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The improved thermal stability and increased
catalytic rate of MC3 have clearly contributed to
jts ability to ijnactivate prions. The ability of
proteases to degrade prions appears to be de-
pendent on the use of reaction conditions or
additives that open up the structure of the in-
fectious molecule to allow access to the peptide
bonds. Based on previous results we continued to
use alkaline conditions as this appeared to be
generally more efficient at allowing protease di-
gestion. This was supported by biocassay results

showing a reduced tog inactivation when experi--

mentally the pH dropped below pH.12 (results not
shown). Other groups have used detergent, prin-
cipally SDS, usually in the presence of heat to
effect similar confonnational changes to promote
protease digestion.?”
There are many examples of the use of genetic
. engmeenng to enhance the properties of naturally
_occurring enzymes, and subtilisin-type proteases

have been among the foremost of those modi- .

fied.2® Properase and MC3 are all engineered ver-
~sions of the B. lentus subtilisin batkbone and

were selected for. these studies on the basis of
their stability and activity at alkaline pH. Clearly
such an approach has applications in healthcare
management with the methads being simple and
safe ‘to use and pon-destructive to medlcal
‘instruments.
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Genetic risk factors for variant Creutzfeldt—Jakob disease:
a genome- -wide association study

Simon Mead, Mark Poulter, James Uphill jahn Beck, Jerome Whitfield, Thomas E F Webb, Tracy Campbell, Gary Adamson. Pelagia Deriziotis,
Sarch ) Tabrizi, Holger Hummerich, Claudio Verzilli, Michael P Alpers, John CWhittaker, Johin Collinge

S Ummary :

Background Human and animal prion diseases are under genetic control, butapart from PRNP (the gene'that encodes
the prion protein), we understand little about humain susceptibility to bovine spongiform encephalopathy (BSE)
prions, the causal agent of variant Creutzfeldt—]akob disease (vCjD).

* Methods We did a genome-wxde assodation study of the risk of vCJD and tested for replication of our findings in
samples from many categories of human prion disease {929 samples) and control samples from the UK and Papua
New Guinea (4254 samples), including controls in the UK who were genotyped. by the Wellcorne Trust Case Control
- : Consorfium. We dlse did follow-up analyses of the genetic control of the dinical phenolype of prion dls&ase and
analysed candidate gene expression in a mouse. cellular model of prion infection. -

F‘ndtngs Thé PRNP locus was strongly assouatecl with risk across several markers and all ml:egones of prion disease

(best smgle SNP [single nucleotide polymorphism] association in vCJD p=2-5x10"7; best haplotypic assodiation in vCJD-

p=1x10%4). Although the main contribution-to diseise risk was conferred by PRNP polymorphic codon 129, another
nearby SNP conferred increased risk of vCJD, In ‘addition to PRNP, one techuically validated SNP assodiation upstream
of RARRB {the gene that encodes retinoic acid receptor beta) had nominal genome-wide significance {p=1-9x107). A
similar association was found in 2 small sample of patients with iatrogenic C]D (p=0- 030} but not in patients with
_sporadic CJD (sCJD) or kuru, In qultured célls, retinoic acid fegulates the expression of the prion protein. We found an
-~ association with acqu:red prioa diséase, including vCJD {p=5-6x1079), Jru incubation time (p=0- 017); and resistance to
"+ kuru (p=2-5x10-%, in a region upstream of STMNZ {the gene that encodes SGG10). The risk genotype was Dot assoéiated

with sC)D but conferred an earlier age of anset, Fu.tthermore, expressuon of Stmn2was reduced 30-fold post-mfechon in

S -2 Iouse cellu]ar model of prion disease.

Interpretatlon ‘The polymorphic codcn 129 of PRNP was the main genellc risk factor for vCJD; howevcr, additional
cand.tdate loci have been idenitified, which justifies functional analyses of these biological pathways in prion dxsease

_- Funding The UK Medical Rescarch Coundl.

Introduction

Prion diseases are transmissible, fatal, neurodegenerative

conditions of human beings and animals that are caused
by the autocatalytic. misfolding of hostencoded prion

protein (PrP)’ An epizootic prion disease, bovine

spongiform encephalopathy (BSE), widely éxposed the |

populdtion of the UK (and, to a lesser extent, many other
popitlations) to prion infection. The subsequent diagnosis
of. variant Creutzfeldt-Jakob disease (vCJD) in young
‘Brifish adults, and the experimental finding that this was
caused by BSE-like prions, resulted in a majorpublicand
animal health arisis.
Although the number of recorded clinical cases of vC]D
1o date has been small {~200] in relation to the millions of

peoplewho were potentially exposed, how many individuals’

-were infected is unclear. The dinically silent incubation
period in human beings can exceed 50 years,’and estimateés
of the prevalence of subclinical infection made on the basis
of screenirig archived surgical specimens predicts that
thousands of individuals-in the UK are infected® Blood

transfusiont seems to be an effident route of secondary

transmission’ but no screening test to ensure the safety of

e thelancetmomineviology VolB January 2009

bloed products is. yet available. Case control studies have
identified no -unusual’ occupational, dietary, or other
exposuze o BSE prions among patients with vCJ D which
suggests that genetic factors might be cucial.,

A known genetic factor for suscepublhty to pnon disease
is the commeon single nucleotide polymiorpliism {SNP) at
codon 129 in PRNP, the gene that encodes PrP in human
beings. Here, either methionine {<60% allele frequencym
Europeans) ar valine is encoded? Al patients with vCJD

whohave been genotypedare homozygous formethlonme w

which represents the strongest association ta date of a
common genotype with any disease. Although this is a

- _powe;ﬁ:l effect, about a third of the exposed UK population
have this genoctype. An irnportant role for other geneticloct

is supported by the fegults of mouse quantttabve trait locus

studies, which have identified many regions that are not

linked to Prrp but control the highly variable prion disease

incubation petiods,™ including that of BSE prions.” The

>@
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importance topublic héalthi of understanding susceptibility |,

“to BSE prion infection in human beiigs is therefore clear.

" We undertook a genome'wide association study with
100K and 500K Affymeirix arrays with all available samples

144
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from. white British patients with vCJD (n=119) compared
with our own and publicly available UK control data, which
was genotyped by the Wellcome “Trust Case-Control
Consortium (WTCCC). Because all available vCJD samples
from the UK were incuded in the discovery phase, we
went on to compare the top-ranked SNP associations and
additional SNPs at the PRNPlocus with a large and diverse

' collection of patients with prion diseage, including those

with jatrogenic CJD {C)D), sporadic CJD (sCJD), and

Methaods
Samples
Figure 1'shows the four tiers of geuotypmg in the study.

Samples were obtained from 119 patients with vCJD -

" {ten patients with probable vCJD and 109 patients with-

definité vC]D) who were diagnoséd at fhe National Prion

. Clinic (NPC), London,.or the National CJD Survéillance

Fnr mere onthe aiterfa sed
htlp-ﬂwwmd\nsorybodludoh
govuklacdpltsegui dzm:el
Isegundan ce_annexh.pdf

For WTCCC genotypedata see
http:ffvowwwteec.org.ukfinfol
access_to_datz_samples.shtml

. 58

Unit {NCJDSU); Edinburgh, between 1995 and 2005
according to. estabhshed criteria; Patients. who acquired

iatrogenic vCJD through blood transfusion were not.

included in this serjes: Allpatients with vCJD were thought
to have acquired the disease in ‘the UK and were of white
British ethnic, otigin (60% were men; mean age of ¢ dlsea.se

“ohset was 29-8 [SD 10- 9] years),
. Samples were obtained from; 506 patients with probable ‘
or definite sCJD d}agnosed according to established criteria .
and from 28 patients with iCJD related to expasure to
cadaver-derived growth hormone in the 1980s or carlien’
these samples were obtained from the NPC or the NCJDSU
~or-from other clinical ¢olleagues in’ the. UK All patients .-

were from the UK or elsewhere in northern Furope.
Although most patients were of white British ethnic origin,
and all patients of known non-white ethnic origin were

" excluded, this information was based on names and .
" geographical location for some samples, 325 patients had
pathologically confirmed-sCJD and 181 patients had a’

diagnosis of probablesCJD with a high specificity according
to pubhshed WHO citeria, - although some of these
patients might have had 2 neuropathological diagnosis
made elsewhere Mean age of disease onset was 68-2

{SD 12-0} years for .the; patients with sCJD. and 31-1
" Conirol Group were genofyped with commercial Affymetrix

(6-3) years for the patients. with iCJD. 50% of the samples
from patients with sCJD were from men,

Before 1987, kuru surveillance was done by many .

different ihvestigators; Liowever, (fom 1987 to 1995

‘surveillance was done solely by the Kuru Surveillance
Team of the Papua New Guinea Institute -of Medical |

Research. From 1996, kuru surveillance was strengthened:
a field base and basic laboratory for sample processing and
storage were established in the. villape of Waisa in the
South Fore, and a wide collection of population control
samples were faken * The samples from patients with kuru
{n=151} were taken from young children, adolescents, and
adults during the peak of the epidemic and from recent
cases of kuru with long incubation times in elderly patients.

" The patients lived in the South Fore {n=53), North Fore

145

{n=40), Gimi (n=3), and Keiagana (n=10) regions; linguistic
group was not known in 45 patients.

Elderly women who had been exposed o kuru were
defined as aged older than 50 years in 2000 and from a
region that had been exposed to kunu: South Fore {n=74),
North Fore (n=36), Gimi (n=13), and Keiagana (n~7). The
modem-day healthy population from the exposed region
was obtained: by matching each elderly woman to at least
two current residents of the same village who were aged
less than S0 years in 2000. These mostly came from the
South Fore, with some from the North Fore, and a small
number of individuals fom Gimi, Kelagana, and Yagaria
linguistic groups, as indicated. First-degree relatives of the
elderly women, identified by either genealogical data or-
microsatellite analysm, were exduded from these groups.

155 samples’ were from volunteers récruited. by the
Medical Research Coundil Prion Unit from the National
Blood Service (NBS}. Information was collecied about thejr
sex, age, ‘ethnic origin, and birthplace divided 'into.
12 regioris, 90 samples genotyped with Affymietrix arrays.
were Selected 1o inatch the vC] D collection for white British
ethnic origin, birthglace (by 12 regions in UK, edch teglon.
was. represerited in patients and controls with the same -
ranking), and sex_(proporuon of fen with vGJD was 60%,
and the proportion of men in thé NBS controls was 57%).

A further 575 UK control sa.mples were obtined for the
replication phases of the study- (730 heaithy controls in
total) from: the NBS (95 white, random, healthy young

"blood donors) and from the Buropean Collection of Cell .

Cultures (ECACC) human random control DNA collection
{480 blood donors of known age and sex}. Nd selection was
done in the replication phase of the study. Not all control

samples . were genotyped for- all - rephcahon studies; -
however, there is no reason to expect significant genetic

- heterogeneity.in our collections of UK bload donors based

on analyses of the UK popalation done by the WTCCC and
others® All UK control samples contained good quality

unamplified DNA. The mean. age. af .sampling was

38-7 {SD 10-8) years, and 51% were men. In addition, we
used publidy available UK control data’ genérated by the
WICCC: In brief, 1500 samples from the 1958 British
Birth Cohortand 1500 samples from the UK Blood Service

S00K arrays' with -’ Bayesian robust linear model m’rh'_ ‘
Mahalanobis distance (BRLMM) algorithm. We did not -
detect any duplicate individuals between the UK control

collecions nor any significant differences in allele.

frequency between our in-house UK control collections or

. those genotyped by the WTCCC.

“Fhe clinical and labaratory studies were approved by the
local research ethics committee” of University College

.London Institute of Neurclogy and National Hospital for
. Neurology and Neurgsurgery and by the Medical Research

Advisary Committee of the Government of Papua New -
Guinea, The full partidpation of the Papua New Guinea
communities was established and maintained through
discussions with village leaders, communities, families,
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