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Figure 4: Age of dinical onset of w(jO {red) and sCJD {blue) patients against rs1460163 ge-notype .
Clinical onset was definad as the age of the first symptam that progressed into a neurological or neuropsychiatric
condition dueto prion disease. The central bars indicate meanage of orset; boxesindicate 95% Clof the mean,
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tests]). rs1460163 was associated with age of kuru onset
(p=0-017) and resistance to kuru {p=2-5x107), with the
same highest-ranking risk allele for vCJD and kuru.
rs1460163 is located in a large block of hnkage

: dJseqwhbnum that extends just 5" to STMNZ (figure 3).

Other SNPs tested in t_:he replication phase were either
poorly genotyped in the discovery phase (coricordance
<99%), or showed no evidence of association in any prion

disease category additional to vC]D (p>0-001; best from .

four risk models)..
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. Hgure 5:Boxplot of Strn2 and Rnr&eaqaress:on ,

Expression of Stmn2and Rarbin mouse neyronal cells {GT- '.l) treated'with
homogerate of healthy braln (NBHMG) ot rocky Mountain Laboratory rapie

. brain homogenate (RML) Median is shown as a thick red horizontal line, IQR by

boxes, and largest and smallest observauons by whiskers.

We then 'ar'lalysed the chmcal and molecular phenotype
-of UK ‘prion disease- for 51460163,

156116492, and
156794719, In pauenfs with 5CJD, there was a sipnificant
modifying effect of the risk allele, with clinical onset 5 years
carlier for those with risk genotype rs1460163AA compared
with those with GG {linear regression of log-transformed

age of onset against genotype p=0-02; figure 4} In patients.
. with vCJD, the mean age of onset for genotype AA was
- -3 years earlier than for those with GG, but this was not
- statistically mgm_ﬁcant {p=0-26).

By use of a linear
regression model with discase type as a factor, the
rs1460163AA allele was. associated with age of onset in

o

sCJD and ~CJD {log-transformed p=0-01) and’ was also -
independent of 51799990, No effect was seen on year of -

presentation, which in partwill determine incubation time

in vCJD, but this analysis is confounded by uncertainty in’
the time of exposure. No effect was seén on sCJD PrP=

strain type as defined by partial protease K digestion and

western blot. rs6116492 and rs6794719 had no effect on |

prion disease phenotype.

" Ana cellular model of mouse prion disease, the expression
- of Stmn2 was profoundly altered by infection with prions.

This difference was shown by comparison of the
transcnptome of pnomnf'ected and prion-uninfected cells

-in culture, Mouse hypathalamic neuronal (GT-1) cells that

were infected with mouse brain hofmogenate (NBHMG) or
RML-infecied brain homogenate were analysed with the
Affymetrix Mouse Expression Array 430_2.0. Comparison
of the expression between NBHMG and RML showed that
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Stmn2 is significantly (p=3-6x108) downregulated by a

factor of about 30 and ranked tenth out of more than-

21537 gened that were represented by one or more
transcripts on the array (fgure 5). In this study, the
expression of 543 of 21537 (2-5%) genes was altered, with a
fold change of more than 2.83 {corrected. Benjamini—
Hochberg ‘method). Neither RARB nor STMNZ is
significantly expressed in human biood cells, which
gbviates the analysis of the correlation of gene expression
with-genotypic risk in a large collection of samples.

Discussion

We describé the first geuome-mde study of genetlc nsk in
a human prion disease and replication of a small number
of top-ranlqng candidate SNPs, Further-genetic studies of

hurhan prion disease, including more extensive replication:

studies, are warranted because our power was limited by
. the small size of the vCJD sample and an early generation
platform was used. Owing to the rarity of the disease, all
available samples were used; the use of amplified DNA'in
a proportion of cases might have also affected the quality
_ - of genotyping, For these reasons, wensed highly stringently
. filtered data and verified genotypes from candidate SNPs
with an in-house assay. The potential exists for a laxger
-scale study in sGJD that capitalises’ on decades of
surveillance for human prion diseasés across Europe and
‘the Test of the world; however, this disease is undoubtedly
more heierogeneous than vCJD, -

: ‘The potential overlap in pathogenesis between vCD and
the other prion disease categories used in the repliation
phasés of the study must also be considered. The
pathogenesis of vC] D contrasts with the replication cohorts
in terms of prion strain (all groups), tissue distribution,
and route of infection (for iCJD and sC)D). Furthermore,
in the case of our largie collection from Papua New Guines,
the linkage-disequilibriurn relationship between candidate

" SNPs and a putative functional SNP is not known and can

therefore differ from that in the UK. For these 1easons, an -
«in cultured neuronal and lympheid cells is regulated by

absence of association in one or more replication categories’
does not preclude 2 genuine assocation in vCJD.

The  precedent of codon 129 was important to inform the
comparisons in the replication phase. All UK, prion
diseases have sirong assoeciations with homozygous
genotypes; for vCJD, only’ the methionine homozygous
genotype. However, the groups { from Papua New Guinea
are the most relevant in the'replication phase because our
only precedent of a major acquired human prion disease
- epidemic is Jourfl, whith was historically transmitted by
cannibalismn and had a devastating effect on the Fore and
neighbouring linguistic groups of the Eastern Highland

region of Papua New Guinea’ Kuru was extensively .

documented at its'peak in the mid-20th century® We
amphﬁed DNA from this archive and continued
surveillance of kuru in the Fore in the late 20th cenmry fo
identify recent cases of kuru with long incubation times
and elderly Fore women with longterm survival after
expostire to high doses of prions. At PRNP codon 129,

www.thelancet.comfneurology Vol 8 January 2009

elderly Fore women survivors of the kuru epidemic

showed a profound Hardy-Weinberg disequilibrium, with
an excess of the prion diseage-resistance genotype 129MV
relative to both homozygous genotypes 129MM and
129VV, The patients with kuru show an age stratification
of codon 129, with young patients being mostly genotype-
MM or VV and adult or elderly patients being mostly MV,
consistent with a powerful. effect of codon 129 MV in

extending kuru incubation time** Qur study thus

confirms the’ strong asscdiation' of PRNP codon 129
{rs1799990) across acquired and speradic prion diseases as
the outstanding genetic risk factor in buman prion

: disease. Notably, the effect was detectable in a small

sample, which should be encouraging- for those

contermnplating studies of rare diseases with well

characterised patients and a distinct pathcgenesis.
The additional associations we report are not as strong or

robust as those we confirm for PRNP codon 129 but each

of these are beyond what would have been expected by
chance when taking into account the problem with

multiple testing. Although we cannof be certsin that anyof -
- the fhree candidate SNPswe descnbe altered the expression.
" of their nearest gene (PRNP, STMNZ, ox RARB), in each

case these aré excellent candidates -for involvement in
prion pathobiology, The risk conferred by rs6116492T could
act through altered expression ‘of PRNP owing 1o the

“crudal role for PrP in prion disease pathobiology; however,
we have no direct evidence that a patative genetic rsk,
conferfed by 151460163 or rs6794719 is manifest through-

their néarest genes (STMN2or RARB) because these SNPs

_'have no linkage disequilibdium with coding repions.

Regulatory regions offen act on nearby genes but can also
act over great distances or evennon dlfferent chromosomes,
implicating other genes.®

In the absence ‘of further cohorts of orally acquired’
" prion disease and taking into account the aforementioned

caveats, we turn to functional evidence of a-tale for these
candidate genes in prion.disease. The expression of PrP

retirioic add** Furthermore, the production of the
disease-associated isoform of PrP (designated PrP*) in
cultured mouse neuronal cells infected with mouse
prions is increased by teatment with retinoic acid®
Whether retinoic acid acts through the receptor encodéd
by RARB or another retinoic acid receptor for these

biclogical activities is not known at present. In addition .

to PRNP, the strongest overall genetic evidence we found
is for a SNP association upstream of STMN2. SCG10, the
protein product of this gene, is a regulator of microtubule

" stability in neuronal %lls, with potential implications for

aggresome formation and . modulation of prion
neurotoxidty.® We found that Stmn2 is' turned off by
prion infection in mouse neuronal cells, in keeping with
an early study,® but different from a recent and rigorously
conducted study.® Whether prion infection or unknown
experimental factors are responsible for this large effect
is undear; a role for SCG10 in prion infection has not
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been established and speculation abdut a mechanism in
prion disease would be premature.

Qur data lend considerable support to the hypothems that
genetic susceptibility in -addifon to PRNP codon
129 genotype has contributed significantly to the outbreak
of vCJD to date. Whether these effects are on the incubation
period rather than susceptibility, such that further waves of

BSE-associated prion disease with longer incubation

periods might occur in the years ahead and be-assodiated

- with different genotypes at many risk lodi, is u.ulcuovurn.’z

Contribustors
SM assessed patients, conceived and desigued the study, managed the data

 acquisition, undertook the quality controf and some statistical analyses, and

drafled the manuscript. MP, JU, and JB were involved in the design and

. conduct of the array and replication studies. GA-and TW were involved in

design and condixct of the MGB probe replication study. PD and SJT weze
involved in the design and copduct of the mouse cell expression work, W
and MPA did the Papua New Guinea field work and comnmented on the
miandistript. GV and JOW advised on a.nd cnuducmd statistical analyses and
cominented on the manuséript. jC d patients, estiblished the stody
andsample ¢éllections, provided overall direction, and finafised the
rmapuscript, HH provided bioinfnrmaﬁcs and database support.

_ Conflicts ofinterest

J coTlmgc is a director and shareholder-for D-Gen, 2 company in the feld
of pnon diagnosis, therapetics, and decontamimation, The other authors
haveno conflicts. ofinterest,

Admow!edgmenls

“This study would not have been possible without the genemus suppoxtof
patiénits, their fumilies aud carers, UK neurologists and other referring
physicians, and co-workers at the National Prion Clinic, ou.rcnlleagues at
the National Creutzfeldt-Jakob Disease Sucveillmce. Unit, Edinburgh, and

" the Kiinbaffééted communities in Papua New Guinea, We thank the

Medical Research Council/Papua New Guinéa Insttt:ute of’ Medical
Rescarch team of local kuru reporders, including Auyana Winagaiya, *

Anua Senagziya, Igana Aresagi, Kabina Yaraki; Anderson Puwa,

David Pako, Henry Pako, Pibi Auyana, Jolam Ove, Jack Kosinto,

Dasta Hutw, James Kisava, Sena Anua, and David Ikzbala. We are grateful
to Anthory Jackson, Peter Siba, John, Reder, and other staff of the Papua
éw Guinea Institute of Medical Research for their su;)po:t.'.Wc gratefully

. acknowledge the help of Carleton Gajdusek, the late Joseph Gibbs, and.

their associates from the Laboratory of Central Netvous System Studies of

" thé National [nsiitutes of Health, USA, for axchiving and sharing old Jaru

samples. The studies were initially funded by 2 Wellcome Trust Principal
Rescarch Fellowship in the Clinical Sciences to | Collinge, and since 2001
by the Medical Research Council. Somie of this work was underiaken at
Uriiversity College Lnndon Hospnal. which received a proponmn of

* funding from the Départment of Healﬂ:’s N[HR Bmmdu:al Researl:h
_ Centres ﬁmdmg sr_hemo.

Ret’erencs

1 - Collinge]. Prion dlseases ofhumans and ammals‘ﬂmause.s and
molecular basis. Annu Rev Nawoscl 2001; 24z 519-50.

2 Coﬂmge] Sidle KCL, Meads J, Ironside J, Hill AF, Molecular analysis

- of prion strain variation and the actiology of ‘new variant’ CJD, Nature’

1996; 383: 685-90.

3 Bruce ME, Will RG, [ronside [W, etal. Transmissiors to mice indicate
that ‘new variant’ C[D is caused by(he BSE agent. Nature 1997;

. 3E% 498—501.

4 Hill AF, Desbruslais M, Joiner §, Sidle KCL Gowland [, Cnll.mge 1.
The same prion strain causes vCJD and BSE. Neture 1957; 389; 448-50.

5 . Collinge J, Whitfield j, McKintosh E, et al. Kuru in the 21st century—
an acquited human prion disease with very long incubation periods.
Lancet 2006; 367; 2068-74.

"6 Hilton DA. Ghani AC, Conyers L, et al. Prevalence of lymphoreticular

prion protein zccumulation in UK tissue samples. J Puﬂzal 004
203: 733-39,

7 Wrae Sf, Pal 5, Siddique D, et al. Clinical presentation and pre-
mortem diagnosis of variant Creutzfeldt-Jakoh disease assodated
with blood wansfusion: z case report, Lancet 2006; 368 206167 -

153

2 Ward Hj, Everington D, Cousens SN, et a). Risk factors for variant
Creutzfeldt-Jalob disease: a case-control study. Anr Neurol 2005;
$9; 111-20.

9 Owea F, Poulter M, Gollinge J, Crow TJ. Codon 129 changes in the
prion protein gene in Caucasianis, Ant | Hum Genzt 1990; 46: 121536,

.10 Collinge ]. Molecular neurology of prion disease.

J Neurol Newrosurg Pspch 2005; 76: 9066-19.

11 Stephenson DA, Chinti K, Ebeling C, etal. Quantiiztive traitlod
affecting prion incubation time ift wice. Genomics 2000; 69z 47-53.

-12  Uoyd 8, Onwuazor ON, Beck ], etal Identification of multiple

" quantitative irait loci linked to prion disease incubation period in
. mice. Proc Natl Acad Sci USA 2000; 98: 6279-83:

13- Lloyd S, Uphill JB, Targonski PV, Fisher E, Collinge J. Idcnhﬁcahon
of genetic lod affecting mouse-adapted bovine spongiform
encephalopathy incubation time in mice. Neurogenetics 2002 4; 7781

14 Poser, Mollenhaver B, Krauss A, etal, How to improve the clinical
diagnosis of Crculzfa!dt—jakab disease. Brain 1999; 122; 2345-51.

15 The Welicome Trust Case Control Consortium, Genome-wide
assodiation study of 14,000 cases of seven cormmon diseases and
3.000 shared conitrols. Nature 2007; 447; 66167,

16 Med S, Poulter M, Beck ],'etal. Succhssful a.mphﬁmhon of degraded
DNA far'use with high-throughput SNP g platforms.-

- Hun Muctat 2008; published online june 12, DOL10. mothmnuzo:rs?.

17 Klolm P, Stnllze L, Fléchsig E, Enari M, Weissmann C, A quantitative,
highly sensitive cell-based infectivity assay for ouse scrapie prions.
Proc Natl Acad Sc USA 2003; 100: 1166671, . :

‘12 Palmer MS, Dryden AJ, Hughes JT, Go]]mge] Hotnozygous prmn

" protein genotype predispasés to sporadic Crentzfeldt-Jakob disease. *

. Natitre 1991 352. 34042,

19 Price A}Z, Paﬁersm NJ. Plenge RM, etal, Prncipal components
analysis corrécts for stratification in ge’nume-vnde association ! s‘mﬂlcs L
+ Nature Genetics. 2006; 38 90409, . - '

20 - Mead S, Mahal SP, Beck ], etal Spomdlc——butnotvanam——
Creutdeldt-Jakob disease is assodated with polymorphisms
upstream of PRNP exon L, Am | Hum Gene? 200; 69; 122535,

©. 31 Vollitert G Windl O, Xiang W, etal Significant association ofa’

M129V independent polymiorphism in the 5° UTR of the PRNP gene
with sporadic Créutzteldt-Jakob disease ina large German case-
contral study. ] Med Genet 2006; 43: 53.
22 ZigasV, Gajdusek DC, Kurw: clinjcal study ofanew syndrome
~resembling paralysis agitans in nativés of the Eastern Highlands of
Australian New Guinea. Med ] Aust 1957, 2. 745-54
23 lze HS, Brown P, Cervenskovs L, etal Increased susceptibility to ©
. Kutuof cardders of the PRNT 129 soethionine/methionine gevatype.
T Infect Dis 2001; 183: 192-96. .
24 Mead 5, StumpfMP, Whitfield ], et 2l Balancing selection at the
" prion protein gene consistent with prehistoric kuru-like epidemics.
Seience 2003; 300: 640-43.
25" Myers &}, Gibbs] R, Wehster T, el al. A survey of genetic Tianan
- cortical gene expression. Nature Genetics 2007; 39; 1494-99, .
26 Batg C, Lzngeveld ], Willizms A, Manipulation of PrP(res) production
in scrapid-infected neuroblastéma cel]s J Neuroscd Mctkods 2004 .
138: 2623 :

. 27 - Rybnér C, Hillion 7, Sal:l:l.'anm'l',' Lanotte M, Bottl J: All- trans teh.tmlc

acid down-regulates prion protein expression independently of
granulecyte maturation, Leykemia 2002 1G; 940-48..
28 CabralALB, Lee KS, Martins VR. Regulation of the celhuar prion -
. protein gene expression depends on chromatin conformauom
J Biol Chem 2002; 277; 5675-82.

" 29, KiisGansen M, Messenger ], Klghn P, etal. D!sease-re!ated priot

protein forms aggresomes in nevzonal cells leading to caspase-
activation and apoptosis. f Biol Chan 2005; 280: 38851-61. -
3¢, Greenwood AD, Horsch M, Stengel A, etal Cellline-dependent RNA
* ¥ expression profiles of prion-infected mouse nevronal cells. J Mol Biol
2005; 349: 437-300.
31 Jubius C, Hutter G, Wagner u, et al. Transcriptional stability of
cultured cells upan prion infection. [ Mol Biol 2008; 375: 1222-33.

.32 Collinge J. Variant Creutzfeldt-Jakob disease, Lancet 1999; 354: 317-23.

www.thelancet.comfneurology Vol 8 January 2009



AlAK 3-2

ST

-mﬁsm&%g

EES -
EX#sa HRRE RERSE
1B & ' - . -
. . - _ | &R - B—8|AFH MEESREORES : .
WAHES - REER ] L B B | . 20084E 128 24R . ML RO LI
- (A vCID blood test achieves 100% ARE
—ARRIR TR - accuracy
.| www. News-Medical. Net, 22 Dec 2008 | A—RX LT U T
| REBEOARKRT | S
fRzed (& %%) '
WRZE 12 5, Amorfix Life Sciences & (HF %) RRE7 A V7N XATRECD) DT Y FATOVTHRI Lic e MLRR | ERALOERRHERR -
RIBET 5% 2 BEOEREROBEREAR L., SEBREIRETEBES W, RER, SROEES VA2 ERDIRERICE TOMBSEBEE

WTHEBIRELAALDEELERERV s ¥ //\9@%1%%9@#&@&'3‘5 EBTED, B OHIFHEL b2 Epitope
Protection™iEHi & B3 L (BEMIZDW T, www. amorfix. com 2 BBO = &), Kﬁgﬁﬁof':%iﬁ‘?: WA RRZE 1T 100% ORREEES L U0

Feo EIC, WHEVR— M 110 E THR L bOR RN LRiEERET 5 2 & kﬁi% Lz, ZOB#§E, vCID i Uit e nt

B L ifE RIED DO OXRELRECLHEATES, ZhbDORERI, UETR B VB ERT L Z X 5Tz W
BETEE DAL S vCID DRES, I, MO THRESHhEIE E’%H‘?‘éc‘: RIZEETHD. R, ZOREEEZHALS
BN ES J:Uﬂn%&&%ﬁﬂ@féﬁ%ﬁb%@k&ﬁo&%z_ Bi’b%‘)o

100% DR MR F T 5 L ERLTWS, RETIIHALDER L OB DIEREZ ALY, . GD~”%HL_EH$5ECD veID Y FvEREML |

BEcROBER I T saonm

Z DREIEXTY z‘/ﬁﬂjwﬁ.l:%%tl‘:ﬁé‘_fﬁ%l@h%é il ﬁﬂ#ﬁ’c%ﬁ_&féﬁﬁhﬂ)#ﬁ%*ﬁLé%%fitﬁb‘J:%z%

AMENRSMEE DB IDICEATHLZ L RERAS S | THE b Anorfix @@ﬁmkiﬁmﬁﬁﬁ@ﬁﬂ@xﬁ Y—= Rl T 2%

&, U4 BINAN BV B IE 7 — M IC bER & 1B Wit & | BIERICED 5,

Do

Wik o0 fh B4 T 00 B TR i BT Y A RERED 4 log
R EEA D LAMBANTE Y, WHEMAIC LS veID Bk ) =

BYL-2009-0366

2&@@1@“&%&6&6




vCJD blood test achieves 100% accuracy 1/2 R—

BY1-2009-0366

Home > I N‘ > 1!- i .
News Medlcal Net = Ar;’::;,Tm:f:::ii; At

{ ChildHealth> I} Disease > 1i Technology> |[ HealthCare> ||  Conditions> ||~ Procedurs
[__Research> | _Men's Health> 1. Science>  }| Miscellaneous > || Pharmaceutical> }|  Drug Triak
w . %
[+-4
W
1=
i
]
£
fT13
=
o
<

' Search
. Homg Page
- vCJD blood test achieves 100% accuracy
Published: Monday, 22-Dec-2008 o ' o
. — ‘ _ & Pridter Fiendly ~ SIEMAIL W2 ET_

ks

Disease/Infection News

Amorfix Life Sciences has anpounced it achieved
100% sensitivity and 100% specificity in a second
blinded trial of human blood samples using its EP-
Pressure measurements vCG.JD blood test in collaboration with the National
with new possibliities Institute for Biological Standards and Control (NIBSC)
in the United Kingdom,

samba (i) semory

"We have now: successfully completed both fresh
and frozen human plasma testing, as part of a
test validation process facilitated by NIBSC," said
Dr. George Adams, Chief Executive Officer of
Amorfix. "The company has 50,000 test kits-
available to begin large-scale testing to
determine the fraction of the population infected
. www sambasensars,com Ads bv Goodie WiIth VCJD. This information is wtal for
determining the need for routine testlng of blood donahons

e
EXCITINGLY SHALN

The UK Spongiform Encephalopathy Advrsory Committee {SEAC) yesterday
announced the first clinical case of vCJD in a patient with an MV genotype (all
previous vCJD clinical cases were MM genotype) and suggested that 50 to 250
further cases might arise in the UK. This is consistent with a recent editorial in a
leading medical journal, Lancet Neurology, published last week suggestlng 'waves"
of vCJD cases couid be expected.

"This first MV case of vCJD now shows people with MV genotypes are not resistant
to vCJD, but may incubate the disease for a longer time before developing
neurclogical symploms. Yesterday's report of vCJD with MV genetics shows we are
not out of the woods with this tragic epidemic, and also raises the possibility of
ongoing blood-borme, transmission of vCJD from silent carriers of the infection,” said

‘http:// www.news-.-medical.net"./b'riht_iértible.asp?lcﬁﬂ4456 . : 2008/12/ 24





