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Abstract
Background: Variant Creutzfeldt-Jakob disease (vCJD) originally resulted from the consumption
of foodstuffs contaminated by bovine spongiform encephalopathy (BSE) material, with 163
confirmed cases in the UK to date. Many thousands are likely to have been exposed to dietary
infection and so it is important (for surveillance, epidemic modelling, public health and
understanding pathogenesis) to identify genetic factors that may affect individual susceptibility to
infection. This study looked at a polymorphism in the cathepsin D gene (refSNP ID: rs17571)
previously examined in Alzheimer's disease (AD).

Methods: Blood samples taken from 110 vCJD patients were tested for the C-T base change, and
genotype data were compared with published frequencies for a control population using multiple
logistic regression.

Results: There was a significant excess of the cathepsin D polymorphism TT genotype in the vCJD
cohort compared to controls. The TT genotype was found to have a 9.75 fold increase in risk of
vCJD compared to the CT genotype and a 10.92 fold increase compared to the CC genotype.

Conclusion: This mutation event has been observed to alter the protease activity of the cathepsin
D protein and has been linked to an increase in amyloid beta plaque formation in AD. vCJD
neuropathology is characterised by the presence of amyloid plaques, formed from the prion
protein, and therefore alterations in the amyloid processing activity of cathepsin D may affect the
neuropathogenesis of this disease.

Background
Variant CJD is one of the prion diseases, which affect both
humans and animals. It is an acquired disease associated
with infection with bovine spongiform encephalopathy
(BSE), mainly through the ingestion route [1,2], although

three cases have resulted from human-to-human blood
transfusion. [3-5] It is most prevalent in the UK, where
163 confirmed cases have been reported, but has also
been found in smaller numbers in other countries includ-
ing France (24 cases, see Availability and requirements
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section for URL). It is estimated that over 500,000 BSE
infected cattle entered the human food chain [6] and
therefore a significant number of people may have been
exposed to infection. One explanation for the current low
number of cases is that there may be genetic determinants
or influences on susceptibility to infection. One definite
significant genetic risk factor so far identified is being
homozygous for methionine (MM) at codon 129 of the
prion protein gene (PRNP). An individual can be
homozygous for methionine (MM) or valine (VV) or a
heterozygote (MV), and healthy UK controls show geno-
type frequencies of 42% MM, 47% MV, and 11% VV. [7]
All tested patients with vCJD have been PRNP-129 MM.
Homozygous individuals are also found more frequently
in patients with sporadic CJD [8] and iatrogenic CJD. [9]
Attempts to find other genetic associations have used both
human patient samples and experimental animal models.
Analysis of the prion protein gene promoter region iden-
tified three polymorphisms that were more common in
patients than controls however due to the low numbers of
samples tested there was only a weak statistical associa-
tion. [10] Human leukocyte antigen (HLA) typing in vCJD
patients (n = 50) indicated that there was a reduction in
frequency for the class-II type DQ7 compared to sporadic
CJD patients [11] however this association was not main-
tained on testing a larger sample size. [12] Detailed anal-
ysis of a 35 kb sequence flanking the prion gene locus
identified 56 single nucleotide polymorphisms (SNPs)
and one of these showed strong association with sCJD but
not vCJD or iatrogenic CJD. [13] Mouse models of TSE
transmission can provide candidate regions for analysis in
the homologous regions of the human genome. Three
such studies have been published and each has suggested
regions of the mouse genome that have significant associ-
ation with incubation time changes following challenge
with TSE agents. [14-16] These findings have yet to be
assessed further in the homologous human chromosomal
regions.

For this study we selected a SNP in the gene coding for the
cathepsin D protein (CTSD), that had already been the
subject of extensive publications in the field of Alzhe-
imer's disease (AD) a neurodegenerative disease with
some pathological similarities to CJD. (For meta-analysis
of the association of this SNP with risk of AD see: [17])
Cathepsin D is a ubiquitously expressed lysosomal pro-
tease involved in proteolytic degradation, cell invasion,
and apoptosis. Aberrant expression of the gene can lead to
neurodegeneration in both experimental animal models
and humans. [18] Of relevance to this study cathepsin D
has been shown to exhibit a beta-secretase-like role [19],
and could therefore cleave beta amyloid precursor protein
(APP) and promote the cascade leading to deposition of
extracellular amyloid beta-peptide (Aβ), the senile
plaques found in Alzheimer's disease. Additionally, cathe-

psin D has also been suggested to cleave Aβ peptides and
therefore clear the aggregated protein deposits. [20] Lim-
ited publications regarding cathepsin D and forms of CJD
have focused on detection of the protein by immunohis-
tochemical and morphometrical methods. On one hand
these studies have shown co-localisation with the disease
associated form of the prion protein [21,22]. On the other
hand a significant correlation between tissue pathology
and volume of neuronal cathepsin D immunoreactive lys-
osomes was demonstrated [21] emphasizing the role of
cathepsin D in the pathogenesis of prion disease.

The gene encoding cathepsin D (CTSD, OMIM: 116840)
is situated on the short arm of chromosome 11 (11p15.5)
and consists of nine exons. On exon two there is a SNP at
position 224 corresponding to a C-to-T transition result-
ing in a alanine to valine substitution in the translated
protein (refSNP ID: rs17571, RefSeq: NM_001909, Varia-
tion: g.804C>T). Publications have indicated that this
SNP may: modify the secretion or maturation of the cathe-
psin D profragment [23]; lead to a reduction in cerebros-
pinal fluid (CSF) tau concentration in Alzheimer's disease
[24]; and show a decrease in general intelligence testing
scores in a healthy older population [25]. The association
of this SNP with risk of Alzheimer's disease and the pres-
ence of particular pathological features seems to be linked
with the apolipoprotein E (APOE) genotype, but shows
variability amongst populations tested. [17,26-28] A
United Kingdom based study on this SNP has indicated a
genetic association between the SNP, APOE genotype, and
pathological features of Alzheimer's disease (Aβ deposi-
tion). [29]

This study aimed to test the CTSD rs17571:C>T SNP allele
and genotype frequencies in a cohort of variant CJD
patients. The deposition of aggregated prion protein amy-
loid, characteristically in the form of florid plaques, may
be affected by the modified cathepsin D activity through
the CTSD rs17571:C>T SNP, and as such may affect the
risk of an individual developing vCJD.

Methods
Blood samples for this study were taken from 110 patients
during investigation of their case histories in respect to
diagnosis of variant CJD. Consent was given for research
and the study is covered by approval from the Lothian
Health Board, Lothian Research Ethics Committee (refer-
ence MCO/103/90). Each patient was later confirmed as
vCJD, with a classification of either 'definite' or 'probable'
vCJD by either neuropathological examination of post
mortem tissue [30] or by fulfilment of the WHO-adopted
diagnostic criteria (see Availability and requirements sec-
tion for URL) respectively. The median age at onset of
symptoms was 27 (range 12–62) and the mean duration
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of the clinical phase was 15 months (range 6–39). 59% (n
= 65) of the patients were male.

DNA was extracted from whole blood using the Qiagen
Blood Mini Kit. A 317 bp region of exon 2 containing the
CTSD rs17571:C>T SNP was amplified following the pub-
lished protocol. [25] The forward oligo was 5'-GTGACAG-
GCAGGAGTTTGGT-3' and the reverse was 5'-
GGGCTAAGACCTCATACTCACG-3', and the cycling pro-
gram was a standard touchdown method (annealing tem-
perature reducing from 65°C to 60°C over 10 cycles). The
amplicon was digested with restriction endonuclease
MwoI (NEB, UK) and products were run on a 1.5% agar-
ose gel, visualised with ethidium bromide.

Allele frequency comparisons were made to UK control
data published by Davidson et al from 767 mentally nor-
mal people aged >50 years. [29] Hardy-Weinberg equilib-
rium (HWE) was assessed in the control population and
the patients using χ2 statistics. Genotypic and allelic fre-
quencies were compared using multiple logistic regres-
sion. All statistical analyses were performed in SPSS
software (version 13).

Results
Table 1 shows the CTSD rs17571:C>T SNP genotype fre-
quencies from analysis of 110 vCJD patients, together
with the published control data. CTSD rs17571:C>T SNP
genotype frequencies were in HWE in patients (p = 0.097)
and controls (p = 0.16). The mutant allele T is present in
the homozygous state in a very small number of controls
(0.3%, n = 2 of 767 tested) but significantly has been
found in almost ten-times more vCJD patients (2.7%, n =
3 of 110 tested). Clearly the numbers of TT individuals are
rare however statistical analysis (Fisher's exact test) of the
SNP genotypes indicates that the differences found are of
statistical significance. Odds Ratio analysis shows that
compared with CT and CC, the TT genotype increases the
risk of vCJD by 9.75 fold and 10.92 fold respectively. The
95% confidence intervals are wide as a result of the small
numbers of TT individuals.

Statistical analysis was performed to determine whether
variation in the clinical features present in vCJD patients
was associated with the CTSD genotype. Neither the age at

onset nor clinical duration of illness showed an associa-
tion (ANOVA and Kruskal-Wallis tests respectively). The
three vCJD patients that were homozygous TT for the SNP
showed clinical and neuropathological features typical of
vCJD.

Discussion
The identification of genetic risk factors that increase an
individual's chance of developing vCJD would help to
understand why the present number of cases is low,
despite a potentially significant population exposure to
infection, and also assist in the prediction of the number
of future cases. Genetic factors are likely to be those that
affect expression, maturation, or function of a protein and
therefore may provide evidence for cellular processes that
play key roles in vCJD disease pathogenesis (which
remains incompletely understood). The characterisation
of prion protein and amyloid precursor protein gene
mutations show direct links to familial CJD and Alzhe-
imer's respectively, however these diseases like many oth-
ers are likely to be affected by a significant number of
other genomic and proteomic components. Genomic
approaches to studying vCJD have yet to be published and
may be difficult to interpret due to the small number of
cases available for testing, so we are reliant on findings
from experimental animal models and other diseases that
involve neurodegeneration and protein misfolding/aggre-
gation, such as Alzheimer's and Huntington's disease.

Currently the only polymorphic gene sequence that shows
direct association with vCJD is the prion protein gene
codon 129. All patients so far tested (146/163) were
methionine homozygous (MM) a genotype present in
only ~40% of the UK population. The idiopathic form of
CJD (sporadic CJD) similarly shows an over-abundance
of MM in patients (~70%) [8] and therefore this genotype
has a significant risk associated with development of these
human prion diseases. It is proposed that all codon 129
genotypes may be susceptible to vCJD and that the MM
hosts have the shortest incubation time. [31-33] MV and
VV individuals may present with vCJD in second and third
waves of the epidemic at a later date. [34] It is also possi-
ble that these few specific MM individuals have additional
genomic variations that have significant additive effects,
leaving them highly susceptible to developing vCJD.

Table 1: Summary of CTSD rs17571:C>T SNP genotyping and statistical analysis for vCJD patients and UK controls [29].

CTSD rs17571: C>T SNP vCJD n (%) Controls n (%) Fisher's exact test p-value OR (95% CI); p-value

CC 89 (80.9) 648 (84.5) 0.023 OR TT/CC = 10.92 (1.80–66.26); 0.009
CT 18 (16.4) 117 (15.3) OR TT/CT = 9.75 (1.52–62.47); 0.016
TT 3 (2.7) 2 (0.3)
C 196 (89.1) 1413 (92.1) 0.13 OR T/C = 1.43 (0.90–2.27); 0.11
T 24 (10.9) 121 (7.9)
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This study aimed to assess the influence of a missense pol-
ymorphism (C-T; Alanine – Valine) at position 224 of the
cathepsin D protein on risk of vCJD. This polymorphism
has been extensively investigated with respect to Alzhe-
imer's disease (AD). A meta-analysis from 2004 [17] cov-
ering 14 studies concluded that CTSD rs17571:C>T was
not a major risk factor for AD, however in conjunction
with the APOE4 genotype it had an effect on susceptibil-
ity. There was significant between-study heterogeneity
possibly due to comparing data from many countries with
variable CTSD rs17571:C>T genotype frequencies. The
vCJD samples available for this study were from Cauca-
sian patients resident in the UK. The control group were
also Caucasian individuals from the UK. It is therefore
believed that geographical origin of patients and controls
would not affect the analysis.

A recent UK study, from which we have taken the control
population frequencies, found a correlation between
CTSD rs17571:C>T and the pathogenesis of AD. [29] Spe-
cifically there was an increase in the number of senile
plaques containing Aβ40 in the brain associated with the T
allelic variant of cathepsin D. This variant is thought to
have a greater beta-secretase activity than the C variant
therefore yielding more of the cleaved Aβ which in turn
may accelerate AD pathogenesis by seeding amyloid for-
mation [23,29,35]. Risk of developing AD was not found
to be directly affected by the possession of the CTSD
rs17571:C>T T allele.

There remains a possibility that the CTSD rs17571:C>T
SNP is in linkage disequilibrium with another neighbour-
ing gene on chromosome 11 that may be the direct cause
of the findings in this study. CTSD is located in a region
of chromosome 11 (11p15.5) that contains genes for a
number of transmembrane proteins and cell surface glyc-
oproteins, such as CD81, SYT8, TSPAN4, TSPAN32, that
may have roles in common with prion protein. Also
present is DUSP8, a phosphatase inhibitor of members of
the mitogen-activated protein kinase (MAPK) superfamily
that are associated with cell differentiation, proliferation,
and apoptosis in the adult brain.

Conclusion
The study detailed here found an over-representation of
the CTSD rs17571:C>T T allele in UK vCJD patients sug-
gesting an increase in risk of developing the disease. We
hypothesize that concurrent with the beta-secretase activ-
ity, cathepsin D may also have amyloidogenic properties
through either promoting the formation or reducing the
clearance of amyloid. Deposition of PrP amyloid is a char-
acteristic neuropathological finding in vCJD that is only
rarely seen in some molecular subtypes of the more com-
mon diagnosed forms of sporadic CJD. Continuing stud-
ies of vCJD patients must therefore examine PrP amyloid

plaque biochemistry and histology to observe the effect of
the cathepsin T allele. This may open new avenues of
research to allow for a better understanding of the patho-
genesis of vCJD.

Identifying genetic factors that increase an individual's
risk of developing vCJD may also be beneficial for assess-
ing the relative risk of human-to-human transmission of
vCJD, as has been observed via blood transfusion. [3-
5,36]

Competing interests
The author(s) declares that they have no competing inter-
ests.

Availability and requirements

EUROCJD: http://www.eurocjd.ed.ac.uk

WHO-adopted diagnostic criteria:  http://
www.cjd.ed.ac.uk/criteria.htm

Authors' contributions
MTB, GGK, and RSGK designed the study. MTB performed
the genotyping. PSJ performed statistical analysis. All
authors helped draft and approve the final manuscript.

Acknowledgements
This study would not be possible without the continued support of the fam-
ilies of those affected by vCJD, and the neurologists and neuropathologists 
throughout the UK that assist in CJD surveillance. For laboratory technical 
assistance we thank Mrs Y McCord. The National CJD Surveillance Unit is 
funded by the Department of Health and the Scottish Government. Euro-
pean collaboration for this project is supported by the EU NeuroPrion 
funded EUROCJD surveillance network. The funding bodies had no role in 
study design, writing the manuscript, or the decision to submit the manu-
script for publication.

References
1. Will RG, Ironside JW, Zeidler M, Cousens SN, Estibeiro K, Alpero-

vitch A, Poser S, Pocchiari M, Hofman A, Smith PG: A new variant
of Creutzfeldt-Jakob disease in the UK.  Lancet 1996,
347:921-925.

2. Bruce ME, Will RG, Ironside JW, McConnell I, Drummond D, Suttie
A, McCardle L, Chree A, Hope J, Birkett C, Cousens S, Fraser H, Bos-
tock CJ: Transmissions to mice indicate that 'new variant'
CJD is caused by the BSE agent.  Nature 1997, 389:498-501.

3. Llewelyn CA, Hewitt PE, Knight RS, Amar K, Cousens S, Mackenzie J,
Will RG: Possible transmission of variant Creutzfeldt-Jakob
disease by blood transfusion.  Lancet 2004, 363:417-421.

4. Wroe SJ, Pal S, Siddique D, Hyare H, Macfarlane R, Joiner S, Linehan
JM, Brandner S, Wadsworth JD, Hewitt P, Collinge J: Clinical pres-
entation and pre-mortem diagnosis of variant Creutzfeldt-
Jakob disease associated with blood transfusion: a case
report.  Lancet 2006, 368:2061-2067.

5. HPA: New case of blood transfusion-associated variant-CJD.
CDR Weekly 2006, 16:.

6. Anderson RM, Donnelly CA, Ferguson NM, Woolhouse ME, Watt CJ,
Udy HJ, MaWhinney S, Dunstan SP, Southwood TR, Wilesmith JW,
Ryan JB, Hoinville LJ, Hillerton JE, Austin AR, Wells GA: Transmis-
sion dynamics and epidemiology of BSE in British cattle.
Nature 1996, 382:779-788.
Page 4 of 5
(page number not for citation purposes)

http://www.eurocjd.ed.ac.uk
http://www.cjd.ed.ac.uk/criteria.htm
http://www.cjd.ed.ac.uk/criteria.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8598754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8598754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9333239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9333239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14962520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14962520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17161728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17161728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17161728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8752271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8752271


BMC Medical Genetics 2008, 9:31 http://www.biomedcentral.com/1471-2350/9/31
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

7. Nurmi MH, Bishop M, Strain L, Brett F, McGuigan C, Hutchison M,
Farrell M, Tilvis R, Erkkila S, Simell O, Knight R, Haltia M: The nor-
mal population distribution of PRNP codon 129 polymor-
phism.  Acta Neurol Scand 2003, 108:374-378.

8. Alperovitch A, Zerr I, Pocchiari M, Mitrova E, de Pedro Cuesta J,
Hegyi I, Collins S, Kretzschmar H, van Duijn C, Will RG: Codon 129
prion protein genotype and sporadic Creutzfeldt-Jakob dis-
ease.  Lancet 1999, 353:1673-1674.

9. Brown P, Preece M, Brandel JP, Sato T, McShane L, Zerr I, Fletcher A,
Will RG, Pocchiari M, Cashman NR, d'Aignaux JH, Cervenakova L,
Fradkin J, Schonberger LB, Collins SJ: Iatrogenic Creutzfeldt-
Jakob disease at the millennium.  Neurology 2000, 55:1075-1081.

10. McCormack JE, Baybutt HN, Everington D, Will RG, Ironside JW,
Manson JC: PRNP contains both intronic and upstream regu-
latory regions that may influence susceptibility to Creut-
zfeldt-Jakob Disease.  Gene 2002, 288:139-146.

11. Jackson GS, Beck JA, Navarrete C, Brown J, Sutton PM, Contreras M,
Collinge J: HLA-DQ7 antigen and resistance to variant CJD.
Nature 2001, 414:269-270.

12. Pepys MB, Bybee A, Booth DR, Bishop MT, Will RG, Little AM, Proku-
pek B, Madrigal JA: MHC typing in variant Creutzfeldt-Jakob
disease.  Lancet 2003, 361:487-489.

13. Mead S, Mahal SP, Beck J, Campbell T, Farrall M, Fisher E, Collinge J:
Sporadic--but not variant--Creutzfeldt-Jakob disease is asso-
ciated with polymorphisms upstream of PRNP exon 1.  Am J
Hum Genet 2001, 69:1225-1235.

14. Lloyd SE, Uphill JB, Targonski PV, Fisher EMC, Collinge J: Identifica-
tion of genetic loci affecting mouse-adapted bovine spongi-
form encephalopathy incubation time in mice.  Neurogenetics
2002, 4:77-81.

15. Manolakou K, Beaton J, McConnell I, Farquar C, Manson J, Hastie ND,
Bruce M, Jackson IJ: Genetic and environmental factors modify
bovine spongiform encephalopathy incubation period in
mice.  Proc Natl Acad Sci USA 2001, 98:7402-7407.

16. Lloyd SE, Onwuazor ON, Beck JA, Mallinson G, Farrall M, Targonski
P, Collinge J, Fisher EM: Identification of multiple quantitative
trait loci linked to prion disease incubation in mice.  Proc Natl
Acad Sci U S A 2001, 98:6279-6283.

17. Ntais C, Polycarpou A, Ioannidis JPA: Meta-Analysis of the Asso-
ciation of the Cathepsin D Ala224Val Gene Polymorphism
with the Risk of Alzheimer's Disease: A HuGE Gene-Disease
Association Review.  Am J Epidemiol 2004, 159:527-536.

18. Steinfeld R, Reinhardt K, Schreiber K, Hillebrand M, Kraetzner R,
Bruck W, Saftig P, Gartner J: Cathepsin D deficiency is associ-
ated with a human neurodegenerative disorder.  Am J Hum
Genet 2006, 78:988-998.

19. Chevallier N, Vizzavona J, Marambaud P, Baur CP, Spillantini M, Ful-
crand P, Martinez J, Goedert M, Vincent JP, Checler F: Cathepsin D
displays in vitro beta-secretase-like specificity.  Brain Res 1997,
750:11-19.

20. Hamazaki H: Cathepsin D is involved in the clearance of Alzhe-
imer's beta-amyloid protein.  FEBS Lett 1996, 396:139-142.

21. Kovacs GG, Gelpi E, Strobel T, Ricken G, Nyengaard JR, Bernheimer
H, Budka H: Involvement of the endosomal-lysosomal system
correlates with regional pathology in Creutzfeldt-Jakob dis-
ease.  J Neuropathol Exp Neurol 2007, 66:628-636.

22. Ironside JW, McCardle L, Hayward PA, Bell JE: Ubiquitin immuno-
cytochemistry in human spongiform encephalopathies.  Neu-
ropathol Appl Neurobiol 1993, 19:134-140.

23. Touitou I, Capony F, Brouillet JP, Rochefort H: Missense polymor-
phism (C/T224) in the human cathepsin D pro-fragment
determined by polymerase chain reaction--single strand
conformational polymorphism analysis and possible conse-
quences in cancer cells.  Eur J Cancer 1994, 30A:390-394.

24. Riemenschneider M, Blennow K, Wagenpfeil S, Andreasen N, Prince
JA, Laws SM, Forstl H, Kurz A: The cathepsin D rs17571 poly-
morphism: effects on CSF tau concentrations in Alzheimer
disease.  Hum Mutat 2006, 27:532-537.

25. Payton A, Holland F, Diggle P, Rabbitt P, Horan M, Davidson Y, Gib-
bons L, Worthington J, Ollier WE, Pendleton N: Cathepsin D exon
2 polymorphism associated with general intelligence in a
healthy older population.  Mol Psychiatry 2003, 8:14-18.

26. Capurso C, Solfrizzi V, D'Introno A, Colacicco AM, Capurso SA, Mas-
troianni F, Liaci M, Vendemiale G, Capurso A, Panza F: The Cathe-
psin D Gene Exon 2 (C224T) Polymorphism and Sporadic

Alzheimer's Disease in European Populations.  J Gerontol A Biol
Sci Med Sci 2005, 60:991-996.

27. Papassotiropoulos A, Bagli M, Feder O, Jessen F, Maier W, Rao ML,
Ludwig M, Schwab SG, Heun R: Genetic polymorphism of cathe-
psin D is strongly associated with the risk for developing spo-
radic Alzheimer's disease.  Neurosci Lett 1999, 262:171-174.

28. Mateo I, Sanchez-Guerra M, Combarros O, Llorca J, Infante J,
Gonzalez-Garcia J, del Molino JP, Berciano J: Lack of association
between cathepsin D genetic polymorphism and Alzheimer
disease in a Spanish sample.  Am J Med Genet 2002, 114:31-33.

29. Davidson Y, Gibbons L, Pritchard A, Hardicre J, Wren J, Tian J, Shi J,
Stopford C, Julien C, Thompson J, Payton A, Thaker U, Hayes AJ,
Iwatsubo T, Pickering-Brown SM, Pendleton N, Horan MA, Burns A,
Purandare N, Lendon CL, Neary D, Snowden JS, Mann DM: Genetic
associations between cathepsin D exon 2 C-->T polymor-
phism and Alzheimer's disease, and pathological correla-
tions with genotype.  J Neurol Neurosurg Psychiatry 2006,
77:515-517.

30. Ironside JW, Head MW, Bell JE, McCardle L, Will RG: Laboratory
diagnosis of variant Creutzfeldt-Jakob disease.  Histopathology
2000, 37:1-9.

31. Bishop MT, Hart P, Aitchison L, Baybutt HN, Plinston C, Thomson V,
Tuzi NL, Head MW, Ironside JW, Will RG, Manson JC: Predicting
susceptibility and incubation time of human-to-human trans-
mission of vCJD.  The Lancet Neurology 2006, 5:393-398.

32. Ironside JW, Bishop MT, Connolly K, Hegazy D, Lowrie S, Grice ML,
Ritchie DL, McCardle L, Hilton DA: Variant Creutzfeldt-Jakob
disease: prion protein genotype analysis of positive appendix
tissue samples from a retrospective prevalence study.  BMJ
2006.

33. Peden AH, Head MW, Ritchie DL, Bell JE, Ironside JW: Preclinical
vCJD after blood transfusion in a PRNP codon 129 hetero-
zygous patient.  Lancet 2004, 364:527-529.

34. Clarke P, Ghani A: Projections of the future course of the pri-
mary vCJD epidemic in the UK: inclusion of subclinical infec-
tion and the possibility of wider genetic susceptibility.  J R Soc
Int 2005, 2:19-31.

35. Sadik G, Kaji H, Takeda K, Yamagata F, Kameoka Y, Hashimoto K,
Miyanaga K, Shinoda T: In vitro processing of amyloid precursor
protein by cathepsin D.  Int J Biochem Cell Biol 1999, 31:1327-1337.

36. Hewitt PE, Llewelyn CA, Mackenzie J, Will RG: Creutzfeldt-Jakob
disease and blood transfusion: results of the UK Transfusion
Medicine Epidemiological Review study.  Vox Sang 2006,
91:221-230.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2350/9/31/prepub
Page 5 of 5
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14616310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14616310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14616310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10335789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10335789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10335789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11071481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11071481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12034503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12034503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12034503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12583949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12583949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11704923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11704923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11704923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12481985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12481985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12481985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11404459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11404459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11404459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11353827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11353827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15003956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15003956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15003956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16685649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16685649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9098524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9098524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8914975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8914975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17620988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17620988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17620988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8100355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8100355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8204364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8204364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8204364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16652347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12556904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12556904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12556904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16127101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16127101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16127101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10218883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10218883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10218883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16543533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16543533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16543533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10931212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10931212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16632309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16632309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16632309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16606639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16606639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16606639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15302196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15302196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15302196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16849160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16849160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16849160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10605825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10605825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16958834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16958834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16958834
http://www.biomedcentral.com/1471-2350/9/31/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Availability and requirements
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

