN. SUCROSE GRADI— ’

ENTS.

MA).>2%-% Selected brain regions were:

; and (2) abnormal PrP _precipitation ‘with. sodium - .
: phosphotungsratc 6 ; :

Brain: homogenatcs were mcubated with 2% Sarkowl for 30 .

minures on ice, loaded arop 2 10 to 60% step sucrose gra-

e
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Fig 1: * Histopathology and lesion profile. The spongiform degeneration of protease-sensitive prionopathy (PSPr) (4) is character-
ised by a mixture of small and intermediate size vacuoles, whereas the vacuoles of two subtypes of sporadic’ Crewszfelds—fakob
diseasi*(GJD), sCIDMMI (B) and sCIDMM?2 (C), are mostly small (CIDMM1) or much larger and confluent (sCIDMM2).
(D) Eosinophilic- microstructures surrounded by a pale halo (circle) in the cerebellar molecular layer; (A-D) Hematoxylin and
eosin staining. (E) Lesion profiles of PSPr (diamonds), sC/DMMI (squares), and sCJDVV2 (trarigles). Vertical bars refer 20
standard deviations. In sCJDMM1 and sCIDVV2, for which data were adapted from Parchi and colleagues,® standard, devia~
tions were omitted for clarity. Spongiform degeneration was scored on a O to 4 scale (0 = not detectable; 1 = mild; 2 = mod-

erate; 3 =

severe; 4 = confluent); astrogliosis was scored on a  to 3 seale (0 =
3 = severe). FC = front cortex; TC = temporal cortex; PC = parietal cortex; OC =

= not detectable; I = mild: 2 = moderate;
= occipital corte; HI = CAI of hip-

pocampus; EC = entorhinal cortex; BG = basal ganglia; TH = thalamus mediodorsal nucleus; MBIST = midbrain in PSPr,

mb:tantm nigra in :CjDWI and sCfDWZ LC pons; ME = medu!la CE =

dmnl: and cenm.ﬁ.lged 1 hour at 200 OUOg in a SWSS rotar
(Beckman Coulrer, Fuﬂcrton 'CA).162327

- Statistics
, Analyses were pcrformed w1d1 the. two-tail Students ¥ test,

RPN

' Results _
Clmzml Feamrar
Mcan age of onset,and. dlscasc duration were . 62 years
(rangc 48—71 yca.rs) and -20 months (range, .10+-60
‘months); .espectively. (T: able 1). Presentation and course

-were dominated by neurobehaworal and. psychiatric
signs, with _progressive motor and. cognitive decline.

‘ . 249

cerebdldr cortex.

Seven pal:lents were ataxic.. Othe.r ‘consistent fcaturcs in--
“cluded absenice -of PCI.’IOCI.IC complexcs on the electroen-

cephalogram and nondiagnostic 14-3-3 protein test in

“the cerebrospinal fluid.. Magnetic - resonance imaging

showed. diffuse atrophy withour restriceed diffusion sig-
nals in all. 10 patients examiined. No subject had knowr
history of prion exposure; probable familial occurrence

of dementia was reported in 6 of 10 investigated patients
" {see Table 1). A .

' Neum/:zstoparbolagy

SD and astmg,lmsxs of moderate sevérity were presem:

Gamberti et al: Novel Human Prion Disease 699

in the cerebral cortex, basal ganglia, and thalamus of .-~



Table I. Clu:ucal Flnd.l.ngs
ihes -
% 1 M 62 60 Behavioral and Demenitia, aphasia,. - Slowing +i— Mother du:d of (i) Righe
%% . mood swings, _araxia, and seizure | right demencia ar age hemispheric
i chosis > 70 hypoperfusion
E tient lefc on SPECT
i pxed . study: (2) CSF
i bipolar 14.3-3 {not
=8 lﬂness) . perforrnnd) ’
E% 2 F 71 33 Deprasnon and  Demencia, ataxia, Normal +i— Mother wich CSF 1433 {not
\i - dementia and Parkinsanism dementia m
% 3 M. 70- 12 o and  Aphasia, Normal - Father with (1) Negacive CSF
%:; apathy Parkinsonism, demenda ar age 14-3-3; (2)
A . hyperreBexia, and 60 increased CSE
¢ promainent froncal proceins
B rdcuc signs 175mgfd]
% ] . . withour c\:!ls Y,
Ej 4 M 50 .. 7{iedina Dr.mcnua a.nd Psydmsu. zphzsll. Diffuse NA NA 'Amblguous CSF N
’ fall} mood swings - parienc fell and slowing 14-3-3 R
died of subdural . .
£ hemawoma
& . - et e o S e . . C e
. % 5 F 67 11 Demenda and Acaxfa and, Not T Demendia in 2 CSF 14-3-3 {nox
i . aphasiz depression performed paternal aunt performed)
: and sister died
of dementia 2c
] age 69 ~ Y
6 M 60 13 . Dementiz Acaxiz, psychosis,  NA i No Gunily history ~ CSF 14-3-3 (ot &
and incontinence : of dementia pes omu:d) it
7 F 48 17 Demencia, Mortor decline Diffuse Afe- - Mother with cary (I) Negauvc CSF
emotional : . slowing demendia at 2ge 145-3; ()
Eabiliry, and . ' padent ¥
outhursts shunt withour &
) : . Fesponse ;:'
8 F 64 10 Dementia, Ataxia, . Diffuse .- Mother with N:ggmve CSF 14- p
’ - depression, Parkinsonism, slowing dementia 33 H
am:l psyt:hosu and cremor ’ e iy
M 63 Baggim'enr Dcmenua. Meoror decline, - Diffuse +f— Mother died ac (1) Global ¥
- tve) Parki . slowing age 83 with bypoperfusion %Y .
:nd bebavioral and psychdsis mild dementiz on SPECT - - ¥
negative CSF - 4
14-3-3; (3) '-”' o
incieased CSF &
proteit. 12.6 #
. _ dl wldmut i 8
F 68 17 . Insomnia, - - Dementia, awxia, Diffuse +H—=. No famlly hISI:OlY o H’Sml‘}( of bi '%1
. tremor, 2nd worsaning sléwing of dementia Hlness wi "
- - sturred " depression with C suickdal i
. o psychasis ; and " attempts Y
:gu:uon, ki
M 52) 13 ‘Decréased verbal  Dementia, araxia, Normal +I— No fmily hisory  NA &
. - oucput, and ., and Parkinsonism ) . -of dementia -~ ..~ E

 the PSPr cases withour severe neuronal lossi'SD com-

- prised a mixture -of fine- vacuoles, comparable with -

those seen in sCJDMM1 (themost commén sCJD
subtype), and’ slightly ‘larger: vacuoles that resulted. in
a_-mean vacuolar - didmeter-. greater' than. that of
sCJDMM1 (7.8
“larger” vacuoles clearly were smaller than the
“coarse” vacuoles .characteristic of sCJDMM2 (see
- ‘Figs 1A=C}.*? The hippocampal pyramidal. cell layer
- appeared unaffected; the molecular layer of the den-

700 Arinals of Neurology Vol 63 No 6 June 2008

+ 2.7 vs 5.8 & 1.2um).: Bur the -

tate gyrus and the strarum lacunosurn molecilare
showed ‘miild SD, which extended into the subicilum
and the entorhinal and inferior temporal neocortices.

No kura plaques or multicore plaques were détected.

In some subjects, structures suggestive of micro-

“ plaqites were observed in the imolecular layer of the

cerebellum - (s¢e"‘Fig 1D). Lésion- proﬁhng idenitified
the cerebral neocortex, basal panglia, and ‘thalamus as

“the fegions most sevcrely affected, whereas the biain-

250

stem and cerebellim were apparent[y sparcd (see Fig
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